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Abstract: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder of reproductive-
aged women. Much of the confusion surrounding PCOS diagnosis stems from the broad heterogeneity
of symptomology experienced by women with PCOS. The diverse features of the syndrome have
led to a number of diagnostic criteria over the years. This manuscript describes each of the current
composite criteria and individually breaks down each component. The importance of accurate
diagnosis for both clinical care and research is emphasized.
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1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder of re-
productive-aged women [1]. Despite causing over USD 8 billion in healthcare costs in the
United States, accurate US population-based estimates of incidence and prevalence are
lacking and as many as 75% of patients with PCOS are unidentified in clinical practice [2].
Much of the confusion surrounding PCOS diagnosis stems from the broad heterogeneity of
symptomology experienced by women with PCOS.

This syndrome is predominantly characterized by irregular menstrual cycles, hyperan-
drogenism, and characteristic findings on pelvic ultrasound [3,4]. Women with PCOS also
frequently suffer from metabolic dysfunction, obesity, infertility and are at an increased
risk of pregnancy complications and long-term cardiovascular disease [5–10]. There ex-
ists, however, significant heterogeneity among the phenotypic expressions of PCOS and
disease sequelae may vary across a woman’s lifespan [11,12]. Furthermore, while there
are around 30 genes associated with the development of PCOS [13–15], pathogenesis of
this disease is complex, multi-factorial and not fully elucidated, thus diagnosis relies on
identifying features of the syndrome following exclusion of known disorders affecting
ovulation or hyperandrogenism.

The diverse and varying features associated with this syndrome have resulted in the
proposal of several diagnostic criteria for this disease dating back to 1935, when first de-
scribed by Stein and Leventhal [16]. Ideal diagnostic criteria will have optimized sensitivity
and specificity, ensuring confidence in the criteria’s ability to identify affected and unaf-
fected individuals [17]. The development of such a definition, however, requires agreement
on a gold standard for disease classification, assumes technology used for diagnosis will not
change, and relies on accurate evaluation of criteria components. Unfortunately, diagnosis
of PCOS has been challenged by all three of these pillars. This review aims to highlight the
evolution of the diagnostic criteria for PCOS over time and provide a summary of the most
recent criteria proposed for the diagnosis of this syndrome.
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2. Diagnostic Criteria for PCOS

In 1935, Stein and Leventhal first characterized what is now known as PCOS among
a case series of seven women with a combination of hirsutism, obesity, amenorrhea and
bilateral enlarged polycystic-appearing ovaries on surgical and pathologic evaluation [16].
Since then, several diagnostic criteria have been proposed which variably include a combi-
nation of oligo-amenorrhea, hyperandrogenism and changes in ovarian morphology, as
now assessed by pelvic ultrasonography.

In 1990, the first attempt to produce a clinical definition of PCOS was completed by
the National Institute of Child Health and Human Development, in which PCOS was
defined by the presence of both clinical and/or biochemical signs of hyperandrogenism
and oligo- or chronic anovulation [18]. Ultrasonographic evidence of polycystic ovaries
was reported as suggestive of PCOS, but not necessarily diagnostic, which conflicted with
the leading practice in the United Kingdom and much of Europe at the time, whereby
polycystic ovaries on ultrasound were viewed as the “defining feature of PCOS” [19]. This
debate continued until 2003, when 27 PCOS experts met in Rotterdam, the Netherlands, at
a conference sponsored by both the European Society of Human Reproduction (ESHRE)
and American Society for Reproductive Medicine (ASRM), and produced a joint consensus
statement commonly known as the “Rotterdam Criteria” [3,4]. These criteria broadened the
phenotypic expression of PCOS to include any two out of the three key characteristics of
PCOS: oligo-amenorrhea, hyperandrogenism, and polycystic-appearing ovarian morphol-
ogy on ultrasonography. In doing so, the prevalence of PCOS, in some studies, increased as
much as three times compared to diagnosis using the 1990 NIH criteria [20]. Furthermore,
the use of these criteria allowed for the diagnosis of PCOS without hyperandrogenism,
which had previously been viewed as the primary defect by the 1990 NIH criteria.

Since the 2003 Rotterdam criteria, all proposed criteria have included ovarian morphol-
ogy with varying degrees of importance. In 2006, the Androgen Excess Society (AES) again
made hyperandrogenism central to the diagnosis of PCOS, while affirming the relevance of
ovarian morphology in the diagnosis of this syndrome [21]. The AES guidelines, required
the presence of hirsutism and/or biochemical hyperandrogenism, as well as either oligo-
anovulation and/or polycystic-appearing ovarian morphology (PCOM) for the diagnosis
of PCOS [21]. Thus, the “most mild” phenotype of PCOS (oligo-anovulatory women with
polycystic ovarian morphology and without hyperandrogenemia) was excluded.

The presence of multiple classification systems resulted in clinical confusion and was
viewed as delaying scientific progress in our understanding of PCOS. Thus, in 2012, the NIH
held an evidence-based methodology workshop on PCOS, in which experts on PCOS again
recommended use of the broader 2003 Rotterdam criteria, while specifically identifying
sub-phenotypes within these criteria of (1) androgen excess and ovulatory dysfunction,
(2) androgen excess and PCOM, (3) ovulatory dysfunction and PCOM, and (4) androgen
excess, ovulatory dysfunction and PCOM [22]. The Rotterdam criteria continues to be
the most widely used and accepted criteria for PCOS and were once again unanimously
supported in the 2018 International Evidence-Based Guideline for the Assessment and
Management of PCOS [23]. The remaining sections will, thus, focus on the definition of
each of the sub-components of the 2003 Rotterdam Criteria: hyperandrogenism, oligo-
anovulation and PCOM.

