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Context: Polycystic ovary syndrome (PCOS) is a common complex genetic disease. It is characterized
by hyperandrogenism, gonadotropin secretory changes, polycystic ovarian morphology, and in-
sulin resistance. The etiology of PCOS remains unknown, but modern genetic approaches, such as
genome-wide association studies (GWAS), Mendelian randomization, and next-generation se-
quencing, promise to identify the pathways that are primarily disrupted.

Evidence Acquisition: The literature on PCOS, including the author’s research, is discussed.

Evidence Synthesis: Recent genetic analyses are reviewed.

Conclusions: Considerable progress has been made mapping PCOS susceptibility genes. GWAS have
implicated gonadotropin secretion and action as important primary defects in disease pathogen-
esis in European and Han Chinese PCOS cohorts, respectively. European women with the National
Institutes of Health and Rotterdam phenotypes as well as those with self-reported PCOS have some
gene regions in common, such as chromosome 11p14.1 region containing the FSH B polypeptide
(FSHB) gene, suggesting shared genetic susceptibility. Several chromosomal signals are significant
in both Han Chinese and European PCOS cohorts, suggesting that the susceptibility genes in these
regions are evolutionarily conserved. In addition, GWAS have suggested that DENND1A, epidermal
growth factor signaling, and DNA repair pathways play a role in PCOS pathogenesis. Only a small
amount of the heritability of PCOS is accounted for by the common susceptibility variants mapped
so far. Future studies should clarify the contribution of rare genetic variants and epigenetic factors
to the PCOS phenotype. Furthermore, Mendelian randomization can be used to clarify causal
relationships, and phenome-wide association studies can provide insight into health risks associ-
ated with PCOS susceptibility variants. (J Clin Endocrinol Metab 101: 759–768, 2016)

It is particularly timely to consider the disorder currently
known as polycystic ovary syndrome (PCOS) because

2015 marked the 25th anniversary of the 1990 National
Institute of Child Health and Human Development Con-
ference on PCOS where the first diagnostic criteria for the
syndrome were established (1). Moreover, the field has
witnessed several important developments over the past

few years. In December 2012, the expert panel of the Na-
tional Institutes of Health (NIH) Office for Disease Pre-
vention-sponsored Evidence-based Methodology Work-
shop on PCOS called for a new name for PCOS that better
reflected its metabolic as well as reproductive features (2).
Large genome-wide association studies (GWAS) in Han
Chinese (3, 4) and in European ancestry (5, 6) PCOS co-
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horts have mapped PCOS susceptibility loci that promise
to provide insight into the biological pathways that are
primarily disrupted.

The core reproductive features of PCOS, disordered
gonadotropin secretion (7) and increased androgen pro-
duction (8), were described in the 1950s and 1960s (Figure
1). Insulin resistance was first noted to be associated with
PCOS in the 1980s (9), and over the ensuing 30 years, the
syndrome has become recognized as a major metabolic
disorder (10). There is an extensive body of literature on
the pathophysiology of PCOS that has been ably reviewed
recently (10–12). However, the etiology or etiologies of
PCOS remain unknown. There is experimental evidence
that androgen administration (13), increasing GnRH or
LH release (14, 15), or inducing insulin resistance (16, 17)
can produce phenocopies of the syndrome (Figure 2).
Thus, it is possible that primary derangements in androgen
production, gonadotropin secretion, or insulin action
could cause PCOS.

Genetic Approaches to PCOS (Figure 2)

It has been proposed since the 1960s (18) that PCOS (then
known as Stein-Leventhal syndrome) was heritable. In
1976, Kahn et al (19) described a new disorder in girls with
virilization, acanthosis nigricans, polycystic ovaries, and
extreme insulin resistance due to decreased insulin recep-
tor number, which they designated the type A syndrome of

insulin resistance. Subsequent stud-
ies (20) found that many affected
girls had insulin receptor gene
(INSR) mutations decreasing recep-
tor number or function. The pheno-
typic similarities between type A syn-
drome and PCOS (21) suggested that
PCOS might also be due to INSR
mutations, although none were iden-
tified with the relatively primitive
available analytic methods (22).
Nevertheless, research into a possi-
ble genetic contribution to PCOS
continued.

