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Abstract Functional ovarian hyperandrogenism (FOH) is

a form of polycystic ovary syndrome (PCOS) characterized

by elevated circulating levels of androgens derived from

the ovary. Insulin resistance (IR) is the most common

etiological factor in women with FOH. IR causes the

generation of increased oxidative stress (OS) and dimin-

ished antioxidant status. OS is directly correlated with both

IR and testosterone levels, which consequently contribute

to endocrine and biochemical alterations in FOH women.

In the current study, elevations in total testosterone, free

testosterone and luteinizing hormone (LH) levels accom-

panied by a decrease in follicle stimulating hormone (FSH)

level leading to higher LH:FSH ratio were the prominent

endocrine changes observed in women with FOH. A sig-

nificant increase in fasting blood levels of glucose and

insulin, as well as an elevated IR were also seen in FOH

women, as compared to their age matched controls.

Women with FOH have higher pro-oxidant and lower anti-

oxidant levels in blood than their age matched controls. In

FOH women, elevations in LH:FSH ratio and OS are

correlated more with hyperandrogenemia than with IR. Of

the androgens, free rather than total testosterone has better

positive correlations with elevated LH:FSH ratio and OS,

and hence, the former is a better predictive marker for the

development of biochemical PCOS in women with FOH.

Keywords Functional ovarian hyperandrogenism �
Polycystic ovary syndrome � Insulin resistance � Total and
free testosterone � LH:FSH ratio � Oxidative stress

Abbreviations

Cyt. p450c Cytochrome p450-c17a-hydroxylase
DHEAS Dehydro epi androsterone sulphate

FBG Fasting blood glucose

FOH Functional ovarian hyperandrogenism

FSH Follicle stimulating hormone

FT Free testosterone

GPx Glutathione peroxidase

GSH Glutathione (reduced)

HPrg 17-Hydroxy progesterone

IR Insulin resistance

LH Luteinizing hormone

MDA Malon di-aldehyde

OS Oxidative stress

PCOS Polycystic ovary syndrome

PRL Prolactin

SOD Super oxide dismutase

T3 Tri-iodo thyronine

T4 Tetra-iodo thyronine

TSH Thyroid stimulating hormone

TT Total testosterone

T2DM Type 2 diabetes mellitus

Introduction

Functional ovarian hyperandrogenism (FOH) is character-

ized by hyperandrogenism which is associated with

impaired glucose tolerance, hypertension, dyslipidemia and

elevated endothelial dysfunction, and these abnormalities

contribute to increased risks for future cardiovascular
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diseases and type 2 diabetes mellitus (T2DM) [1]. FOH is

an ovarian dysfunction caused by excess circulating levels

of androgens, which inhibit folliculogenesis and lead to

poly follicular morphology. These ovarian changes then

disturb the menstrual cycle leading to anovulatory infer-

tility [2]. Apart from infertility, other common clinical

symptoms of hyperandrogenism are hirsutism, acne, and

male pattern alopecia [3]. The clinical and biochemical

features of FOH can arise as a consequence of hyper

secretion of androgen by the ovary. FOH can result either

from luteinizing hormone (LH) excess or from abnormal

modulation of ovarian androgen responsiveness to LH [4].

Chronic LH stimulation in FOH induces sustained hyper

secretion of androgens by the theca compartment, probably

augmented by insulin and insulin like growth factor [5].

Most data suggest that the primary defect may be at the

ovarian level or all manifestations of the syndrome may

occur secondary to hyperinsulinemia [6, 7]. Insulin resis-

tance (IR) is, thus the main factor involved in the patho-

physiology of ovarian hyperandrogenism. IR causes

hyperandrogenism by activating the enzyme cytochrome

p450-c17a-hydroxylase (cyt. p450c). An imbalance in the

factors responsible for the up and down-regulation of cyt.

p450c in theca cells may cause ovarian hyperandrogenism

despite normal LH secretion [8, 9]. The excessive serine

phosphorylation of insulin receptors was shown to stimu-

late cyt. p450c enzyme activity leading to hyperandroge-

nism in insulin-resistant FOH women [8, 10]. IR also

potentiates the effects of LH on theca interstitial cells,

resulting in increased androgen production while arresting

the follicular maturation process which leads to PCOS [11,

12]. Oxidative stress (OS), which is marked by increased

oxidant and decreased anti-oxidant levels, has been docu-

mented in infertile women with FOH [13–15]. OS is

demonstrated to be directly correlated with testosterone

and androstenedione which may consequently contribute to

hyperandrogenism in PCOS women. OS is involved in

altered steroidogenesis in the ovaries, thus contributing to

increased androgen production, disturbed follicular devel-

opment and, ultimately infertility [16, 17]. OS has also

been shown to correlate with IR [18].