Current Recommendations

It is recommended to use the modified Rotterdam criteria, (see Table 1) in which
PCOS may be diagnosed if any two of the following are present: (1) clinical or biochemical
hyperandrogenism, (2) evidence of oligo-anovulation, (3) polycystic appearing-ovarian
morphology on ultrasound, with exclusion of other relevant disorders.
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Table 1. Features of the diagnosis of PCOS.

Feature Recommended Diagnosis Considerations

Biochemical
Hyperandrogenism

• Elevated total or free
testosterone, or
calculated indices of free
testosterone (FAI, BioT).

• DHEAS and ANSD can
be consdered

• High-quality assays
should be used for the
evaluation of analytes

Clinical Hyperandrogenism

• A modified
Ferriman–Gallwey score
of ≥4 to ≥8

• Threshold level should
be considered in the
context of patient
ethnicity

Oligo-anovulation

• Oligo-amenorrhea
(cycles >35 days apart or
<8 menses a year)

• If highly suspicious for
PCOS, but does not have
oligo-amenorrhea,
consider serum
progesterone or
luteinizing hormone
assessment

Polycystic ovarian
morphology

• ≥20 follicles per ovary in
either ovary

• ≥10 cm3 ovarian volume

• Based on transvaginal
ultrasonography with
a transducer
frequency ≥ 8 MHz

Criteria based on the modified 2003 Rotterdam criteria. FAI—free androgen index, BioT—bioavailable testosterone,
DHEAS—dehydroepiandrosterone sulfate, ANSD—androstenedione.

3. Androgen Excess
3.1. Hyperandrogenemia

In women, androgens normally function to support bone density, muscle mass and
sexual function. Biosynthesis of androgens occurs 25% from the ovaries, 25% from the
adrenal gland and 50% from peripheral tissues, and takes the form of testosterone, di-
hydrotestosterone, dehydroepiandrosterone sulfate (DHEA-S), dehydroepiandrosterone
(DHEA), and androstenedione (ANSD) [24,25]. Testosterone is primarily produced by
the ovaries, ANSD is produced evenly by the ovaries and adrenal gland, and DHEAS is
produced exclusively by the adrenal gland [24,25].

The majority of oligo-amenorrheic patients with PCOS also have biochemical hyper-
androgenemia [21,26]. The ovaries are the primary source of hyperandrogenism in patients
with PCOS. Accordingly, testosterone, predominantly in the free form unbound to sex-
hormone-binding globulin (SHBG), is most frequently elevated in these patients and is the
most sensitive marker for diagnosis [27]. Obesity and hyperinsulinemia are associated with
reduced SHBG, and thus levels are typically lower in patients with PCOS [8]. Up to 89%
of patients with PCOS and hyperandrogenemia have been found to have elevated levels
of free testosterone, while 49 to 80% of patients have been found to have elevated total
testosterone [28–30], ANSD has been found to be elevated in up to 88% of patients with
PCOS and may increase the number identified as having hyperandrogenemia by about
10%. DHEAS is elevated in 25–35% of patients with this syndrome and may be the sole
abnormality in circulating androgens in about 10% of patients [21,26,31].

Measurement of serum androgens in women is challenging due to several considera-
tions. Commonly available assays for the measurement of androgens are often unreliable
at the lower limits seen in women. Additionally, the concentration of testosterone varies
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throughout the day and other similar steroids can cause assay interference [32]. Because
of these issues, it is recommended that direct assays (those performed on whole serum)
be avoided and assays after extraction and chromatography, followed either by mass-
spectrometry or immunoassay, be used [23,32]. Free testosterone represents only 1–3% of
all testosterone, thus highly precise assays are required for measurement. Equilibrium
dialysis is considered the gold standard for measuring free testosterone, however this tech-
nique is relatively expensive and requires technical expertise [32]. Calculated estimations
of free testosterone have thus been proposed, including free androgen index (the quotient
testosterone/SHBG × 100] and calculated bioavailable testosterone (the concentration of
testosterone that is free and weakly bound to albumin). These methods have been found
to be relatively reliable markers in the diagnosis of PCOS [27]. Thus, calculated measures
of free testosterone, or high quality assays for the measurement of total and free testos-
terone are recommended as the primary marker of hyperandrogenemia in patients with
PCOS [23].

3.2. Current Recommendation

Biochemical hyperandrogenism should be defined by elevated total or free testos-
terone, as measured by high-quality assays such as liquid chromatography mass spec-
trometry and extraction/chromatography immunoassay. Calculated free testosterone,
free androgen index or bioavailable testosterone may also be used to assess biochemical
hyperandrogenism in the diagnosis of PCOS.

ANSD and DHEAS could be considered if total or free testosterone are not elevated.
Interpretation of androgen levels should be guided by the reference ranges of the

laboratory used.

3.3. Clinical Hyperandrogenism

The clinical manifestations of elevated androgen levels in women include hirsutism,
acne and female pattern hair loss (formerly referred to as androgenic alopecia). Hirsutism,
excessive terminal hair growth in a male pattern distribution, is common in patients with
PCOS, affecting 60–70% of people [33]. The degree of hair growth is typically quanti-
fied with the Modified Ferriman–Gallwey (MFG) scoring system, in which terminal hair
growth, on a scale from 0 to 4, at nine different anatomic sites, is scored and scores are
summed [34,35]. Different MFG score thresholds have been proposed to diagnose hyperan-
drogenism ranging from ≥3 to ≥8 [33,36–38]. Unfortunately, there remains interobserver
variability despite the use of the MFG scoring system [39], as scoring may be limited by a
patient’s use of personal hair removal treatments [40], and there is significant ethnic vari-
ability on MFG scoring [38]. Despite these limitations, MFG scoring, when completed by a
trained provider, remains the gold standard for assessing clinical hyperandrogenism [23,38].
What threshold to use remains in question, as the most recent guideline recommend a
threshold of ≥4 to 6, depending on ethnicity, which may result in the overdiagnosis of this
condition as compared to the traditionally used threshold of ≥8 [23,41].

