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Abstract

Development of polycystic ovary syndrome (PCOS) like phenotype in women with diabetes mellitus
type 1 (DMtl) on intensified insulin treatment is related to the subcutaneous insulin administration
and leads to clinical and biochemical hyperandrogenism. The aim of the study was to perform a
comparative hormonal analysis of the hypothalamic-pituitary-gonadal (HPG) axis in women with
DMtl and PCOS and women with classic PCOS without diabetes. 83 women were included - 21 with
DMtl and PCOS and 62 with PCOS only. Basal levels of: luteinizing hormone (LH), follicle
stimulating hormone (FSH), estradiol (E2), testosterone (T), sex hormone biding globulin (SHBG),
dehydroepiadrostenedion sulfate (DHEA-S), Androstendion (A4), Anti-Miillerian Hormone (AMH),
Prolactin (Prl), Thyroid stimulating hormone (TSH), LH/FSH, free androgen index (FAI), calculated
free testosterone (cFT) u bioavailable testosterone (BioT) were calculated. Women with DMt1 and
PCOS demonstrated significantly higher E2 levels (p=0.039), but lower DHEA-S (p=0.024) and
prolactin (p=0.019) concentrations. No statistically significant differences were observed regarding
LH (p=0.950), FSH (p=0.084), LH/FSH (p=0.531), SHBG (p=0.170), AMH (0.633), as well as androgen
levels: T (p=0.995), FAI (p=0.0420), cFT (p=0.361), BioT (p=0.199) and A4 (p=0.254). Women with DMt1
and PCOS had hormonal profile similar to the classic PCOS in terms of gonadotropin levels, ovarian
androgens and AMH.
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1. Introduction

Type 1 diabetes mellitus (DMt1) is a chronic autoimmune disease characterized by decreased
production of insulin from the pancreas as a result of beta cell destruction, leading to hyperglycemia.

About 1.8 million children worldwide have type 1 diabetes mellitus (<20) (DMt1) and 9.2 million
of all age groups have the disease worldwide. 1481 children are diagnosed with DMt1 in Bulgaria [1].
The pathogenesis is complex, yet the outcomes of the disease relate to protein, lipid, carbohydrate
metabolism.

Insulin is a key regulator of the homeostasis but participates in the neuroendocrine regulation
of the reproduction as well. The hypothalamic decapeptide gonadotropin-releasing hormone (GnRH)
acts on pituitary gonadotrophs and stimulates the pulsatile secretion of gonadotropins. Luteinizing
(LH) and follicle-stimulating hormone (FSH) are major regulators of the ovarian development and
cyclic function in postpubertal women. Ovarian steroids, mainly estradiol (E2) and progesterone (P),
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but also testosterone (T) and some peptides such as inhibins, provide feedback and regulate GnRH
and/or gonadotropin secretion, ensuring the normal functioning of the hypothalamic-pituitary
gonadal axis (HCG). The pulsatile secretion of GnRH is extremely sensitive to metabolic factors,
hormones, and peripheral signals, which are of particular importance for the maintenance of the
homeostasis-reproduction relation [2]. Insulin is one of these hormones. Both states of acute or
chronic hypo- and hyperinsulinemia affect the hypothalamic-pituitary-gonadal axis (HPG), causing
impairment of the GnRH secretion [2].

The role of insulin in human reproduction is emphasized by the expression of the insulin
receptor in both the uterus and the ovaries [3]. In granulosa and theca cells of the ovary, insulin
receptors mediate the metabolic, steroidogenic and mitogenic effects of the hormone [4]. Insulin also
activates IGF-1R, including in theca, granulosa, and stromal cells, acting primarily through the
tyrosine kinase signaling pathway [3,5]. Thus, the hormone stimulates the secretion of androgens in
theca cells by increasing the activity of certain steroidogenic enzymes: 3-beta-hydroxysteroid
dehydrogenase (3HSD) and 17-alpha-hydroxylase (CYP17A1) [3,5]. In granulosa cells, insulin
promotes the recruitment and development of pre-ovulatory follicles [6], suppresses apoptosis and
atresia of follicles, and stimulates the action of FSH for folliculogenesis [6]. This is important, taking
into consideration conditions related to hyperinsulinemia and their action on the reproductive
system.

