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BACKGROUND: Polycystic ovary syndrome (PCOS) prevalence estimates vary when different diagnostic criteria are applied. Lack of
standardization of individual elements within these criteria may contribute to prevalence differences.

OBJECTIVE AND RATIONALE: A systematic review of studies reporting prevalence of PCOS, using at least one of the National
Institutes of Health (NIH), Rotterdam or Androgen Excess Society (AE-PCOS) criteria, was conducted. The aim was to investigate the
impact on prevalence reporting of different definitions of the clinical elements for PCOS diagnosis.

SEARCH METHODS: A systematic search of Ovid MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL),
Emcare and BIOSIS was conducted. The search was limited to English language and studies published between January 1990 and January
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2018. Included articles needed to define PCOS by at least one of the NIH, Rotterdam or AE-PCOS criteria, be of an unselected population
and be published as a full text article. Risk-of-bias was assessed.

OUTCOMES: A total of 21 studies met the inclusion criteria. The random-effects pooled prevalence of PCOS in studies that used the
NIH criteria (7% [95% CI: 6–7%]), was significantly different from that identified in studies that used the Rotterdam criteria (12% [95% CI:
10–15%], P < 0.0001) but not studies that used the AE-PCOS criteria (10% [95% CI: 6–13%], P = 0.075). The pooled estimates for
Rotterdam and AE-PCOS were not significantly different from each other (P = 0.201). Pooled prevalence estimates were compared
between studies separated on the basis of: oligo-amenorrhoea vs oligo-amenorrhoea plus short cycles, clinical androgen excess requiring
hirsutism vs any clinical androgen excess, use of different versions and cut-offs for the Ferriman–Gallwey (F–G) score, and inclusion vs non-
inclusion of oral contraceptive users. There were no statistically significant differences for any of these comparisons. There was insufficient
information to allow subgroup analyses of definitions of polycystic ovaries.

WIDER IMPLICATIONS: Inclusion of ovarian morphology results in statistically significantly higher pooled prevalence estimates for
PCOS. Heterogeneity in prevalence estimates for PCOS reflect the broad clinical spectrum of the condition, lack of standardization of the
elements within each set of diagnostic criteria and the use of a range of diagnostic cut-offs, as well as potential differences between study
populations. The use of different definitions for anovulation and clinical androgen excess did not appear to contribute to differences in the
estimated prevalence of PCOS in this study. However, as the number of studies in most of the comparison groups was small, real differ-
ences may have been missed. Uncertainty surrounding the diagnosis of PCOS urgently needs to be addressed in order to provide clinicians
and their patients with greater diagnostic certainty, and hence reduce inappropriate labelling and the potential psychological harm that may
accompany misdiagnosis.

Key words: polycystic ovary / PCOS / androgen excess / hyperandrogenism / hyperandrogenemia / menstrual dysfunction / oligo-
anovulation

Introduction
The prevalence of polycystic ovary syndrome (PCOS) has been
reported using three main sets of diagnostic criteria known as the
National Institutes of Health (NIH) (Zawadski, 1992), Rotterdam
(Rotterdam ESHRE ASRM Sponsored PCOS consensus workshop
group, 2004) and Androgen Excess Society (AE-PCOS) (Azziz et al.,
2009) criteria. The Rotterdam criteria have been further broken
down into phenotypes A–D (Johnson et al., 2012). Each of these sets
of criteria requires determination of specific elements including oligo-
anovulation, clinical androgen excess and/or biochemical androgen
excess, with the Rotterdam and AE-PCOS criteria also taking into
account ultrasound assessment of ovarian morphology (Rotterdam
ESHRE ASRM Sponsored PCOS consensus workshop group, 2004;
Azziz et al., 2009).

Different PCOS prevalence estimates have been reported when
different sets of criteria have been applied to achieve a diagnosis
(Bozdag et al., 2016), with the highest prevalence estimates seen
when a measure of polycystic ovaries (PCO) is included as a diagnos-
tic component. Convenience sampling in several studies has also
been identified as biasing prevalence reporting (Bozdag et al., 2016).
Yet to be addressed is how different approaches to diagnosing oligo-
anovulation and androgen excess and the handling of systemic hor-
monal contraception impacts prevalence estimates within and
between sets of diagnostic criteria. The lack of standardization of the
diagnostic elements within each set of criteria is also an issue for clin-
ical practice, with clinicians uncertain as to what actually constitutes
clinical anovulation, and clinical and biochemical androgen excess in
order to diagnose PCOS (Dokras et al., 2017).

We have systematically reviewed all published studies that have
reported the prevalence of PCOS using at least one of the recognized
diagnostic criteria (NIH, Rotterdam and AE-PCOS), included at least

100 women and sampled from community-based populations. We
have evaluated the impact of the application of different definitions of
two clinical elements, anovulation and clinical androgen excess, within
each of the recognized sets of diagnostic criteria as well as considered
inclusion of polycystic ovaries (PCO) and the impact of including or
excluding women taking systemic hormonal contraception. The
objective was to determine whether stricter standardization of these
key elements within the recognized sets of diagnostic criteria would
provide greater consistency in diagnosis and harmonization of preva-
lence reporting.

Methods
This project was undertaken in accordance with the PRISMA checklist
(Moher et al., 2009), and was registered at PROSPERO (CRD42018084048).

Information sources
The literature was searched in January 2018, using Ovid MEDLINE,
EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL),
Emcare and BIOSIS, to identify all published studies reporting on the
prevalence of PCOS in an unselected population. The search terms
included polycystic ovary syndrome/, polycystic ovar*.mp., pcos.mp.,
stein-leventhal syndrome.mp., stein levelthal syndrome.mp., sclerocystic
ovary syndrome.mp., prevalence/, prevalen*.mp., polycystic ovary
syndrome/ep [Epidemiology]. The search was limited by ‘English language’
and ‘yr = 1990-current’. The bibliographies of articles identified in the
search were reviewed to ensure no relevant publications were missed.

Study selection
Included articles needed to define PCOS by at least one of the NIH,
Rotterdam or AE-PCOS criteria. As the earliest set of criteria for the
diagnosis of PCOS (NIH criteria) was published in 1990, the search was
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limited to publications from 1990. Studies were excluded if they were of
a select sample, for example, from a hospital clinic, included fewer than
100 women, did not describe the diagnostic criteria used, did not provide
prevalence data in sufficient detail to enable inclusion in the meta-
analysis, or were not available as a published peer reviewed original
research manuscript.

