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Prevalence of Polycystic Ovary Syndrome
Phenotypes Using Updated Criteria
for Polycystic Ovarian Morphology:
An Assessment of Over 100 Consecutive
Women Self-reporting Features of
Polycystic Ovary Syndrome
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Abstract
The prevalence of polycystic ovary syndrome (PCOS) and its distinct clinical phenotypes were assessed using 3 sets of
international diagnostic criteria in women self-reporting concerns over outward features of PCOS. Revised ultrasonographic
criteria for polycystic ovaries (PCO) based on modern ultrasound technology were used. Of the participants, 53%, 62%, and
70% were diagnosed with PCOS using National Institutes of Health, Androgen Excess and PCOS Society, and Rotterdam criteria,
respectively. Prevalence of Frank, Ovulatory, Normoandrogenic, and Non-PCO PCOS were 66%, 13%, 11%, and 9%, respectively.
Frank PCOS was associated with the severest metabolic disturbances whereas metabolic profiles in Normoandrogenic PCOS did
not differ from controls, supporting reduced health risks in women without androgen excess. Metabolic disturbances and hyper-
androgenism were linked to excess adiposity across all the groups. Using updated criteria for PCO, the prevalence of Non-PCO
PCOS and PCO alone in healthy women recruited from the general population was reduced compared to the previous reports.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder

characterized by a diverse collection of reproductive and meta-

bolic abnormalities. Defining symptoms of PCOS have

evolved since first described1 in 1935 and remain a topic of

debate among clinicians and scientists worldwide.2,3 In 1990,

the National Institutes of Health (NIH) generated consensus

diagnostic criteria for PCOS, defining the condition as the com-

bined presence of hyperandrogenism and chronic anovulation

in the absence of other causes of anovulatory infertility.4 The

NIH criteria were criticized for reflecting majority opinion

rather than clinical trial data2 and for their omission of ultraso-

nographic evidence of polycystic ovaries (PCO) that many con-

sidered a definitive marker of PCOS. In 2003, the European

Society for Human Reproduction and Embryology and the

American Society for Reproductive Medicine redefined PCOS

as the presence of 2 or more features: (1) oligo- or chronic

anovulation, (2) biochemical and/or clinical hyperandrogen-

ism, and (3) ultrasonographic evidence of PCO.5,6 These

‘‘Rotterdam criteria’’ were intended to reflect the clinical hetero-

geneity of PCOS. However, they have since been criticized for

being too expansive.2,7 More recently, the Androgen Excess and

PCOS (AE-PCOS) Society has proposed a set of criteria defining

PCOS foremost as a condition of abnormal androgen production

wherein PCOS is diagnosed as the combined presence of

androgen excess (hirsutism and/or hyperandrogenemia) and evi-

dence of ovarian dysfunction (oligoanovulation and/or PCO).7
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The Rotterdam and AE-PCOS Society criteria recognize at

least 3 unique clinical phenotypes: (1) Frank PCOS (oligome-

norrhea, hyperandrogenism, and PCO), (2) Ovulatory PCOS

(hyperandrogenism, PCO, and regular menstrual cycles), and

(3) Non-PCO PCOS (oligomenorrhea, hyperandrogenism, and

normal ovaries). The Rotterdam criteria also recognize a fourth

phenotype, Mild8 or Normoandrogenic PCOS,9 which is

defined by oligomenorrhea, PCO, and normal androgens.

Whether these 4 phenotypes represent a spectrum of the same

condition is currently an area of debate.2,3,7 To date, most stud-

ies investigating the pathogenesis and long-term health risks in

PCOS have used the NIH criteria. As such, there is significant

evidence that women with oligomenorrhea having hyperandro-

genism have heightened risks of insulin resistance, diabetes,

cardiovascular disease, endometrial dysfunction, and preg-

nancy complications.5,6 By contrast, emerging data on

‘‘newer’’ forms of PCOS support the conclusion that women

with Normoandrogenic and Ovulatory PCOS have lower risk

of chronic diseases as judged by lower incidences of abdominal

obesity, insulin resistance, and inflammation.7,9,10 Moreover,

women with Ovulatory PCOS appear to have lower risks of

endometrial carcinoma.11 Although both the Rotterdam and

the AE-PCOS Society criteria currently reflect the majority

opinion that PCOS is a broad-spectrum disorder, paucity of

data investigating PCOS phenotypes limits knowledge of the

actual prevalence and long-term health outcomes for this

condition.

