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Prevalence of Polycystic Ovary Syndrome in European countries and USA:

a systematic review and meta-analysis.

ABSTRACT

We conducted a systematic review and meta-analyses of the prevalence of Polycystic Ovary
Syndrome (PCOS) and the frequency of its phenotypes in Europe and the USA, also focusing on
temporal trends of the condition, to compare the PCOS prevalence among populations with a similar
level of diagnostic resources availability and attitudes toward health problems, to improve
comparability of estimates. We considered Europe and USA, two high-income areas with these
characteristics.

The overall PCOS prevalence according to the NIH1990, ESHRE/ASRM 2003, AES-PCOS diagnostic
criteria was respectively 6.2 % (95%Cl 5.3-7.0), 19.5 % (95%Cl 17.3-21.6), and 15.0 % (95%CI 12.9-
17.1), with no appreciable heterogeneity across geographic areas. Phenotype A, the “complete
PCOS”, showed higher prevalence in all areas (44.8%, 95%Cl 40.3-49.3), followed by phenotype D,
called “non-hyperandrogenic PCOS” (19.5%), phenotype C termed as “ovulatory PCOS” (16.2%), and
phenotype B, presenting as phenotype A but without polycystic ovarian morphology (14.9%). In all
the studies analysing temporal trends of PCOS, an increase in prevalence of PCOS was reported,
due, at least in part, to changing diagnostic criteria.

The prevalence of PCOS is similar in European countries and the USA. Interestingly, some differences
in the frequency of PCOS phenotypes emerged between the two areas with a higher frequency of
phenotype A and a lower one of phenotype C in the USA. Recognizing the factors which explain
these differences would lead to a better understanding of the etiopathogenesis and the clinical

expression of PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCQOS) is a common endocrine disorder among women of reproductive
age characterized by androgen excess, ovulatory dysfunction, and polycystic ovarian morphology
(PCOM). Its diagnostic criteria have been repeatedly changing, thus creating uncertainty on the
prevalence of PCOS. In 1990, the National Institutes of Health (NIH) first suggested diagnostic
criteria for PCOS, where a combination of chronic anovulation and androgen excess were required
for the diagnosis. In 2003, a consensus conference held in Rotterdam by the European Society of
Human Reproduction and Embryology (ESHRE) and the American Society for Reproductive Medicine
(ASRM), proposed new diagnostic criteria (Rotterdam 2004) based on the presence of at least two
of the followings criteria: the presence of hyperandrogenism, chronic ovulatory dysfunction and
ultrasound characteristics of polycystic ovaries. In 2006 the Androgen Excess Society (AES) proposed
a new definition of PCOS as a disorder predominantly of androgen excess (mandatory),
characterized by the presence of clinical and/or biochemical hyperandrogenism in addition to
ovulatory dysfunction, such as oligo-/anovulation or PCOM. To maximize the comparability in
research, in 2012 the NIH Evidence-based Methodology Workshop Panel on PCOS proposed to
maintain the broad inclusive diagnostic criteria of ESHRE/ASRM 2003 and to identify four
subphenotypes[1]. Phenotypes A and B are often called “classic PCOS”: women with
hyperandrogenism, ovulatory dysfunction, and with (phenotype A) or without (phenotype B) PCOM.
Phenotype C, known as “ovulatory PCOS”, is characterized by hyperandrogenism and PCOM without
ovulatory dysfunction. In phenotype D, termed “non-hyperandrogenic PCOS”, women have
ovulatory dysfunction and PCOM without hyperandrogenism.

Finally, the 2018 International Guidelines for PCOS endorsed the ESHRE/ASRM criteria with one
restatement: an ultrasound is not needed for diagnosis if the patient has irregular menstrual cycles
and hyperandrogenism is present, but it is still recommended for phenotyping [2].

These changes in the diagnostic criteria have markedly affected estimates of PCOS prevalence in
epidemiological studies. In 2016, in a systematic review and meta-analysis, Bozdag et al. analysed
the PCOS prevalence estimates according to the three diagnostic criteria, NIH, ESHRE/ASRM, and
AES guidelines [3]: the reported overall prevalence of PCOS according to the three diagnostic criteria
was 6%, 10%, and 10%, respectively. In another systematic review and meta-analysis, the pooled
prevalence of PCOS in studies that used NIH criteria was 7%, whereas with ESHRE/ASRM criteria was

12% and with AES criteria was 10% [4]



Some differences in the prevalence of PCOS were reported across geographic areas; high-income
countries (e.g., Europe and North America) generally showed higher rates than Asian ones.
However, a lower frequency of hirsutism was observed in studies conducted in the East Asian region
[3,5]. Differences in lifestyle habits and in the prevalence of obesity and metabolic syndrome may
explain, partially, this variability. Further, different access to healthcare in different geographic
areas and availability of diagnostic resources, which are more frequently accessible in high-income
countries, may also affect prevalence estimates. A way to reduce these biases is to compare the
prevalence of PCOS among populations living in areas with a similar level of diagnostic resources
availability and attitudes toward health problems. Europe and USA are two high-income areas with
these characteristics.

In this perspective, we conducted a systematic review and meta-analysis of the prevalence of PCOS
and the frequency of its phenotypes, also focusing on temporal trends of the condition, in different

areas of Europe and the USA, not considered in previous published systematic reviews.

METHODS

This report follows the PRISMA and MOOSE guidelines and was registered at PROSPERO
(CRD42021237244).