Data extraction
The titles and, if needed, the abstracts of the articles were reviewed
twice by one author (M.A.S.) and relevant articles were identified. The
full text articles were reviewed by M.A.S., S.R.D. and R.J.B. and a consen-
sus reached regarding inclusion. If data from the same study were pub-
lished more than once, only one paper was included. The table for data
extraction was designed by M.A.S. and reviewed by S.R.D. and R.J.B. The
final table included study size and age range, definitions of oligo-
anovulation, hyperandrogenism, hyperandrogenemia and PCO, manage-
ment of systemic hormone use and reported prevalence based on each
of the three sets of diagnostic criteria. Data was extracted by one author
(M.A.S.) and was cross-checked by all co-authors. Corresponding authors
for three papers were contacted and additional information was
requested. Responses were received from two. Data were extracted for
the primary outcome of prevalence of PCOS according to the NIH,
Rotterdam and AE-PCOS criteria. The secondary outcomes were the
effects of the variation in the definitions of ovarian dysfunction and hyper-
androgenism and consideration of systemic hormone use in the analyses
and the diagnosis of PCOS.

Risk-of-bias appraisal
The risk-of-bias of the included studies was assessed using a tool
designed for prevalence studies (Hoy et al., 2012). The risk-of-bias tool
evaluates external validity (items 1–4) and internal validity (items 5–10).
The tool comprises 10 items: (1) national representativeness, (2) target
population representativeness, (3) random selection or census under-
taken, (4) minimal non-response bias, (5) data collected from subjects,
(6) acceptable case definition used, (7) valid and reliable study instrument
used, (8) same mode of data collection for all subjects, (9) length of the
shortest prevalence period and (10) appropriateness of numerator(s) and
denominator(s) for the parameter, respectively. Item 9 was not relevant
to the studies in this review therefore this item was not included. A final
item provides a summary assessment by evaluating the overall risk of
study bias. This item is based on the author’s subjective judgement based
on the responses to the preceding nine items rated as low, moderate or
high risk.

Assessment of heterogeneity
The I2 statistic was used as a measure of heterogeneity both within and
between studies using each of the three sets of diagnostic criteria. I2

>75% was labelled as high heterogeneity (Higgins et al., 2003).

Statistical analysis
Meta-analysis was used to synthesize the prevalence estimate for PCOS.
The decision to perform a meta-analysis was made a posteriori to ensure
that sufficient studies with similar characteristics were available for meta-
analysis. Prevalence rates were calculated from raw data (n/N) reported
in the selected studies. The investigators were contacted for those stud-
ies in which raw data were missing or unclear. The random-effects
pooled estimate was calculated using weights based on inverted variances
of estimates from each study sample.

Subgroup analyses
Meta-regression was used to investigate pooled prevalence differences
between groups using different diagnostic criteria and between studies
using different elements of the diagnostic criteria: diagnostic criteria (NIH
vs Rotterdam vs AE-PCOS); NIH (oligo-amenorrhoea vs menstrual disor-
ders); Rotterdam (oligo-amenorrhoea vs menstrual disorders); NIH (hir-
sutism required vs at least one of acne, alopecia or hirsutism); Rotterdam
(hirsutism required vs at least one of acne, alopecia or hirsutism); and
management of systemic hormone use within studies that used NIH cri-
teria and Rotterdam criteria. The definition of menstrual and ovarian dys-
function and the definition of clinical hyperandrogenism varied between
studies. Whether variations in the definitions of anovulation and clinical
androgen excess impacted the prevalence estimates of PCOS was exam-
ined. Some studies applied the full Ferriman–Gallwey (F–G) score, that
includes 11 body areas, to assess hirsutism and others used a modified
F–G (mF–G) score, that includes 9 body areas. F–G vs mF–G and cut-off
scores of 6 vs 8 were examined within each of NIH and Rotterdam cri-
teria. Analysis of the impact of management of systemic hormone use on
prevalence assessments was also undertaken.

As all studies that reported prevalence according to the AE-PCOS cri-
teria also reported prevalence according to the Rotterdam criteria, only
subgroup analysis comparing NIH and Rotterdam criteria were con-
ducted. The decision to select the Rotterdam criteria over the AE-PCOS
criteria was based on the outcome of the 2012 NIH workshop which
recommended the use of the Rotterdam criteria over the other two
(Johnson et al., 2012). As the NIH classification does not include PCO as
a diagnostic characteristic, the Rotterdam and the AE-PCOS criteria
could not be applied to the seven studies that only used the NIH criteria.

All analyses were performed using statistical software package Stata
(version 15.0; StataCorp LP, College Station, TX, USA).

Results

Characteristics of included studies
Initially 6356 papers were identified (Fig. 1). After the removal of
duplicates, 3401 articles remained. Following review of the titles and,
if needed, the abstracts a further 3336 articles were excluded. The
remaining 65 articles were reviewed in full by M.A.S., S.R.D. and R.J.
B. and a consensus was reached on the exclusion of studies. Details
of the 21 included studies are presented in Table I. Excluded studies,
with reason for exclusion, are referenced in Table II.

The review includes four studies from China, three each from USA
and Iran and one from each of Greece, Australia, Sri Lanka, Mexico,
Brazil, Turkey, Israel, India, Spain, Spain/Italy and Denmark.

The smallest included study had 137 participants (Musmar et al.,
2013) and the largest had 15 924 (Li et al., 2013), resulting in 31 104
women contributing information over the 21 studies. The age of the
participants ranged from 12 to 49 years. All included studies enrolled
women specifically to participate in a study of PCOS, not for another
purpose. Some studies included imputed data for women who did
not participate in all assessments or for women with missing data
thus enabling these studies to calculate prevalence based on the lar-
gest possible number. To maintain consistency, only original preva-
lence data were included in the current analyses.

Fourteen of the 21 studies reported prevalence according to the
NIH criteria and 12 studies reported prevalence according to the
Rotterdam criteria. One study (Moran et al., 2010) which reported
prevalence according to both the NIH and Rotterdam criteria, did

696 Skiba et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

upd/article-abstract/24/6/694/5060512 by M
onash U

niversity Library user on 21 February 2019



not include women with hyperandrogenism and PCO, which may
have led to underestimation of the prevalence of PCOS. Therefore,
data on prevalence according to the Rotterdam criteria from Moran
et al. (2010) were not included. Seven studies reported their preva-
lence estimates to be according to the AE-PCOS criteria and five
studies reported by all three criteria.