Female pattern hair loss and acne are common complaints among patients with
PCOS [42,43]. While both have been associated with biochemical hyperandrogenism, only
one third of women with female pattern hair loss has elevated androgen levels [44–47].
Female pattern hair loss can be assessed with the Ludwig visual scale, while there is no
universally accepted visual assessment for evaluating acne [23]. Furthermore, data are lack-
ing regarding the reliability of these features for the diagnosis of PCOS. Providers should,
thus, be adept at managing these conditions when treating patients with PCOS, however,
inclusion of these features in the diagnosis of this syndrome is not currently recommended.

3.4. Current Recommendations

Clinical hyperandrogenism should be evaluated by a trained provider and be quanti-
fied using the modified Ferriman–Gallwey score. The threshold used for “abnormal” may
vary based on patient population from ≥4 to ≥8.
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While acne and female pattern hair loss are common complaints among patients with
PCOS, currently, data do not support their use as reliable diagnostic markers for PCOS.

4. Irregular Cycles and Ovulatory Dysfunction

The average menstrual cycle in adults lasts 28 days, with a normal range of 21–35 days,
with typically a relatively constant luteal phase lasting 14 days, and a more variable
follicular phase length [48]. Even among those with ovulatory cycles, however, there
can be significant heterogeneity between individuals and within a single individual in
overall cycle, follicular phase, and luteal phase length [49]. Generally, the presence of
regular monthly menses occurring within this normal range can be used as a surrogate
marker of ovulatory function [50]. It is not uncommon, however, even among women with
regular 28-day cycles to have one or more anovulatory cycles in a year [51]. Based on these
findings, the most recent guidelines recommend the use of irregular menstrual cycles as a
marker for ovulatory dysfunction [23]. Menstrual dysfunction among patients with PCOS
is typically characterized by oligo-amenorrhea (cycles > 35 days apart or <8 cycles per
year). Polymenorrhea (cycles occurring < 21 days apart) is relatively uncommon among
patients with PCOS [52], however this feature has been included in some guidelines for the
diagnosis of PCOS [23,53]. Regardless, if there is a strong clinical suspicion for PCOS in
a patient with regular menstrual cycles, polymenorrhea or an unclear menstrual pattern,
additional assessment of ovulation should be confirmed with serum progesterone, given
the possibility of ovulatory dysfunction without classic oligo-amenorrhea [23]. While out
of the scope of this review, it is important to note that this recommendation only applies
to adults. Irregular menses are normal within 1 year post-menarche, and in 1 to 3 years,
post-menarche irregular menses should be defined as <21 or >45 days apart [54].

Current Recommendation

Oligo-amenorrhea (cycles > 35 days apart or <8 cycles per year) may be used as a
marker for ovulatory dysfunction to diagnose PCOS.

Ovulation can be confirmed in those with uncertain menstrual history with serum
progesterone evaluation or luteinizing hormone testing.

5. Ovarian Morphology

Originally described by Stein and Leventhal in 1935 on surgical and pathologic exami-
nation as bilaterally enlarged, polycystic-appearing ovaries, polycystic-appearing ovarian
morphology has continued to be a key component in the diagnosis of PCOS [16]. Since
the 1980s, ultrasonography has allowed for non-invasive assessment of ovarian morphol-
ogy [55]. The first set of most widely adopted criteria for PCOM, suggested by Adams
et al. in 1985, defined this feature as 10 or more follicles 2–8 mm in size in one cross-section
of the ovary on transabdominal ultrasonography [56]. Since then, transabdominal ultra-
sonography has largely been replaced by the higher resolution endo-vaginal approach.
The first group to use receiver operator characteristic (ROC) curves to develop thresholds
for PCOM was Jonard et al. in 2003, in which a follicle number per ovary threshold of
12 or more, measuring 2–9 mm in diameter (mean of both ovaries), had 75% sensitivity
and 99% specificity in the diagnosis of PCOS [57]. The 2003 Rotterdam criteria based their
recommendation for PCOM on this study and recommended PCOM to be defined as either
12 or more follicles measuring 2–9 mm in diameter or an ovarian volume > 10 cm3 for either
ovary [58].

Several other markers of PCOM had previously been described. The classic description
of PCOM included the appearance of an increased number of follicles 2–9 mm in size,
arranged in a peripheral distribution (appearing as a “string of pearls”), around a bright
echo dense stroma. However markers of the stromal area, stromal echogenicity and
follicular distribution have not been found to have significant predictive power in the
diagnosis of PCOS when used alone, and add little when combined with follicle number
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and/or ovarian volume [59]. As such, these features were excluded from the definition of
PCOM in 2003 and by all major criteria since [58].