Search strategy

A systematic literature search was performed using the electronic databases MEDLINE and EMBASE
on February 22, 2021. The search terms (“polycystic ovary syndrome” or “PC0OS”) and (“incidence”
or “prevalence” or “trend”) were used as Medical Subject Heading (MeSH PUBMED) or Embase
subject headings (EMTREE EMBASE) terms or as a combination of free text. The search was limited
to full-length articles, published in English from 1990, from the first diagnostic criteria. A PICOS
(Patient, Intervention, Comparator, Outcome, Study) design structure was used to develop the
study questions and the inclusion/exclusion criteria.

Two authors reviewed the papers and independently selected the articles eligible for the systematic
review and discrepancies were resolved by discussion. If multiple reports from the same study were
published, only the one with the most detailed information was included. Furthermore, they
reviewed reference lists of the retrieved papers to identify any potential additional studies that
could be included. All differences were discussed and resolved with a third reviewer.

Inclusion criteria

Studies were selected if they met the following inclusion criteria:



- observational studies;

- studies with a defined diagnosis of PCOS, according to the NIH1990 and/or ESHRE/ASRM 2003
and/or AES-PCOS 2006 criteria or the International Classification of Disease-Ninth Revision (ICD-9)
codes used in health databases;

- studies reporting prevalence of PCOS or data to calculate it, number of women with PCOS, and the
total number of study population (for PCOS prevalence);

- studies reporting frequency of each phenotype on total cases of PCOS (for PCOS phenotypes
frequency);

- studies reporting temporal trends of PCOS prevalence in unselected or referral populations;

- studies referred to the following geographic areas: Europe and USA.

Exclusion criteria.

Studies were excluded if they were:

- studies without a PCOS diagnosis according to the above-listed criteria;

- studies referred to other geographic areas.

Data extraction.

For each study, the following information was collected: first author’s last name; year of publication;
country of origin; study design; number of subjects; age of subjects; reported prevalence of PCOS
according to the different diagnostic criteria, and information for the assessment of the risk of bias.
Quality assessment.

The methodological quality of the included studies was assessed using a critical appraisal checklist
designed for prevalence studies, the Joanna Briggs Institute (JBI) Critical Appraisal tool [6]. It consists
of 9 parameters and an overall rating of quality was assigned to each study, based on the number
of yes answers to the checklist. Studies were rated as good quality when they have 7-9 yes answers;
fair quality when the yes answers were 5-6; poor quality when yes answers were less than 5. We
excluded studies rated as poor quality.

Two review authors independently evaluated and cross-checked the risk of bias. Discrepancies
between review authors on the risk of bias were resolved through discussion with a third review
author.

Strategy for data synthesis.

All analyses were performed using Metaprop, a command implemented in Stata to compute meta-
analysis of proportions (StataCorp. 2015. Stata Statistical Software: Release 14. College Station,

TX: StataCorp LP). Freeman Tukey arcsine square root transformation was applied to the data
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before pooling for meta-analysis [6]. Estimates of overall proportions and corresponding 95%
confidence interval (Cl) were calculated by using a random-effects model for all the analyses: in case
of heterogeneity the random effects model is recommended and in the case of small heterogeneity,
the fixed and the random effects models give similar results[7]. Thus, in order to standardize the
analyses, the random model was applied to all the analyses. To evaluate heterogeneity across
studies, heterogeneity I? value was also reported.

Analysis of studies according to different diagnostic criteria, geographic areas, and PCOS phenotypes
were performed. Thus, for the meta-analysis of PCOS prevalence, we considered, separately, studies
where the diagnosis of PCOS was according to the following criteria: NIH1990, ESHRE/ASRM 2003,
AES-PCOS 2006, and ICD-9. Moreover, we compared findings of PCOS prevalence and PCOS
phenotypes across specified geographic areas: USA, Europe divided in northern/central and
southern Europe.

We conducted sensitivity analyses excluding: i) the studies conducted in unselected populations and

ii) studies conducted in Turkey, considering that Turkey has also an Asiatic area.

RESULTS

Figure 1 showed the flowchart of the selection of studies. We identified 3559 records from Pubmed
search and 3697 from Embase search. After removing duplicate records and excluding not relevant
records, 181 reports were assessed for eligibility. We selected 21 studies on PCOS prevalence and

31 studies on the frequency of PCOS phenotypes.

1. Prevalence of PCOS

A total of 21 studies were included in the qualitative synthesis of the PCOS prevalence.

Their main characteristics are presented in Table 1 (notes are reported in Supplementary Table S1):
12 were cross-sectional studies[8—19], 3 were retrospective studies from health databases [20-22],
1 was a multicenter survey[23], 3 were cohort studies [24—26], 1 was a clinical series (unselected
consecutive women)[27] and 1 was a paper based on the Global Burden of Diseases 2017 (GBD
2017) estimates [28]. A total of 8 studies were conducted in the USA, 3 in Denmark, 2 in the UK,
Turkey, and Sweden, 1 in Greece, Italy-Spain, Spain, and Norway.

The most commonly used PCOS diagnostic criteria were NIH1990 (9 studies), followed by
ESHRE/ASRM 2003 criteria (4 studies), and the AES-PCOS 2006 criteria (3 studies). Three American

studies analysed data derived from health insurance claim databases [21,22], and from a health plan
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ambulatory visit database [20], where PCOS patients were identified by ICD codes. Moreover, in a
Sweden and in a Danish national register-based cohort studies, PCOS was diagnosed using ICD 7-10
codes [25,26] According to the JBI Critical Appraisal tool [6], 18 studies were of good quality, and 4
were evaluated as fair quality (Supplementary file S1).