Eight of the fourteen studies that included PCO (defined by the
Rotterdam criteria as the presence of 12 or more follicles measuring
2–9 mm in diameter or increased ovarian volume (>10 ml) in one
ovary (Balen et al., 2003)) in the diagnosis defined PCO as ≥12 folli-
cles that were 2–9 mm and/or an ovarian volume of >10 cm3 or
>10 ml in one or both ovaries (Kumarapeli et al., 2008; Tehrani
et al., 2011b; Gabrielli and Aquino, 2012; Yildiz et al., 2012; Li et al.,
2013; Joshi et al., 2014; Rashidi et al., 2014; Zhuang et al., 2014). A
further two studies defined PCO as ≥12 follicles that were 2–10 mm
and/or an ovarian volume of >10 ml in one or both ovaries (Chang
et al., 2011; Lauritsen et al., 2014). One study defined PCO as either
≥12 follicles that were 2–10 mm or an ovarian volume of >10 cm3

(March et al., 2010). One study required ≥12 follicles that were

2–9 mm regardless of ovarian volume (Moran et al., 2010). Two stud-
ies did not specify the number of follicles used to diagnose PCO
(Chen et al., 2008; Jiao et al., 2014). Seven studies did not specify the
frequency of ultrasound used (Chen et al., 2008; Kumarapeli et al.,
2008; Tehrani et al., 2011b; Li et al., 2013; Joshi et al., 2014;
Lauritsen et al., 2014; Rashidi et al., 2014) and one study used MRI
(Chang et al., 2011). None of the studies reported using a high reso-
lution vaginal ultrasound probe (8 MHtz) transducer. There was no
consistency in the definition of menstrual or ovarian dysfunction.
Some studies were limited to oligo-amenorrhoea. Other studies
reported on menstrual dysfunction, which included women with both
short and long menstrual cycles. The two most common definitions
for oligo-amenorrhoea were <8 cycles per year, with or without spe-
cified minimum or maximum cycle lengths, and a cycle length of
more than 35 days. A number of other definitions were also used for
this parameter.

Using the F–G score, four studies classified women as hirsute if
they had excess hair growth in six or more areas and one study
required women to have excess hair growth in eight or more areas.
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Figure 1 Selection of included studies according to PRISMA.
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Table I Characteristics of the included studies.

Author (year);
country; risk-of-
bias (items
ranked high)b

Participant
recruitment

Sample size
(age range in
years)

MD/Oligo-anovulation
/OD

Hyperandrogenism Hyperandrogenemia PCO Management of
hormonal use

Prevalence
% (NIH/
Rotterdam/
AE-PCOS)

Oligo-amenorrhoea

Knochenhauer
et al. (1998); USA
1, 3, 4

Pre-employment
physical exam at
a University

277 (18–45) ≤8 Menstrual cycles/yr Hirsutism (mF–G ≥ 6)
or acne

T, A4 and/or DHEAS
> 95th percentile of the
women studied

NA Included in the study but
not in the analysis
(prevalence imputed)

4.0
NA
NA

Diamanti-
Kandarakis et al.
(1999); Greece 1,
3, 4

Residence of
Lesbos recruited
by advertisement
that did not
specify PCOS

192 (17–45) <8 Cycles/yr cHirsutism (F–G ≥ 6),
Acne

FT > 95th percentile in
the women without
PCOS in the study

NA None of the women in
the study were on the
pill. Does not explain
how that is the case.
Probably an exclusion

6.7
NA
NA

Asuncion et al.
(2000); Spain 1, 4

Volunteers at a
hospital based
blood donor
centre

154 (18–45) >6 Cycles/yr and/or no
bleeding for 3 consecutive
months

Hirsutism (mF–G ≥ 8)
and/or Acne and/or
Androgenic alopecia

T, DHEAS and/or FAI
> 95th percentile for
the women studied

NA Included with no
adjustment

6.5
NA
NA

Kumarapeli et al.
(2008); Sri Lanka 1

Community
based cluster
sampling from
Gampaha

2 915 (15–39) Absence of menstruation for
≥35 days

Hirsutism (F–G ≥ 8)
with or without acne
and/or alopecia

T 2 SD above the mean
of normal women

Ovarian volume
>10 cm3 and/or 12
or more 2–9 mm
follicles

Excluded NA
6.3
NA

Chang et al.
(2011); USA 1,
4, 7

Probability cohort
of the Dallas
Heart study

697 (35–49) Length of cycle >45 days or
averaging >45 days from the
age of 20–30

Hirsutism (Treatment
of unwanted hair)

Total testosterone
between 2.78 and
6.94 nmol/l

>12 Follicles between
2 and 10 mm or
ovarian volume
>10 ml in either ovary
with no cyst >10 mm

Not reported NA
20.6
NA

Tehrani et al.
(2011a); Iran 1

Randomly
selected from the
Tehran Lipid and
Glucose Study

1 002 (18–45) Vaginal bleeding episodes at
no less than 35 day intervals
or serum progesterone level
<4 ng/ml on days 20–24.

Hirsutism (mF–G ≥ 8)
or acne or androgenic
alopecia

FAI, DHEAS or A4
>95th percentile of 49
women in the study
without PCOS

NA Included in the study but
not the analysis (asked
about pre-contraceptive
regularity)

8.5
NA
NA

Tehrani et al.
(2011b); Iran 1

Multi-stage
probability cluster
within the general
population

929 (18–45) Vaginal bleeding episodes at
no less than 35 day intervals.

Hirsutism (mF–G ≥ 8)
or acne or androgenic
alopecia

FAI, DHEAS or A4
>95th percentile of 362
women in the study
without PCOS

>12 Follicles in each
ovary, 2–9 mm in
diameter and/or
increased ovarian
volume (10 cm3)

Included in the study but
not the analysis (61 of
the 65 women on the
pill took it solely for
contraceptive purposes)

7.1
14.6
11.7

Sanchon et al.
(2012); Spain and
Italy 1, 2, 3

Volunteers at
hospital based
blood donor
centres

592
(Premenopausal
women—age
range not
provided)

>6 Cycles with a length of
>35 days/yr and/or no
bleeding for 3 consecutive
months

Hirsutism (mF–G ≥ 8)
or acne or androgenic
alopecia

Androgen levels above
95th percentile of
healthy women

NA Included in the study but
not the analysis

5.4
NA
NA

Li et al. (2013);
China

Multi layered,
stratified sample

15 924 (19–45) Cut off not reported ≥12 Follicles in either
ovary, measuring

Not reported NA
5.6
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of Han
population

<8 Cycles/yr or cycle >35
days. Absence of 3–6
consecutive cycles

Hirsutism (mF–G > 6)
with or without acne
and/or alopecia

2–9 mm and/or
ovarian volume of
each ovary >10 ml

NA

Musmar et al.
(2013); Israel 1,
3, 4

University
students
recruited via
advertising

137 (18–24) <8 Cycles/yr and/or
absence of menses for 6
months or more

Hirsutism (mF–G ≥ 8) Elevated FT NA Excluded 7.3
NA
NA

Joshi et al. (2014);
India 1, 4

Community
based random
sampling of
unmarried girls

600 (15–24) >35 Days and/or the
absence of period for at least
three cycles or 6 months.