Compounding the debate over the actual phenotypic

spectrum of PCOS is the controversy over the accurate defini-

tion of PCO. Numerous reports have recently questioned the

specificity of PCO to detect PCOS, given that an unusually

high proportion of healthy women demonstrates an average

of 12 follicles per ovary—the threshold recognized by the

2003 Rotterdam consensus.12 We recently reported that a

threshold of 26 follicles throughout the entire ovary had better

diagnostic potential to distinguish between women with PCOS

and controls compared to follicle counts made in a single plane

or ovarian volume.13 Although more than double the threshold

proposed by the Rotterdam consensus, our findings are consis-

tent with other groups showing that revised criteria for PCO are

needed in light of advances in imaging technology, which have

occurred in 10 years since the Rotterdam consensus.14,15

Revised sonographic criteria with improved accuracy for

discriminating PCO may be important for unraveling phenoty-

pic variations in PCOS. To that end, the goal of the current

study was to explore the prevalence of PCOS as defined by the

NIH, Rotterdam, and AE-PCOS Society criteria in consecutive

women self-reporting PCOS features using updated sono-

graphic thresholds for PCO. In addition, we compared the

severity of diagnostic and metabolic features among women

with distinct PCOS phenotypes, those with isolated symptoms

of PCOS, and healthy controls. We hypothesized that an

updated definition of PCO using modern ultrasound equipment

would reveal evidence for a reduced prevalence of Non-PCO

PCOS as well as a lower prevalence of PCO in healthy women

recruited from the general population.

Materials and Methods

Participants

Advertisements seeking women of reproductive age (18-36

years), not taking hormonal contraception, with any 1 or a com-

bination of the following concerns were circulated in local

newspapers, university buildings, electronic newsletters, hospi-

tal elevators, and in our clinical practice waiting rooms: (1)

unpredictable periods, (2) unwanted facial/body hair growth,

(3) infertility, and/or (4) a family history of type 2 diabetes. The

advertisements seeking reproductive-age women that consid-

ered themselves to have regular periods, not taking hormonal

contraception, and otherwise being healthy were used to recruit

controls. Between March 2006 and June 2008, 126 women

were evaluated for self-reported features of PCOS and 42

women were evaluated as controls. Participants should not

have used fertility medications, antiepileptic drugs, insulin sen-

sitizers, or drugs known to alter lipid metabolism in the 3

months prior to enrollment. A subset of participants evaluated

in this study was used to develop revised sonographic criteria

for polycystic ovarian morphology as described previously.13

Study Procedures

All participants underwent clinical evaluation for PCOS which

included (1) evaluation of menstrual cycle history to determine

the extent of menstrual cycle disturbance and/or duration of

infertility; (2) a physical examination to assess height, weight,

waist and hip circumference, blood pressure, and terminal hair

growth on 9 regions of the body using the modified Ferriman-

Gallwey scoring system16; (3) a transvaginal ultrasound scan of

the ovaries using a 9-MHz transducer and an UltraSonix RP

Scanner (Version 2.3.5, Vancouver, British Columbia,

Canada); and (4) fasting blood tests. Ultrasound scans were

performed by 2 experienced sonographers using a standardized

protocol for collecting sonographic images and cineloops of the

ovaries. Images were collected in a deidentified manner so that

offline evaluation of sonographic end points was conducted in a

blinded manner (described subsequently). The transvaginal

ultrasound scan and fasting blood tests were performed on days

2 to 6 in women reporting regular menstrual cycles or at a time

when no dominant follicle or ovulation gland was sonographi-

cally detected in women reporting irregular or absent cycles.

Fasting blood tests were performed to assess levels of gonado-

tropins, total and free androgens as well as serum markers of

the metabolic syndrome including lipids (total cholesterol, tri-

glycerides, high-density lipoprotein [HDL], and low-density

lipoprotein [LDL]), C-reactive protein (CRP), and hemoglobin

A1C (HbA1C). Fasting tests included serum assessments for

cortisol, prolactin, thyroid hormones, dehydroepiandrosterone

sulfate, and 17-hydroxyprogesterone to exclude for other

conditions that may cause symptoms similar to PCOS. A 75

g, 2-hour oral glucose tolerance test was also performed

according to the World Health Organization protocol, with a

minor modification being an additional blood sample collected

at 1 hour postglucose ingestion.
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This study was approved by the University of Saskatchewan

Biomedical Research Ethics Review Board. Interactions with

human participants occurred at the Royal University

Hospital within the Department of Obstetrics, Gynecology and

Reproductive Sciences (Saskatoon, Saskatchewan, Canada).

Deidentified clinical records, ultrasound images, and biological

samples were analyzed by the research team in the Division of

Nutritional Sciences at Cornell University (Ithaca, New York).