PCOS demonstrates non-Mende-
lian familial aggregation consistent
with a complex genetic disease re-
sulting from the interaction between
susceptibility genes and environ-
mental factors (23). Twin studies
(24) have shown heritability of 79%
consistent with a major influence of
genetic factors in PCOS. Further-
more, investigating phenotypes in

first-degree relatives has provided considerable insights
into the features of the syndrome that are genetically de-
termined. Hyperandrogenemia is a consistent reproduc-
tive phenotype (25–28), and insulin resistance (26, 28–32)
is a consistent metabolic phenotype in male as well as
female first-degree relatives of affected women. However,
although these phenotypes are present before puberty,
studies in the infants and children of affected women (33–
36) have thus far failed to identify the initiating hormonal
change.

As with other complex diseases (37), such as type 2
diabetes (T2D) and inflammatory bowel disease, genetic
analyses hold considerable promise for elucidating the eti-
ology of PCOS. More than 250 case-control studies of
approximately 160 candidate genes implicated in andro-
gen biosynthesis and action, gonadotropin secretion and
action, folliculogenesis, insulin action and T2D, and en-
ergy homeostasis have been examined for association with
PCOS (23, 38). These studies have a number of limita-
tions. First, they are based on the assumption that the cases
and controls are perfectly matched, except for the pheno-
type of interest. However, this assumption is rarely true
due to population stratification because of the often sub-
tle, racial and ethnic differences between cases and con-
trols (39). Furthermore, failure to match for other pheno-
types associated with PCOS, such as obesity, insulin
resistance, or dysglycemia, could lead to the identification
of susceptibility variants associated with these phenotypes

Figure 1. Number of annual citations 1960–2015 in Web of Science to original research
articles on Stein-Leventhal syndrome or PCOS (including name variants polycystic ovary/ovarian
syndrome/disease or multicystic ovaries). There were very few citations before 1960, despite the
fact that the disorder was first reported by Stein and Leventhal in 1935 (121). The number of
citations was relatively stable at approximately 100 annually until 1980 when it began to in
increase steadily.
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rather than with PCOS (40, 41). Second, sample sizes in
many studies have been small, resulting in a lack of ade-
quate statistical power (23). This problem is further ex-
acerbated by the frequent failure to adequately adjust for
multiple testing, which increases the likelihood of false-
positive results. Third, findings have rarely been replicated
in additional case-control cohorts. Fourth, a limited num-
ber of single nucleotide polymorphisms (SNPs), usually
selected based on their association with other phenotypes
(42, 43) rather than SNPs spanning the entire gene, have
been examined.

An alternative approach to mapping susceptibility
genes for complex traits are family-based association tests
(FBATs), such as the transmission disequilibrium test (44).
These FBATs test for association in the presence of linkage
(44). Because FBATs use within-family comparisons, they
are not affected by population stratification (44). We
found strong evidence by transmission disequilibrium test
that an allele of a dinucleotide repeat D19S884 on chro-
mosome 19p13.2 was linked and associated with the
PCOS reproductive phenotype (45). These findings were
replicated in an independent sample of PCOS families (46)
and in a case-control study (47). Thus, this marker was the

first replicated susceptibility locus
for PCOS. D19S884 is a microsatel-
lite marker that had been selected for
mapping the INSR, but it mapped to
intron 55 of the fibrillin-3 (FBN3)
gene located approximately 1 Mb
centromeric to the INSR on chromo-
some 19p13.2 (46, 48, 49). The allele
was also associated with evidence for
insulin resistance in women with
PCOS and for pancreatic �-cell dys-
function in brothers, suggesting a sex
difference in the associated meta-
bolic phenotypes (49).