Hirsutism (mF–G ≥ 8) Free Androgen Index
2 SD above the mean
level of normal controls

>12 Follicles
measuring 2–9 mm in
diameter ± ovarian
volume 10 cm3

Not reported NA
22.5
10.7

Jiao et al. (2014);
China 1, 3, 4, 8

Community
based sampling of
Han women

1 600 (19–45) Cycles last >35 days. cHirsutism (F–G ≥ 6),
acne, seborrhoeic
alopecia

Not reported The number of
2–9 mm follicles were
recorded

Excluded NA
8.25
NA

Zhuang et al.
(2014); China 1

Community
based cluster
sampling

1 645 (12–44) Cycles >35 days and no
cycle for 3 months

Hirsutism (F–G ≥ 6)
or acne

FT 2 SD above the
mean level in normal
controls

≥12 Follicles 2–9 mm
diameter and/or
ovarian volume
≥10 ml one or both
ovaries

Excluded 7.1
11.2
7.4

Lauritsen et al.
(2014); Lauritsen
et al. (2014);
Denmark 1, 3, 4

Hospital
employees

447 (20–40) Cycle length >35 days or
amenorrhoea

Hirsutism (mF–G ≥ 8) Elevated FT
(>0.034 nmol/l)

≥12 Follicles
2–10 mm in diameter
or ovarian volume
>10 ml in at least one
ovary

Included in the study but
not the analysis
(analysed separately—
not included in
prevalence calculation)

NA
16.6
NA

MD with short and long cycles

Azziz et al. (2004);
USA 1, 3, 4

New University
employees
attending pre-
employment
physical exam

347 (18–45) ≤8 Menstrual cycles/yr or
cycle <26 or >35 d or a d
22–24 (midluteal) P4 level of
less than 4 ng/ml in subjects
with cycles 26–35 d in length

cHirsutism (mF–G ≥
6), acne

T, A4 and/or DHEAS
> 95th percentile of 98
healthy women

NA Included in the study but
not the analysis
(Weighting was used for
women with possible
PCOS but details are
not clear.)

4.3
NA
NA

Chen et al. (2008);
China 1, 3

Annual medical
review

915 (20–45) ≤8 Menstrual cycles/yr, or
menstrual cycle <26 days or
>35 days in length

Hirsutism (mF–G ≥ 6)
or acne or alopecia

T, A4 and DHEAS >
95th percentile of the
women studied

US performed – no
criteria provided

Included with no
adjustment

NA
2.4
2.2

March et al.
(2010); Australia 1,
3, 4

Birth cohort 728 (27–34) Chronic amenorrhoea, or a
usual cycle length of <21
days or >35 days, or greater
than a 4-day variation
between cycles

Hirsutism (mF–G ≥ 8) Free T > 95th
percentile of 100
women without PCOS

Either 12 or more
follicles measuring
2–9 mm or increased
ovarian volume
(>10 cm) in at least
one ovary.

Included with no
adjustment (asked about
pre-contraceptive
regularity)

8.7
11.9
10.2

Moran et al.
(2010); Mexico 1,
2, 3, 4

Hospital
employees

150 (20–45) Cycles >35 days or <26
days, or if there was
amenorrhoea

Hirsutism (mF–G ≥ 8)
with or without acne

Androgen levels > +
1.96 SD in participants
without PCOS

12 Or more follicles
in each ovary
measuring <10 mm

Included in the study but
not the analysis

6
NAa

NA

Yildiz et al. (2012);
Turkey 1, 3

Employees of a
government
institution

392 (18–45) Menstrual cycles ≥35 or ≤
23 days

Hirsutism (mF–G ≥ 6) Any androgen
exceeding 95th

Antral follicle count
of ≥12 in 2–9 mm
diameter and/or

included with no
adjustment

6.1
19.9
15.3
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Table I Continued

Author (year);
country; risk-of-
bias (items
ranked high)b

Participant
recruitment

Sample size
(age range in
years)

MD/Oligo-anovulation
/OD

Hyperandrogenism Hyperandrogenemia PCO Management of
hormonal use

Prevalence
% (NIH/
Rotterdam/
AE-PCOS)

percentile of healthy
women

ovarian volume of
≥10 cm3 in a single
ovary

Gabrielli and
Aquino (2012);
Brazil 1

Community
based cervical
cancer screening

859 (18–45) History of oligo-
amenorrhoea (≥35 days);
AUB (bleeding >10 at
intervals <25 days)

Hirsutism (F–G ≥ 6)
or acne or alopecia

Total T > 95th
percentile of normal
women evaluated in the
study.

>12 Follicles
measuring 2–9 mm in
diameter and/or
follicles with a volume
>10 cm3

Excluded 8.0
8.5
NA

Rashidi et al.
(2014); Iran 1, 4

Multi-stage
probability cluster

602 (18–45) >35 days or <26 days or
amenorrhoea

eHirsutism (mF–G ≥ 8),
acne

TT, FT, A4 and DHEAS
>95th percentile of
studied, non-PCOS
women

>12 Follicles of
2–9 mm diameter
and/or ovarian
volume (10 cm3)

Included in the study but
not the analysis

5.3
14.5
12.3

A4, Androstenedione; AE-PCOS, androgen excess and polycystic ovarian syndrome society; AUB, abnormal uterine bleeding; DHEAS, dehydroepiandrosterone sulphate; FAI, free androgen index; F–G, Ferriman–Gallwey score; FT, free
testosterone; mF–G, modified Ferriman–Gallwey score; MD, menstrual dysfunction; NIH, National Institute of Health; NA, not applicable; OD, ovulatory dysfunction; PCO, polycystic ovary; T, testosterone; US, ultrasound; yr, year.
aThe authors reported PCOS according to the Rotterdam criteria but as the review authors disagree with the definition used (women with hyperandrogenism and PCO were not included) the data is not being reported in this review.
bRisk of bias items 1–4 for external validity and items 5–10 for internal validity.
cUnclear whether women with acne only or alopecia only were classified as hyperandrogenemic or if women required hirsutism as a minimum.
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.............................................................................................................................................................................................

Table II Excluded studies.

Author (year) Participant (country) Reason for exclusion

Cheng et al. (2015) Han women (China) Same participants as Li et al. (2013)

Sung et al. (2010) Outpatients (Egypt) Conference abstract only

Sharif et al. (2017) College students (Qatar) Recruitment was via advertisement to the ‘PCOS study in Qatar
University’—sample therefore likely to be biased

Agrawal et al.
(2004)

Women’s clinics (England) High risk group—history of oligo-amenorrhoea was an inclusion criteria

Al Khaduri et al.
(2014)

Women who had had an ultrasound (Oman) Hospital based prevalence rather than community based prevalence

Attlee et al. (2014) Students (United Arab Emirates) Recruitment was via the convenience sampling technique outlined in
Polgar S, Thomas SA. Introduction to research in the health sciences. 5th
ed. Australia: Churchill Livingstone Elsevier; 2008; 51

Asgharnia et al.
(2011)

Multi-stage cluster sampling of students (Iran) Adolescent participants only

Balaji et al. (2015) Outpatients (India) Convenience sample—adolescent women attending a hospital clinic for
menstrual disorders were enroled

Bhuvanashree et al.
(2013)

Students from a number of schools (India) Only those suspected of PCOS were investigated

Boyle et al. (2012) Women enroled in the DRUID study which is looking at
prevalence of diabetes in indigenous people in Darwin
(Australia)

Hirsutism not used in the diagnosis of PCOS

Bruni et al. (2010) Outpatients with irregular menses (Italy) Adolescent participants only

Carmina et al.
(2006)

NA Not a prevalence paper

Christensen et al.
(2013)

Members of health care plan (USA) Adolescent participants only

Dargham et al.
(2017)

Recruited by advert from women in the Qatar biobank
(Qatar)

Criteria used not true NIH

Davis et al. (2002) Indigenous women (Australia) Sample size <100

Eilertsen et al.
(2012)

Women who had preterm babies (Norway) Select population—participants had all experienced a preterm birth

Esmaeilzadeh et al.
(2014)

High school students (Iran) Adolescent participants only

Gabrielli et al.
(2015)

Post-menopausal women from the ELSA-Brasil study
(Brasil)

Doesn’t use NIH/Rott/AE-PCOS Post-menopausal women

Gambineri et al.
(2013)

High school students (Italy) Not a PCOS study

Gill et al. (2012) Girls from three different colleges (India) Convenience sample—three colleges in a single city in India

Goodarzi et al.
(2005)

Women from a study with a parent with coronary artery
disease (USA)

Select population—all participant had at least one parent with coronary
artery disease.