Clinical Definitions of PCOS

Oligo- or Frank amenorrhea was defined as a history of men-

strual cycles of >38 days.17 Hyperandrogenism was defined

as a modified hirsutism score of �7 and/or an elevated total

testosterone value of �3.96 nmol/L as described previously.13

PCO on ultrasonography was defined as the presence of �26

follicles measuring 2 to 9 mm throughout the entire ovary

and/or an ovarian volume (OV) greater than 10 cm3.13 All

sonographic measurements were made offline by a single

observer using Santesoft DICOM Editor software (Emmanouil

Kanellopoulus, Athens, Greece). OV was estimated using the

equation for a prolate ellipsoid. Follicle counts were performed

using a reliable grid system approach for counting follicles

throughout the entire ovary as described previously.18 Values

reported for follicle count and OV represent the mean recorded

values of the left and right ovaries rounded to the nearest whole

number or 10th decimal place, respectively.

Biochemical Assays

Total testosterone was measured by isotope dilution liquid

chromatography tandem mass spectrometry as described previ-

ously.19 Intra- and interassay coefficients of variation (CV)

were <5% consistent with good assay performance in both

PCOS and control populations despite absolute values reading

higher compared to those reported by others.20 Glucose, total

cholesterol, triglycerides, HDL, LDL, and CRP were measured

by colorimetry or nephelometry using the Beckman Coulter

DxC 600i chemistry analyzer (Fullerton, California). Intra-

assay CV for these assays ranged from 2% to 5% and interassay

CV ranged from 3% to 7.5%. Insulin, sex hormone-binding

globulin (SHBG), and androstenedione were measured by a

commercially available 2-site chemiluminescent immunogenic

assay and the immunoassay analyzer Immulite 2500 (Siemens

Medical Solutions Diagnostics, Malvern, PA). Free androgen

index (FAI) was calculated by dividing total testosterone by

SHBG and multiplying by 100. Hemoglobin A1C was measured

by high-performance liquid chromatography using the VAR-

IANT II Hemoglobin Testing System (BioRad Laboratories,

Hercules, California). Intra- and interassay CV for SHBG,

insulin, androstenedione, and HbA1C were <7.3%.

Statistical Analysis

JMP 9 statistical software (SAS Institute Inc, Cary, North

Carolina) was used to carry out the analyses. Descriptive

statistics for clinical, hormonal, and ultrasonographic features

were tabulated. Data not normally distributed were transformed

using a Box-Cox best transformation test. Student t tests or

Tukey-Kramer multiple comparison tests were used to assess

differences in parameters among the groups. A Bonferroni cor-

rection for multiple comparisons within a table was applied to

assess any significant overall group effect.

Results

Patient Classification

Of the 126 women self-reporting concerns over PCOS features,

67 (53%), 88 (70%), and 78 (62%) met the criteria for PCOS

based on the NIH, Rotterdam, and AE-PCOS Society guide-

lines, respectively (Figure 1A-C). Three women were desig-

nated as ‘‘undetermined’’ because their ovaries could not be

optimally visualized or they were lost to follow-up. Those

classified as not having PCOS generally had only 1 outward

symptom or alternate condition, including idiopathic hirsutism,

PCO alone, mild spotting between periods, pregnancy, or pre-

mature ovarian failure. Two healthy women who presented

with concerns over infertility were confirmed to have male fac-

tor infertility at a follow-up clinical consultation at our center,

and 6 asymptomatic women with concerns over a family his-

tory of diabetes were confirmed to be otherwise healthy. Of the

42 women who presented as healthy controls, 35 were included

(Figure 1D). Seven women were excluded from the control

cohort because of idiopathic hirsutism, PCO alone, Ovulatory

PCOS, or failure to complete the study (undetermined). The

population studied was multiethnic and representative of the

local demographic. The ethnicity of the participants was as

follows: 91% European, 4.7% First Nations, 2.6% Asian, 1%
black/African, and 0.5% Hispanic/Latino.