Materials and Methods

Subjects

This cross-sectional, case–control study was conducted at the

Department of Physiology and Biochemistry, Educare

Institute, Malappuram, Kerala. Women were included in the

FOH and Control groups upon getting informed consent from

the outpatient volunteers of the study, and after obtaining

permission from the Institutional Ethics Committee. The

blood samples collected from the volunteers were processed

and analyzed at Dianova Laboratories, an NABL accredited

fully automated specialty clinical laboratory at Kottayam.

The following inclusion–exclusion criteria were used for the

selection of women with FOH [19].

Married, non-pregnant woman in the age group of 20 to

33 years, having elevated total testosterone (TT) levels

([0.8 ng/ml) were screened and selected for the FOH

group (n = 192). Women with TT levels[2.0 ng/ml were

excluded. From the 192 women screened as above, women

with FOH were finally selected, using a five-step diagnostic

work-up. Women with normal serum prolactin (PRL), de-

hydro epi-androsterone sulphate (DHEAS), 17-hydroxy

progesterone (HPrg), tri-iodo thyronine (T3), tetra-iodo

thyronine (T4), and thyroid stimulating hormone (TSH)

levels and elevated LH:FSH ratio were included in the

FOH group (n = 100). Women with normal PRL levels but

with a history of amenorrhoea were excluded [19, 20].

Out of the total of 192 women with hyper-androgenemia

(TT[0.8 but not[2.0 ng/ml), 52.1 % (n = 100) were due

to FOH. Functional adrenal hyperandrogenism (FAH),

which is marked by elevated DHEAS and HPrg levels,

accounted for 21.3 % (n = 41), hypothyroidism (elevated

TSH and lowered T3 and T4 levels) for 15.1 % (n = 29)

and hypothalamic-pituitary causes (elevated PRL) for

11.5 % (n = 22) of hyperandrogenemia in women (Fig. 1).

Married non-pregnant women in the age group of 20 to

33 years who had normal serum TT levels (\0.8 ng/ml),

and who were not taking any oral contraceptives, selected

from among the siblings of the patients and the hospital

staff, were included in the Control group (n = 50).

Women in the Control and FOH groups were designated

respectively as Groups I and II. Based on the mean age of

the study population (26.5 ± 6.5 years), the women in

each group (Control and FOH groups) were sub divided

into two groups viz. the 20–26 years age group {Group I

Fig. 1 Incidence of ovarian and non ovarian causes of hyperandro-

genemia in women
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(a) and Group II (a)} and the 27–33 years age group

{Group I (b) and Group II (b)} respectively. Group I

(a) had 22.1 % (n = 33) and Group II (a) had 11.3 %

(n = 17) women, while Group I (b) and Group II (b) had

respectively 45.3 % (n = 68) and 21.3 % (n = 32)

women. Among the FOH women of the 20–26 years age

group {Group II (a)}, 33.8 % had IR, 23.6 % had obesity,

10.3 % had T2DM and 17.6 % had a combination of two or

more of these disorders. Idiopathic causes accounted for

by14.7 % of these women. The corresponding figures for

the 27–33 years age group {Group II (b)} were 25.0, 28.1,

15.6, 21.9 and 9.4 % respectively (Fig. 2).

Methods

Blood samples of all subjects were collected in the morn-

ing, on days 7–10 of their menstrual cycles after 12 h

fasting. Plasma samples were used for the determinations

of glucose and insulin. Determination of fasting blood

glucose (FBG) was carried out using enzymatic end-point

assay in Daytona Fully Automated Biochemistry Analyzer

of M/s. Randox Diagnostics Ltd [21]. Insulin, PRL,

DHEAS, HPrg, T3, T4, TSH, TT, free testosterone (FT),

LH and FSH were assayed using Chemi luminescent

immuno assay (CLIA) in Advia Centaur Fully Automated

CLIA analyzer of M/s. Siemens Health Care Diagnostics

India Ltd [22–25]. Quality control (QC) was performed by

participating in the BIO-RAD EQUAS international QC

programmes. Erythrocyte catalase, super oxide dismutase

(SOD), glutathione (GSH), glutathione peroxidase (GPx)

and malon di-aldehyde (MDA) were determined using

Spectrophotometric Kinetic assays in AU 2701 Single

Beam UV–Vis. Spectrophotometer made by M/s. Dynam-

ica (Australia) and marketed by M/s. Systronics (India) Pvt

Ltd [26].

