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Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder in women, which is characterized by the oligo/
anovulation, hyperandrogenism (HA) and polycystic ovarian morphology which are diagnostic criteria. PCOS has diverse 
clinical aspects in addition to those diagnostic criteria including increased risk for cardiovascular diseases, metabolic syn-
drome, dyslipidemia, type 2 diabetes and impaired fertility. Because of the heterogeneity of the disease, the pathogenesis of 
the disease has not been elucidated yet. Therefore, there is no cure for the endocrinopathy. HA and insulin resistance (IR) has 
been considered two major pillars of the pathogenesis of PCOS. Recent advances in animal studies revealed the critical role 
of neuroendocrine abnormalities in developing PCOS. Several pathways related to neuroendocrine origin have been investi-
gated such as hypothalamus pituitary ovarian axis, hypothalamus pituitary adrenal axis and hypothalamus pituitary adipose 
axis. This review summarizes the current knowledge about the role of HA and IR in developing PCOS. In addition, we review 
the results of recent genome wide association studies for PCOS. This new perspective improves our understanding of the role 
of neuroendocrine origins in PCOS and suggest a novel potential therapeutic target for the treatment of PCOS. 
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Introduction

Polycystic ovarian syndrome (PCOS) is a complex endocrine 
disorder which is characterized by the oligo/anovulation, hyper-
androgenism (HA) and polycystic ovarian morphology (PCOM). 
This endocrinopathy affects approximately 5% to 20% of 
women in their reproductive age [1]. It is associated with various 
reproductive, endocrine, and metabolic disorders such as in-
fertility, dyslipidemia, metabolic syndrome, type 2 diabetes and 
cardiovascular disease [2,3]. 

PCOS was first identified by Irving Stein and Michael Leven-
thal as the combination of hirsutism, chronic anovulation and 

obesity in 1935 [4]. Because of heterogeneous phenotypes of 
PCOS, a confirmative clinical definition of the disease has not 
been determined yet. The diagnostic criteria were redefined at 
a National Institute of Health (NIH) conference in 1990 [5]. The 
NIH criteria included dysovulation (oligo/anovulation) associ-
ated with clinical and/or biological HA after exclusion of disor-
ders that mimic hyperandrogenemia, regardless of ultrasound 
features suggestive of a PCOM. Since then, the American Society 
for Reproductive Medicine (ASRM) and the European Society 
of Human Reproduction and Embryology (ESHRE) developed 
the Rotterdam consensus criteria in 2003 and the Androgen 
excess PCOS Society (AE-PCOS) decided HA to be a mandatory 
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criterion for the diagnosis of PCOS. An international evidence-
based guideline for the assessment and management of PCOS 
announced in July 2018. The evidence-based guideline recom-
mends the use of the Rotterdam diagnostic criteria requiring 
both HA and irregular cycles in adult and do not recommend 
ultrasound in adolescents due to overlap with normal reproduc-
tive physiology [6]. The patient must present two of the follow-
ing three PCOS features for a diagnosis: clinical and/or biochem-
ical androgen excess, oligo-ovulation or anovulation, and PCOM 
on ultrasound [6,7]. The ultrasound features of PCOM were as 
follow: Using vaginal ultrasound transducers with a frequency 
bandwidth that includes 8 MHz, the threshold for PCOM should 
be on either ovary, a follicle number per ovary of >20 and/or 
an ovarian volume ≥10 mL, ensuring no corpora lutea, cysts or 
dominant follicles are present. 

PCOS has various clinical phenotypes in addition to those 
diagnostic criteria including increased risk for cardiovascular 
diseases, metabolic syndrome, dyslipidemia, type 2 diabetes and 
impaired fertility. Even if pregnancy is achieved, women with 
PCOS have a greater risk of pregnancy related complications 
such as gestational diabetes, preeclampsia, increased risk of mis-
carriage and premature delivery [8,9]. In addition, outcome of 
in vitro fertilization (IVF) treatment for patients who diagnosed 
with infertility and PCOS has been characterized by lower fertil-
ization rate, impaired embryo cleavage and lower implantation 
rates of embryo, and a higher miscarriage rate even though 
women with PCOS have an increased number of oocytes [10-
16]. 

