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ABSTRACT: Poly Cystic Ovary Syndrome (PCOS) is an endocrine disorder with an increased
prevalence worldwide. The rate of incidence of PCOS has been alarmingly getting amplified among
the women of reproductive age. It is a major contributor of infertility/subfertility in global
population. The patients with PCOS often present heterogeneous symptoms like irregular menses,
hyperandrogenism, ovulatory disorders, presence of ovarian cysts etc. The symptoms are often
underestimated or ignored and they are diagnosed only at a later stage. The etiology of PCOS is
still unclear as it is a multifactorial condition. There are different scientific societies that have framed
guidelines for diagnosis of PCOS and they have classified 3 different phenotypes. All the phenotypes
has hyperandrogenism as a main symptom of PCOS where there is an excess of androgen production.
This review focuses on hyperandrogenism and various factors that are responsible for the

hyperandrogenic state in PCOS patients.
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1. INTRODUCTION

Poly Cystic Ovary Syndrome (PCOS) is an endocrine disorder commonly found in women during
their reproductive age [1]. The history of PCOS dates back to the 18th century based on some
scientific evidences, though Stein and Leventhal defined it during 1935 [2]. But, the existence of
genetic traits similar to this disorder is considered to be as ancient as nearly 50,000 years ago [3].
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The manifestation of this condition usually begins in adolescence. Clinical or biochemical

hyperandrogenism is the most commonly presented symptom along with ovulation problem,
menstrual irregularities and presence of multiple cysts in their ovaries. It has been reported that 5 —
20% of the women in the reproductive age have PCOS. Nearly 70% of the women are left
undiagnosed [4]. The diagnosis of PCOS is defined based on the presence or absence of three major
symptoms (Hyperandrogenism, Ovulatory disorders and presence of polycystic ovaries) and the
PCOS condition has been differentiated into four different phenotypes. The incidence of PCOS is
caused by a number of genetic, metabolic and environmental factors. Increased level of stress,
sedentary lifestyle, intake of junk food and exposure to various environmental toxicants. PCOS has
an increased risk of associated morbidities like insulin resistance leading to type 2 diabetes like
condition, obesity, ovarian cancer and cardiovascular diseases. At present there is no specific
medication or cure for PCOS. Rather, the patients will be treated according to the presentation of
symptoms by the individual patients. The fine line of treatment includes fertility medicines like
clomiphene citrate, hormonal therapy, oral contraceptives, surgery, in vitro fertilization along with
life style modifications.

Prevalence of PCOS

The global prevalence of PCOS is similar. It has been roughly estimated to be in the range
somewhere between 5 — 20%. The prevalence of PCOS varies based on ethnicity which has been
revealed by Genome Wide Analysis Studies in different geographical locations [5, 6].

Symptoms and diagnostic criteria

PCOS is a heterogeneous condition with a wide range of signs and symptoms varying based on the
age or reproductive phase of the individual. The symptoms may be mild to severe. Based on the
presence of the aforesaid signs in different combinations the PCOS has been categorized into four
different phenotypes of PCOS. Though Stein and Leventhal introduced PCOS in 1935 the consensus
meeting by NIH was held in 1990. The NIH criteria for PCOS includes Clinical and/or biochemical
hyperandrogenism and associated ovarian dysfunction. Later in 2003, a conference was organized
in Rotterdam, Netherlands which was partly sponsored by the European Society for Human
Reproduction and Embryology (ESHRE) and The American Society for Reproductive Medicine
(ASRM) where a broader classification was done including the symptoms said in NIH and the
presence of Poly Cystic Ovarian Morphology (PCOM). More recently, he Androgen Excess society
met in 2006 and made the presence of hyperandrogenism as a mandatory criteria of PCOS along
with ovulatory disorders with/without PCOM.