The 2005 publication of the hu-
man haplotype map (HapMap) (50)
that cataloged common genetic vari-
ants enabled a revolution in case-
control study design by permitting
the mapping of the entire genome.
These studies are known as “ge-
nome-wide association studies”
(GWAS). Gene regions containing
variations affecting a phenotype can
be identified through the indirect re-
lationship between the contributing
variation and nearby variation that
is in linkage disequilibrium with the
contributing variation (51). The
HapMap contains common haplo-

types and SNPs that identify these haplotypes, so-called
tag SNPs (50). GWAS map the genome by genotyping
these tag SNPs to localize gene regions containing putative
susceptibility genes for complex traits, such as obesity and
T2D (52, 53). Importantly, GWAS permit an unbiased
interrogation of the entire genome for novel disease sus-
ceptibility loci and are, unlike candidate gene approaches,
hypothesis generating (39). Population stratification can
be controlled for in GWAS by adjusting for axes of an-
cestry-specific variation (39, 54).

The first PCOS GWAS (3), which was published online
in December 2010, was in Han Chinese PCOS cases and
control women. The PCOS cases were diagnosed using the
Rotterdam criteria. A second analysis published in 2012
(4) increased the original Han Chinese sample to a total of
8226 cases and 7578 controls. There was strong evidence
for association with meta-analysis P values surpassing the
proposed threshold for genome-wide significance of 5 �

10�8 (55, 56) between PCOS and 11 chromosomal loci
(Table 1). Two loci, both on chromosome 2p16.3, con-
tained the receptors for LH/human chorionic gonadotro-
pin (LHCGR) and FSH (FSHR). Given the central role of

Figure 2. The pathophysiology of PCOS and replicated genetic loci. PCOS is characterized by
increased pulsatile GnRH release that selectively increases LH secretion while relatively
suppressing FSH secretion. LH stimulates ovarian theca cell T production. T is not completely
aromatized to estradiol (E2) because of insufficient FSH-stimulated granulosa cell aromatase
activity. PCOS theca cells produce increased androgens basally as well as in response to LH.
Circulating T produces masculinizing symptoms of PCOS. In addition, T feeds back on the
hypothalamic-pituitary axis to decrease sensitivity to effects of E2 and progesterone (not noted in
figure) to slow the GnRH pulse generator. These abnormalities are self-perpetuating, the so-
called vicious cycle of PCOS. Insulin resistance is commonly associated with PCOS, and insulin
amplifies the reproductive abnormalities. Seventeen genetic loci have been reproducibly mapped
for PCOS, one by family-based association testing, fibrillin-3 (FBN3), and 16 by GWAS. LHCGR
and FSHR modulate gonadotropin action, and FSHB modulates FSH secretion. FBN3 and
DENND1A may regulate ovarian steroidogenesis. RAD50 may be involved in ovarian aging.
THADA and INSR are T2D susceptibility genes. The function of the remaining genes in the
pathogenesis of PCOS remains unknown. Used with permission of Andrea Dunaif.

doi: 10.1210/jc.2015-3780 press.endocrine.org/journal/jcem 761

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 06 July 2016. at 06:25 For personal use only. No other uses without permission. . All rights reserved.



LH in the pathogenesis of ovarian androgen excess in
PCOS (10), LHCGR is a high-priority PCOS candidate
gene (48, 57). The FSHR is another highly plausible
candidate gene for PCOS, given its characteristic ab-
normalities of folliculogenesis (10, 58).

A locus on chromosome 19q13.3 contained the INSR,
a high-priority candidate gene for the PCOS metabolic
phenotype. Another potential candidate for the PCOS
metabolic phenotype was the strongest signal on chromo-
some 2p21, THADA, a gene originally identified in thy-
roid adenomas (3), but that was associated with T2D in a
European GWAS (59). This association was not replicated
in Chinese T2D, but the associated SNP is a rare variant in
Asians (3). The region on chromosome 9q33.3 associated
with PCOS was located within DENND1A, which en-
codes a domain differentially expressed in normal and
neoplastic cells (DENN) that can bind to and negatively
regulate endoplasmic reticulum aminopeptidase-1 (3). Re-
cent studies have suggested that the DENND1A protein is
involved in the PCOS theca cell phenotype (60). Several of
the Han Chinese GWAS loci (DENND1A, THADA,
YAP1, LHCGR, and FSHR) have been replicated in PCOS
cohorts of European ancestry diagnosed by NIH (61–63)
or Rotterdam criteria (64).