Over the past decade, much debate has ensued regarding the appropriate thresholds
to be used in the definition of PCOS. Using the proposed thresholds for PCOM by the 2003
Rotterdam criteria, 30–50% of normo-androgenic, ovulatory women would meet criteria
for PCOM [60–62]. This led many to conclude the thresholds for PCOM needed to be
revised and studies since have presented varying proposed thresholds for PCOM [62–67].
Much variation between reported follicle counts can be explained by changes in ultrasound
technology over time, in which increased transducer frequency (≥8 MHz) allows for
improved detection of antral follicles on ultrasound, and thus elevated threshold levels [68].
Furthermore, some earlier studies excluded otherwise healthy patients with PCOM from
control groups, resulting in lower cut-offs of the follicle number [67,69] as compared to
those who included these patients [62]. In 2014, a task force report on the definition
and significance of PCOM was produced by the Androgen Excess and PCOS (AEPCOS)
society, in which all available literature on this subject was compiled and an updated
recommendation for PCOM was provided. These guidelines recommended increasing
the threshold to ≥25 follicles per ovary and/or an ovarian volume threshold of ≥10 cm3,
based on transvaginal ultrasound with a transducer frequency of 8 MHz or greater. This
increased threshold, however, has since been challenged, as it results in the exclusion
of a large group of oligo-anovulatory women, provides limited added information on
the degree of hyperandrogenism, and may exclude a group of women still at increased
risk of metabolic dysfunction [70,71]. Most recently, a slightly reduced follicle number
threshold has been proposed by the 2018 International Evidence Based Guidelines for
the Assessment and Management of PCOS, at ≥20 follicles per ovary and/or an ovarian
volume of ≥10 cm3 [23]. Whether use of different follicle number thresholds has true
clinical relevance outside of providing a diagnostic label is debatable, as the degree of
hyperandrogenemia better predicts metabolic risk and has more clinical relevance (in
addition to oligo-anovulation) than ovarian morphology for most patients with PCOS [11].
Likely, ultrasound criteria will continue to evolve as technology improves and new, more
reliable criteria continue to be developed.

Given the large degree of heterogeneity with respect to ultrasound assessment in
PCOS, much interest has been placed on anti-Mullerian hormone (AMH) as a surrogate
marker for ovarian morphology. AMH is a polypeptide secreted by granulosa cells of the
preantral and small antral ovarian follicles [72]. Levels of AMH are significantly higher
among those with PCOS compared to those without PCOS [73], and many have attempted
to assess the diagnostic accuracy of this hormone for PCOS and PCOM [36,38,43–56]. While
results are promising, there is significant heterogeneity between study methodologies and
proposed diagnostic thresholds, and standardization of AMH measurement is still needed
to ensure inter-assay accuracy [74]. Because of these limitations, most recent guidelines do
not recommend the use of AMH levels as an alternative for the detection of PCOM or as a
single test for the diagnosis of PCOS [23].

Follicle number and AMH are also known to decline over the lifespan in those with and
without PCOS [75–77], which has led some to propose the need for age-specific criteria for
PCOS diagnosis. Age-stratified thresholds for AMH have been found to improve the AMH
predictive performance for the diagnosis PCOS compared to a single non-age-adjusted
threshold [78–80]. Similarly, decreasing thresholds for follicle number and ovarian volume,
with advanced age, have been suggested for the diagnosis of PCOS [81]. Age-specific
thresholds have not yet been widely adopted, however, recognition of changes in these
features over time is important, especially when evaluating older patients for PCOS.

Current Recommendation

PCOM should be defined as either ≥20 follicles per ovary and/or an ovarian volume of
≥10 cm3 on either ovary, using newer transvaginal ultrasound technology with a transducer
frequency of 8 MHZ or more.
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At this time, AMH is not recommended as an alternative marker for PCOM and should
not be used as a single test for the diagnosis of PCOS.

6. Conclusions

PCOS remains a clinical diagnosis, following the Rotterdam Criteria, requiring two of
the three symptoms as follows: oligo-anovulation, hyperandrogenism and/or polycystic
ovarian morphology (PCOM). While updates have occurred in the criterion utilized for
PCOM, and there is a call for improvements and standardization, in the testosterone assay,
the controversy since the initial publication of these criteria continues. As noted, acceptance
of the Rotterdam Criteria for the diagnosis increased the prevalence of PCOS in the popula-
tion. Perhaps, more importantly, the variability between the, now, multiple phenotypes of
PCOS, compromised goals of better classification: improving research regarding underlying
pathophysiology and risks of the diagnosis, and treatment recommendations for individual
patients. At a minimum, studies should be very specific regarding the phenotype under
investigation, rather than the broader “PCOS as defined by Rotterdam”.

Diagnosis of PCOS should not be given lightly. Receiving a diagnosis of this syndrome
is associated with significant psychological distress [82], reduced well-being, depression,
and fears about future health and fertility [83]. From the patient’s perspective, the vast ma-
jority receiving a diagnosis feel that they either receive no information about the diagnosis
or receive inadequate information [84]. Furthermore, diagnosis can be delayed by two or
more years for approximately a quarter of women with PCOS [82]. Whether the burden of
receiving a PCOS diagnosis is a result of the diagnosis process, or is instead due to PCOS
itself, is not completely clear [85]. Regardless, considering the importance of this syndrome,
women are owed a timely and appropriate diagnosis. Given the continued debate over
criteria, and the often inadequate clinical care using the current framework for diagnosis of
PCOS, it begs the question: after almost 20 years, is it time to revisit this diagnosis?

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable, no human subjects.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are all freely available in pubmed. No new data generated.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bozdag, G.; Mumusoglu, S.; Zengin, D.; Karabulut, E.; Yildiz, B.O. The prevalence and phenotypic features of polycystic ovary

syndrome: A systematic review and meta-analysis. Hum. Reprod. 2016, 31, 2841–2855. [CrossRef] [PubMed]
2. Riestenberg, C.; Jagasia, A.; Markovic, D.; Buyalos, R.P.; Azziz, R. Health Care-Related Economic Burden of Polycystic Ovary

Syndrome in the United States: Pregnancy-Related and Long-Term Health Consequences. J. Clin. Endocrinol. Metab. 2022, 107,
575–585. [CrossRef] [PubMed]

3. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome (PCOS). Hum. Reprod. 2004, 19, 41–47. [CrossRef] [PubMed]

4. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome. Fertil. Steril. 2004, 81, 19–25. [CrossRef]

5. Solomon, C.G.; Hu, F.B.; Dunaif, A.; Rich-Edwards, J.E.; Stampfer, M.J.; Willett, W.C.; Speizer, F.E.; Manson, J.E. Menstrual cycle
irregularity and risk for future cardiovascular disease. J. Clin. Endocrinol. Metab. 2002, 87, 2013–2017. [CrossRef]