Clinical and Metabolic Features of Women With
PCOS

Clinical and metabolic features of women meeting the diagno-

sis of PCOS based on NIH, Rotterdam, and AE-PCOS Society

guidelines are compared to controls in Table 1. As a group,

women with PCOS as defined by any of the 3 guidelines had

higher body mass index (BMI), longer menstrual cycles and

higher indices of androgen excess and ovarian dysmorphology

compared to controls (Table 1 panel A; P < .0002). In addition

to lower HDL and SHBG levels (P < .0001), women with

PCOS had higher cholesterol–HDL ratios, CRP, HbA1C, fast-

ing insulin, homeostatic model assessment of insulin resistance

(HOMA-IR), and integrated insulin and glucose secretion fol-

lowing a glucose challenge (P < .002). Following correction for

BMI, differences in SHBG persisted in women diagnosed using

NIH and Rotterdam criteria, and differences in fasting insulin

and HOMA-IR persisted in women diagnosed with PCOS by

any of the 3 guidelines (Table 1 panel B).
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Figure 1. Classification of participants using NIH, Rotterdam, and AE-PCOS Society guidelines for PCOS. One hundred and twenty-six women
self-reporting features of PCOS were evaluated. According to the NIH criteria, 67 (53%) women met the criteria for PCOS and 2 PCOS phe-
notypes were recognized (A). Eighty-eight (70%) women met the Rotterdam criteria for PCOS and 4 PCOS phenotypes were recognized (B).
The AE-PCOS Soceity criteria identified 78 (62%) women meeting the criteria for PCOS and 3 phenotypes were recognized (C). Of the 42
women who presented as healthy controls, 35 met the inclusion criteria for controls while the remaining participants had idiopathic hirsutism,
PCO alone, Ovulatory PCOS, or failed to complete the study (D). AE-PCOS indicates Androgen Excess and PCOS; NIH, National Institute of
Health; PCOS, polycystic ovary syndrome.
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Clinical and Metabolic Features of Women With
PCOS Phenotypes

Of the 168 women screened, 59 met the criteria for Frank

PCOS, 8 for Non-PCO PCOS, 12 for Ovulatory PCOS, 10 for

Normoandrogenic PCOS and 43 women met the criteria for

controls (ie, included 2 healthy women with confirmed male

factor infertility). An assessment of diagnostic features among

PCOS phenotypes and controls showed a significant group

effect for BMI, menstrual cycle length, hirsutism score,

FAI, follicle count, and ovarian volume (Table 2 panel A;

P < .0001). Post-tests revealed that women with Frank PCOS

had higher BMI and differed from controls in all diagnostic cri-

teria for PCOS except total testosterone. By contrast, women

classified as Non-PCO did not differ from controls in ovarian

morphology but differed in that they had higher BMI, reported

longer intervals between menses, and had higher hirsutism

scores and FAI. Women with Ovulatory PCOS had BMI and

menstrual cycle lengths similar to controls but had higher hir-

sutism scores, follicle counts, and OV. Finally, women with

Normoandrogenic PCOS were similar to controls in BMI and

indices of androgen excess but had longer menstrual cycles,

higher follicle counts, and larger OV.

An assessment of metabolic features among PCOS pheno-

types and controls showed a significant group effect for HDL,

cholesterol–HDL ratio, CRP, fasting insulin, HOMA-IR, and

integrated 2-hour insulin and glucose secretion following a glu-

cose challenge (P < .0015). Post-tests showed that women with

Normoandrogenic PCOS were similar in cardiovascular risk

factors and insulin sensitivity compared to controls whereas

women with Frank, Non-PCO, and Ovulatory phenotypes had

higher fasting insulin than controls. Women with Frank and

Non-PCO phenotypes also differed from controls with lower

HDL and higher cholesterol–HDL ratio, CRP, HOMA-IR, and

integrated 2-hour insulin and glucose secretion. They also had

higher CRP and fasting insulin compared to women with Nor-

moandrogenic PCOS. When data were adjusted for BMI, no

differences were retained among PCOS phenotypes or when

compared to controls (Table 2 panel B).

Table 1. Comparison of Diagnostic Criteria and Metabolic Features Among Women Diagnosed With PCOS Using the NIH, Rotterdam, and
AE-PCOS Society Criteria and Controls.a

NIH (n ¼ 67) Rotterdam (n ¼ 89)c AE-PCOS (n ¼ 79) Controls (n ¼ 43)d

(A) Diagnostic features
Age (y) 27.7 + 4.5 27.8 + 4.4 27.8 + 4.5 26.9 + 4.0
BMI, kg/m2 33.3 + 8.9b 32 + 8.6b 32.8 + 8.5b 24.8 + 5.0
Menstrual cycle length, d 129 + 98b 118 + 100b 116 + 97b 30 + 6
Modified hirsutism score 12.2 + 6.5b 10.7 + 6.6b 11.9 + 6.1b 3.1 + 3.2
Total testosterone, nmol/L 3.9 + 2.0 3.7 + 1.9 3.8 + 2.0 2.9 + 0.9
Free androgen index (%) 11.6 + 8.3b 9.9 + 8.0b 10.7 + 8.1b 3.2 + 2.0
Androstenedione, nmol/L 13.3 + 6.3 12.6 + 6.3 12.9 + 6.3 11.9 + 6.3
Follicle count 43.6 + 15.7b 42.8 + 14.8b 43.1 + 14.7b 15.1 + 4.9
Ovarian volume, mL 10.3 + 3.4b 10.1 + 3.3b 10.2 + 3.3b 5.7 + 1.9