One of the leading endocrine disorders in women of reproductive age and a leading cause of
anovulatory infertility is polycystic ovary syndrome (PCOS), with up to 9.2-15% incidence,
depending on the criteria applied [7]. The main features of the syndrome are oligo/anovulation,
hyperandrogenism, and morphological polycystic ovaries [8] with heterogeneity in phenotypic
expression - from asymptomatic to classic manifestations of the syndrome. There are different
theories regarding the etiopathogenesis of PCOS, of which the most commonly accepted is a primary
defect in insulin action and/or secretion, leading to hyperinsulinemia and insulin resistance [9].

The prevalence of PCOS in women with DMt1 is about 24%, as the smallest prevalence (7%) is
reported in Italian adolescents and the largest (41%) is reported in Chilean adolescent and adult
women, depending again on the criteria used in the research [10].

Codner et al. [11] demonstrated that up to 75% of women with DMt1 on intensified insulin
treatment have PCOS or polycystic ovarian morphology. Physiologically, the pancreas secretes
insulin into the portal circulation, and the liver eliminates part of the secreted insulin, being exposed
to the greatest insulin concentrations [12]. In insulinopenic patients, the subcutaneous administration
of insulin omits the first-pass effect of the liver and exposes the peripheral tissues to increased insulin
concentrations [13]. In order to optimize the glycemic control of the patients and prevent long-term
complications, supra-physiological insulin doses are applied, leading to peripheral tissues exposure
of the increased insulin concentrations. One of the organs exposed to these increased insulin levels is
the ovary, which results in increased androgen synthesis [14] and insulin resistance. The frequency
of IR in patients with PCOS varies between 50% and 70% [15], which is much higher than in young
healthy individuals. Escobar-Morreale et al. [10] revealed PCOS prevalence according to National
Institute of Health criteria up to 18.8% among DMtl women. When applying the Rotterdam criteria,
the percentage increased up to 40.5% [10]. Thus, the proportion of diabetic women affected by the
syndrome was significantly higher than found in the control group of women without diabetes - 6.5%
[10]. A study from Italy reports up to 25% frequency of PCOS according to ESHRE-ASRM criteria
[16].

Given the complex interactions between insulin metabolism and reproductive function, as well
as the evidence for a higher prevalence of PCOS among women with type 1 diabetes, it remains
unclear whether coexisting DMt1 shapes a distinct hormonal and clinical phenotype compared to
PCOS alone. Therefore, the present study aimed to compare the reproductive-endocrine parameters
in women with DMt1 and PCOS and those with isolated PCOS.

2. Materials and Methods
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2.1. Study Group

We performed a transversal, observational, case-control study. First were recruited 88 women.
During the blood testing, it turned out that 3 of the examined women had primary hypothyroidism,
one had elevated levels of 17(OH)PG and was referred for ACTH stimulation tests and further
diagnostic evaluation and one refused to finish the diagnostic approach; therefore, their results were
not included in the study. The results of 21 women with DMt1 and PCOS and 62 women with classic
PCOS were analyzed. Patients were hospitalized in the Clinic of Endocrinology and Metabolic
Diseases at the "Sveti Georgy" University Hospital, Faculty of Medicine, Medical University Plovdiv,
Bulgaria. All participants have given their written consent in accordance with the Declaration of
Helsinki, as the study was approved by the Scientific Ethics Board of the Research Council at the
Medical University - Plovdiv with protocol No. R-2444/36.10.2020.

Inclusion criteria for the study were: informed consent, signed, patients with diagnosed DMt1
(at least 1 year since diagnosis), diagnosed PCOS according to ESHRE/ASRM consensus criteria [17]
(presence of two of the following criteria: clinical and/or biochemical hyperandrogenism, chronic
anovulation, morphologically polycystic ovaries). Exclusion criteria: type 2 diabetes, pregnant and
lactating women, presence of heart, respiratory, renal, or hepatic failure, proliferative retinopathy,
diabetic macroangiopathy, presence of acute decompensation of metabolic disease at the time of the
study, contraceptive therapy or less than 3 months prior to the start of the study, treatment of chronic
concomitant pathology that could affect hormonal indices.