Hyperandrogenism

The term hyperandrogenism refers to the condition where the level of androgens (male hormones)
are present above the normal range in females. In PCOS ovarian and extra-ovarian
hyperandrogenism is considered as a major symptom. The hyperandrogenic condition in the ovary
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is contributed by the androgen synthesis that occur in the theca cells of the ovarian cells [7]. The

most common hyperandrogenic disorders include PCOS, idiopathic hyperandrogenism and the non-
classic 21 hydroxylase deficiency. In PCOS condition the level of testosterone will be much higher
than that of the normal range. Hyperandrogenism is generally diagnosed by the levels of total
testosterone, free testosterone, SHBG, androstenedione and dehydroepiandrosterone (DHEA). The
free androgen index (FAI) can be calculated (FAI = (Total Testosterone/SHBG) 100) [8]. Though
testosterone is a male reproductive hormone, females too secrete androgens in smaller quantities as
part of normal metabolic function. Normally, in women both adrenal glands and ovaries produce
androgens in almost similar levels [9]. Elevated levels of ovarian androgen is considered as staple
manifestation of hyperandrogenism in PCOS leading to impaired follicular maturation as the
elevated levels of androgens may have a negative impact on follicular development leading to atresia.
Generally, ovaries are considered as the main contributor of androgen excess in PCOS condition,
but it has been found that 20 — 30% of patients with PCOS exhibit increased adrenal androgen levels
[10, 11]. It is evident from some scientific reports that, the ovarian androgen excess influences
adrenal androgen excess in PCOS condition and they are often correlated. Only a very few patients
present adrenal hyperandrogenism alone [9]. Adequate research have proved the ovarian androgen
excess as major criteria in PCOS women at molecular level but, the adrenal hyperandrogenism
couldn’t be explored at molecular level due to the risks involved in obtaining the adrenal glands
from the patients [12, 13]. Hyperinsulinaemia leads to hyperandrogenism by increasing the level of
free testosterone in circulation as a result of decreased production of sex hormone binding globulin
SHBG by the liver [14]. Some studies make it clear that insulin may be attributable to the increased
level of adrenal androgens in women with PCOS [15]. The source of androgens vary in different
hyperandrogenic conditions. In PCOS condition, ovary acts as the main androgen source [16]
whereas, in idiopathic hyperandrogenism both ovary and adrenal glands are known to contribute to
the androgen excess [17] In the non-classic 21 hydroxylase deficiency the adrenal gland seems
responsible for androgen excess [9,18].

Hirsutism

Hirsutism is a remarkable clinical symptom of hyperandrogenism common in PCOS which can be
visually diagnosed [19]. It is a major consequence of androgen excess. Hyperandrogenism leads to
the presence of masculine features in the females with PCOS. The presence of excessive facial hairs
on the side of the face, upper lip, chin and it is also observed in chest region in individuals with
severe conditions of PCOS. Hirsutism is defined by the FG score (Ferriman - Gallwey) though it
has certain limitations [20]. It is a common symptom of PCOS due to androgen excess and it also
depends on the individual hair growth patterns. The enzymatic conversion rate of testosterone to
dihydrotestosterone has been reported to influence the androgenic effects in the hair follicle.
Researchers have identified the role of 5 a reductase on variation of hair growth. 5 a reductase is
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known to exist in 2 isoforms viz., type 1 and type 2 where the type 2 is predominant in the masculine
hair (Beard and genitals) apart from testes and prostate. But, there is no adequate information
pertaining to this in PCOS women. It has been proved under in vitro conditions that the expression
of 5 a reductase mRNA was higher in the follicles obtained from the PCOS women compared to
that of normal follicles [21, 22]. A study on patients with functional hyperandrogenism and PCOS
showed that, the patients with hyperandrogenism who consulted physicians were more hirsute with
presentation of both clinical and biochemical hyperandrogenism. Further they were more obese with
increased incidence of PCOS than the normal population [23].

Ovulatory dysfunction

Ovulatory dysfunction is one of the remarkable hallmarks of PCOS in spite of its heterogeneous
nature [24]. It has been reported that ovulatory dysfunction affects nearly 25% couples [25].
Ovulation disorders are classified into 3 categories by WHO as group I, II and III. Hypothalamic
pituitary failure is said to be the cause of Group I. It has been found that nearly 10% women with
ovulatory dysfunction come under group I. Whereas, 85% of women with ovulatory dysfunction
have group II disorder which arise due to the hypothalamic - pituitary — ovarian axis dysfunction.
PCOS comes under group II ovulation disorders. The group III ovulation disorders includes about
5% women due to ovarian failure.