6. Moran, L.J.; Misso, M.L.; Wild, R.A.; Norman, R.J. Impaired glucose tolerance, type 2 diabetes and metabolic syndrome in
polycystic ovary syndrome: A systematic review and meta-analysis. Hum. Reprod. Update 2010, 16, 347–363. [CrossRef]

7. Wild, R.A.; Rizzo, M.; Clifton, S.; Carmina, E. Lipid levels in polycystic ovary syndrome: Systematic review and meta-analysis.
Fertil. Steril. 2011, 95, 1073–1079.e11. [CrossRef]

8. Diamanti-Kandarakis, E.; Dunaif, A. Insulin Resistance and the Polycystic Ovary Syndrome Revisited: An Update on Mechanisms
and Implications. Endocr. Rev. 2012, 33, 981–1030. [CrossRef]

http://doi.org/10.1093/humrep/dew218
http://www.ncbi.nlm.nih.gov/pubmed/27664216
http://doi.org/10.1210/clinem/dgab613
http://www.ncbi.nlm.nih.gov/pubmed/34546364
http://doi.org/10.1093/humrep/deh098
http://www.ncbi.nlm.nih.gov/pubmed/14688154
http://doi.org/10.1016/j.fertnstert.2003.10.004
http://doi.org/10.1210/jcem.87.5.8471
http://doi.org/10.1093/humupd/dmq001
http://doi.org/10.1016/j.fertnstert.2010.12.027
http://doi.org/10.1210/er.2011-1034


Diagnostics 2023, 13, 1113 8 of 11

9. Hart, R.; Doherty, D.A. The Potential Implications of a PCOS Diagnosis on a Woman’s Long-Term Health Using Data Linkage.
J. Clin. Endocrinol. Metab. 2015, 100, 911–919. [CrossRef]

10. Christ, J.P.; Gunning, M.N.; Meun, C.; Eijkemans, M.J.C.; Van Rijn, B.B.; Bonsel, G.J.; Laven, J.S.E.; Fauser, B.C.J.M. Pre-Conception
Characteristics Predict Obstetrical and Neonatal Outcomes in Women With Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab.
2019, 104, 809–818. [CrossRef]

11. Clark, N.M.; Podolski, A.J.; Brooks, E.D.; Chizen, D.R.; Pierson, R.A.; Lehotay, D.C.; Lujan, M.E. Prevalence of Polycystic Ovary
Syndrome Phenotypes Using Updated Criteria for Polycystic Ovarian Morphology: An Assessment of Over 100 Consecutive
Women Self-reporting Features of Polycystic Ovary Syndrome. Reprod. Sci. 2014, 21, 1034–1043. [CrossRef]

12. van Keizerswaard, J.; Dietz de Loos, A.L.P.; Louwers, Y.V.; Laven, J.S.E. Changes in individual polycystic ovary syndrome
phenotypical characteristics over time: A long-term follow-up study. Fertil. Steril. 2022, 117, 1059–1066. [CrossRef]

13. Gorsic, L.K.; Kosova, G.; Werstein, B.; Sisk, R.; Legro, R.; Hayes, M.G.; Teixeira, J.; Dunaif, A.; Urbanek, M. Pathogenic
Anti-Müllerian Hormone Variants in Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2017, 102, 2862–2872. [CrossRef]

14. Day, F.; Karaderi, T.; Jones, M.R.; Meun, C.; He, C.; Drong, A.; Kraft, P.; Lin, N.; Huang, H.; Broer, L.; et al. Large-Scale
genome-wide meta-analysis of polycystic ovary syndrome suggests shared genetic architecture for different diagnosis criteria.
PLoS Genet 2018, 14, e1007813. [CrossRef]

15. Gorsic, L.K.; Dapas, M.; Legro, R.S.; Hayes, M.G.; Urbanek, M. Functional Genetic Variation in the Anti-Müllerian Hormone
Pathway in Women With Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2019, 104, 2855–2874. [CrossRef]

16. Stein, I.F.; Leventhal, M.L. Amenorrhea associated with bilateral polycystic ovaries. Am. J. Obstet. Gynecol. 1935, 29, 181–191.
[CrossRef]

17. June, R.R.; Aggarwal, R. The use and abuse of diagnostic/classification criteria. Best Pract. Res. Clin. Rheumatol. 2014, 28, 921–934.
[CrossRef]

18. Zawadski, J.K.; Dunaif, A. Diagnostic criteria for polycystic ovary syndrome: Towards a rational approach. In Polycystic Ovary
Syndrome; Dunaif, A., Givens, J.R., Haseltine, F., Eds.; Blackwell Scientific: Boston, CA, USA, 1992; pp. 377–384.

19. Balen, A.; Michelmore, K. What is polycystic ovary syndrome? Are national views important? Hum. Reprod. Oxf. Engl. 2002, 17,
2219–2227. [CrossRef]

20. Pundir, C.S.; Deswal, R.; Narwal, V.; Dang, A. The Prevalence of Polycystic Ovary Syndrome: A Brief Systematic Review. J. Hum.
Reprod. Sci. 2020, 13, 261–271. [CrossRef]

21. Azziz, R.; Carmina, E.; Dewailly, D.; Diamanti-Kandarakis, E.; Escobar-Morreale, H.F.; Futterweit, W.; Janssen, O.E.; Legro,
R.S.; Norman, R.J.; Taylor, A.E.; et al. Positions statement: Criteria for defining polycystic ovary syndrome as a predominantly
hyperandrogenic syndrome: An Androgen Excess Society guideline. J. Clin. Endocrinol. Metab. 2006, 91, 4237–4245. [CrossRef]

22. Evidence-based Methodology Workshop on Polycystic Ovary Syndrome (PCOS) [Internet]. Off. Dis. Prev.. Available
online: https://prevention.nih.gov/research-priorities/research-needs-and-gaps/pathways-prevention/evidence-based-
methodology-workshop-polycystic-ovary-syndrome-pcos (accessed on 22 September 2022).