Medical history was taken for each study participant, and height, weight, waist, hip, body mass
index (BMI), and waist-to-hip ratio were measured and calculated. Blood samples for laboratory tests
were collected under standard conditions - early in the morning, after a 12-hour fast, in the follicular
phase of the menstrual cycle (day 2-5 of a spontaneous menstrual cycle) or up to day 7 after
progesterone-induced withdrawal bleeding. An ultrasound examination of the pelvis was performed
using General electric 730 pro system. The venous samples were studied in the Central Clinical
Laboratory at the “Sveti Georgy” University Hospital - Plovdiv. For all tests performed, systematic
intra-laboratory control and assessment of the quality of the results were carried out through
participation in national and international programs. The laboratory has the relevant certificates.

2.2. Anthropometric Measurements

Body mass index (BMI) - calculated using the following formula: BMI = W/m?, where BMI —
body mass index; W — weight in kilograms; m? — height in meters [18]. Waist circumference above 80
cm is accepted as a marker of android obesity in women [19]. Waist-to-hip ratio (WHR) above 0.85
is accepted as a marker of android obesity in women [20].

2.3. Biochemical Analysis

Clinical-chemical parameters: fasting blood glucose (FBG) was analyzed on a clinical chemistry
analyzer AU 480, Beckman Coulter (USA), using original programs with the conventional analytical
principles of the applied methods. Glycated hemoglobin (HbA1c) — Method principle: turbidimetric
immunoinhibition method after hemolysis of erythrocytes in whole blood, performed on an
automated clinical chemistry analyzer AU 480, Beckman Coulter (USA).

2.4. Hormonal Analysis

Basal levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2), total
testosterone (T), sex hormone-binding globulin (SHBG), dehydroepiandrosterone sulfate (DHEA-S),
Androstendion (A4), Anti-Miillerian Hormone (AMH), 17-hydroxyprogesterone (17-OHPG) thyroid-
stimulating hormone (TSH), serum prolactin (Prl) were examined. Free testosterone index (FAI) was
calculated, the following formula was used for calculation: Testosterone (nmol/l) x 100/ SHBG
(nmol/1)[21]. Testosterone concentrations were recalculated from ng/ml to nmol/l using the coefficient
F = 3.47 recommended by the test kit manufacturer, i.e. 1 ng/ml x 3.47 = 1 nmol/l. Free testosterone
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(cFT) and bioavailable testosterone (bioT) were calculated using the Vermeulen formula [22]. Serum
concentrations of the hormones were examined by immunoenzyme assay with chemiluminescent
detection, analyzer: Access 2 Immunoassay System, Beckman Coulter, Inc., US.

2.5. Statistical Analysis

Descriptive and inferential statistics were performed. Continuous variables were first tested for
normality of statistical distribution by Shapiro-Wilk test. All normal distribution measurement data
are expressed as the meanz+standard deviation (SD). Comparisons between two groups were
analysed with Student’s t-tests for independent samples, with Bonferroni correction for pairwise
comparisons. The non-normally distributed data were expressed as median and interquartile range.
Comparisons between groups were carried out with use of the nonparametric Mann-Whitney test for
two independent groups. Statistical analysis of the data was performed using SPSS v.26 for Windows
(IBM Corp., Released 2019. Armonk, NY: IBM Corp). For all tests p-value <0.05 indicated statistical
significance.

3. Results

The anthropometric results of the two groups of women are shown in Table 1.

Table 1. Anthropometric parameters of women with DMt1+PCOS and women with PCOS without diabetes.

Parameter DMt1+PCOS PCOS P-value
(n=21) (n=62)
Mean+SD Mean+SD T- test
Age (Y) 29.20+6.15 27.42+5.960.608
Weight (kg) 63.90+12.16 70.78+15.89 0.074
WHR 0.76+0.09 0.84+0.03 0.001
BMI (kg/m?) 23.43+3.84 25.56+5.95 0.129
HbA1C (%) 7.82+1.66 5.05+0.38 0.039
FBG (mmol/l) 7.43+2.79 4.99+0.46 0.001

Women with PCOS without diabetes had comparable body weight (p=0.074) and BMI (p=0.129),
but presented with higher WHR (p=0.001) compared to the diabetic women. HbAlc and fasting blood
glucose levels in the DMt1 group, as expected, were significantly higher compared to women with
PCOS without diabetes (p=0.039, p=0.001, respectively).