Another Asian ancestry GWAS in Korean women with
PCOS diagnosed by Rotterdam criteria in 1249 PCOS
cases and 1778 control women (65, 66) found no PCOS-
associated signals reaching genome-wide significance lev-
els of � 5 � 10�8 (55, 56). The study was constrained not
only by a relatively small sample size but also by the fact
that 10.5% of the control women had hyperandrogen-
emia. A pathway analysis using these GWAS data from the
discovery cohort of 1000 PCOS cases and 1000 controls
(67) was limited by the lack of significant GWAS signals
and the presence of hyperandrogenemia in the controls.

The first GWAS in European PCOS was published in
August 2015 in 3000 PCOS cases diagnosed by NIH cri-
teria and 5330 controls (5). Three loci reached genome-
wide significance in the case-control analysis. Two loci
were novel, chromosome 8p32.1 in the region of GATA4
and NEIL2 and chromosome 11p14.1 in the region of the
FSH B polypeptide (FSHB) gene. One locus was found
previously in Han Chinese PCOS, chromosome 9q22.32
in the region of c9orf3. Adjusting for body mass index
(BMI) had little impact on the results, suggesting that the
findings were independent of obesity. This study also in-
cluded the first genome-wide analysis of quantitative
traits; the same chromosome 11p14.1 SNP, rs11031006,
in the region of FSHB was associated with LH levels at
genome-wide significance.

The second European PCOS GWAS was published in
September 2015 in a discovery cohort of 5184 self-re-
ported cases of PCOS and 82 759 controls with replica-
tion in approximately 2000 cases diagnosed by NIH or
Rotterdam criteria and approximately 100 000 controls
(6). There were three novel loci reaching genome-wide
significance, chromosome 2q34 in the region of ERBB4,
chromosome 5q13.1 in the region of RAD50, and chro-
mosome 12q21.2 in the region of KRR1. Importantly, the
signal from the first European PCOS GWAS in the region
of FSHB was replicated at genome-wide significance lev-
els, as were the Han Chinese signals in the region of
THADA and YAP1.

Several additional relevant genetic analyses were per-
formed in this cohort (6). All GWAS SNPs in known bi-
ological pathways were examined, and enrichment was
found in an ATP-binding cassette transporter pathway
with PCOS-associated variants, including RAD50. Men-
delian randomization uses genetic variants as proxies for
putatively causal variables (68). For example, variants in

Table 1. Sixteen PCOS GWAS Susceptibility Loci

Chromosome
Han Chinese; Chen, 2011 (3),
and Shi, 2012 (4)

European 1; Hayes,
2015 (5) European 2; Day, 2015 (6)

2p16.3 LHCGR
2p16.3 FSHR
2p21 THADA THADA
2q34 ERBB4
5q13.1 RAD50
8p32.1 GATA4/NEIL2
9q22.32 C9orf3 C9orf3
9q33.3 DENND1A
11p14.1 FSHB FSHB
11q22.1 YAP1 YAP1
12q13.2 RAB5B/SUOX
12q14.3 HMGA2
12q21.2 KRR1
16q12.1 TOX3
19q13.3 INSR
20q13.2 SUMO1P1
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the SHBG gene associated with circulating SHBG levels
are also associated with T2D risk, suggesting that SHBG
may play a causal role in T2D risk (69). In contrast, C-
reactive protein gene variants associated with circulating
levels are not associated with cardiovascular events, ar-
guing against a causal role for C-reactive protein in car-
diovascular disease (70). Mendelian randomization sug-
gested causal associations with increasing BMI, more
severe insulin resistance, lower SHBG, and later meno-
pause in European PCOS (6). The PCOS susceptibility
alleles in the second European PCOS GWAS were asso-
ciated with higher anti-Müllerian hormone levels in girls,
suggesting that these variants may be predictive of PCOS.