The homeostasis model assessment for insulin resistance

(HOMA-IR) was used for the determination of IR. IR was

calculated by multiplying the FBG values (mg/dl) with the

fasting plasma insulin values (lU/ml), and then dividing by

405 [27]. The data from the above investigations were

statistically analyzed by employing the multiple pair-wise

comparison procedures of One Way Anova (Holm-Sidak

method) for inter-group comparisons. For correlation ana-

lysis, Pearson product moment correlation was carried out

using IR, TT and FT as the independent variables and

LH:FSH ratio, erythrocyte catalase, SOD, GSH, GPx and

MDA as the dependent variables. Since this study had an

overall critical confidence level of 95 %, results with

p values\0.05 were interpreted as statistically significant

[28]. Data processing and data analysis were conducted

using Sigma Stat 6.5 Version Software (M/s. Sigma-

Aldrich Co., St. Louis, USA).

Results

The results obtained from the present study are summa-

rized in Fig. 3 and in Tables. Serum LH levels were

increased and FSH levels were decreased resulting in an

elevated LH:FSH ratio in both the age groups of FOH

women. The majority of women in the FOH group

(71.0 %) had elevated LH:FSH ratio. Figure 3 shows that

this elevation was more pronounced in the upper age group

(78.1 %) than in the lower age group (67.7 %). Serum TT

and FT levels were significantly higher in both the age

groups of FOH women, compared to the corresponding

Controls (p\ 0.001), while no significant difference

between the two age groups was observed (Tables 1, 2).

Fasting glucose and insulin levels were elevated signifi-

cantly (p\ 0.001) in the FOH women compared to their

age-matched Control women. IR of both the age-groups of

FOH women were significantly higher (p\ 0.001) than

that of the corresponding Controls. MDA levels in eryth-

rocytes were significantly higher while the anti-oxidant

system involving catalase, SOD, GSH and GPx were lower

in FOH women than that of their age-matched Controls.

Fig. 2 Age-wise incidence of obesity and carbohydrate derangement

in women with FOH

Fig. 3 Elevation of LH:FSH ratio (biochemical PCOS) in women

with FOH
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Table 3 shows that serum TT and FT levels in women with

FOH showed statistically significant positive correlations

with IR (p\ 0.01). Serum levels of LH and FSH in hy-

perandrogenic women showed positive and negative cor-

relations respectively with IR, TT and FT. Moreover,

LH:FSH ratio showed positive correlations with IR, TT and

FT. However, of all these associations, serum LH levels

and LH:FSH ratio correlated better with TT and FT

(r = 0.999 and 1.0, p\ 0.001) than with IR (r = 0.995

and 0.991, p\ 0.01). The correlation coefficient (r) of

LH:FSH ratio with FT had a higher value (r = 1.0,

p\ 0.001) than that with TT (r = 0.999, p\ 0.01)

showing that FT is better correlated with LH:FSH ratio

than TT. Erythrocyte MDA had a statistically significant

positive correlation with IR, TT and FT (p\ 0.05) while

the antioxidant markers GSH, GPx, catalase and SOD had

significant negative correlations with IR, TT and FT. The

correlations of erythrocyte SOD with both TT and FT were

stronger (r = 1.0, p\ 0.001) than that with IR (r = 0.994,

p\ 0.01).

Discussion

The present study showed that the major endocrine alter-

ations in women with FOH were the elevations of TT, FT,

LH and the decrease in FSH. The results of our study are

consistent with previous studies reporting similar endocrine

changes in FOH [2–4]. Previous studies had unequivocally

documented the correlations of IR with hyperandrogen-

emia and elevated LH:FSH ratio [5–9]. This study also

showed results comparable to these reports. One of the

prominent outcomes of this study is that we could establish

that in women with FOH, LH and LH:FSH ratio has

stronger positive correlations with TT and FT than that

with IR. More importantly, blood oxidant levels were

increased while the anti oxidant system was diminished in

women with FOH. The associations of ovarian hyperan-

drogenism with the oxidant-anti oxidant status had been

reported earlier [16–18]. IR has long been known to be

Table 1 Parameters of

hyperandrogenemia,

biochemical PCOS, IR and OS

in FOH women and their age-

matched Control subjects

(Mean ± SD)

Groups I (a) and II (a)—20 to

26 years, Groups I (b) and II

(b)—27 to 33 years
a Luteal phase values

Parameters Reference range Subjects

Control (Group I) FOH (Group II)

Group I (a) Group I (b) Group II (a) Group II (b)