Multiple factors with genetic and environmental origins 
affect PCOS development. Because of its heterogenous clini-
cal features and complex multifactorial conditions, the exact 
pathogenesis of PCOS remains unknown. Potential causes of 
PCOS have been suggested as following: HA, insulin resistance 
(IR), high androgen exposure during embryonic period, chronic 
inflammation, endocrine disorders and genetic factors. Of those, 
HA and IR consist of the two pillars in the development of PCOS. 
The pivotal role of HA and IR and their relationship have been 
extensively reviewed with recent perspectives on the pathogen-
esis of PCOS in terms of HA, IR and genetics.

Hyperandrogenism

Hyperandrogenism is the important feature in PCOS. Majority 
of the patients represents HA. Women with hyperandrogenic 
PCOS present with increase levels of not only androgen and pro-
androgen, but also the enzymes that related to produce andro-

gen. Androgen has multiple sources, such as ovary, adrenal gland 
and adipose tissues [17]. Although major source of androgen 
is the ovary, adrenal gland contributes to androgen production 
substantially. Several pathways are involved in increasing andro-
gen in PCOS.

First, intrinsic steroidogenic dysregulation in theca cell results 
in ovarian androgen excess in PCOS [18]. Lutenizing hormone 
(LH) from pituitary gland binds LH receptor in theca cell. LH 
stimulate adenylate cyclase via G-protein coupled receptor. 
Adenylate cyclase produce cyclic adenosine monophosphate 
(cAMP) from adenosine triphosphate. The cAMP activates pro-
tein kinase A to stimulate steroidogenesis in theca. Theca cell 
converts cholesterol into androgen by using CYP11A, CYP17 and 
3β-hydroxysteroid dehydrogenase (HSD) enzyme in response 
to LH. Then, the androgen produced from theca cell diffuse into 
granulosa cell. On the other hand, follicular stimulating hor-
mone (FSH) bind FSH receptor in granulosa cell and stimulate 
adenylate cyclase via similar way like in theca cell. Granulosa 
cell converts androgen into estrogen by CYP19A1. In PCOS, 
hyperplasia of the theca interna is frequently observed [19]. In 
addition, various androgen and pro-androgens including testos-
terone, androstenedione and dehydroepiandrosterone sulfate 
(DHEAS) as well as the gene expressions related to androgen 
production, such as CYP17, CYP11A, 3β-HSD and LH receptor 
are elevated in hyperandrogenic women of PCOS [20,21]. Nelson 
et al. [22] demonstrated that androgen production were mark-
edly increased in cultured human theca cells obtained from sub-
jects with PCOS. These observations demonstrate that intrinsic 
steroidogenic dysregulation in ovary contribute to the increase 
of androgen in PCOS development. 

Second, the pulse frequency of the GnRH in hypothalamus in-
creases and leads to HA in PCOS [1,23]. In healthy women, nega-
tive feedback on GnRH occurs by progesterone that is produced 
in luteal phase. However, HA reduces the negative feedback by 
progesterone on GnRH, which increases the pulse frequency 
of GnRH [23,24]. These changes lead to FSH deficiency and LH 
hypersecretion, an increased LH/FSH ratio in the patients with 
PCOS. This induces increased testosterone production in theca 
cells. 

Third, PCOS presents higher activity of 5α-reductase (5αR). 
Dihydrotestosterone (DHT) is an endogenous androgen hor-
mone and biologically important for sexual differentiation and 
maturation of male genitalia. It is the primary androgen in the 
genitalia, prostate gland, skin and hair follicles [25]. It has 2 to 
3 fold higher affinity for androgen receptor (AR) and slower 
dissociation rate from AR than testosterone. The enzyme 5αR 
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converts testosterone to DHT that is more potent androgen. 
The overexpression of 5αR activity is associated with hirsutism, 
androgenic alopecia and acne [26]. Increased 5αR activity was 
observed in granulosa cells and cultured fibroblasts that were 
obtained from the patients with PCOS [27,28]. These studies 
suggest the important role of increased 5αR activity in HA. 

Fourth, there are several evidences that the AR plays an im-
portant role in the pathogenesis of PCOS [29-31]. The hormonal 
activities of androgens is mediated in target cells by binding 
AR. The mouse models with genetically inactivated AR showed 
similar phenotypes resembling those in human PCOS [32-35]. 
Clinically, an antagonist of the AR, flutamide recovers regular 
menstruation and ovulation. The AR antagonist restores the de-
creased sensitivity of the GnRH pulse generator by estrogen and 
progesterone [36,37]. It improves hirsutism and acne in PCOS 
patients [38-40]. The human AR gene contains a CAG repeats 
region in it’s N terminal transcription activation region. Several 
researches examined the association between the number of 
CAG repeats and activity of AR in PCOS [41]. Some studies also 
evaluate the relationship between CAG repeat length and in-
trafollicular hormonal changes [42,43]. Although the clinical 
significance of this polymorphic site is not determined yet, these 
observations suggest the importance of AR in the pathogenesis 
of PCOS [44-46].