Polycystic ovaries

In PCOS condition, the ovarian follicular arrest has been observed commonly where the maturation
of follicles is inhibited and leads to the formation of fluid filled sacs called cyst. The presence of
polycystic ovaries is a remarkable feature in the diagnosis of PCOS. The diagnosis of PCOS
condition is not just based on the presence of enlarges cysts but the presence of excessive number
of growing follicles [26]. Presence of poly cystic ovarian morphology (PCOM) is a diagnostic
criteria for PCOS, though PCOM is excluded in some PCOS phenotype. Many studies have reported
that ovarian size considering the ovarian volume and ovarian area are significant criteria for
diagnosis of PCOS. In some cases women presenting polycystic ovaries are non — PCOS [27].
Day-day factors that may lead to PCOS

Men and women across the globe are increasingly exposed to various known and unknown
pollutants in their day-day life due to progressive industrialization and ever blooming technologies.
Environmental and workplace pollution have nowadays play a significant role in causing fertility
related disorders. A multitude of chemicals are generated into environment through various sources.
The emerging pollutants or persistent organic pollutants impose adverse health effects in humans
and they are unbiased towards age, sex or geographical location. Among them the female factors for
infertility is often bothered and causes psychological distress in women particularly in developing
countries and the women often bear the brunt. There are various female factors that lead to infertility.
Among them the incidence of PCOS is in the rise in the recent decade due to environmental and life
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style changes. PCOS is a multifactorial condition with an unclear etiology and a myriad of

underlying causes. Generally, the contributing factors of PCOS include genetic, endocrine,
metabolic and environmental factors. Environmental factors are less concerned but are ambient
contributors to infertility related issues. There are many scientific reports postulating the possible
role of various pollutants that act as endocrine modulators leading to infertility [28]. Endocrine
disruptors are a class of chemical compounds or molecules that cause a significant change in the
hormonal levels leading to various disorders in different classes of organisms. The effect of these
chemicals have reported to cause a wide range of diseases like infertility to fatal ones like cancer.
They also cause developmental disorders. The toxicity of endocrine disruptors have been established
both in vitro and in vivo. Bisphenol A (BPA) is synthetic compound used found in polycarbonated
plastics and epoxy resins. It is present in an umpteen number of products we use in our day-day life
including storage containers to hygiene related personal care products and also dental fillings. The
exposure to BPAs has almost been unavoidable as they occupy a maximum space in a wide range
of commercial products. Takeuchi et al., (2004) has reported the presence of Bisphenol A in the
serum samples of women included in their study [29]. They have reported a strong correlation
between the levels of BPA in the serum and the androgen levels. The level of BPA was higher in the
serum of men than women and interestingly, in hyperandrogenic women the BPA level were much
higher and led to the speculation of androgen’s influence on BPA metabolism. The presence of
various pollutants in biological samples have been surfacing in various scientific investigations [30].
2. CONCLUSION
In recent decades the incidence of PCOS has been significantly increased. The genetic and
pathologic factors are mostly considered as underlying cause for fertility related disorders and the
environmental factors contributing to infertility are often of least concern. Hence, this review
focused on environmental factors that we get exposed to in our day-day life that lead to infertility
related issues and highlights the alarming influence of them in PCOS.
ACKNOWLEDGEMENT
We thank our colleagues for providing moral support and for helping in editing of the manuscript.
CONFLICT OF INTEREST
The authors hereby declare there is no conflict of interest.
REFERENCES
1. Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, Lizneva D, Natterson-Horowtiz
B, Teede HJ, Yildiz BO. Polycystic ovary syndrome. Nature Reviews Disease Primers. 2016
Aug 11;2:16057.
2. Szydlarska D, Machaj M, Jakimiuk A. History of discovery of polycystic ovary syndrome.
Advances in Clinical and Experimental Medicine. 2017 May 1;26(3):555-8.
3. Azziz R. Introduction: Determinants of polycystic ovary syndrome. Fertility and sterility. 2016

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RILBPCS 5(1) Page No.183


http://www.rjlbpcs.com/

Subramanian et al RILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications

10.