23. Teede, H.J.; Misso, M.L.; Costello, M.F.; Dokras, A.; Laven, J.; Moran, L.; Piltonen, T.; Norman, R.J. Recommendations from the
international evidence-based guideline for the assessment and management of polycystic ovary syndrome. Hum. Reprod. 2018,
33, 1602–1618. [CrossRef] [PubMed]

24. Longcope, C. Adrenal and Gonadal Androgen Secretion in Normal Females. Clin. Endocrinol. Metab. 1986, 15, 213–228. [CrossRef]
[PubMed]

25. Burger, H.G. Androgen Production in Women. Fertil. Steril. 2002, 77 (Suppl. 4), S3–S5. [CrossRef] [PubMed]
26. Huang, A.; Brennan, K.; Azziz, R. Prevalence of Hyperandrogenemia in the Polycystic Ovary Syndrome Diagnosed by the

National Institutes of Health 1990 Criteria. Fertil. Steril. 2010, 93, 1938–1941. [CrossRef]
27. Hahn, S.; Kuehnel, W.; Tan, S.; Kramer, K.; Schmidt, M.; Roesler, S.; Kimmig, R.; Mann, K.; Janssen, O.E. Diagnostic value

of calculated testosterone indices in the assessment of polycystic ovary syndrome. Clin. Chem. Lab. Med. 2007, 45, 202–207.
[CrossRef]

28. Chang, W.Y.; Knochenhauer, E.S.; Bartolucci, A.A.; Azziz, R. Phenotypic spectrum of polycystic ovary syndrome: Clinical and
biochemical characterization of the three major clinical subgroups. Fertil. Steril. 2005, 83, 1717–1723. [CrossRef]

29. Diamanti-Kandarakis, E.; Panidis, D. Unravelling the phenotypic map of polycystic ovary syndrome (PCOS): A prospective study
of 634 women with PCOS. Clin. Endocrinol. 2007, 67, 735–742. [CrossRef]

30. Azziz, R.; Carmina, E.; Dewailly, D.; Diamanti-Kandarakis, E.; Escobar-Morreale, H.F.; Futterweit, W.; Janssen, O.E.; Legro, R.S.;
Norman, R.; Taylor, A.E.; et al. The Androgen Excess and PCOS Society criteria for the polycystic ovary syndrome: The complete
task force report. Fertil. Steril. 2009, 91, 456–488. [CrossRef]

31. Rosenfield, R.L. Ovarian and adrenal function in polycystic ovary syndrome. Endocrinol. Metab. Clin. N. Am. 1999, 28, 265–293.
[CrossRef]

32. Rosner, W.; Auchus, R.J.; Azziz, R.; Sluss, P.M.; Raff, H. Utility, Limitations, and Pitfalls in Measuring Testosterone: An Endocrine
Society Position Statement. J. Clin. Endocrinol. Metab. 2007, 92, 405–413. [CrossRef]

33. Rosenfield, R.L. Clinical practice. Hirsutism. N. Engl. J. Med. 2005, 353, 2578–2588. [CrossRef]

http://doi.org/10.1210/jc.2014-3886
http://doi.org/10.1210/jc.2018-01787
http://doi.org/10.1177/1933719114522525
http://doi.org/10.1016/j.fertnstert.2022.01.014
http://doi.org/10.1210/jc.2017-00612
http://doi.org/10.1371/journal.pgen.1007813
http://doi.org/10.1210/jc.2018-02178
http://doi.org/10.1016/S0002-9378(15)30642-6
http://doi.org/10.1016/j.berh.2015.04.004
http://doi.org/10.1093/humrep/17.9.2219
http://doi.org/10.4103/jhrs.JHRS_95_18
http://doi.org/10.1210/jc.2006-0178
https://prevention.nih.gov/research-priorities/research-needs-and-gaps/pathways-prevention/evidence-based-methodology-workshop-polycystic-ovary-syndrome-pcos
https://prevention.nih.gov/research-priorities/research-needs-and-gaps/pathways-prevention/evidence-based-methodology-workshop-polycystic-ovary-syndrome-pcos
http://doi.org/10.1093/humrep/dey256
http://www.ncbi.nlm.nih.gov/pubmed/30052961
http://doi.org/10.1016/S0300-595X(86)80021-4
http://www.ncbi.nlm.nih.gov/pubmed/3013468
http://doi.org/10.1016/S0015-0282(02)02985-0
http://www.ncbi.nlm.nih.gov/pubmed/12007895
http://doi.org/10.1016/j.fertnstert.2008.12.138
http://doi.org/10.1515/CCLM.2007.031
http://doi.org/10.1016/j.fertnstert.2005.01.096
http://doi.org/10.1111/j.1365-2265.2007.02954.x
http://doi.org/10.1016/j.fertnstert.2008.06.035
http://doi.org/10.1016/S0889-8529(05)70070-0
http://doi.org/10.1210/jc.2006-1864
http://doi.org/10.1056/NEJMcp033496


Diagnostics 2023, 13, 1113 9 of 11

34. Ferriman, D.; Gallwey, J.D. Clinical assessment of body hair growth in women. J. Clin. Endocrinol. Metab. 1961, 21, 1440–1447.
[CrossRef]

35. Hatch, R.; Rosenfield, R.L.; Kim, M.H.; Tredway, D. Hirsutism: Implications, etiology, and management. Am. J. Obstet. Gynecol.
1981, 140, 815–830. [CrossRef]