Considering the studies that used the NIH1990 criteria, the prevalence of PCOS ranged from 4 % in
a study conducted in the USA [15] to 8% in a study conducted in the UK [18].

The corresponding overall prevalence ranged from 16.6 % to 21.4 % for studies using the
ESHRE/ASRM 2003 criteria and from 13.9 % to 16.8 % for studies using the AES-PCOS 2006 criteria.
The prevalence estimates were markedly lower in the studies that used the ICD-9 codes to identify
women with PCOS (range from 1.0 to 2.2).

In a Swedish register-based cohort study of 681,123 singleton births, 3738 (0.54%) girls (= 15 years
of age) were diagnosed with PCOS [26]. In this study, only women who requested hospital medical
care (as outpatients or inpatients) for PCOS were included.

We identified 2 studies using other diagnostic criteria. A Turkish cross-sectional study on female
university students reported a physician-diagnosed PCOS prevalence of 3.5%. In the same study, the
rate of young women without a diagnosis by a physician but reporting PCOS symptoms was 13%
[8].

A study including 156 unselected consecutive women of reproductive age with a family history of
coronary artery disease from the UCLA/Cedars-Sinai Mexican-American Coronary Artery Disease
(MACAD) Project, analysed the prevalence of PCOS using a questionnaire for self-reporting PCOS
symptoms [27], which was defined by authors as a reliable method of detecting PCOS. Overall, 13%
of women met the criteria for PCOS (self-reporting of irregular menses and clinical

hyperandrogenism).

1.1 Meta-analysis of prevalence data

A total of 15 studies reported relevant information to be included in the meta-analysis.

Six studies were excluded. In one, PCOS was diagnosed by physicians [8]; in the study by Goodarzi,
PCOS diagnosis was self-reported [27]. In a Swedish study and in a Danish register-based cohort
study [25,26], only data on PCOS prevalence overall follow-up period were available. In a British
historic cohort study, PCOS prevalence in 2014 was reported but we excluded it from the meta-

analysis because the total number of women was not published [24]. Lastly, data from the GBD 2017



Injuries and Risk Factors Study provided model-based estimates of incidence and age-standardized
rate for PCOS based on various primary sources, not relevant for our meta-analysis [28].

The estimated overall PCOS prevalence according to the NIH1990, ESHRE/ASRM 2003, AES-PCOS
diagnostic criteria was respectively 6.2 % (95%Cl 5.3-7.0), 19.5 % (95%Cl 17.3-21.6), 15.0 % (95%ClI
12.9-17.1) (Fig. 2) with no appreciable heterogeneity across geographic areas.

Considering the studies conducted in the USA in which PCOS patients were identified by ICD-9 codes,
the overall prevalence was 1.6 % (95%Cl 1.1-2.1) (Fig. 2).

2. PCOS phenotypes frequency.

Table 2 shows the characteristics of the 31 studies reporting the frequency of the four PCOS
phenotypes (notes are reported in Supplementary Table S2). Two studies were conducted in the
USA, 9 in northern-central Europe, and 20 in southern Europe. The diagnosis of PCOS was based on
ESHRE/ASRM 2003 criteria and then classified into four phenotypes.

In 29 studies women were referred to the hospital for PCOS symptoms or with PCOS diagnosis
[12,29-56]; one study involved healthcare workers [16] and another study involved volunteers
employed in a government-based institute [19]. The age of the women ranged from 17 to 45 years.
The smallest study had 89 women [51] and the largest had 2288 women [34] for a total of 12,074

women included.

2.1 Meta-analysis of proportional frequency of PCOS phenotypes

All the studies listed in Table 2 were included in the meta-analysis.

Phenotype A, the “complete PCOS”, showed a higher prevalence in all the considered areas (44.9%)
(95%Cl, 41.3-48.5) (Fig. 3), followed by phenotype D (18.2%), C (16.2%), and B (14.9%). Prevalence
of phenotype A was different between the USA, northern/central Europe, and southern Europe
(p=0.004), with statistically significant heterogeneity. The higher frequency was observed in the
USA: 55.0% (95% Cl 50.0-59.9) though this finding is based only on 2 studies.

Concerning phenotype B, the overall prevalence estimate was 14.9 % (95%Cl 10.6-19.7) without
significant heterogeneity across different geographic areas (Fig. 4).

The overall pooled estimated prevalence of phenotype C was 16.2 % (95%Cl 12.3-20.5) with

statistically significant heterogeneity across areas and with lower values in the USA (Fig.5).



The prevalence of phenotype D tended to be higher in northern/central Europe than in other regions
(without significant heterogeneity) and the overall pooled estimated prevalence was 18.2% (95%Cl
12.8-24.3) (Fig.6).

In the sensitivity analysis excluding the 2 studies conducted in unselected populations [16,19] the
heterogeneity, among areas regarding phenotypes A and C, remained significant (Supplementary
file S2).

Considering that Turkey includes also an Asiatic area, we performed another sensitivity analysis.
Excluding Turkish studies, phenotype A showed a higher estimate (49.5, 95% Cl 45.3-53.7), whereas
phenotypes B, C and D showed both lower overall estimates (13.2, 95% Cl 7.9-19.6; 13.2, 95% ClI
8.8-18.3 and 16.2, 95% ClI 9.3-24.4, respectively) in comparison with previous analysis
(Supplementary files S3).