Fifth, prenatal hyperandrogenic environment might be as-
sociated with PCOS development. Well established PCOS 
animal models suggest a crucial role of androgen exposure 
during prenatal and early postnatal period. Animal studies have 
demonstrated that excess androgen exposure during critical 
developmental windows leads to phenotypes resembling hu-
man PCOS in offsprings, such as ovulatory dysfunction in early 
reproductive period, polycystic ovaries, hyperandrogenemia and 
LH hypersecretion [47-49]. The effects of maternal circulation 
androgen levels on ovarian function in adolescence have been 
investigated. The study showed that maternal circulating total 
testosterone levels at 18 gestational weeks were significantly 
associated with early follicular phase circulating anti-mullerian 
hormone (AMH) levels in female adolescent offspring. On the 
other hand, early postnatal testosterone treatment does not 
induce the classical PCOS phenotypes which are observed by 
prenatal exposure to excess testosterone in animal model. The 
timing of exposure to androgen during development is impor-
tant for the pathogenesis of PCOS.

HA is considered to be both a cause and a consequence of 
PCOS and traps the patient in a vicious cycle.

Insulin Resistance

Epidemiological studies have demonstrated a clear associa-
tion between PCOS and obesity. The majority of women with 
PCOS is either obese or overweight [50]. Moderate weight loss 
of 5% body weight results in reduction in insulin concentra-
tions and clinical improvement in recovering regular menstrual 
cycles and a reduction in hirsutism [51]. On the other hand, 47% 
of lean women with PCOS showed IR [52]. These observations 
suggest the importance of insulin sensitivity in the pathogenesis 
of PCOS. Although PCO and obesity have a synergistic deleteri-
ous effect on glucose tolerance, IR is independent of obesity, 
changes in body composition and impairment of glucose toler-
ance [53]. It is estimated that 50% to 90% of women who diag-
nosed with PCOS have IR [54]. HA aggravate IR by reducing the 
sensitivity and expression level of glucose transporter protein-4 
(Glu-4), inhibiting the degradation of insulin by the liver, and ex-
acerbating central obesity. On the other hand, IR exacerbates HA 
through several pathways and play a critical role in developing 
PCOS. 

Insulin stimulates the production of androgens in PCOS. Adi-
pose tissue and muscle become IR due to HA in PCOS. Hyperin-
sulinemia develops as a compensatory response to IR in PCOS. 
However, theca cells remain insulin sensitive. Insulin interacts 
synergistically with LH and stimulates the androgen production 
in theca cells [55-57]. In addition, the steroidogenic enzyme 
expression, especially CYP17 is increased in response to hyper-
insulinemia and more androgens are produced in theca cell [58]. 
The insulin also stimulates adrenal androgen production [59,60]. 
The exact mechanisms how insulin regulate adrenal androgen 
production has not been elucidated yet. Possible explanation in-
cludes dysregulation of steroid synthesis enzyme 11β-HSD and 
hyperstimulation of CYP17 activity in the adrenal gland [61,62]. 

Insulin inhibits the production of sex hormone-binding 
globulin (SHBG) in hepatocytes. SHBG is a homodimeric plasma 
glycoprotein, which is produced by hepatocytes [63]. SHBG 
transports sex hormones by binding to circulating sex steroids 
with high affinity. The testosterone binded to SHBG does not 
have biological effects and 1% to 2% of unbound free testos-
terone shows biological activity. Therefore, SHBG regulates the 
concentration of bioactive sex hormones [63,64]. The SHBG 
production is regulated by endocrine and metabolic factors [65]. 
Two related transcription factors, HNF-4α and COUP-TF1 com-
pete for the same DNA-binding site close to the SHBG transcrip-
tion start site [66]. The binding of HNF-4α to the transcription 
factor-binding site increases SHBG promoter activity while the 
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binding of COUP-TF1 represses it [63]. Insulin does not directly 
regulate SHBG gene transcription. The mechanisms in which 
insulin represses hepatic SHBG production has not been eluci-
dated yet, it has been reported that metabolic change including 
hyperinsulinemia reduces HNF-4α mRNA and protein levels in 
the liver [67]. If HNF-4α level is decreased and COUP-TF1 binds 
at the transcription site, and SHBG transcription is blocked [64]. 
Thereby plasma free testosterone levels raise and IR aggravates 
HA.