The European PCOS GWAS findings suggest that vari-
ation in FSHB plays an important role in the etiology of
PCOS in this ancestry group. Furthermore, the FSHB as-
sociation is likely mediated by LH because, in the quan-
titative trait analysis (5), adjusting for LH levels in the
regression model between the FSHB region SNP
rs11031006 and PCOS abolished the association. Taken
together with the Chinese GWAS findings of associations
with the genes encoding gonadotropin receptors (LHCGR
and FSHR), these GWAS implicate genes regulating go-
nadotropin secretion (FSHB) and action (LHCGR and
FSHR) in the etiology of PCOS. Thus, PCOS GWAS have
provided important biological insights, much as the
GWAS in T2D have implicated genes involved in insulin
secretion (53) and those in obesity have implicated genes
involved in the central nervous system regulation of food
intake (52). Furthermore, finding the same signals in the
region of THADA, YAP1, and c9orf3 in Chinese and Eu-
ropean PCOS populations suggests that PCOS is an an-
cient trait that was present before humans migrated out of
Africa (10, 71–73).

The potential role of genes at the other Han Chinese
and European GWAS loci (Table 1) in the pathogenesis of
PCOS remains unknown. It was suggested that the signal
in the region of ERBB4 in the second European GWAS
implicated epidermal growth factor receptors in the
pathogenesis of PCOS because signals at two other genes
in this family, ERBB3 and ERBB2, approached genome-
wide significance (6). RAD50 is involved in DNA repair;
other DNA repair genes have been associated with age at
menopause (74). However, caution must be exercised in
such speculations about putative disease mechanisms.
Furthermore, even signals in the region of high-priority
candidate genes may in fact reflect other genes or elements
that regulate them. Indeed, because most GWAS loci have
been intronic or intergenic, it has been exceptionally dif-
ficult to determine their biological relevance (75), al-
though there has been some recent progress (76).

It is of considerable interest with respect to function-
ality of PCOS GWAS susceptibility variants that
DENND1A protein and mRNA levels are increased in
PCOS theca cells (60). Furthermore, overexpression of a
DENND1A mRNA splice variant in normal theca cells
results in a PCOS phenotype (77). However, the
DENND1A GWAS signal is intronic and does not affect
DENND1A expression or splicing. No functional muta-
tions were found in whole exome sequencing of
DENND1A (60). Therefore, the mechanism by which ge-
netic variation in the region of DENND1A contributes to
PCOS remains unknown. Nevertheless, the discovery of a
putative role for DENND1A in the etiology of PCOS is an
excellent example of the novel biological insights that can
be provided by GWAS (78).

Most recently, preliminary results of a meta-analysis
from multiple GWAS in European ancestry PCOS (79),
the PCOS Genetics Consortium, were presented at the
2015 meeting of the American Society of Human Genetics.
There were three novel loci that reached genome-wide sig-
nificance. The signals in the region of GATA4/NEIL2 and
FSHB were replicated at genome-wide significance levels.
There was adequate power to stratify the population by
diagnostic criteria, and there was no significant difference
in the signals in the NIH compared to the Rotterdam phe-
notypes or after adjustment for BMI. These findings, taken
togetherwith the consistencyof the FSHB signal in cohorts
diagnosed by NIH (5) or Rotterdam criteria (6) or by self-
report (6), suggest shared genetic susceptibility to the var-
ious PCOS phenotypes. The findings challenge the alleged
heterogeneity of PCOS. Indeed, the observation that there
can be several phenotypes in affected sisters from the same
family (25, 80) suggests that phenotypic heterogeneity
could be accounted for by variable expression of shared
genes.

The Future

Genetic architecture
We are using the European PCOS GWAS data to in-

vestigate whether the genetic architecture of PCOS meta-
bolic phenotypes differs from that for these phenotypes in
non-PCOS populations (40, 81). Neither of the major
genes conferring increased risk for T2D, TCF7L2 (53), or
obesity, FTO (52), has been significantly associated with
PCOS in any of the GWAS studies performed to date (4–
6), suggesting differences in genetic susceptibility for these
metabolic traits in PCOS.