TT 0.20–0.80 ng/mla 0.58 ± 0.14 0.63 ± 0.15 1.33 ± 0.35 1.37 ± 0.38

FT 0.3–2.0 pg/mla 1.46 ± 0.57 1.53 ± 0.66 3.63 ± 0.48 3.72 ± 0.54

LH 0.50–16.5 lIU/mla 4.29 ± 0.47 4.41 ± 0.56 8.57 ± 1.23 8.82 ± 1.45

FSH 1.5–9.1 lIU/mla 6.99 ± 1.76 7.13 ± 1.82 3.46 ± 0.35 3.62 ± 0.41

LH/FSH 0.3–1.80 0.61 ± 0.27 0.62 ± 0.31 2.38 ± 0.04 2.41 ± 0.05

FBG 70–105 mg/dl 84.46 ± 6.15 85.22 ± 6.34 92.81 ± 8.55 95.43 ± 9.76

Insulin 1–10 lIU/ml 3.19 ± 1.24 3.32 ± 1.27 14.63 ± 4.41 16.81 ± 5.18

IR 0.3–1.8 0.665 ± 0.019 0.699 ± 0.020 3.35 ± 0.093 3.96 ± 0.121

MDA 3.5–4.5 lmol/l 3.63 ± 1.04 3.98 ± 1.35 5.22 ± 2.41 5.97 ± 2.73

Catalase 4.5–9.7 IU/l 5.62 ± 0.94 5.17 ± 0.86 4.33 ± 0.72 4.15 ± 0.67

SOD 70–150 IU/ml 118.32 ± 14.13 114.87 ± 12.94 70.15 ± 10.86 67.23 ± 9.75

GSH 10.5–17.5 mg/dl 12.66 ± 3.41 11.83 ± 2.76 9.01 ± 1.57 8.32 ± 1.06

GPx 30–65 IU/l 44.85 ± 10.61 41.25 ± 9.34 32.46± 7.18 30.77 ± 6.82

Table 2 Anova statistics of the hyperandrogenemia, LH:FSH ratio,

IR and OS parameters in FOH women and their age-matched Control

subjects

Parameters Multiple pair-wise comparisons of ANOVA

I (a) versus

II (a)1
I (b) versus

II (b)2
I (a) versus

I (b)3
II (a) versus

II (b)4

TT \0.001* \0.001* 0.249 0.544

FT \0.001* \0.001* 0.698 0.434

LH \0.001* \0.001* 0.427 0.293

FSH \0.001* \0.001* 0.793 0.484

LH/FSH \0.001* \0.001* 0.907 0.402

FBG \0.001* \0.001* 0.684 \0.05*

Insulin \0.001* \0.001* 0.729 \0.01*

IR \0.001* \0.001* 0.221 \0.01*

MDA \0.001* \0.01* 0.588 0.108

Catalase \0.001* \0.001* 0.055 0.283

SOD \0.001* \0.001* 0.324 0.245

GSH \0.001* \0.001* 0.204 0.145

GPx \0.001* \0.001* 0.142 0.340

Group I (a)—Control group (20–26 years), Group I (b)—Control

group (27–33 years), Group II (a)—FOH group (20–26 years), Group

II (b)—FOH group (27–33 years. Degrees of freedom 1: 99, 2: 47, 3:

98 and 4: 48. Statistically significant p values are indicated by asterisk

mark (*)
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correlated with the generation of OS and depression of

anti-oxidative mechanisms [13–15]. Interestingly, we have

shown in the present study that SOD, a very important

component of the blood anti-oxidant system, is more

strongly correlated with TT and FT than with IR. The

implications of the present study is that even though

hyperinsulinemia and/IR are recognized as important eti-

ological factors for the pathogenesis of FOH, androgen

levels better correlate with biochemical PCOS and OS,

than the former in women with FOH. Several authors

reported that the measurement of FT rather than TT is more

clinically useful in the primary screening and definitive

diagnosis of hypogonadism in men as well as in the eval-

uation of androgen excess in women [29–31]. The present

study not only agrees with these reports, but also shows

that FT is a better predictive marker, than TT for the

development of biochemical PCOS, in hyperandrogenic

women.

Conclusions

The conclusions drawn from the present study are that

women with FOH have elevations in TT and FT levels

along with high LH:FSH ratio, IR and OS as compared to

their age matched controls. Though hyperandrogenemia

and IR correlate with LH:FSH ratio and OS in women with

FOH, the former has a better correlation with LH:FSH ratio

and OS. Finally, FT rather than TT is a more useful pre-

dictive marker of biochemical PCOS in FOH women.

Directions for Future Research

The finding of this study assumes importance in the

screening of high risk group girls in the pre and peri ado-

lescent period, because if treatment can be instituted for the

androgen excess or IR at this age, many of the reproductive

as well as metabolic consequences of FOH can be reversed

if not totally prevented. This study can serve as the plat-

form for future studies on the selective advantage of early

screening in teenage girls using FT levels as a good pre-

dictor of the reproductive and metabolic consequences of

FOH on a time scale.
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