In addition, the 5αR activity is closely associated with the 
body mass index and fasting insulin levels in women with PCOS 
[46].

Neuroendocrine Abnormality: An Attention 
Grabbing Pathogenesis of Polycystic Ovarian 
Syndrome 

Animal models of PCOS shed light on the critical role of ex-
traovarian mechanism in developing PCOS. Caldwell et al. [68] 
combined a mouse model of DHT—induced PCOS with global 
and neuron— and granulosa cell specific AR knock out (ARKO) 
mice to investigate which sites of androgen action is critical in 
the development PCOS. The authors found that ovariectomized 
ARKO hosts recovered normal estrous cycles and follicular de-
velopment when those were transplanted with wild type ovary 
despite DHT treatment. Additionally, female mice lacking AR 
actions in the brain were protected against metabolic features 
of DHT induced PCOS traits. This suggests that extraovarian AR, 
brain is key loci for androgen action in generating PCOS and 
neuroendocrine androgen driven mechanism is a critical path-
way in the development PCOS. In terms of neuroendocrine ab-
normalities, several pathways have been elucidated as follows.

Neuroendocrine Abnormalities of Hypothalamus 
Pituitary Adrenal Axis, in PCOS

HA and IR cause neuroendocrine abnormalities of adrenal 
glands as well in PCOS. The adult adrenal gland consists of cor-
tex and medulla [69]. The adrenal cortex is divided into three his-
tologic and functional zone as follows: from outer to inner, zona 
glomerulosa, zona fasciculata, and zona reticularis. Zona reticu-
laris produces adrenal androgen and small amount of cortisol. 
Adrenal gland secrets androgen in response to adrenocortical 
hormone (ACTH), which is a 39-amino acid peptide synthesized 
and secreted by the anterior pituitary gland. Adrenal dehydro-
epiandrosterone (DHEA) is converted to DHEAS by sulfotransfer-

ase 2A1 primarily in several organs including adrenal gland. The 
enzyme expression in the ovary is limited. Therefore, the source 
of circulating DHEAS is the adrenal gland and the adrenal HA is 
defined by increased serum DHEAS level [70]. 

The greater response of adrenal gland to ACTH is a common 
feature of patients with PCOS and adrenal HA. Compared with 
PCOS patients without adrenal HA, PCOS patients with adrenal 
HA present higher reactivity of adrenal gland to ACTH [71]. The 
oxidoreductase 11β-HSD oxidize cortisol to inactive cortisone. 
The dysregulation of 11β-HSD leads to increased metabolic 
clearance of cortisol, which leads to compensatory rise in ACTH 
secretion to maintain normal cortisol level. This compensa-
tory response increases adrenal production of androgens [62]. 
Additionally, prenatal androgen exposure leads to PCOS in the 
offspring. Zhou et al. [72] demonstrated that prenatal exposure 
to androgen excess induces irreversible changes in adrenal 
cortex and lead to hypersecretion of adrenal androgen excess 
in adulthood using female rhesus monkey. With prenatally an-
drogenized female rhesus monkey model, life style intervention 
preventing increased adiposity in adolescent reduced the risk of 
acquiring PCOS related metabolic abnormalities in adulthood 
[73]. This observation suggested hyperinsulinemia and increased 
adiposity as potential mediators for adrenal HA. This is support-
ed by the observation that insulin sensitizer diminishes DHEAS 
response to ACTH stimulation [74]. Aromatase activity in human 
placenta prevents adverse effect of maternal hyperandrogen-
emia on the fetus. Therefore, inherent maternal steroidogenic 
defect may lead to the development of adrenal HA in PCOS [70]. 