3. Temporal trend of PCOS
Three studies analysed the temporal trend of PCOS [24,25,28] (see Table 1).
In a historic cohort study conducted in the UK in the primary care setting, Ding et al. estimated the
prevalence of PCOS between 2004 and 2014 [24]. PCOS diagnosed cases were selected using a
hierarchical clinical coding system, the Read code, for “polycystic ovary syndrome” to identify
women with a clinical diagnosis of PCOS, whereas women with two or more Read codes indicative
of PCOS symptoms were considered as “probable cases”. The incidence of PCOS increased from 1.67
per 1000 person-years in 2004 to 20.00 per 1000 person-years in 2010, after which the rate
remained relatively constant. This increase could be due at least in part to the difference in
diagnostic criteria (publication of new diagnostic criteria, ESHRE/ASRM, in 2003).
In a Danish cohort study, including 523,757 female singleton children born between 1973 and 1991,
a total of 3204 PCOS diagnoses occurred during the follow-up period: from age 15 years until the
end of 2006 [25]. A linear increase in the incidence of PCOS of 11% every year was detected during
the study period (1988 to 2006).
Very recently, GBD 2017 Injuries and Risk Factors Study published estimates of PCOS incidence at
the global, regional, and national levels [28]. The estimated age-standardized PCOS incidence rates
from 2007 to 2017 increased in all European and North-American countries, except for Austria (-
5.68%) and Greece (-1.13%). UK and Turkey showed the larger increase in PCOS incidence with a

percentage change of 2.48% and 2.61% respectively.

10



DISCUSSION

This study indicates that PCOS prevalence in European countries and USA is about 6%, 20%, and
15% according respectively to the NIH1990, ESHRE/ASRM 2003, and AES-PCOS diagnostic criteria.
The prevalence across areas was similar when using the same diagnostic criteria, thus supporting
the validity of the estimates and indicating that in high-income European countries and USA the
prevalence of PCOS is similar.

In previous reviews, the estimate of the worldwide prevalence of PCOS according to the NIH1990
criteria was consistent with our estimate (6% -7%) [3,4]. However, lower worldwide estimates were
reported considering the Rotterdam (ESHRE/ASRM 2003) or AES-PCOS criteria. These differences
may be due, at least in part, to the different geographic areas considered. Along this line, the
estimates reported for the European countries are consistent with our results [3].

Three studies from the USA analysed data derived from health insurance claim databases [21,22]
and health plan ambulatory visit database [20], where PCOS patients were identified by ICD-9 codes:
the overall prevalence of PCOS was much lower than that reported in other studies using the more
specific diagnostic criteria. A reason for the lower prevalence rate is that these estimates were
based on electronic databases and on claim data, where an under-coding may be possible due to a
limited number of diagnoses on a claim, and where PCOS symptoms could not be recognized and
thus underreported. Therefore, PCOS prevalence in these studies is likely underestimated.
Moreover, the validity of the ICD-9 codes used to identify PCOS diagnoses has not been yet
established [21].

A low rate of physician-diagnosed PCOS prevalence was also reported in a study conducted in
Turkey, but the prevalence of PCOS could be underestimated because in Turkey gynaecological visits
are less frequent than in the USA or in other European countries [8].

A major interest of the present study was the analysis of the proportional frequency of the different
PCOS phenotypes in different countries of the same geographic area.

Phenotype A, the “complete PCOS”, showed a higher prevalence in all the considered areas,
followed by phenotypes D, C, and B. The prevalence of phenotype A was higher and that of C was
lower in the USA than in Europe.

The presentation of PCOS does also not appear homogenous among European and USA populations.
These differences are likely an interplay between genetic and environmental factors that affect the

pathogenesis of PCOS and it can be expressed differently across different populations. For example,
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obesity is more frequent in USA women than in European ones and in turn, obesity is associated
with insulin resistance which is a determinant of polycystic ovarian morphology [57].
In our meta-analysis, the majority of studies reporting phenotype distribution were mainly based
on women identified in a clinical setting and two studies only considered women in the general
population [16,19]. Women with PCOS identified in the clinical settings tend to have a higher
prevalence of the most severe PCOS phenotype A, suggesting that patients seeking medical
attention had a more complete disorder [58].
Women from Turkey showed a higher proportion of phenotypes C and D (ovulatory and non-
hyperandrogenic PCOS) and a lower proportion of so-called “classic” phenotypes in comparison to
other populations from Southern Europe. These differences could be influenced by ethnicity,
considering that Turkey also covers an Asiatic area, it could be also attributed to the lack of
consensus on thresholds of phenotype definitions [59]. Moreover, the interaction between genetic
and environmental factors could influence PCOS phenotypes distribution in different populations.
Some studies reported a relationship between phenotype distribution and socioeconomic factors:
in an Italian cohort study, a higher prevalence of the “ovulatory” phenotype was related to a higher
socioeconomic status [60]. However, we did not find marked differences in the frequency of
phenotype C cases across countries.
We also considered the available data on the trend of the prevalence of PCOS over time. A general
increase in PCOS prevalence was observed. Increasing clinical awareness of PCOS followed by more
careful registration may have played a role. The strength of the national register-based study design
lies in a large birth cohort, which reduces the risk of selection bias [25]. However, in this large
database, the prevalence of PCOS tends to be underestimated. Moreover, a proportion of women
with PCOS have fertility problems, thus they were not included in the population analysed [25].
Although the role of changing diagnostic criteria and increased clinical awareness of PCOS cannot
be ruled out, these findings are consistent with the estimates of the analysis of the GBD 2017 [28]
which suggested that the greatest increase in the age-standardized PCOS rates were observed in
the areas with a high-middle socio-demographic index.