(B) Metabolic features
Waist–hip ratio 0.92 + 0.10 0.91 + 0.10 0.91 + 0.10 0.85 + 0.10
Systolic BP, mm Hg 118.3 + 10.1 117.2 + 10.0 117.7 + 10.2 112.8 + 7.9
Diastolic BP, mm Hg 75.4 + 8.2 74.2 + 8.5 74.5 + 8.5 73.3 + 7.1
LDL, mmol/L 3.1 + 0.8 2.9 + 0.8 3.0 + 0.8 2.4 + 0.7
HDL, mmol/L 1.2 + 0.3 1.2 + 0.3 1.2 + 0.3 1.5 + 0.4
Cholesterol–HDL ratio 4.3 + 1.2 4.0 + 1.2 4.1 + 1.2 3.0 + 1.0
Triglyceride, mmol/L 1.3 + 0.8 1.2 + 0.8 1.3 + 0.8 0.8 + 0.4
C-reactive protein, mg/L 4.5 + 4.5 3.8 + 4.3 4.0 + 4.3 1.1 + 1.8
SHBG, nmol/L 32.1 + 16.5b 42.7 + 33.0b 37.1 + 26.6 58.2 + 24.2
Hemoglobin A1C (%) 5.3 + 0.5 5.2 + 0.5 5.3 + 0.5 4.9 + 0.3
Fasting insulin, pmol/L 92.8 + 59.3b 85.3 + 57.5b 89.7 + 57.9b 37.5 + 19.0
Fasting glucose, mmol/L 5.0 + 0.7 5.0 + 0.7 5.0 + 0.7 4.7 + 0.3
HOMA-IR 3.1 + 2.2b 2.8 + 2.1b 3.0 + 2.2b 1.1 + 0.6
AUC insulin 1022.9 + 751.1 946.5 + 694.7 991.9 + 714.7 566.9 + 278.8
AUC glucose 12.6 + 3.1 12.3 + 3.1 12.3 + 3.3 9.3 + 3.6

Abbreviations: BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SHBG, sex hormone-binding globulin; HOMA-IR, homeostatic
model assessment of insulin resistance; AUC, area under the curve.
aValues presented as mean + standard deviation. Comparisons for metabolic features are adjusted for BMI. Integrated 2-hour insulin and glucose secretion is
expressed as area under the curve values in arbitrary units.
bSignificant differences compared to controls are indicated.
cA total of 89 women met the diagnosis of PCOS based on Rotterdam criteria from all 168 women screened.
dA total of 43 women met the criteria for controls from all 168 women screened.
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Features of Women With Hirsutism or PCO Morphology

Of the 168 women evaluated, 18 with hirsutism alone and 9 with

PCO alone were identified. An assessment of diagnostic features

among women with hirsutism alone, PCO alone, and controls

showed a significant group effect for BMI, hirsutism score,

follicle count, and OV (Table 3 panel A; P < .0002). Women

with hirsutism alone had higher BMI and hirsutism scores com-

pared to controls. Women with PCO alone differed from controls

only in their higher follicle counts and OV. An assessment of

metabolic features among women with hirsutism alone, PCO

alone, and controls showed a significant group effect for SHBG,

fasting insulin, and HOMA-IR (P < .0002). Post-tests indicated

that women with hirsutism had lower SHBG and higher fasting

insulin and HOMA-IR compared to both women with PCO

alone and controls. When data were adjusted for BMI, no differ-

ences were retained among the groups (Table 3 panel B).

Discussion

Revised diagnostic thresholds for PCO using newer ultrasound

technology and reliable methods for estimating follicle

populations have been recently proposed.13,14,15 The extent to

which new criteria for PCO affect the prevalence of PCOS phe-

notypes is yet to be reported. In this study, we evaluated the

prevalence and metabolic profile of PCOS phenotypes in over

100 consecutive women self-reporting concerns over PCOS.

Applying NIH, Rotterdam, and AE-PCOS Society guidelines,

we found a PCOS prevalence of 53%, 70%, and 62%, respec-

tively, consistent with others evaluating PCOS in consecutive

patient or unselected populations using older or modified sono-

graphic criteria for PCO.21-23 That the relative prevalence mir-

rored previous studies likely reflects the use of a consistent

cutoff value for OV by all studies—which we recently cocorro-

borated using new imaging technology13—or that use of old

criteria for PCO was valid when studies used older sonographic

technology. The precise impact of technology is difficult to

interpret in this context since studies did not report the age of

their equipment. To truly determine the benefit of using

updated ultrasound technology, future research should focus

on quantifying the precise differences in sonographic end

points when comparing old versus new ultrasound technology.