The results of the hormonal evaluation of the two groups of women are given in Table 2. Women
with PCOS without diabetes did not differ in terms of LH, FSH, LH/FSH levels (p=0.950, p=0.084,
p=0.531, respectively) compared to the diabetic women. Females with PCOS have significantly lower
E2 levels compared to the DMt1 women (p=0.039).

Regarding the androgen levels, T, FAI, cFT and BioT were comparable between the two PCOS
groups (p=0.995, p=0.410, p=0.361, p=0.199, respectively). No statistically significant differences in
terms of SHBG was also observed in the two groups under consideration (p=0.170).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.0319.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2025 d0i:10.20944/preprints202509.0319.v1

5 of 11

Table 2. Hormonal parameters of women with DMt1+PCOS and women with PCOS without diabetes.

P ‘ DMt1+PCOS PCOS P-val
arameter (n=21) (n=62) value
Mean+SD Mean+SD T- test
LH (IU/L) 9.09+4.13 9.17+5.37 0.950
FSH (mIU/ml) 5.62+0.72 6.15+1.32 0.084
LH/FSH 1.62+0.64 1.50+0.79 0.531
E2 (pg/ml) 57.02+11.90 45.34+24.50 0.039
T (ng/ml) 0.94+0.27 0.89+0.21 0.995
SHBG (nmol/l) 37.31%£19.59 45.35+24.06 0.170
FAI 7.41+4.27 8.24+3.87 0.410
cFT (ng/ml) 0.11+0.007 0.14+0.005 0.361
BioT (ng/ml) 0.30+0.13 0.3540.16  0.199
DHEA-S(ng/dl)275.11+123.37 336.79+100.80 0.024
A4 (ng/ml) 4.79+1.29 4.39+1.41 0.254
17OHPG(ng/ml) 1.24+1.08 1.37£0.89  0.585
Prl (mU/L) 222.96+90.43 287.90+£112.16 0.019
TSH (mU/L) 2.61+1.14 2.42+0.95 0.454
AMH (ng/ml) 8.80+£5.17 8.14+5.55 0.633

Regarding the aRegWe demonstrated that women with PCOS had statistically significantly
higher levels of DHEA-S (p=0.024), but did not differ in terms of A4 levels compared to the diabetic
women (p=0.254). It turned out that women with PCOS had also higher levels of the prolactin than
the diabetic females (p=0.019). The two groups examined did not differ in terms of 17OHPG (p=0.585)
and TSH (p=0.454). The two groups had also comparable levels of AMH (p=0.633).

4. Discussion

In this study, women with PCOS and type 1 diabetes mellitus (DM1+PCOS) were compared to
women with PCOS without diabetes. Age, body weight and BMI were broadly similar between
groups, although there was a trend toward lower body weight and statistically significantly lower
waist-to-hip ratio in the DM1+PCOS group. These anthropometric findings suggest that DMt1 does
not substantially alter the overall body composition phenotype of women with PCOS, though subtle
differences in fat distribution may be present. The tendency toward a lower WHR in patients with
DMt1 and PCOS could reflect a relative protection from central adiposity, consistent with previous
observations that type 1 diabetes is often associated with leaner body composition compared with
type 2 diabetes or classic obesity-driven PCOS [23].

An increasing amount of evidence in the global literature indicates a higher prevalence of
metabolic syndrome (MS) among patients with DMt1 [24,25]. The average reported prevalence of MS
in individuals with DMt1 is around 23.7%, varying depending on the applied diagnostic criteria and
study design [26]. Not only is CV risk increased in patients with DMt1 and MS, but MS has also been
reported to be associated with a higher risk of development and/or progression of micro- and
macrovascular complications in diabetic patients [24]. There is a small, but distinguishable group of
women with PCOS with normal or even low BMI [27]. In accordance with this data, in our study,
both PCOS groups of women presented without indications for obesity. Women with PCOS without
diabetes have significantly higher waist/hip ratio (p=0.001). In accordance with this finding is a study,
that demonstrates higher BMI and WHR in women with PCOS compared to women with DMt1 and
PCOS and healthy controls [28].
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Hyperandrogenism is usually associated with DMt2, but it was back in 1985 when Djursing et
al. [29] reported that women with DMtl had elevated androgen levels despite the absence of
amenorrhea, and O’Hare et al. [30] noted that intensified insulin therapy led to increased testosterone
levels in women with insulin-dependent diabetes.