1. Potential limitations and risk of bias.
Among the potential limitations of our study, we have to take into account, due to the long period
of many studies, not only changes in diagnostic criteria but also changes in laboratory assays for
endocrine and metabolic assessment of PCOS diagnosis. The application of different clinical cut-offs

in the diagnostic criteria could be a likely source of bias causing both over and under-diagnosis of
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PCOS. In the systematic review, Skiba et al. underlined the broad clinical spectrum of PCOS and the
lack of standardization of the parameters within each diagnostic criteria[4]

Previous studies suggested that PCOS prevalence, as well as phenotypes distribution, was different
according to whether PCOS patients were identified in the referral population or in a more
unselected setting [58], thus selection bias could have played a role in our meta-analysis. It should
be underlined that the quality of the studies, assessed using the checklist of JBI Critical Appraisal
tool [6], was good for most of the studies.

Moreover, when considering the prevalence of PCOS, the role of sex hormones should be
considered: some studies included also women taking hormonal therapy, whereas in others the
information was not checked. Lifestyle factors and differences in body composition also play a role
in the estimates of PCOS prevalence.

A clear evaluation of the differences in the frequency of PCOS and its phenotypes may be important
to understanding the impact of different lifestyles in genetically susceptible women on the
development of this complex metabolic disorder. Since it is now recognised that PCOS phenotypes
are derived from a mismatch between ancient susceptible genomic traits and modern lifestyle
factors[61,62], describing the international differences is the basis for quantifying the impact of
environmental exposures in different populations.

CONCLUSION

In conclusion, our results show that the prevalence of PCOS is similar in European countries and the
USA, two high-income areas with similar availability of gynaecological health services. Interestingly,
some differences in the frequency of the PCOS phenotypes emerged with a higher frequency of
phenotype A and a lower one of phenotype Cin the USA, but these findings are based on two studies
only and need confirmation. Identifying the factors explaining these differences would lead to a

better understanding of the etiopathogenesis and the clinical expression of PCOS.
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Figures Legends
Figure 1. 2020 flow diagram for study selection.

Figure 2. Study-specific and pooled estimates (ES) for prevalence of PCOS, and corresponding 95%
confidence intervals (Cl), by geographic area according to different diagnostic criteria.

NIH 1990: National Institutes of Health

ESHRE/ASRM 2003: European Society of Human Reproduction and Embryology (ESHRE) and the
American Society for Reproductive Medicine (ASRM)

AES-PCOS 2006: Androgen Excess Society (AES)

ICD-9: International Classification of Disease-Ninth Revision

Figure 3. Study-specific and pooled estimates (ES) for frequency of PCOS phenotype A, and
corresponding 95% confidence intervals (Cl), by geographic area.

Figure 4. Study-specific and pooled estimates (ES) for frequency of PCOS phenotype B, and
corresponding 95% confidence intervals (Cl), by geographic area.

Figure 5. Study-specific and pooled estimates (ES) for frequency of PCOS phenotype C, and
corresponding 95% confidence intervals (Cl), by geographic area.

Figure 6. Study-specific and pooled estimates (ES) for frequency of PCOS phenotype D, and
corresponding 95% confidence intervals (Cl), by geographic area.

Tables Legends
Table 1. Main characteristic of the selected studies on PCOS prevalence

Table 2. Characteristics of studies included in the meta-analysis on PCOS phenotypes frequency

Prevalence of Polycystic Ovary Syndrome in European countries and USA:

a systematic review and meta-analysis.

ABSTRACT

We conducted a systematic review and meta-analyses of the prevalence of Polycystic Ovary
Syndrome (PCOS) and the frequency of its phenotypes in Europe and the USA, also focusing on
temporal trends of the condition, to compare the PCOS prevalence among populations with a similar

level of diagnostic resources availability and attitudes toward health problems, to improve
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comparability of estimates. We considered Europe and USA, two high-income areas with these
characteristics.

The overall PCOS prevalence according to the NIH1990, ESHRE/ASRM 2003, AES-PCOS diagnostic
criteria was respectively 6.2 % (95%Cl 5.3-7.0), 19.5 % (95%Cl 17.3-21.6), and 15.0 % (95%Cl 12.9-
17.1), with no appreciable heterogeneity across geographic areas. Phenotype A, the “complete
PCOS”, showed higher prevalence in all areas (44.8%, 95%Cl 40.3-49.3), followed by phenotype D,
called “non-hyperandrogenic PCOS” (19.5%), phenotype C termed as “ovulatory PCOS” (16.2%), and
phenotype B, presenting as phenotype A but without polycystic ovarian morphology (14.9%). In all
the studies analysing temporal trends of PCOS, an increase in prevalence of PCOS was reported,
due, at least in part, to changing diagnostic criteria.

The prevalence of PCOS is similar in European countries and the USA. Interestingly, some differences
in the frequency of PCOS phenotypes emerged between the two areas with a higher frequency of
phenotype A and a lower one of phenotype C in the USA. Recognizing the factors which explain
these differences would lead to a better understanding of the etiopathogenesis and the clinical

expression of PCOS.