Despite expected variations in PCOS prevalence using the 3

international guidelines, each was effective in detecting

Table 2. Comparison of Diagnostic Criteria and Metabolic Features Among Women With 4 Clinical Phenotypes of PCOS and Controls.a

Frank
(n ¼ 59)

Non-PCO
(n ¼ 8)

Ovulatory
(n ¼ 12)b

Normoandrogenic
(n ¼ 10)

Controls
(n ¼ 43)c

(A) Diagnostic features
Age, years 27.6 + 4.4 28.5 + 4.9 28.3 + 4.9 28.3 + 3.1 26.9 + 4.0
BMI, kg/m2 32.5 + 8.7a 39.0 + 6.4a 30.3 + 7.0ab 25.2 + 7.0b 24.8 + 5.0b
Menstrual cycle length, d 135 + 102a 83 + 26abc 39 + 25bc 137 + 134ab 30 + 6c
Modified hirsutism score 12.1 + 6.6a 12.9 + 6.4a 10.1 + 2.4a 1.7 + 2.5b 3.1 + 3.2b
Total testosterone, nmol/L 4.0 + 2.1 3.4 + 1.7 2.5 + 0.9 3.1 + 1.0 2.9 + 0.9
Free androgen index (%) 11.2 + 7.5a 14.6 + 13.2a 5.9 + 4.0b 3.6 + 3.3b 3.2 + 2.0b
Androstenedione, nmol/L 13.6 + 6.6 8.7 + 3.1 12.2 + 7.3 9.4 + 1.1 11.9 + 6.3
Follicle count 46.9 + 13.3a 19.5 + 9.0b 40.3 + 7.4a 40.5 + 15.8a 15.1 + 4.9b
Ovarian volume, mL 10.8 + 3.2a 6.3 + 2.2bc 9.7 + 2.8ab 9.1 + 3.3ab 5.7 + 1.9c

(B) Metabolic features
Waist–hip ratio 0.91 + 0.1 0.94 + 0.1 0.82 + 0.1 0.91 + 0.2 0.85 + 0.1
Systolic BP, mm Hg 117.6 + 10.0 123.4 + 10.0 114.3 + 10.2 113.8 + 8.7 112.8 + 7.9
Diastolic BP, mm Hg 74.9 + 8.4 78.3 + 7.2 70.3 + 8.8 72.0 + 8.4 73.3 + 7.1
LDL, mmol/L 3.1 + 0.8 3.1 + 0.7 2.6 + 0.7 2.5 + 0.8 2.4 + 0.7
HDL, mmol/L 1.2 + 0.3 1.1 + 0.2 1.4 + 0.2 1.3 + 0.3 1.5 + 0.4
Cholesterol–HDL ratio 4.2 + 1.2 4.7 + 1.2 3.2 + 0.9 3.4 + 1.0 3.0 + 1.0
Triglyceride, mmol/L 1.3 + 0.9 1.4 + 0.5 1.0 + 0.9 0.9 + 0.8 0.8 + 0.4
C-reactive protein, mg/L 4.0 + 3.9 8.3 + 6.2 1.5 + 1.7 1.8 + 3.7 1.1 + 1.8
SHBG, nmol/L 35.7 + 24.6 28.2 + 25.5 56.3 + 36.4 83.4 + 46.4 58.2 + 24.2
Hemoglobin A1C (%) 5.3 + 0.6 5.3 + 0.4 5.2 + 0.2 5.1 + 0.4 4.9 + 0.3
Fasting insulin, pmol/L 87.0 + 57.2 138.5 + 59.6 72.3 + 47.5 49.4 + 41.6 37.5 + 19.0
Fasting glucose, mmol/L 5.0 + 0.6 5.4 + 1.4 4.7 + 0.3 5.1 + 0.7 4.7 + 0.3
HOMA-IR 2.9 + 2.2 4.4 + 2.0 2.2 + 1.5 1.7 + 1.6 1.1 + 0.6
2-hr AUC insulin 969.8 + 703.7 1491.5 + 1049.3 826.0 + 465.7 548.7 + 267.2 566.9 + 278.8
2-hr AUC glucose 12.5 + 3.0 13.4 + 3.6 10.6 + 3.8 11.6 + 1.3 9.3 + 3.6

Abbreviations: BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SHBG, sex hormone-binding globulin; HOMA-IR, homeostatic
model assessment of insulin resistance; AUC, area under the curve.
aValues presented as mean + standard deviation. Comparisons for metabolic features are adjusted for BMI. Significant differences for within-row comparisons are
denoted by different letters. Integrated 2-hour insulin and glucose secretion is expressed as AUC values in arbitrary units.
bA total of 12 women met the diagnosis of Ovulatory PCOS from all 168 women screened.
cA total of 43 women met the criteria for controls from all 168 women screened.
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differences in both clinical and metabolic parameters among

women with PCOS and controls. However, it must be stressed

that stratification by more discrete phenotypes clearly revealed

that women with the most severe manifestations of PCOS pri-

marily drove differences in clinical and metabolic profiles.