Neuroendocrine Abnormalities of Hypothalamus 
Pituitary Ovarian Axis in PCOS

Previously, we mentioned about the imbalance of hypotha-
lamic pituitary ovarian axis regulation briefly. Increased LH pulse 
frequency and an increase in LH to FSH ratio are frequently ob-
served in patients with PCOS. The cause of this observation is the 
LH hypersecretion by an increased pulse frequency stimulation 
of GnRH and exaggerated LH response to GnRH, the key endo-
crine defect of the hypothalamus-pituitary-ovarian axis in PCOS 
[75]. Increased GnRH pulse frequency and LH secretion in PCOS 
is less responsive to exogenous estrogen and progesterone. Im-
paired negative feedbacks of estradiol and progesterone have 
been presented in prenatal testosterone-treated animal models 
[76,77]. This reflect impaired ovarian steroids negative feedback 
to GnRH neurons [23,78]. High concentrations of ovarian ste-
roids are required to reduce pulsatile LH secretion and sensitivity 
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to steroid hormone can be restored with AR antagonist [37,78]. 
The altered estrous cycles and GABAergic drive to GnRH neurons 
were recovered by flutamide, AR antagonist in prenatally an-
drogenized mice [79]. Prenatal DHT treatment in brain-specific 
ARKO mouse did not present PCOS features, which supports 
the neuroendocrine role androgens in disturbing the HPO axis 
[68]. These findings provide evidence that negative feedback to 
GnRH neuron is mediated directly via the AR. Recent evidence 
demonstrates the role of HA in disrupting the neuroendocrine 
circuit of hypothalamus-pituitary axis [80]. Recently, two arcu-
ate nucleus populations have been getting attention, the arcu-
ate nucleus GABAergic neurons and the kisspeptin-/neurokinin 
B-/dynorphin-expressing ‘KNDy (kisspeptin, neurokinin B and 
dynorphin)’ neurons. The ewes which prenatally treated with 
testosterone present an imbalance in the KNDy neurons within 
the arcuate nucleus reflecting reduced inhibitory neuropeptide 
without changing in stimulatory neuropeptides [81]. 

Neuroendocrine Abnormalities of Hypothalamus 
Pituitary Adipose Axis in PCOS

Adipose dysfunction has been suggested as a potential 
contributor for PCOS development in androgen-excess PCOS 
animal models. Adipocytes secrete high amounts of fatty acid 
(FA) and adipokines that induce IR, which in turn results in 
ectopic accumulation of lipids in various organs such as liver 
and skeletal muscle [82]. Obesity induces adipocytes to become 
hypertrophic. Non-adipose tissues become resistant to leptin 
(a family member of adipokine) and insulin action. Adiponectin 
is a protein hormone which is produced in adipose tissue. The 
hormone is involved in regulating glucose level, oxidizing FA and 
improving IR. 

Several studies have demonstrated the association between 
androgens and adipose tissue function in developing PCOS. 
Androgenized female mice presented increased adiposity and 
adipocyte hypertrophy [83]. Intra-abdominal fat storage is 
positively correlated with serum androgen levels in normal 
weight PCOS women [84]. The PCOS animal model using Rhe-
sus monkey shows impaired adult preadipocyte differentiation 
in abdominal adipose [85]. In addition, in PCOS sheep model, 
morphology of adipocyte changes before insulin insensitivity 
and adiposity become evident [86]. These observations suggest 
adipocyte dysfunction may precede the onset of metabolic dys-
function.

Adiponectin is decreased in PCOS patients [87]. Hyperinsu-
linemia and IR which are observed in metabolic diseases have an 

association with hypoadiponectinemia. Hypoadiponectinemia 
affects insulin and gonadotropin action, which can influence 
ovarian function indirectly [88]. Neuron specific ARKO female 
mice present some PCOS metabolic features including hypergly-
cemia, adipocyte hypertrophy, and decreased serum adiponectin 
levels while global ARKO mice are protected against metabolic 
dysfunction [68]. Comparing the classic DHT-induced PCOS 
mouse model, adiponectin knockouts mice show more IR. How-
ever, the mice overexpressing adiponectin from adipose tissue 
remained metabolically healthy under DHT exposure [89]. This 
study demonstrates the importance of the role adiponectin for 
the development of PCOS. 

The role of adipokines has been proposed for underlying 
pathogenesis of PCOS [90,91]. Androgen excess is associated 
with visceral adiposity. In a PCOS mouse model, DHT induced 
leptin failure with decreased energy expenditure, which pro-
motes visceral adiposity. This metabolic change associated with 
reduced proopiomelanocortin neuronal innervation in the dor-
somedial hypothalamus [83]. These result suggested the impor-
tance of androgen-brain-adipocyte axis and the adipose tissue 
function in PCOS development. 