11.

12.

13.

14.

15.

16.

Jul 1;106(1):4-5.
Boyle J, Teede HJ. Polycystic ovary syndrome: an update. Australian family physician. 2012
Oct;41(10):752.
Casarini L, Brigante G. The polycystic ovary syndrome evolutionary paradox: a genome-wide
association studies—based, in silico, evolutionary explanation. The Journal of Clinical
Endocrinology & Metabolism. 2014 Nov 1;99(11):E2412-20.
Day F, Karaderi T, Jones MR, Meun C, He C, Drong A, Kraft P, Lin N, Huang H, Broer L, Magi
R. Large-Scale Genome-Wide Meta Analysis of Polycystic Ovary Syndrome Suggests Shared
Genetic Architecture for Different Diagnosis Criteria. bioRxiv. 2018 Jan 1:290502.
McAllister JM, Legro RS, Modi BP, Strauss III JF. Functional genomics of PCOS: from GWAS
to molecular mechanisms. Trends in Endocrinology & Metabolism. 2015 Mar 1;26(3):118-24.
De Leo V, Musacchio MC, Cappelli V, Massaro MG, Morgante G, Petraglia F. Genetic,
hormonal and metabolic aspects of PCOS: an update. Reproductive Biology and Endocrinology.
2016 Dec;14(1):38.
Carmina E, Rosato F, Janni A, Rizzo M, Longo RA. Relative prevalence of different androgen
excess disorders in 950 women referred because of clinical hyperandrogenism. The Journal of
Clinical Endocrinology & Metabolism. 2006 Jan 1;91(1):2-6.
Kumar A, Woods KS, Bartolucci AA, Azziz R. Prevalence of adrenal androgen excess in patients
with the polycystic ovary syndrome (PCOS). Clinical endocrinology. 2005 Jun;62(6):644-9.
Yildiz BO, Azziz R. The adrenal and polycystic ovary syndrome. Reviews in Endocrine and
Metabolic Disorders. 2007 Dec 1;8(4):331-42.
Escobar-Morreale HF, Luque-Ramirez M, San Millan JL. The molecular-genetic basis of
functional hyperandrogenism and the polycystic ovary syndrome. Endocrine reviews. 2005 Apr
1;26(2):251-82.
Moran C, Knochenhauer E, Boots LR, Azziz R. Adrenal androgen excess in hyperandrogenism:
relation to age and body mass. Fertility and sterility. 1999 Apr 1;71(4):671-4.
Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycystic ovary syndrome
revisited: an update on mechanisms and implications. Endocrine reviews. 2012 Oct
12;33(6):981-1030.
Moghetti PA, Castello RO, Negri CA, Tosi FL, Spiazzi GG, Brun EL, Balducci RI, Toscano VI,
Muggeo MI. Insulin infusion amplifies 17 alpha-hydroxycorticosteroid intermediates response
to adrenocorticotropin in hyperandrogenic women: apparent relative impairment of 17, 20-lyase
activity. The Journal of Clinical Endocrinology & Metabolism. 1996 Mar 1;81(3):881-6.
Barnes RB, Rosenfield RL, Burstein S, Ehrmann DA. Pituitary-ovarian responses to nafarelin
testing in the polycystic ovary syndrome. New England Journal of Medicine. 1989 Mar
2;320(9):559-65.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RJLBPCS 5(1) Page No.184