This supports the conclusion that risks of chronic disease can-

not be uniformly ascribed to the entire PCOS population unless

using NIH criteria. An evaluation of the prevalence of PCOS

phenotypes revealed that Frank, Ovulatory, Normoandrogenic,

and Non-PCO subtypes were all represented in women self-

reporting features of PCOS. Similar to European and Asian

populations,10,24-30 Frank PCOS was the most prevalent pheno-

type noted in our North American cohort. We also noted that a

substantial proportion of women screened were categorized as

having Normoandrogenic or Ovulatory PCOS (24%), which

lends further credence to the validity of these phenotypes for

North American populations. In contrast to other studies report-

ing a prevalence between 16% and 40%,25,27-30 only 9% of the

participants assessed in our study were classified by the Non-

PCO phenotype. This might be explained by our use of newer

technology with high-resolution capabilities that allowed for a

more comprehensive assessment of ovarian morphology.

Consistent with earlier studies, metabolic aberrations

were greatest for women with Frank and Non-PCO

PCOS.9,10,24-26,28,30 Women with Ovulatory PCOS had features

that tended to be intermediate to Frank PCOS and controls,

whereas we detected no differences in the metabolic status of

women with Normoandrogenic PCOS compared to controls.

Metabolic disturbances were dependent on BMI, as previously

shown,31,32 supporting the conclusion that dietary and lifestyle

interventions in these populations are crucial for preventing pro-

gression to poorer reproductive and metabolic outcomes.33 Of

note is the finding that we detected these differences in reproduc-

tive and metabolic features among groups despite reporting much

higher follicle populations in women with PCOS and controls

compared to earlier studies.9,25,30

Our study also explored clinical and metabolic differences

in women who did not meet the diagnosis of PCOS but had iso-

lated hirsutism or PCO. We identified 13% of women with con-

cerns over PCOS as having idiopathic hirsutism and noted that

they tended to be heavier and have poorer metabolic profiles

compared to controls. Impaired insulin sensitivity in women

with hirsutism alone has been documented by others.34

Although this implies a role for androgen excess in mediating

Table 3. Comparison of Clinical and Metabolic Features Among Women With Hirsutism Alone, Polycystic Ovaries Alone, and Controls.a

Hirsute (n ¼ 18)b Polycystic Ovaries (n ¼ 9)c Controls (n ¼ 43)d

(A) Diagnostic features
Age, years 30.3 + 4.5 28.8 + 5.4 26.9 + 4.0
BMI, kg/m2 32.3 + 8.0a 24.9 + 4.6b 24.8 + 5.0b
Menstrual cycle length, d 30.7 + 3.7 29.9 + 3.4 30.0 + 5.5
Modified hirsutism score 13.2 + 3.2a 5.3 + 1.3b 3.1 + 3.2b
Total testosterone, nmol/L 2.9 + 1.3 2.9 + 0.5 2.9 + 0.9
Free androgen index (%) 6.4 + 4.5 2.6 + 1.3 3.2 + 2.0
Androstenedione, nmol/L 10.8 + 8.7 11.2 + 5.2 11.9 + 6.3
Follicle count 17.1 + 5.8b 34.6 + 7.8a 15.1 + 4.9b
Ovarian volume, mL 6.7 + 2.7ab 9.0 + 2.7a 5.7 + 1.9b

(B) Metabolic features
Waist–hip ratio 0.91 + 0.10 0.85 + 0.10 0.85 + 0.10
Systolic BP, mm Hg 121.2 + 9.9 110.1 + 8.5 112.8 + 7.9
Diastolic BP, mmHg 77.3 + 6.2 72.4 + 7.3 73.3 + 7.1
LDL, mmol/L 2.8 + 0.8 2.1 + 0.5 2.4 + 0.7
HDL, mmol/L 1.3 + 0.4 1.5 + 0.4 1.5 + 0.4
Cholesterol–HDL ratio 3.7 + 1.1 2.7 + 0.5 3.0 + 1.0
Triglyceride, mmol/L 0.9 + 0.3 0.8 + 0.3 0.8 + 0.4
C-reactive protein, mg/L 3.0 + 2.6 0.5 + 0.6 1.1 + 1.8
SHBG, nmol/L 40.1 + 18.1 67.7 + 29.8 58.2 + 24.2
Hemoglobin A1C (%) 5.1 + 0.3 5.1 + 0.4 4.9 + 0.3
Fasting insulin, pmol/L 88.4 + 48.5 35.7 + 20.7 37.5 + 19.0
Fasting glucose, mmol/L 4.9 + 0.5 4.8 + 0.2 4.7 + 0.3
HOMA-IR 2.9 + 1.7 1.1 + 0.7 1.1 + 0.6
AUC insulin 729.8 + 369.2 306.1 + 150.3 566.9 + 278.8
AUC glucose 10.6 + 4.0 11.9 + 7.0 9.3 + 3.6