Hashemipour et al.
(2004)

Multi-stage random sampling of high school girls in Isfahan
(Iran)

Adolescent participants only

Jenkins-Jones et al.
(2015)

Database data extraction (UK) Conference abstract

Kim et al. (2016) Sub-study of LIBCSP (USA) Not a prevalence study

Kristensen et al.
(2010)

Female offspring of a pregnancy cohort (Denmark) Not PCOS

Kuijper et al.
(2009)

Dizygotic twins and family members from twin registry
(The Netherlands)

No blood samples collected therefore women with clinical
hyperandrogenism are not included and prevalence not accurate.

Lindholm et al.
(2008)

Women from the WHO MONICA study (Sweden) Bloods not used in diagnosis of PCOS

Lo et al. (2006) Women insured with Kaiser Premanente (USA) Criteria used to diagnose PCOS not clear – based on diagnosis of PCOS
not NIH etc.

Lowe et al. (2005) Melbourne women (Australia) Definition of PCOS not provided

Continued
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Five studies required a score of ≥6 and 10 studies required a score
of ≥8 on the mF–G scale. The remaining study determined hirsutism
by asking questions about unwanted hair growth (Table I).

Prevalence of PCOS
Impact of including polycystic ovaries in the diagnosis
There were 34 prevalence estimates from 21 studies included in the
meta-analysis. The random-effects pooled prevalence of PCOS based
on NIH criteria was 7% (95% CI: 6–7%) (Fig. 2). When PCOS was
diagnosed with the Rotterdam and AE-PCOS criteria, the pooled
prevalence estimates were 12% (95% CI: 10–15%) and 10% (95% CI:
6–13%), respectively. Meta-regression showed a highly significant dif-
ference between diagnosis by the NIH and Rotterdam (5.6% [95%
CI: 2.6–8.6%; P < 0.0001]) criteria but no statistically significant dif-
ferences between diagnoses by the NIH and AE-PCOS (3.3% [95%
CI: −0.3 to 6.8%; P = 0.075]) or the Rotterdam and AE-PCOS (2.4%
[95% CI: −1.3 to 5.6%; P = 0.201]) criteria. The overall heterogen-
eity was large and significant (I2 = 95.4%, P < 0.0001) as was the
between group heterogeneity (P < 0.0001).

Menstrual dysfunction/oligo-anovulation/ovarian dysfunction
There were no significant differences in pooled prevalence esti-
mates between studies that used oligo-amenorrhoea and studies
that used menstrual disorders (which also included short cycles)

when the NIH criteria were used (7%, 95% CI: 6–8% vs 6%, 95%
CI: 5–8%, P = 0.507) (Fig. 3a). There was also no significant differ-
ence in the prevalence estimates when the Rotterdam criteria were
used (13%, 95% CI: 10–16% vs 11%, 95% CI: 5–17%, P = 0.790)
(Fig. 3b).

Clinical assessment of androgen excess
For the studies that used the NIH criteria, the pooled prevalence
of PCOS where hirsutism was required was 8%, 95% CI: 6–10%
and where clinical androgen excess could be any of hirsutism, acne
or alopecia it was 7%, 95% CI: 6–8% (Fig. 4a). For the studies that
used the Rotterdam criteria, the pooled prevalence of PCOS where
hirsutism was required was 14%, 95% CI: 7–21% and where any of
hirsutism, acne or alopecia was applied it was 15%, 95% CI:
12–17% (Fig. 4b). There was no significant difference between stud-
ies that required hirsutism and those that did not, irrespective
of the diagnostic criteria used (NIH, P = 0.504 and Rotterdam,
P = 0.952).

Comparisons between the most common cut-offs of ≥6 or ≥8 for
either F–G score or mF–G score were undertaken for studies that
used the NIH criteria and for studies that used the Rotterdam cri-
teria. There was no significant difference in the prevalence estimates
for any of the cut-off points of F–G score or mF–G score (Table III).

.............................................................................................................................................................................................

Table II Continued

Author (year) Participant (country) Reason for exclusion

Ma et al. (2010) Residents of Beijing and women attending the
reproductive clinic of Peking University (China)

Recruitment partially through a hospital based, reproductive clinic.

Mehrabian et al.
(2011)

Mandatory pre-marriage screening clinic (Iran) Only reported prevalence percentages and didn’t provide full details on
the number of cases

Michelmore et al.
(1999)

Recruited by letter about ‘Women’s health issues’ (UK) Didn’t use NIH, Rotterdam or AE-PCOS criteria

Mueller et al.
(2008)

FTM transsexuals (The Netherlands) Select sample—female-to-males transsexuals

Mumm et al.
(2013)

Linked data (Denmark) Did not use NIH, Rotterdam or AE-PCOS criteria

Nair et al. (2012) Girls with confirmed menstrual irregularity (India) Adolescent participants only

Nidhi et al. (2011) Students from a residential college (India) Adolescent participants only

Okoroh et al.
(2012)

De-identified, commercial database (USA) Definitions not consistent with established diagnostic criteria

Pan et al. (2015) De-identified Database (Taiwan) Women coded with a PCOS diagnosis—didn’t use NIH, Rotterdam or
AE-PCOS criteria

Salehpour et al.
(2010)

Adolescence (Iran) Adolescent participants only unable to determine criteria to diagnoses
PCOS

Sanad et al. (2014) Fertile and infertile women (Egypt) Very select population—recruitment partially through a hospital based
fertility clinic

Sirmans et al.
(2014)

Medicaid eligible women (USA) Claims for PCOS—does not fit NIH, Rotterdam or AE-PCOS

Teede et al. (2013) Women from the ALSWH study (Australia) Self-reported PCOS therefore doesn’t fit NIH, Rotterdam or AE-PCOS

Bharathi et al.
(2017)

Urban and rural women (India) self-reported symptoms (no ultrasound)

Villarroel et al.
(2015)

Adolescence (Chile) Not a prevalence study
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Biochemical androgen excess
There was considerable variation in the definition of biochemical
hyperandrogenism. Some studies used testosterone (T) or free T
alone, while others used a combination of androgen levels including
T, free T, dehydroepiandrosterone sulphate (DHEAS) and/or the

free androgen index (FAI). In most cases, the level at which these
reached ‘excess’ was the 95th percentile or 2 standard deviations
above the average level (Table I). Consequently, it was not possible
to explore the assessment of biochemical hyperandrogenism
further.