Phenome-wide association studies
We are also assessing whether any of our European

PCOS-susceptibility SNPs are associated with other phe-
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notypes, an analysis known as a phenome-wide associa-
tion study, using electronic medical record codes linked to
GWAS data (82). This analysis has replicated 66% of
other GWAS associations tested in European ancestry in-
dividuals in the Electronic Medical Records and Genomics
(eMERGE) network in which Feinberg School of Medi-
cine is a member (83). It should allow us to interrogate
whether other health risks, eg, cardiovascular disease and
certain cancers, are associated with PCOS.

Rare genetic variants
The heritability of PCOS explained by the GWAS vari-

ants we have mapped is less than 5%, a substantial deficit
from its estimated approximately 80% heritability (24). It
is now clear that many of the replicated GWAS loci for
complex traits confer very small increases in disease risk
and that the loci discovered thus far, taken together, do not
account for the observed heritability of T2D, obesity, and
other complex traits (84–86). This so-called “missing”
heritability (84) may reflect the fact that rare variants have
a greater contribution to complex traits than previously
anticipated (87, 88). GWAS are designed to detect com-
mon allelic variants with minor allele frequencies of 5% or
greater (84, 87, 89). Common variants would be expected
to have a modest effect on phenotype because they were
not subjected to strong selective pressure (39). Variants
with lower frequency and larger effect size that are not
detected by GWAS may account for the deficit in herita-
bility in complex traits (84). Recent estimates based on
large-scale deep sequencing have predicted that each per-
son carries rare single nucleotide variants that are pre-
dicted to affect protein function of approximately 300
genes per genome (90)! This large number of rare variants
is postulated to be due to rapid human population expan-
sion with a lack of selection pressure on such variants (91).

Support for this hypothesis comes from finding rare
genetic variants with large effects on high-density lipo-
protein (88), adiponectin (92), and triglyceride (93) levels
in the general population. Perhaps the most compelling
example of the clinical relevance of rare variants was the
discovery in African Americans of inactivating mutations
in the gene (PCSK9) encoding proprotein convertase sub-
tilisin/kexin type 9 protein (PCSK9) that lower low-den-
sity lipoprotein (LDL) levels (94). PCSK9 plays a key role
in LDL receptor degradation (95). Hepatic LDL receptor-
mediated clearance modulates circulating LDL-choles-
terol levels (95). Inactivating PSCK9 with monoclonal an-
tibodies reduces LDL receptor degradation, resulting in
decreased circulating cholesterol levels (95). This discov-
ery has led to the development of a new class of choles-
terol-lowering drugs, which have been approved recently
by the U.S. Food and Drug Administration (96).

It is now becoming feasible to reliably identify rare al-
lelic variants with the use of next-generation sequencing
technologies (84, 87, 90). To detect less frequent or rare
(but not private, ie, limited to one family) allelic variants,
it is important to enrich the population for these variants
(84, 87). This can be accomplished by investigating fam-
ilies with multiple affected individuals (97, 98), as was
done to identify the rare variants in the adiponectin gene
(92), and by investigating individuals with extreme phe-
notypes (99, 100).

We are currently applying whole genome sequencing in
multiplex PCOS families coupled with robust bioinfor-
matic analyses (101). Exonic low frequency/rare variants
are anticipated to have much greater effects on phenotype
(84). Indeed, the bioinformatic analyses of genome se-
quence data classify nonsynonymous protein-altering
variants using algorithms that predict their likelihood to
be deleterious (101–106). Therefore, traditional molecu-
lar biological approaches can be utilized to assess their
functional significance (93, 107, 108).

We also plan to sequence the genome-wide significant
PCOS GWAS loci to identify common as well as rare vari-
ants contributing to disease risk in these genomic regions.
However, most GWAS loci are not exonic, making their
functional impact more difficult to interrogate (109, 110).
Genome-wide approaches to investigate these noncoding
regions for regulatory elements have recently become
available (110).