Current Research in Genetic Basis of PCOS

Although PCOS is considered a complex endocrine disease 
with multifactorial etiology. Number of studies have demon-
strated the importance of genetic basis in the development of 
PCOS [92-95]. In 1968, Cooper et al. [95] analyzed 18 families 
who were diagnosed with Stein–Levanthal syndrome and con-
cluded that the disease has an hereditary basis with hereditary 
transmission potential.

In addition to familial clustering of cases, a greater concor-
dance of the syndrome in identical than in non-identical twin 
pairs provided strong evidence for a genetic basis of the syn-
drome. Vink et al. [93] examined the contributions of genetic 
factors in a Dutch twin family study. The authors used the Neth-
erlands Twin Register Data which was consisted of 1,332 mono-
zygotic (MZ) twins and 1,873 dizygotic (DZ) twins. The 2003 
Rotterdam consensus criteria were adopted for the diagnosis of 
PCOS. The prevalence of PCOS did not differ among groups, DZ 
twin, MZ twin and singleton sisters. However, the MZ correla-
tions were twice as high as the DZ twins and sister correlations, 
suggesting genetic influence of on PCOS development. 

Legro et al. [92] investigated 115 sisters of 80 probands with 
PCOS from unrelated families. The sisters were compared with 
70 healthy control women with regular menses, normal glucose 
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tolerance and no evidence of hyperandrogenemia. The familial 
aggregation of hyperandrogenemia was found in PCOS rela-
tives, which suggests a genetic traits of endocrinopathy.

Association studies have been used to identify disease sus-
ceptibility loci in genetic studies. Most of genetic research has 
been performed with genetic association study to identify PCOS 
risk genes. These studies focus on candidate genes of interest 
which were selected by suggested pathogenesis of the disease. 
The genetic association study has several advantages. It requires 
relatively small sample sizes and less costs. However, this ap-
proach has some limitations on complex disease including PCOS, 
diabetes mellitus, and hypertension because of lack of under-
standing of pathophysiology of these complicated diseases and 
gene function. Genetic association studies to elucidate the role 
of genetics in PCOS development have been performed on more 
than dozens of candidate genes that are involved in the poten-
tial pathogenesis of PCOS, such as IR and hyperandrogenemia. 
The attempts have been relatively unsuccessful so far. There are 
several reasons. One major problem remains the inconclusive 
definition of the PCOS phenotype. Another problem is in the 
underlying complexity of the disorder. The metabolic feature 
of PCOS with combined dysregulation of abnormal steroido-
genesis, fat metabolism and glucose metabolism has led to the 
suggestion of numerous candidate genes. Lastly, environmental 
factors play an important role in developing PCOS.

Genome wide association study (GWAS) compares common 
genetic variants in large numbers of affected cases to those in 
unaffected controls to determine whether a significant associa-
tion exist between genetic variant and disease. GWAS provides 
greater power than genetic linkage studies to identify small to 
modest effect. 

In 2010, the first GWAS was performed to identify genetic 
markers for PCOS in a Han Chinese population [96]. The authors 
examined more than 3,000 PCOS patients and 6,000 controls 
for the analysis. PCOS were diagnosed according to the revised 
2003 Rotterdam consensus criteria. Three susceptibility loci 
(chr2p16.3, rs13405728; chr2p21, rs13429458; chr9q33.3, 
rs2479106) for PCOS in Han Chinese population. Several genes 
that located near these loci including LHCGR, FSHR, THADA, and 
DENND1A were provided as potential candidate genes for PCOS. 

The researchers conducted further GWAS study to explore ad-
ditional risk regions for PCOS by analyzing additional 1510 PCOS 
cases and 2106 controls [97]. Eight new PCOS association loci 
(chr9q22.32, rs4385527; chr9q22.32, rs3802457; chr11q22.1, 
rs1894116; chr12q13.2, rs705702; chr12q14.3, rs2272046; 
chr16q142.1, rs4784165; chr19p13.3, rs2059807; chr20q13.2, 

rs6022786) were identified. The candidate genes at the associ-
ated loci were follows: C9orf3, YAP1, RAB5B, SUOX, HMGA2, 
TOX3, INSR, SUMO1p1. Those genes were associated with IR, 
sexual hormones and organ growth. 