Heterogeneity between groups: p = 0.000

Overall  (I2 = 95.14%, p = 0.00);

March, WA et al. (2010)

Yildiz, BO et al. (2012)

Kumarapeli, V et al. (2008)

Subtotal  (I2 = 52.34%, p = 0.01)

Chang, AY et al. (2011)

Lauritsen, MP et al. (2014)

Tehrani, FR et al. - B (2011)

Rashidi, H et al. (2014)

Rashidi, H et al. (2014)

Asuncion, M et al. (2000)

Zhuang, J et al. (2014)

NIH

Chen, X et al. (2008)

Subtotal  (I2 = 96.44%, p = 0.00)

Yildiz, BO et al. (2012)

Zhuang, J et al. (2014)

Joshi, B et al. (2014)

Azziz, R et al. (2004)

Musmar, S et al. (2013)

Zhuang, J et al. (2014)

Jiao, J et al. (2014)

Moran, C et al. (2010)

Li, R et al. (2013)

Gabrielli, L et al. (2012)

Diamanti-Kandarakis, E et al. (1999)

Subtotal  (I2 = 97.52%, p = 0.00)

Chen, X et al. (2008)

Tehrani, FR et al. - B (2011)

March, WA et al. (2010)

March, WA et al. (2011)

Joshi, B et al. (2010)

Knochenhauer, ES et al. (1998)

Gabrielli, L et al. (2012)

Tehrani, FR et al. - B (2011)

AE-PCOS

Sanchon, R et al. (2012)

Rashidi, H et al. (2014)

Rotterdam

Tehrani, FR et al. - A (2011)

Yildiz, BO et al. (2012)

0.09 (0.08, 0.10)

0.09 (0.07, 0.11)

0.20 (0.16, 0.24)

0.06 (0.05, 0.07)

0.07 (0.06, 0.07)

0.21 (0.18, 0.24)

0.17 (0.13, 0.20)

0.12 (0.10, 0.14)

0.12 (0.09, 0.15)

0.05 (0.03, 0.07)

0.06 (0.03, 0.12)

0.07 (0.06, 0.09)

0.02 (0.02, 0.04)

0.10 (0.06, 0.13)

0.15 (0.12, 0.19)

0.11 (0.10, 0.13)

0.22 (0.19, 0.26)

0.04 (0.02, 0.07)

0.07 (0.04, 0.13)

0.07 (0.06, 0.08)

0.08 (0.07, 0.10)

0.06 (0.03, 0.11)

0.06 (0.05, 0.06)

0.08 (0.07, 0.11)

0.07 (0.04, 0.11)

0.12 (0.10, 0.15)

0.02 (0.01, 0.03)

0.15 (0.12, 0.17)

0.12 (0.10, 0.15)

0.10 (0.08, 0.13)

0.11 (0.08, 0.13)

0.04 (0.02, 0.07)

0.08 (0.06, 0.10)

0.07 (0.06, 0.09)

0.05 (0.04, 0.08)

0.14 (0.11, 0.17)

0.08 (0.07, 0.10)

0.06 (0.04, 0.09)

0 .1 .2 .3
Proportion

Effect Size (95% CI)Study

Figure 2 Prevalence of polycystic ovary syndrome (PCOS) by diagnostic criteria. (NIH, National Institute of Health; AE-PCOS, Androgen Excess
and PCOS Society.)
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Heterogeneity between groups: p = 0.769

Overall  (I2 = 52.34%, p = 0.01);

Sanchon, R et al. (2012)

Tehrani, FR et al. - B  (2011)

Tehrani, FR et al. - A  (2011)

Oligomenorrhea

Subtotal  (I2 = 66.17%, p = 0.01)

Gabrielli, L et al. (2012)

Rashidi, H et al. (2014)

Moran, C et al. (2010)

Yildiz, BO et al. (2012)

Menstrual Dysfunction

Azziz, R et al. (2004)

Musmar, S et al. (2013)

March, WA et al. (2010)

Knochenhauer, ES et al. (1998)

Subtotal  (I2 = 41.97%, p = 0.10)

Diamanti-Kandarakis, E et al. (1999)

Asuncion, M et al. (2000)

Zhuang, J et al. (2014)

0.07 (0.06, 0.07)

0.05 (0.04, 0.08)

0.07 (0.06, 0.09)

0.08 (0.07, 0.10)

0.06 (0.05, 0.08)

0.08 (0.06, 0.10)

0.05 (0.03, 0.07)

0.06 (0.03, 0.11)

0.06 (0.04, 0.09)

0.04 (0.02, 0.07)

0.07 (0.04, 0.13)

0.09 (0.07, 0.11)

0.04 (0.02, 0.07)

0.07 (0.06, 0.08)

0.07 (0.04, 0.11)

0.06 (0.03, 0.12)

0.07 (0.06, 0.08)

0 .05 .1 .15 .2 .25

Proportion

Heterogeneity between groups: p = 0.621

Overall  (I2 = 97.52%, p = 0.00);

Kumarapeli, V et al. (2008)

Subtotal  (I2 = 97.53%, p = 0.00)

Subtotal  (I2 = 97.81%, p = 0.00)

Lauritsen, MP et al. (2014)

Jiao, J et al. (2014)

Joshi, B et al. (2010)

Zhuang, J et al. (2014)

Chen, X et al. (2008)

Chang, AY et al. (2011)

Menstrual Dysfunction

Rashidi, H et al. (2014)

March, WA et al.  (2011)

Tehrani, FR et al. - B (2011)

Gabrielli, L et al. (2012)

Li, R et al. (2013)

Oligomenorrhea

Yildiz, BO et al.  (2012)

0.12 (0.10, 0.15)

0.06 (0.05, 0.07)

0.11 (0.05, 0.17)

0.13 (0.10, 0.16)

0.17 (0.13, 0.20)

0.08 (0.07, 0.10)

0.22 (0.19, 0.26)

0.11 (0.10, 0.13)

0.02 (0.02, 0.04)

0.21 (0.18, 0.24)

0.14 (0.11, 0.17)

0.12 (0.10, 0.15)

0.15 (0.12, 0.17)

0.08 (0.07, 0.11)

0.06 (0.05, 0.06)

0.20 (0.16, 0.24)

0 .05 .1 .15 .2 .25

Proportion

Study Effect Size (95% CI)

Effect Size (95% CI)Study

(a)

(b)

Figure 3 Prevalence of polycystic ovary syndrome (PCOS) in studies that used oligo-amenorrhoea vs studies that used menstrual dysfunction
including short cycles: (a) diagnosed with the NIH criteria and (b) with the Rotterdam criteria.
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Hormonal contraception use
The impact of systemic hormonal contraception on prevalence
reporting was also investigated. Women using hormonal contracep-
tion were excluded from six of the studies (Diamanti-Kandarakis

et al., 1999; Kumarapeli et al., 2008; Gabrielli and Aquino, 2012;
Musmar et al., 2013; Jiao et al., 2014; Zhuang et al., 2014) or were
excluded from the analysis in a further five studies (Knochenhauer
et al., 1998; Azziz et al., 2004; Moran et al., 2010; Lauritsen et al.,

Heterogeneity between groups: p = 0.380

Overall  (I2 = 27.78%, p = 0.22);

Asuncion, M et al. (2000)

Tehrani, FR et al. - A  (2011)

Hirsutism

Sanchon, R et al. (2012)

Hirsutism+

Tehrani, FR et al. - B  (2011)

Subtotal  (I2 = .%, p = .)