36. DeUgarte, C.M.; Woods, K.S.; Bartolucci, A.A.; Azziz, R. Degree of Facial and Body Terminal Hair Growth in Unselected Black
and White Women: Toward a Populational Definition of Hirsutism. J. Clin. Endocrinol. Metab. 2006, 91, 1345–1350. [CrossRef]

37. Knochenhauer, E.S.; Key, T.J.; Kahsar-Miller, M.; Waggoner, W.; Boots, L.R.; Azziz, R. Prevalence of the Polycystic Ovary Syndrome
in Unselected Black and White Women of the Southeastern United States: A Prospective Study. J. Clin. Endocrinol. Metab. 1998, 83,
3078–3082. [CrossRef]

38. Escobar-Morreale, H.; Carmina, E.; Dewailly, D.; Gambineri, A.; Kelestimur, F.; Moghetti, P.; Pugeat, M.; Qiao, J.; Wijeyaratne, C.;
Witchel, S.; et al. Epidemiology, diagnosis and management of hirsutism: A consensus statement by the Androgen Excess and
Polycystic Ovary Syndrome Society. Hum. Reprod. Update 2011, 18, 146–170. [CrossRef]

39. Wild, R.A.; Vesely, S.; Beebe, L.; Whitsett, T.; Owen, W. Ferriman Gallwey Self-Scoring I: Performance Assessment in Women with
Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2005, 90, 4112–4114. [CrossRef]

40. Yildiz, B.O.; Bolour, S.; Woods, K.; Moore, A.; Azziz, R. Visually scoring hirsutism. Hum. Reprod. Update 2010, 16, 51–64. [CrossRef]
41. Soares, J.M., Jr.; de Sá, M.F.S.; Baracat, E.C. New Criteria for the Clinical Diagnosis of Hyperandrogenism in Polycystic Ovarian

Syndrome and the Risk of Overdiagnosis. Rev. Bras. Ginecol. Obs. 2019, 41, 361–362. [CrossRef]
42. Ramezani Tehrani, F.; Behboudi-Gandevani, S.; Bidhendi Yarandi, R.; Saei Ghare Naz, M.; Carmina, E. Prevalence of acne vulgaris

among women with polycystic ovary syndrome: A systemic review and meta-analysis. Gynecol. Endocrinol. Off. J. Int. Soc.
Gynecol. Endocrinol. 2021, 37, 392–405. [CrossRef]

43. Carmina, E.; Azziz, R.; Bergfeld, W.; Escobar-Morreale, H.F.; Futterweit, W.; Huddleston, H.; Lobo, R.; Olsen, E. Female
Pattern Hair Loss and Androgen Excess: A Report From the Multidisciplinary Androgen Excess and PCOS Committee. J. Clin.
Endocrinol. Metab. 2019, 104, 2875–2891. [CrossRef] [PubMed]

44. Slayden, S.M.; Moran, C.; Sams, W.; Boots, L.R.; Azziz, R. Hyperandrogenemia in patients presenting with acne. Fertil. Steril.
2001, 75, 889–892. [CrossRef] [PubMed]

45. Uysal, G.; Sahin, Y.; Unluhizarci, K.; Ferahbas, A.; Uludag, S.Z.; Aygen, E.; Kelestimur, F. Is acne a sign of androgen excess
disorder or not? Eur. J. Obstet. Gynecol. Reprod. Biol. 2017, 211, 21–25. [CrossRef] [PubMed]

46. Starace, M.; Orlando, G.; Alessandrini, A.; Piraccini, B.M. Female Androgenetic Alopecia: An Update on Diagnosis and
Management. Am. J. Clin. Dermatol. 2020, 21, 69–84. [CrossRef]

47. Futterweit, W.; Dunaif, A.; Yeh, H.-C.; Kingsley, P. The prevalence of hyperandrogenism in 109 consecutive female patients with
diffuse alopecia. J. Am. Acad. Dermatol. 1988, 19, 831–836. [CrossRef]

48. Reed, B.G.; Carr, B.R. The Normal Menstrual Cycle and the Control of Ovulation. In Endotext; Feingold, K.R., Anawalt, B.,
Boyce, A., Chrousos, G., de Herder, W.W., Dhatariya, K., Dungan, K., Hershman, J., Hoflan, J., Kalra, S., et al., Eds.; MDText.com,
Inc.: South Dartmouth, MA, USA, 2000. Available online: http://www.ncbi.nlm.nih.gov/books/NBK279054/ (accessed on
22 September 2022).

49. Bull, J.R.; Rowland, S.P.; Scherwitzl, E.B.; Scherwitzl, R.; Danielsson, K.G.; Harper, J. Real-World menstrual cycle characteristics of
more than 600,000 menstrual cycles. NPJ Digit. Med. 2019, 2, 83. [CrossRef]

50. Malcolm, C.E.; Cumming, D.C. Does anovulation exist in eumenorrheic women? Obstet. Gynecol. 2003, 102, 317–318.
51. Prior, J.C.; Naess, M.; Langhammer, A.; Forsmo, S. Ovulation Prevalence in Women with Spontaneous Normal-Length Menstrual

Cycles—A Population-Based Cohort from HUNT3, Norway. PLoS ONE 2015, 10, e0134473. [CrossRef]
52. Azziz, R.; Sanchez, L.A.; Knochenhauer, E.S.; Moran, C.; Lazenby, J.; Stephens, K.C.; Taylor, K.; Boots, L.R. Androgen Excess in

Women: Experience with Over 1000 Consecutive Patients. J. Clin. Endocrinol. Metab. 2004, 89, 453–462. [CrossRef]
53. Legro, R.S.; Arslanian, S.A.; Ehrmann, D.A.; Hoeger, K.M.; Murad, M.H.; Pasquali, R.; Welt, C.K. Diagnosis and Treatment of