Figure 1. 2020 flow diagram for study selection.
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Figure 2. Study-specific and pooled estimates (ES) for prevalence of PCOS, and corresponding 95%
confidence intervals (Cl), by geographic area according to different diagnostic criteria
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|
Southern Europe |
Belosi, 2006 (ltaly) —t— : 5.5(3.6,84) 3.29
Guastella, 2010 (ltaly) —_ 8.9 (6.4,12.2) 3.30
Carmina, 2012 (ltaly) | 9.3 (6.0, 14.3) 3.23
Moro, 2012 (ltaly) —_— 14.4 (9.9, 20.5) 3.21
Romualdi, 2016 (Italy) —:— 9.4 (5.3,16.1) 3.15
Carmina, 2019 (ltaly) — | 9.2(7.7,11.0) 3.34
Diamanti-Kandarakis, 1999 (Greece) | 39.6(35.9,43.4) 3.32
Panidis, 2012 (Greece) | —— 30.7(28.2,33.3) 3.34
Georgopoulos, 2014 (Greece) : — 31.4(28.9,34.0) 3.34
Yilmaz, 2011 (Turkey) | 22.8(16.4,30.9) 3.16
Cinar, 2012 (Turkey) | —_— 26.9 (19.7,35.5) 3.15
Ozkaya, 2012 (Turkey) = — 21.2(15.1,28.9) 3.17
Yildiz, 2012 (Turkey) —_— 5.1(2.0,12.5) 3.05
Ates, 2013 (Turkey) —{— 13.2(10.2, 16.8) 3.30
Sahmay, 2013 (Turkey) — 10.4 (7.2, 14.7) 3.26
Bagir,2016 (Turkey) | 25.8(17.9,35.8) 3.09
Bil, 2016 (Turkey) | 29.0(21.0,38.5) 3.12
Celik, 2016 (Turkey) —: 12.1(9.9,14.7) 3.33
Yildirim,2017 (Turkey) -_— 17.7(11.8,25.8) 3.14
Isik, 2020 (Turkey) | 25.0(18.0,33.6) 3.15
Subtotal -ﬂ|:>- 17.3(126,227) 64.44

5 |

Heterogeneity between groups: p = 0.252]
Overall ("2 =97.9%); -<> 14.9 (10.6,19.7) 100.00

:

| | | | |
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Figure 5. Study-specific and pooled estimates (ES) for frequency of PCOS phenotype C, and corresponding
95% confidence intervals (Cl), by geographic area.
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%

Study ES (95% Cl) Weight
USA |
Shroff, 2007 (USA) —: 14.3 (106, 19.1) 3.27
Davis, 2019 (USA) | 0.0(0.0,2.7) 3.16
Subtotal < | 6.9 (4.5,9.6) 6.44

|
Northern/Central Europe :
Adamska, 2020 (Poland) -—— 19.9(14.1,27.2) 3.17
Azziz, 2014 (Denmark) —_— 12.8(8.3,19.1) 3.18
Lauritsen, 2014 (Denmark) | — 72.1(61.8,80.5) 3.03
Mumm, 2015 (Denmark) — : 1.9(0.7,5.5) 3.19
Daan, 2014 (Netherlands) | 35(2.8,4.3) 3.39
Huijgen, 2015 (Netherlands) —_— | 41(22,7.7) 325
Mackens, 2020 (Belgium) -_ | 6.3(4.1,9.5) 3.30
Cupisti, 2011 (Germany) —! 11.2(8.2,15.2) 3.30
Dewailly, 2006 (France) —_— 16.5(13.2,20.4) 3.32
Subtotal P 13.2(6.3,22.1)  29.14

|
Southern Europe |
Belosi, 2006 (ltaly) - : 7.5(5.2,10.8) 3.31
Guastella, 2010 (ltaly) | —_ 28.8(24.5,335) 332
Carmina, 2012 (ltaly) | 26.4 (20.7,33.1) 3.23
Moro, 2012 (ltaly) —_— 18.0(12.9,24.5) 3.20
Romualdi, 2016 (Italy) —:— 11.1 (6.6, 18.1) 3.12
Carmina, 2019 (ltaly) | — 30.1(27.6,32.7) 3.38
Diamanti-Kandarakis, 1999 (Greece) = | 7.3(55,95) 3.35
Panidis, 2012 (Greece) &= | 9.7 (8.2,11.5) 3.38
Georgopoulos, 2014 (Greece) — : 10.2 (8.6, 12.0) 3.38
Yilmaz, 2011 (Turkey) 1 14.2 (9.2, 21.3) 3.15
Cinar, 2012 (Turkey) —_ 19.3(13.2,27.3) 3.13
Ozkaya, 2012 (Turkey) f——— 22.0(15.8,29.8) 3.15
Yildiz, 2012 (Turkey) | —_— 46.2 (35.5,57.1) 3.00
Ates, 2013 (Turkey) : —_— 21.2(17.5,25.4) 3.32
Sahmay, 2013 (Turkey) —_— 17.9(13.7,23.1) 3.27
Bagir,2016 (Turkey) |— 24.7 (16.9,34.6) 3.04
Bil, 2016 (Turkey) —— 20.0(13.3,28.9) 3.08
Celik, 2016 (Turkey) : — 21.0(18.1,24.2) 3.36
Yildirim,2017 (Turkey) T 22.1(15.5,306) 3.12
Isik, 2020 (Turkey) —_— 23.3(16.5,31.7) 3.12
Subtotal <> 19.1(14.9,236) 6442

|
Heterogeneity between groups: p = 0.000 !
Overall (1"2 =97.2%); <> 16.2(12.3,20.5) 100.00

|

1

| | | |
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Figure 6. Study-specific and pooled estimates (ES) for frequency of PCOS phenotype D, and corresponding
95% confidence intervals (Cl), by geographic area.
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%