March, WA et al. (2010)

Musmar, S et al. (2013)

Subtotal  (I2 = 48.82%, p = 0.12)

Moran, C et al. (2010)

0 .1 .2

Proportion

Heterogeneity between groups: p = 0.899

Overall  (I2 = 97.27%, p = 0.00);

Hirsutism

Kumarapeli, V et al. (2008)

March, WA et al. (2010)

Subtotal  (I2 = 97.49%, p = 0.00)

Tehrani, FR et al. - B  (2011)

Joshi, B et al. (2014)

Lauritsen, MP et al. (2014)

Hirsutism+

0.07 (0.06, 0.08)

0.06 (0.03, 0.12)

0.08 (0.07, 0.10)

0.05 (0.04, 0.08)

0.07 (0.06, 0.09)

0.08 (0.06, 0.10)

0.09 (0.07, 0.11)

0.07 (0.04, 0.13)

0.07 (0.06, 0.08)

0.06 (0.03, 0.11)

0.14 (0.08, 0.20)

0.06 (0.05, 0.07)

0.12 (0.10, 0.15)

0.14 (0.07, 0.21)

0.15 (0.12, 0.17)

0.22 (0.19, 0.26)

0.17 (0.13, 0.20)

0 .1 .2

Proportion

(a)

(b)

Study

Study

Effect Size (95% CI)

Effect Size (95% CI)

Figure 4 Prevalence of polycystic ovary syndrome (PCOS) in study where hirsutism was required vs studies where at least one of acne, alopecia
or hirsutism were required: (a) diagnosed with the NIH criteria and (b) diagnosed with the Rotterdam criteria.
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2014; Rashidi et al., 2014). Five studies included women receiving sys-
temic hormonal contraception with no adjustment (Asuncion et al.,
2000; Chen et al., 2008; March et al., 2010; Sanchon et al., 2012;
Yildiz et al., 2012). For two studies (Tehrani et al., 2011a,b), it was
unclear whether women on systemic hormonal contraception were
included in the prevalence assessment or not. The remaining three
studies (Chang et al., 2011; Li et al., 2013; Joshi et al., 2014) did not
state how hormonal contraception use was managed (Table I).

Comparisons of prevalence between studies that stated women
using systemic contraception were included vs studies that stated
that these women were excluded for both the NIH criteria (P =
0.373) and the Rotterdam criteria (P = 0.905) showed no statistical
difference.

Risk-of-bias
The high risk items identified for each study are listed in the first col-
umn of Table I.

No studies had a high risk-of-bias for both external and internal
validity items. Nine studies had a high risk-of-bias score for external
validity and a low risk-of-bias score for internal validity
(Knochenhauer et al., 1998; Diamanti-Kandarakis et al., 1999; Azziz
et al., 2004; March et al., 2010; Moran et al., 2010; Sanchon et al.,
2012; Musmar et al., 2013; Jiao et al., 2014; Lauritsen et al., 2014).
Six studies had a medium risk-of-bias score for external validity and a
low risk-of-bias score for internal validity (Asuncion et al., 2000;
Chen et al., 2008; Chang et al., 2011; Yildiz et al., 2012; Joshi et al.,
2014; Rashidi et al., 2014). The remaining six studies had a low risk-
of-bias score for both external and internal validity (Kumarapeli et al.,
2008; Tehrani et al., 2011a,b; Gabrielli and Aquino, 2012; Li et al.,
2013; Zhuang et al., 2014) (Table IV).

Risk-of-bias scores do not appear to be associated with extremes
in prevalence reporting. Of the studies that reported the highest
prevalence for each of the criteria (March et al., 2010; Yildiz et al.,
2012; Joshi et al., 2014), only March et al. had a high risk-of-bias
score for external validity and a low risk-of-bias score for internal
validity. Both Joshi et al. and Yildiz et al. had a medium risk-of-bias
score for external validity and a low risk-of-bias score for internal
validity.

Discussion

Principal findings
The pooled prevalence estimates of PCOS for each of the NIH,
Rotterdam and AE-PCOS criteria from the studies included in this
systematic review are similar to those previously reported (Bozdag
et al., 2016). A novel contribution is the demonstration of statistically
significant differences in the pooled prevalence estimates between
the NIH criteria and the Rotterdam, with no statistically significant
difference between NIH and AE-PCOS or Rotterdam and AE-PCOS.
Examination of the varying definitions of the clinical elements within
the sets of diagnostic criteria did not demonstrate any effect on the
pooled prevalence estimates.

The three recognized sets of diagnostic criteria examined in this
study were developed to guide clinical diagnosis and research into
PCOS. The original NIH (Zawadski, 1992) and Rotterdam criteria
(Rotterdam ESHRE ASRM Sponsored PCOS consensus workshop
group, 2004) did not specify how each diagnostic element should be
defined. In a subsequent publication (Broekmans et al., 2006) the
Rotterdam criteria limited anovulation to oligo-amenorrhoea, defined
androgen excess as a F–G score of ≥9 or a FAI > 4.5, and PCO as
≥12 follicles (2–9mm) and/or ovarian volume >10 cm3 for at least
one ovary. The AE-PCOS criteria (Azziz et al., 2009) introduced the
inclusion of short cycles as evidence for anovulation, but provided no
specific definition of hirsutism or PCO. Furthermore, the AE-PCOS
panel considered acne and alopecia to be ‘unreliable signs’ of androgen
excess and noted that ultrasound examination may provide false posi-
tive reports of PCO (Azziz et al., 2009).

Our systematic review documents lack of adherence to the recog-
nized PCOS diagnostic criteria across the included studies. For
example, five studies that stated they reported prevalence according
to the Rotterdam criteria included women with short cycles, and
none of the studies applied an F–G score cut-off of ≥9 to diagnose

........................................................................................

Table III Comparison of hirsutism criteria by
diagnostic criteria.