Epigenetics
It remains possible that some or all of the deficit in

heritability in PCOS is accounted for by epigenetic factors.
This hypothesis is particularly plausible because pheno-
copies of PCOS can be produced by androgen exposure at
critical windows of development (10, 111). There have
been a limited number of studies in PCOS suggesting that
epigenetic changes are present (112–114). Furthermore,
epigenetic mechanisms could contribute to the parent-of-
origin effects on glucose homeostasis that we have found
in PCOS (115). Epigenetic studies are challenging because
of the difficulty of obtaining tissues and cells, eg, theca
cells, relevant to the pathogenesis of PCOS. Nevertheless,
such studies as well as those in animal models (111, 116,
117) will be critical for understanding the etiology of
PCOS.

Summary

Modern genetic approaches have enabled substantial
progress on elucidating the etiology of PCOS and should
continue to do so. GWAS have implicated gonadotropin
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secretion and action as a key causal pathway. They have
led to the discovery of an important role for DENNDA1
in the theca cell PCOS phenotype and suggested other
pathways, such as epidermal growth factor signaling and
DNA repair, of potential biological relevance. Impor-
tantly, GWAS suggest shared genetic susceptibility among
the various PCOS phenotypes and across cohorts of dif-
ferent ancestry. These findings have major implications
for diagnostic criteria, suggesting that self-report, NIH, or
Rotterdam identify genetically similar phenotypes. Fur-
thermore, the findings have evolutionary implications
suggesting that the susceptibility loci shared between the
Han Chinese and European PCOS are conserved because
the ancestral Eurasian population migrated out of Africa
approximately 100 000 years ago and these populations
diverged � 40 000 years ago (71, 118).

Next-generation sequencing promises to identify rare
genetic variants contributing to PCOS as well as to map
the genetic variants contributing to the significant signals
at the various PCOS GWAS loci. Other genetic analyses
should also substantially advance the field. The PCOS lit-
erature is plagued by conclusions based on correlative
findings. Mendelian randomization can be applied in
many of these situations to determine whether such asso-
ciations are causal, eg, increased inflammatory cytokines
and PCOS. Phenome-wide association studies may enable
identification of long-term health risks by assessing what
diseases are associated with PCOS-susceptibility variants.

Finally, it may be possible to use PCOS-susceptibly
variants to create disease-predictive genetic risk scores.
This possibility is supported by the association of higher
anti-Müllerian hormone levels with GWAS PCOS-suscep-
tibility loci in a cohort of adolescent girls (6). The ability
to predict PCOS would be extremely clinically relevant
because there are already well-validated interventions,
such as lifestyle modification and metformin, to prevent
T2D in high-risk individuals (119). Furthermore, there are
intriguing but limited data (120) to suggest that metformin
begun in prepubertal girls at risk for PCOS, low birth
weight girls with precocious pubarche, ameliorates the
development of both metabolic and reproductive features
of PCOS after menarche.

So much of the literature on PCOS contains variations
on the statement that it is a complex and heterogeneous
disorder that this description has become the “It was a
dark and stormy night” of the field. It has always been
arguable whether PCOS is any more complex or hetero-
geneous than other common disorders of unknown etiol-
ogy, such as metabolic syndrome or T2D. Indeed, the core
reproductive features of the PCOS are usually present:
chronic anovulation, hyperandrogenism, and polycystic
ovarian morphology. Genetic analyses should end the

bickering over diagnostic criteria, and the emerging data
suggest a remarkable degree of genetic homogeneity not
only across diagnostic criteria but also across ethnicities.
Clearly, there are many as yet to be discovered factors
contributing to PCOS because the susceptibility loci iden-
tified so far contribute a relatively small amount of disease
risk. Nevertheless, I believe we do the field a great disser-
vice by emphasizing the so-called heterogeneity of PCOS
rather than focusing on its unifying features because this
creates the false impression that PCOS is somehow un-
knowable, which is a major barrier to broader engagement
in the field. Current genetic analyses have markedly in-
creased our knowledge of PCOS, and the future promises
to make it much more “knowable.”
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