http://www.rjlbpcs.com/

Subramanian et al RILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Azziz R, Dewailly D, Owerbach D. Clinical review 56: Nonclassic adrenal hyperplasia: current
concepts. The Journal of Clinical Endocrinology & Metabolism. 1994 Apr 1;78(4):810-5.
Carmina E, Orio F, Palomba S, Longo RA, Cascella T, Colao A, Lombardi G, Rini GB, Lobo
RA. Endothelial dysfunction in PCOS: role of obesity and adipose hormones. The American
journal of medicine. 2006 Apr 1;119(4):356-¢1.
Escobar-Morreale HF, Carmina E, Dewailly D, Gambineri A, Kelestimur F, Moghetti P, Pugeat
M, Qiao J, Wijeyaratne CN, Witchel SF, Norman RJ. Epidemiology, diagnosis and management
of hirsutism: a consensus statement by the Androgen Excess and Polycystic Ovary Syndrome
Society. Human reproduction update. 2011 Nov 6;18(2):146-70.
Martin KA, Chang RJ, Ehrmann DA, Ibanez L, Lobo RA, Rosenfield RL, Shapiro J, Montori
VM, Swiglo BA. Evaluation and treatment of hirsutism in premenopausal women: an endocrine
society clinical practice guideline. The Journal of Clinical Endocrinology & Metabolism. 2008
Apr 1;93(4):1105-20.
Goodarzi MO, Shah NA, Antoine HJ, Pall M, Guo X, Azziz R. Variants in the Sa-reductase type
1 and type 2 genes are associated with polycystic ovary syndrome and the severity of hirsutism
in affected women. The Journal of Clinical Endocrinology & Metabolism. 2006 Oct
1;91(10):4085-91.
Graupp M, Wehr E, Schweighofer N, Pieber TR, Obermayer-Pietsch B. Association of genetic
variants in the two isoforms of Sa-reductase, SRD5A1 and SRD5A2, in lean patients with
polycystic ovary syndrome. European Journal of Obstetrics & Gynecology and Reproductive
Biology. 2011 Aug 1;157(2):175-9.
Luque-Ramirez M, Alpafiés M, Sanchon R, Fernandez-Duradn E, Ortiz-Flores AE, Escobar-
Morreale HF. Referral bias in female functional hyperandrogenism and polycystic ovary
syndrome. European Journal of Endocrinology. 2015 Nov 1;173(5):603-10.
Zawadzski JK. Diagnostic criteria for polycystic ovary syndrome: towards a rational approach.
Polycystic ovary syndrome. 1992:39-50.
ACOG Committee on Practice Bulletins-Gynecology. ACOG Practice Bulletin. Clinical
management guidelines for obstetrician-gynecologists number 34, February 2002. Management
of infertility caused by ovulatory dysfunction. American College of Obstetricians and
Gynecologists. Obstet Gynecol. 2002;99(2):347-358.
Dewailly D, Catteau-Jonard S, Reyss AC, Leroy M, Pigny P. Oligoanovulation with polycystic
ovaries but not overt hyperandrogenism. The Journal of Clinical Endocrinology & Metabolism.
2006 Oct 1;91(10):3922-7.
Ardaens Y, Robert Y, Lemaitre L, Fossati P, Dewailly D. Polycystic ovarian disease: contribution
of vaginal endosonography and reassessment of ultrasonic diagnosis. Fertility and sterility. 1991
Jun 1;55(6):1062-8.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RILBPCS 5(1) Page No.185


http://www.rjlbpcs.com/

Subramanian et al RILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications
28. Sciarra J. Infertility: an international health problem. International Journal of Gynecology &

Obstetrics. 1994 Aug 1;46(2):155-63.

29. Takeuchi T, Tsutsumi O, Ikezuki Y, Takai Y, Taketani Y. Positive relationship between androgen
and the endocrine disruptor, bisphenol A, in normal women and women with ovarian
dysfunction. Endocrine journal. 2004;51(2):165-9.

30. Kandaraki E, Chatzigeorgiou A, Livadas S, Palioura E, Economou F, Koutsilieris M, Palimeri
S, Panidis D, Diamanti-Kandarakis E. Endocrine disruptors and polycystic ovary syndrome
(PCOS): elevated serum levels of bisphenol A in women with PCOS. The Journal of Clinical
Endocrinology & Metabolism. 2011 Mar 1;96(3):E480-4.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 Jan — Feb RILBPCS 5(1) Page No.186


http://www.rjlbpcs.com/