Study ES (95% Cl) Weight
USA !
Shroff, 2007 (USA) —: 13.2(9.6,17.9) 3.25
Davis, 2019 (USA) | 40.1(32.3,48.5) 3.19
Subtotal < 21.4(17.4,256) 6.45

|
Northern/Central Europe :
Adamska, 2020 (Poland) —_— 11.3(7.1,176) 3.20
Azziz, 2014 (Denmark) —_— 16.8 (11.6,23.6) 3.20
Lauritsen, 2014 (Denmark) —— 18.6(11.8,28.1) 3.12
Mumm, 2015 (Denmark) : 25(1.0,6.4) 3.21
Daan, 2014 (Netherlands) | 46.7 (44.7,48.8) 3.32
Huijgen, 2015 (Netherlands) | 48.6 (42.1,55.2) 3.24
Mackens, 2020 (Belgium) | 50.0 (44.6,554) 3.27
Cupisti, 2011 (Germany) | 5.1(3.2,8.1) 3.27
Dewailly, 2006 (France) —= 16.3(13.0,20.2) 3.28
Subtotal (12 = 98.8%, p < 0.00001) —ﬁ}— 21.5(9.7,36.5) 29.09

|
Southern Europe |
Belosi, 2006 (ltaly) ———: 13.3(101,17.3) 3.27
Guastella, 2010 (ltaly) —_ | 8.4 (6.0, 11.6) 3.28
Carmina, 2012 (ltaly) - | 7.3(4.4,11.8) 3.23
Moro, 2012 (ltaly) - 18.6 (13.4,25.1) 3.22
Romualdi, 2016 (Italy) i 17.9(12.0,25.9) 3.17
Carmina, 2019 (ltaly) | 3.1(2.3,4.3) 3.31
Diamanti-Kandarakis, 1999 (Greece) | 6.8 (5.1,9.0) 3.30
Panidis, 2012 (Greece) - | 11.4(9.7,13.3) 3.31
Georgopoulos, 2014 (Greece) — : 7.8(6.5,94) 3.3
Yilmaz, 2011 (Turkey) ] 18.9(13.0,26.6) 3.18
Cinar, 2012 (Turkey) —r 11.8(7.1,18.8) 3.17
Ozkaya, 2012 (Turkey) ——me 24.2 (17.7,32.2) 3.19
Yildiz, 2012 (Turkey) —f——— 23.1(15.1,336) 3.10
Ates, 2013 (Turkey) —= 18.5(15.1,22.6) 3.28
Sahmay, 2013 (Turkey) | —l— 24.3(19.4,30.0) 3.25
Bagir,2016 (Turkey) - 24.7 (16.9,34.6) 3.12
Bil, 2016 (Turkey) —— 24.0(16.7,33.2) 3.14
Celik, 2016 (Turkey) : — 26.6 (23.5,30.1) 3.30
Yildirim,2017 (Turkey) - 23.9(17.0,325) 3.16
Isik, 2020 (Turkey) — 25.0(18.0,33.6) 3.17
Subtotal (I*2 = 85.5%, p < 0.00001) <:ll> 15.9(12.0,20.1) 64.46

. |

Heterogeneity between groups: p = 0.165
Overall ("2 = 98.5%, p < 0.00001) <>- 18.2(12.8,24.3) 100.00

:

| | |
20 40 60
Percentage

Highlights

PCOS prevalence is similar in European countries and in the USA, two high-income areas with
similar availability of gynaecological health services.

A major interest of the present study was the analysis of the proportional frequency of the

different PCOS phenotypes in different countries of the same geographic area.

Phenotype A, the “complete PCOS”, showed the higher prevalence in all the considered

areas, followed by phenotype D, C, and B. The prevalence of phenotype A was higher and

that of C was lower in the USA than in Europe.



Table 1.

Main characteristic of the selected studies on PCOS prevalence

PCOS prevalence |

\uthor, year Study design | Population N N PCOS Age ESHRE/ASRM AES
NIH1990 2003 PCO
200¢
National register- | Female singleton
mm, 2013 based cohort children born 523757 3204
study 1973-1991
Cross-sectional Employees at
itsen, 2014 stud Copenaghen Un. 447 4/74/62 20-40 16.6 13.9
y Hospital
u, 2021 GBD 2017 | datafrom GBD 15-49
! study 2007-2017
. . . Women invited
ti-Kandarakis, Cross-sectional for free medical 192 13 17-45 6.8
1999 study o
examination
hén, 2012 Multicenter BIon donors from 592 32 18-49 54 i i
survey Spain and Italy
\cién, 2000 Cross-sectional | Female blood 154 10 33.1+9.1 (18-45) 6.5 ; -
study donors
_sectional |w ith ori
sen, 20128 Cross-sectional | Women with prior | 5g, -/56/44 34.9 - 214 16.¢
study preterm birth
Cross-sectional Women from
holm,2008 stud population based 147 7 25-39 4.8
¥ survey (MONICA)
National register- | Female singleton
sdottir, 2019 based cohort children born 681123 3738
study 1982-1995
ional
diz, 2012 Crosi:f;\t/'ona Employed women | 392 24/78/60 18-45 6.1 19.9 15.3
rsu, 2019 Cross-sectional | Female university 1305 16 19.7+ 0.5
study students
Imore, 1999 Cross-sectional |\ hioers * 224 -/18/- 1825 8 -
study
Retrospective Cohort in primary
ng, 2016 cohor’f’stud care database 2087107 14290 15-45
Y |(2004-2014)
Cross-sectional Pre-employment
>nhauer,1998 medical 277 11 18-45 4 - -
study
assessment
. Pre-employment
2iz, 2004 Cross-sectional | | yica 400 27 18-45 6.6 ; -
study
assessment
Mexican American
unseleceted coronary Arter
darzi, 2005 consecutive y Arery 156 20 34 48.6