Comparison Number of studies
(number of
women)

Significance
P

NIH criteria

F–G ≥ 6 vs F–G ≥ 8a 0 NA

F–G ≥ 8a vs mF–G ≥ 6 0 NA

F–G ≥ 8a vs mF–G ≥ 8 0 NA

mF–G ≥ 6 vs mF–G ≥8 3 (2 314) vs 8 (4 294) 0.413

F–G ≥ 6 vs mF–G ≥ 6 2 (1 051) vs 3 (2 314) 0.235

F–G ≥ 6 vs mF–G ≥ 8 2 (1 051) vs 8 (4 294) 0.518

Rotterdam criteria

F–G ≥ 6 vs F–G ≥ 8 3 (18 383) vs 2 (3 262) 0.282

F–G ≥ 8 vs mF–G ≥ 6 2 (3 262) vs 3 (2 952) 0.922

F–G ≥ 8 vs mF–G ≥ 8 2 (3 262) vs 5 (3 306) 0.121

mF–G ≥ 6 vs mF–G ≥ 8 3 (2 952) vs 5 (3 306) 0.124

F–G ≥ 6 vs mF–G ≥ 6 3 (18 383) vs 3 (2 952) 0.271

F–G ≥ 6 vs mF–G ≥ 8 3 (18 383) vs 5 (3 306) 0.518

aNo studies that used the NIH criteria assessed hirsutism with F–G ≥8, therefore,
these comparisons could not be done.
NA: Not applicable.

.............................................

........................................................................................

Table IV Review of authors’ subjective judgements
about the overall risk of bias for each included study.

Risk of bias Bias in external validity

Bias in internal validity Low Medium High

Low 6 6 9

Medium – – –

High – – –

External validity: 0–1/4 = low; 2/4 = medium; 3–4/4 = high.
Internal validity: 0–1/4 = low; 2/4 = medium; 3–4/4 = high.
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hirsutism as recommended by Rotterdam. If consistent application of
the Rotterdam criteria is challenging in the research setting, this has
implications for its application in the real world which further raises
doubts about its utility as a diagnostic framework.

The meta-analyses showed no significant differences in pooled
prevalence estimates with the application of different cut-offs for the
F–G and mF–G. However, we had limited power to show a differ-
ence. It is possible a difference could be demonstrated when different
versions and cut-offs of the F–G scale were applied in the same study
sample. Similarly, the meta-analyses do not provide certainty that
excluding women with acne or alopecia, but without hirsutism, from
being classified as having hyperandrogenism does not significantly
impact PCOS prevalence.

The higher pooled prevalence estimates with the Rotterdam and
AE-PCOS criteria reflects the inclusion of PCO morphology. We
were unable to do subgroup analyses pertaining to the reporting of
PCO due to the diversity in the criteria used to define PCO. It has
been recently recommended that with high resolution ultrasound
(transducer frequency ≥8 MHtz) the threshold for diagnosing PCO
be increased to at least 25 follicles per ovary (Dewailly et al., 2014;
Martins et al., 2014). It has also been proposed that ovarian volume
of >10 ml be used over follicle count when high resolution ultrasound
is unavailable (Dewailly et al., 2014). Eight studies did not describe
how the ovaries were examined, and of those that did, none
reported using a high frequency transducer. We do not know how
many applied a diagnosis of PCO based on ovarian volume. Although
we excluded studies limited to adolescents, four included studies had
adolescents in their samples. This may have inflated the prevalence
estimate when the Rotterdam criteria was used as both oligo-
anovulation and PCO are not uncommon in adolescent girls (Clayton
et al., 1992; Johnstone et al., 2010). Of note, the highest prevalence
estimates by the Rotterdam criteria were reported by one study that
included adolescents (Joshi et al., 2014), one study that used MRI
(Chang et al., 2011) and another that included rectal ultrasound to
examine ovarian morphology (Yildiz et al., 2012).

Both the inclusion and exclusion of OCP users may have led to
underestimation of PCOS prevalence. Systemic contraception use
may mask the symptoms and reduce ovarian follicle count, and exclu-
sion risks systemic contraception users with PCOS not being included
in the PCOS prevalence estimate. Consequently, an algorithm is
needed to enable women using systemic hormones to be included in
future PCOS prevalence studies.

The prevalence of PCOS may truly vary among populations and
geography. Ding et al. (2017) suggested PCOS might be least com-
mon in Chinese women and most common in Black women, but also
commented on the heterogeneity in the application of the diagnostic
criteria as a likely source of both over- and under-diagnosis of PCOS.
In the present systematic review, variation in diagnostic criteria used,
as well as parameters such as whether adolescents were included or
not, or how women using the OCP were handled in the estimate of
prevalence, precluded a meaningful assessment of the impact of race
or ethnicity. Importantly, before the prevalence of PCOS can be
compared between ethnicities, ethnic-specific diagnostic criteria need
to be established. Whereas the cut-off for the scoring of hirsutism
might need to be lowered for East Asians (Huang and Yong, 2016), a
higher upper limit of normal for blood androgen levels might be
required for Asian populations (Crawford et al., 2009).

The only guidance to diagnosing biochemical androgen excess for
the Rotterdam criteria (Broekmans et al., 2006), used the FAI to clas-
sify women as having biochemical androgen excess. The included
studies used a variety of different androgens to diagnose hyperandro-
genemia. Although T and the FAI may identify women with PCOS,
there are new data to suggest androstenedione may be a more
robust indicator (Pasquali et al., 2016). Androstenedione levels were
not reported in any of the included studies. Furthermore, different
assays and reference ranges were used to determine biochemical
androgen status. Diagnostic clarity as to what constitutes androgen
excess is sorely needed.

Strengths
Strengths of this systematic review are the inclusion of studies of
non-clinical samples with minimal bias to optimize external validity.
Further, studies of <100 participants were excluded to optimize
robustness. An important feature of this review is that it identified
potential sources of bias and for the studies where sufficient data was
provided, their potential impact was assessed.

Limitations
The main limitation was the small number of studies that provided
sufficient data to undertake comparisons for the elements within
each set of diagnostic criteria. Furthermore, incomplete methodo-
logical details in the included studies, such as missing information for
definitions of oligo-anovulation, androgen excess and management of
systemic contraception-users in their analyses, limited our ability to
fully explore the potential impact of each diagnostic element. None
of the studies used high resolution ultrasound such that we are
unable to comment on potential over-diagnosis of PCO morphology.

Conclusion
PCOS remains a nebulous condition. This review demonstrates loose
interpretation of the recognized sets of diagnostic criteria, which are
primarily based on expert opinion, in studies reporting prevalence of
PCOS. Heterogeneity in prevalence estimates for each set of criteria
reflect the broad clinical spectrum of the condition, lack of standard-
ization of the elements within each set of diagnostic criteria and with
that the use of a range of diagnostic cut-offs as well as potential dif-
ferences between study populations. The uncertainty surrounding the
diagnosis of PCOS urgently needs to be addressed in order to pro-
vide clinicians and their patients with greater diagnostic certainty and
hence reduce inappropriate labelling and the potential psychological
harm that may accompany misdiagnosis.
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