The hormonal profile of women with DMt1 and PCOS is different from that of hyperandrogenic
nondiabetics [31]. Frequently observed are serum testosterone levels - similarly elevated in both
groups, but free androgens are lower in the former, which is explained by the normal SHBG levels
[31].

In our study, the comparative analysis of women with PCOS, with and without type 1 diabetes,
revealed broadly similar patterns in gonadotropin and androgen markers. LH, FSH, LH/FSH ratio,
testosterone, SHBG, free androgen index (FAI), calculated free testosterone, and bioavailable
testosterone did not differ significantly between groups. This is in accordance with the data in the
literature. In a recent study, women with DMt1 have comparable levels of T, A4, and DHEA-S, but
lower FAI and SHBG than the women with PCOS without diabetes [32]. In another study, no
significant differences are reported in the mean levels of LH, LH/FSH, T, SHGB, FAI, and DHEA-S
[33]. Only A4 levels were statistically significantly higher in the diabetic women compared to women
with PCOS only [33]. Other investigators demonstrated comparable levels of T, DHEA-S, and A4, but
lower SHBG and increased levels of FAI in PCOS without diabetes [34].

This finding suggests that the ovarian—pituitary axis dysregulation characteristic of PCOS
remains relatively consistent, regardless of concomitant DMt1. Such stability aligns with earlier
reports that androgen excess in PCOS is primarily driven by intrinsic ovarian dysfunction and is not
substantially modified by the presence of autoimmune diabetes, and is primarily intrinsic, rather than
secondary to metabolic state [35].

The decreased SHBG levels, a characteristic feature of women with PCOS without diabetes, are
not decreased in those with DMt1 and PCOS [36]. The insulin-resistant women without diabetes have
increased levels of insulin in the portal vein, which suppresses the secretion of SHBG. When
administered subcutaneously into the systemic circulation, insulin does not lead to an increase in its
levels in the portal system, even at supra-physiological doses [37]. The normal SHBG levels in
DMtlwith PCOS explain why free androgen levels are not increased and hirsutism is milder in these
women compared to PCOS without diabetes women [28]. Moreover, normal SHBG levels in women
with DMt are the reason why the most sensitive serum marker of hyperandrogenism in this case is
total testosterone, rather than its free fractions or FAI, as in nondiabetic women with PCOS [38].

The observed comparable SHBG levels in both groups in our study point out the role of total
testosterone as a more sensitive marker for androgen excess in DMt1, compared to free testosterone
or FAI, which are main indicators in women with PCOS without diabetes [39]. On the other hand,
normal levels of AMH, inhibin B, estradiol, SHBG, and LH/FSH observed in another study suggest a
different pathophysiological mechanism of hyperandrogenism in women with diabetes and PCOS,
distinct from that in the classic syndrome [28].

Elevated AMH levels are a typical feature of patients with PCOS. In females with PCOS,
follicular growth is interrupted, follicular development is impaired, FSH is suppressed, and the
selection of a dominant follicle is impossible [40]. The highest expression of AMH is observed in
preantral and small antral follicles (2-8 mm). With the onset of FSH-dependent stages of development
(8-10 mm), AMH synthesis ceases, and in large antral and preovulatory follicles, AMH levels are
undetectable [40]. The typical morphological feature of polycystic ovaries is the large number of
antral follicles smaller than 8 mm. Due to the increased number of preantral and small antral follicles,
which are the main producers of AMH, their levels are 2 to 4 times higher in these women compared
to the healthy population. Moreover, AMH is not only a marker of follicle count but also a direct
participant in the pathogenesis of PCOS [41].

Despite the increased number of follicles measuring 2-9 mm, AMH levels are normal in women
with PCOS and DMt1 [28]. The explanation for this finding is that the increased follicle count is
mainly due to follicles larger than 5 mm, which produce only a limited amount of AMH [28].
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In their study, Codner et al. [42] found elevated AMH, inhibin B, and DHEA-S levels in
prepubertal girls with DMt1. That finding was explained by the exogenous administration of insulin
[42]. The latter acts as a local factor supporting the growth of small follicles (primary, secondary, and
small pre-antral). The second phase of folliculogenesis, after the onset of puberty, is gonadotropin-
dependent. However, girls with DMt1 at Tanner stage 4-5 had lower AMH levels [42]. Insulin, acting
as a co-gonadotropin, stimulates the growth of larger follicles, which secrete little or no AMH [42].