Abbreviations: BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SHBG, sex hormone-binding globulin; HOMA-IR, homeostatic
model assessment of insulin resistance; AUC, area under the curve.
aValues presented as mean + standard deviation. Comparisons for metabolic features are adjusted for BMI. Significant differences for within-row comparisons are
denoted by different letters. Integrated 2-hour insulin and glucose secretion is expressed as AUC values in arbitrary units
bA total of 18 women met the diagnosis of hirsutism-alone from all 168 women screened.
cA total of 9 women met the criteria for polycystic ovaries-alone from all 168 women screened.
dA total of 43 women met the criteria for controls from all 168 women screened.
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insulin sensitivity, we noted a significant dependence on

adiposity in the metabolic profile of this cohort. The presence

of PCO alone has been documented in up to 32% of unselected

healthy women with regular menstrual cycles, which places

into question the specificity of PCO to PCOS.12 Using updated

criteria for PCO, we noted that a much lower percentage of

healthy women in the general population had isolated PCO

(ie, only 7%). Some hypothesize that PCO alone constitutes the

mildest form of PCOS as these women showed intermediate

serum anti-Mullerian hormone levels35 and responses to a

gonadotropin-releasing hormone challenge36 compared to

women with Frank PCOS and controls. We noted that women

with PCO alone did not differ from controls in their metabolic

profile, consistent with previous reports,12,35 but in contrast to

others showing subtle variations in insulin sensitivity and

androgen levels.36-40 It is difficult to fully appreciate discrepan-

cies between studies since they failed to report actual follicle

counts or other sonographic end points for their cohorts.

Our study was limited by several factors. First, our study

population had the potential for bias since participants were

recruited based on self-reported concerns over PCOS. There-

fore, our study was not designed to assess the prevalence of

PCOS phenotypes at large but rather the likelihood of encoun-

tering PCOS phenotypes in women with concerns over symp-

toms—much like what happens in clinical practice. It would

be expected that those with the most concerns over PCOS

would select in for evaluation (ie, Frank PCOS). Second, our

PCOS and control populations were not matched for adiposity.

Because of this, we performed a correction for BMI, which, as

a conservative measure, might have underestimated differences

among groups. Although our study was strengthened by the

inclusion of healthy control participants from the general pop-

ulation, we noted a tendency for lean rather than overweight

women with regular menstrual cycles to present for evaluation

as controls. This might have reflected the reduced likelihood of

predictable menstruation in overweight/obese women or their

reluctance to respond to an ad-seeking ‘‘otherwise healthy

women.’’ Third, our comparisons among phenotypes were lim-

ited by sample size. Although an assessment of over 100

women allowed us to fulfill our primary objective of describing

prevalence of PCOS in a consecutive pool of women and was

sufficiently powered (at an a level of .05) to detect differences

in metabolic status among women diagnosed with PCOS by

NIH (92% power), Rotterdam (88% power), and AE-PCOS

Society (90% power) standards, power to detect differences

in metabolic parameters among PCOS phenotypes was variable

and insufficient in many cases. Fourth, we studied an ethnically

diverse cohort that might have influenced findings since PCOS

symptoms have been reported to vary among ethnicities.41

Last, the cross-sectional design of our study only allowed for

the report of associations among metabolic disturbances and

PCOS phenotypes. Future longitudinal studies are needed to

address potential causal mechanisms for phenotypic variation

in PCOS.

In summary, use of updated criteria for PCO yielded an

expected prevalence of PCOS in women self-reporting

concerns over PCOS features when using any of the 3 consen-

sus guidelines. By contrast, revised criteria for PCO reduced

the prevalence of PCO in healthy women with regular men-

strual cycles as well as the occurrence of Non-PCO PCOS, sup-

porting the conclusion that PCO is a significant marker of

PCOS. Metabolic abnormalities in PCOS were linked to adip-

osity, and the absence of metabolic disturbances in normoan-

drogenic PCOS supports reduced health risks in women

without androgen excess. Given recent advances in imaging

technology, a reconsideration of criteria for PCO morphology

should be implemented when investigating long-term health

outcomes in women with clinical variations in PCOS.
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