Polycystic Ovary Syndrome: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. Metab. 2013, 98, 4565–4592.
[CrossRef]

54. Peña, A.S.; Witchel, S.F.; Hoeger, K.M.; Oberfield, S.E.; Vogiatzi, M.G.; Misso, M.; Garad, R.; Dabadghao, P.; Teede, H. Adolescent
polycystic ovary syndrome according to the international evidence-based guideline. BMC Med. 2020, 18, 72. [CrossRef]

55. Swanson, M.; Sauerbrei, E.E.; Cooperberg, P.L. Medical implications of ultrasonically detected polycystic ovaries.
J. Clin. Ultrasound 1981, 9, 219–222. [CrossRef]

56. Adams, J.; Polson, D.; Abdulwahid, N.; Morris, D.; Franks, S.; Mason, H.; Tucker, M.; Price, J.; Jacobs, H. Multifollicular Ovaries:
Clinical and Endocrine Features and Response to Pulsatile Gonadotropin Releasing Hormone. Lancet 1985, 326, 1375–1379.
[CrossRef]

57. Jonard, S.; Robert, Y.; Cortet-Rudelli, C.; Pigny, P.; Decanter, C.; Dewailly, D. Ultrasound examination of polycystic ovaries: Is it
worth counting the follicles? Hum. Reprod. 2003, 18, 598–603. [CrossRef]

58. Balen, A.H.; Laven, J.S.; Tan, S.; Dewailly, D. Ultrasound assessment of the polycystic ovary: International consensus definitions.
Hum. Reprod. Updat. 2003, 9, 505–514. [CrossRef]

http://doi.org/10.1210/jcem-21-11-1440
http://doi.org/10.1016/0002-9378(81)90746-8
http://doi.org/10.1210/jc.2004-2301
http://doi.org/10.1210/jc.83.9.3078
http://doi.org/10.1093/humupd/dmr042
http://doi.org/10.1210/jc.2004-2243
http://doi.org/10.1093/humupd/dmp024
http://doi.org/10.1055/s-0039-1693530
http://doi.org/10.1080/09513590.2020.1859474
http://doi.org/10.1210/jc.2018-02548
http://www.ncbi.nlm.nih.gov/pubmed/30785992
http://doi.org/10.1016/S0015-0282(01)01701-0
http://www.ncbi.nlm.nih.gov/pubmed/11334899
http://doi.org/10.1016/j.ejogrb.2017.01.054
http://www.ncbi.nlm.nih.gov/pubmed/28178574
http://doi.org/10.1007/s40257-019-00479-x
http://doi.org/10.1016/S0190-9622(88)70241-8
http://www.ncbi.nlm.nih.gov/books/NBK279054/
http://doi.org/10.1038/s41746-019-0152-7
http://doi.org/10.1371/journal.pone.0134473
http://doi.org/10.1210/jc.2003-031122
http://doi.org/10.1210/jc.2013-2350
http://doi.org/10.1186/s12916-020-01516-x
http://doi.org/10.1002/jcu.1870090504
http://doi.org/10.1016/S0140-6736(85)92552-8
http://doi.org/10.1093/humrep/deg115
http://doi.org/10.1093/humupd/dmg044


Diagnostics 2023, 13, 1113 10 of 11

59. Christ, J.P.; Willis, A.D.; Brooks, E.D.; Brink, H.V.; Jarrett, B.Y.; Pierson, R.A.; Chizen, D.R.; Lujan, M.E. Follicle number, not
assessments of the ovarian stroma, represents the best ultrasonographic marker of polycystic ovary syndrome. Fertil. Steril. 2014,
101, 280–287.e1. [CrossRef]

60. Johnstone, E.B.; Rosen, M.P.; Neril, R.; Trevithick, D.; Sternfeld, B.; Murphy, R.; Addauan-Andersen, C.; McConnell, D.; Pera,
R.R.; Cedars, M.I. The Polycystic Ovary Post-Rotterdam: A Common, Age-Dependent Finding in Ovulatory Women without
Metabolic Significance. J. Clin. Endocrinol. Metab. 2010, 95, 4965–4972. [CrossRef]

61. Bentzen, J.G.; Forman, J.; Johannsen, T.H.; Pinborg, A.; Larsen, E.C.; Andersen, A.N. Ovarian Antral Follicle Subclasses and
Anti-Müllerian Hormone During Normal Reproductive Aging. J. Clin. Endocrinol. Metab. 2013, 98, 1602–1611. [CrossRef]

62. Lujan, M.E.; Jarrett, B.Y.; Brooks, E.D.; Reines, J.K.; Peppin, A.K.; Muhn, N.; Haider, E.; Pierson, R.; Chizen, D.R. Updated
ultrasound criteria for polycystic ovary syndrome: Reliable thresholds for elevated follicle population and ovarian volume.
Hum. Reprod. 2013, 28, 1361–1368. [CrossRef]

63. Jonard, S.; Robert, Y.; Dewailly, D. Revisiting the ovarian volume as a diagnostic criterion for polycystic ovaries. Hum. Reprod.
2005, 20, 2893–2898. [CrossRef]

64. Allemand, M.C.; Tummon, I.S.; Phy, J.L.; Foong, S.C.; Dumesic, D.A.; Session, D.R. Diagnosis of polycystic ovaries by three-
dimensional transvaginal ultrasound. Fertil. Steril. 2006, 85, 214–219. [CrossRef] [PubMed]

65. Chen, Y.; Li, L.; Chen, X.; Zhang, Q.; Wang, W.; Li, Y.; Yang, D. Ovarian volume and follicle number in the diagnosis of polycystic
ovary syndrome in Chinese women. Ultrasound Obstet. Gynecol. 2008, 32, 700–703. [CrossRef] [PubMed]
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