Conversely, we did not find any significant differences in 17-OHPG, TSH, or AMH between the
two groups. In particular, the similarity in AMH levels suggests that ovarian reserve and follicle pool
characteristics remain largely unaffected by the coexistence of type 1 diabetes. This reinforces the idea
that ovarian morphology and follicular recruitment are determined primarily by PCOS status itself
[43].

Notably, three significant differences emerged between the groups in our study.

First, DHEA-S was lower in women with DMt1 and PCOS, indicating a relative attenuation of
adrenal androgen production compared with PCOS-only subjects. This may point to differential
regulation of the HPA axis in women with type 1 diabetes, consistent with reports suggesting altered
adrenal responsiveness under conditions of chronic autoimmune and metabolic stress.

In 2000, Escobar-Morreale et al. [13] reported a prevalence of hyperandrogenism of about 38.8%
among women with DMt1, with 18.8% of them met the criteria for PCOS, but 20% presented with
hirsutism despite the normo-ovulatory cycles. In the absence of statistically significant differences in
LH, FSH, DHEA-S, SHBG, and 170HPG levels, women with DMtl and PCOS had significantly
elevated free testosterone and androstenedione compared to healthy controls and normoandrogenic
diabetics [13]. The age of the disease onset, glycemic control, mean daily insulin dose, and disease
duration did not statistically affect these results [13]. Normal DHEA-S levels point to the ovary as the
main source of androgen excess. The aim for strict glycemic control may result in supraphysiological
insulin doses, and the resulting exogenous hyperinsulinemia could stimulate LH-mediated androgen
production in the ovary [44].

Our study is in concordance with that of Lebkowska et al. [45] who showed significantly higher
AMH levels in women with DMtl and PCOS compared to those without the syndrome. No
significant differences in ovarian volume and follicle count were found between women with PCOS,
with or without diabetes, but both parameters were significantly higher compared to healthy
controls. A positive correlation of AMH with LH, testosterone, and antral follicle count was also
reported [45]. The authors concluded that women with DMtl and PCOS have a hormonal profile
similar to the classic syndrome [45].

The second important finding in our research was the higher E2 levels in the DMt1 with PCOS
group compared to PCOS-only women. This could reflect differences in follicular dynamics or altered
estrogen metabolism in the context of type 1 diabetes. Previous studies have shown that insulin
availability and glycemic milieu can influence aromatase activity, potentially contributing to such
variations [46].

Our third discovery was the lower prolactin in women with DMtl and PCOS compared to
PCOS-only. While values in both groups remained within physiological limits, this distinction may
be clinically relevant given the interplay between prolactin and gonadotropin secretion. Lower
prolactin in type 1 diabetes has been attributed to autoimmune pituitary involvement or differences
in dopaminergic regulation, though this remains speculative [47].

5. Conclusions

The results in our study suggest that while the ovarian dysfunction of PCOS remains consistent
in women with type 1 diabetes, the hormonal and anthropometric milieu differs in subtle but
clinically relevant ways. Specifically, higher estradiol, lower adrenal androgens, reduced prolactin,
and a tendency toward lower central adiposity define women with DM1 and PCOS phenotype. These
distinctions may inform risk stratification and individualized approaches to fertility and long-term
metabolic health in this unique subgroup.
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Abbreviations

The following abbreviations are used in this manuscript:
DMt1 Type 1 Diabetes Mellitus
HHG axis Hypothalamic-Pituitary—Gonadal axis

GnRH Gonadotropin-releasing hormone
FSH Follicle-stimulating hormone

LH Luteinizing hormone

E2 Estradiol

T Testosterone

SHBG Sex hormone-binding globulin
DHEA-S  Dehydroepiandrosterone sulfate

A4 Androstenedione

Prl Prolactin

cFT Calculated free testosterone
BioT Bioavailable testosterone

FAI Free Androgen Index

TSH Thyroid-stimulating hormone
TC Total cholesterol

TG Triglycerides

HDL-C  High-density lipoprotein cholestero
LDL-C Low-density lipoprotein cholesterol
PCOS Polycystic ovary syndrome

HbA1lc Glycated hemoglobin

BMI Body mass index

WHR Waist-to-hip ratio
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