The prevalence of genetic polymorphisms differs among 
ethnic groups. Previous GWAS results suggest 2p16.3 encod-
ing LHCGR and FSHR genes as a PCOS susceptibility locus in 
Han Chinese population. Mutharasan et al. [98] tested the 
association between PCOS and 96 SNPs mapping to the ge-
nomic region encompassing LHCGR and FSHR in US Caucasian 
population, which consists of 905 PCOS cases and 956 control 
cases. The 2p16.3 locus, rs13405728 did not show significant 
association with PCOS in US Caucasian, which was susceptibil-
ity locus in Han Chinese population. However, rs10495960 and 
rs1922476 on 2p16.3 were strongly associated with PCOS in the 
study. These loci were mapped to FSHR and LHCGR, respectively. 
Therefore, FSHR and LHCGR gene were provided as potential 
candidate genes in PCOS pathogenesis.

Another GWAS study with largest cohort was conducted in 
2015 [99]. Self-reported 5,184 PCOS cases and 82,759 controls 
studies of the Caucasia European ancestors were included. The 
authors presented follow up in additional studies in clinically 
confirmed cases because of the limitation for the diagnosis of 
PCOS by including self-reported PCOS cases. Six loci including 
rs1351592, rs11225154, rs7563201, rs11031006, rs13164856, 
rs1275468 showed a significant association with PCOS in the 
meta-analysis and follow up studies. Those novel loci were lo-
cated near by genes ERBB4, YAP1, THADA, FSHB, RAD50, KRR1, 
respectively. ERBB4 encodes a member of epidermal growth fac-
tor receptor (EGFR) family. EGFR signaling mediates LH induced 
steroidogenesis, which is involved in late follicular maturation. In 
addition, the researchers find a consistent association between 
higher serum AMH concentrations and PCOS susceptibility al-
lele. 

To identify susceptibility loci for the HA and ovulation, a dis-
covery GWAS study was carried out with 2,783 NIH phenotype 
of PCOS cases and 4,195 control women in European ancestry 
population [100]. Three loci including two novel loci mapping 
to chr8p23.1 GATA4/NEIL2 and chr11p14.1 FSHB/ARL14EP and 
one previously reported locus chr9q22.32 C9orf3/FANCC show 
significant associations with PCOS phenotype. Of those loci, 
chr11p14.1 rs11031006 is in the FSHB gene. With this result, 
the authors suggested the crucial role of gonadotropin in PCOS 
pathogenesis. The chr9q22.32 PCOS locus was common in the 
Chinese and European cohorts. The authors suggested that 
chr9q22.32 region presents an evolutionary genetic susceptibil-
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ity factor for PCOS. 
Current understanding of the role of genetics in PCOS devel-

opment is that genetic factors affect ovarian androgenic activity 
and metabolic dysfunction and environmental circumstances 
aggravate HA and IR in PCOS. 

Conclusion

PCOS is one of the most common endocrine disorder in re-
productive age women. The clinical symptom varies including 
oligo-ovulation or anovulation, HA and PCOM. In addition, the 
endocrinopathy lead to the adverse cardiovascular outcome, 
increased risk of metabolic syndrome and diabetes and subfer-
tility. Life style modification and oral contraceptives may help 
with improving the clinical symptom of PCOS. HA and IR play 
a irreplaceable role in developing PCOS. In addition to HA and 
IR, hormonal, endocrinal and reproductive dysfunction that is 
found in PCOS include LH hypersecretion, ovulatory disturbance, 
aberrant follicular maturation, chronic inflammation and oxi-
dative stress. The alteration of factors unrelated to oocyte and 
embryo morphology may reduce the competence of maturating 
oocytes through endocrine and local paracrine/autocrine ac-
tions, resulting in a lower pregnancy rate in women with PCOS. 
Genetic factors affect ovarian androgenic activity and metabolic 
dysfunction observed in PCOS. Additionally, environmental fac-
tors aggravates HA and IR and lead to the development of PCOS 
in individual who has genetic susceptibility to PCOS. However, 
there has been no cure for PCOS. The etiology of this complex 
condition still remains obscure. That would be the reason that 
we have not found the cure for the PCOS. Recent researches 
have focused on elucidating the role of novel genetic mecha-
nisms including epigenetics and microRNA. Further understand-
ing on these will help to provide cure for the patients who suffer 
from the endocrinopathy. 
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