women

Disease (MACAD
Project)
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0, 2006 Retrospective Women receiving 414298 3948 20-39
study ambulatory care
Cross-sectional Women of cohort
ang, 2011 stud of the Dallas Heart 697 144 35-49 19.6/20.7 -
¥ study(2000-2002)
Women from
Retrospective Reuters
roh, 2012 stupd Healthcare 12171830 192936 18-45
¥ database (2003-
2008)
Retrospective Louisiana
1ans, 2014 P Medicaid claims 143413 1689 15-45
study
data
Coronary artery
Cross-sectional | risk development
\wood, 2019 . 1127 83 20-32 7.4
study in young adult
(CARDIA study)

NIH 1990: National Institutes of Health
ESHRE/ASRM 2003: European Society of Human Reproduction and Embryology (ESHRE) and the American Society for

Reproductive Medicine (ASRM)
AES-PCOS 2006: Androgen Excess Society (AES)
ICD-9: International Classification of Disease-Ninth Revision

Table 2. Characteristics of studies included in the meta-analysis on PCOS phenotypes frequency

Country Author,Year Period of recruitment Setting
Department of Reproductive Endocrinology of the
USA Shroff, 2007 2002-2005 University Re-eva
USA Davis, 2019 January 2008-June 2012 | Fertility clinic of the University Wome
Northern/Central Europe
January 2016 - May Department of Endocrinology, Diabetology of the
Poland Adamska, 2020 2019 University Wome
Denmark Lauritsen, 2014 2008-2010 Fertility clinic of the University Hospital Emplo
April 2010 - February Wome
Denmark Aziz, 2015 2012 Three University hospitals gineco
Department of Obstetrics and Gynaecology of the
Denmark Mumm, 2015 2003-2011 University Wome
January 2004 - May
Netherlands Daan,2014 2013 Reproductive outpatient clinic of the University Wome
October 2007- March Department of Obstetrics and Gynaecology of the | Wome
Netherlands Huijgen, 2015 2011 University referre
Wome
Belgium Mackens, 2020 April 2014- January 2018 | ART patients matur:
January 2007 - Obstetrics and Gynaecological department of the
Germany Cupisti, 2011 December 2008 University Wome
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Wome

Outpatient Department of reproductive hypera
France Dewailly, 2006 2000-2005 endocrinology of the University disord
Southern Europe
All wor
Department of Obstetrics and Gynecology of the and/or
Italy Belosi, 2006 n.a. University hirsuti
Endocrine Unit, Department of Medicine of the Wome
Italy Guastella, 2010 2004-2009 University
Wome
Italy Carmina, 2012 1985 - 1990 Endocrinology Unit of the University hypera
Wome
January 2006- Sptember | Unit of Human Reproductive pathophysiology of for hyg
Italy Moro, 2012 2011 the University mensti
January 2011-Sptember Wome
Italy Romualdi, 2016 2012 Gynaecological outpatients clinical
Wome
Department of Mother and Children care of the hypera
Italy Carmina, 2019* July 2008 - June 2018 University disord
Wome
Diamanti-Kandarakis, Outpatient Department of reproductive hypera
Greece 1999 2003-2005 endocrinology of two Universities disord
Gynaecological Endocrinology Department of the
Greece Panidis, 2012 May 2004-May 2011 University Wome
Department of reproductive endocrinology of two
Greece Georgopoulos, 2014 n.a. Universities Wome
January 2007- August
Turkey Yilmaz, 2011 2008 Gynaecological department of the University Wome
January 2006 - Wome
Turkey Cinar, 2012 December 2010 Outpatient Endocrinology Clinic of the University | sympt
May 2010-December Department of Obstetrics and Gynaecology of the | Wome
Turkey Ozkaya,2012 2010 Hospital (oligon
December 2009- April G | Di £ Mi IR h Volunt
Turkey vildiz, 2012 2010 eneral Directorate of Mineral Researc based
Department of Infertility and Endocrinology of the
Turkey Ates,2013 2010- 2012 University Wome
January 2008-November | Department of Reproductive Endocrinology of the
Turkey Sahmay, 2013 2011 University Wome
February 2010 - June
Turkey Bagir,2016 2011 Outpatient Endocrinology clinic of the University Newly
September 2013 - July Outpatient clinic of the Reproductive Wome
Turkey Bil, 2016 2014 Endocrinology Division of the Hospital or hirs
Turkey Celik,2016 April 2011 - August 2012 | Gynaecology Clinic of the University Wome
Department of Cardiology and Department of
Turkey Yildirim,2017 n.a. Obstetrics and Gynecology of the Hospital Wome
April 2018-December
Turkey Isik, 2020 2018 Gynaecology polyclinic of the University Newly
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