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Background: The described phenotype of the polycystic ovary syndrome (PCOS) has been primarily
based on findings in a referred (self or otherwise) population. It is possible that the phenotype of PCOS
would be different if the disorder were to be detected and studied in its natural (unbiased) state.

Objective: Our objective was to compare the phenotype of PCOS detected in an unselected pop-
ulation with that identified in a referral population.

Participants: Participants included 292 PCOS patients identified at a tertiary care outpatient facility
(referral PCOS) and 64 PCOS women (unselected PCOS) identified through the screening of a
population of 668 seeking a pre-employment physical. Among the women undergoing a pre-
employment physical, 563 did not demonstrate features of the disorder (unselected controls). All
PCOS subjects met the National Institutes of Health 1990 criteria for the disorder.

Main Outcome Measures: We estimated prevalence of obesity and severity of disease burden.

Results: Referral PCOS subjects had greater mean body mass index and hirsutism score and higher
degrees of hyperandrogenemia, were more likely to be non-Hispanic White (83.90%), and demon-
strated a more severe PCOS subphenotype than unselected PCOS or unselected controls. The preva-
lence of obesity and severe obesity in referral PCOS was 2.3 and 2.5 times greater than estimates of the
same in unselected PCOS and 2.2 and 3.8 times greater than estimates in unselected controls, respec-
tively. Alternatively, unselected PCOS subjects had a prevalence of obesity and severe obesity and a
mean body mass index similar to those of the general population from which they were derived.

Conclusion: The phenotype of PCOS, including the racial/ethnic mix, severity of presentation, and
rate of obesity, is affected significantly by whether the PCOS subject arises from a referral popu-
lation or through unselected screening, likely reflecting the degree of patient concern and aware-
ness and access to healthcare. (J Clin Endocrinol Metab 98: E1088–E1096, 2013)

The polycystic ovary syndrome (PCOS) is one of the
most common endocrine-metabolic disorders, esti-

mated to affect at least 7% to 10% of reproductive-aged
women if the most conservative definition of PCOS is used
(ie, the National Institutes of Health [NIH] 1990 defini-

tion) (1, 2). PCOS is characterized by hyperandrogenism,
chronic oligo-ovulation, and polycystic ovaries and is fre-
quently associated with a higher prevalence of insulin re-
sistance and obesity, which increase these patients’ risks
for metabolic syndrome, type 2 diabetes, cardiovascular
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disease, and endometrial cancer (2). The phenotype of
PCOS greatly influences the risk of metabolic dysfunction,
with the more hyperandrogenic phenotypes and subphe-
notypes generally associated with a greater risk (2, 3).
Consequently, PCOS has enormous economic and health-
care implications (4).

Beginning with the original description of what is now
knownasPCOSbySteinandLeventhal (5),muchofwhatwe
know today regarding the phenotype of PCOS, including the
prevalence of obesity in the disorder, stems mostly from the
study of populations referred (self or otherwise) for care (5–
7). Referral to a medical practice, particularly tertiary care
centers, can be highly influenced by the degree of patient
concern for symptoms, awareness of the disorder, socioeco-
nomic status, and access to medical care. Thus, it is possible
that the phenotype of PCOS, as we know it today, may be
more a reflection of referral bias than of the disorder itself.

Using data collected prospectively during the first large-
scale effort to ascertain the unbiased prevalence of PCOS
among women (1, 8) and data collected prospectively dur-
ing the same time period from a large referral population
at a tertiary care center (7), we tested the hypothesis that
referral (self or otherwise) significantly (clinically and oth-
erwise) influences the phenotype of PCOS observed. Our
data suggest that the phenotype of PCOS, including the
racial/ethnic mix, the severity of the presentation, and the
prevalence of obesity, depends to a significant degree on
whether the patients are identified in a referred clinical
population or whether they are identified in an unbiased
manner in unselected populations. These results also sug-
gest that a more exact understanding of the PCOS phe-
notype could arise from the study of subjects identified in
relatively unselected or medically unbiased populations.

Subjects and Methods

Study participants

Unselected PCOS and controls
In brief, all prospective employees of the University of Ala-

bama at Birmingham (UAB), from resident staff to environmen-
tal workers, undergo an entrance medical evaluation that in-
cludes a brief history and physical and blood sampling. It should
be noted that at the time of the study, UAB was the single largest
employer in the city of Birmingham in Jefferson County and the
third largest single-site employer in the state of Alabama, and its
employees represent a cross-section of the surrounding popula-
tion. Consecutive premenopausal females aged 18–45 years
who were being evaluated for employment at UAB were asked to
participate. Exclusion criteria included endocrine disorders, use
of hormonal medication within the previous 3 months, inability
to establish menstruation or ovulation (eg, hysterectomy, vagi-
nal agenesis, or postmenopausal or premenarcheal state), and
missing menses data or if the patient was seen before the start of

the study or if dates of the first visit were incorrect. Obesity was
not used as an exclusion criterion in either the referral or unse-
lected population.

Of 960 nonpregnant women undergoing a pre-employment
physical during the study periods of 1995 through 1996 and
1998 through 1999 (1, 8) who were eligible for the study, 668
women (69.58%) agreed to be examined. The combined data of
these women was assessed for this study, as previously described
(8). Women diagnosed with PCOS according to the NIH 1990
diagnostic criteria (9) formed the unselected PCOS study cohort,
whereas those without the evidence of the disorder served as
unselected controls. We did not include any subjects in our un-
selected population that were already being seen in our practice.
The two populations represent separate and distinct cohorts.

The diagnosis of unselected PCOS or controls was based on an
evaluation that included a brief medical history and physical ex-
amination, focusingonfeaturesofmenstrualandovulatoryhistory,
and clinical and biochemical hyperandrogenism, including a mod-
ified Ferriman-Gallwey (mFG) hirsutism score (10, 11). To mini-
mize the possibility of interobserver variability in the assessment of
the mFG score, in the referral group of subjects, all were evaluated
by 1 physician (R.A.). In the unselected group of subjects, the initial
physical examination was performed by a research nurse, and if the
mFG score was reported as �3, then the mFG was repeated by R.A.
or by Dr Eric Knochenhauer, who had been trained by R.A. and
demonstrated a high degree of concordance in mFG scoring with
R.A. Weight and height were measured in all participants using
standardized methods and equipment.

Insubjectswhohadnotreceivedhormonal therapyfor3months
before their examination, serum levels of total T, free T, dehydro-
epiandrosterone sulfate (DHEAS), and 17-hydroxyprogesterone
(17-OHP) were obtained. Subjects with clinical evidence of hirsut-
ism but apparent eumenorrhea underwent measurement of day 22
to 24 progesterone (P4) level to determine ovulatory status. We
screenedall subjectswithpossiblePCOS(including thosewithmen-
strual dysfunction) with TSH, prolactin, and 17-OHP level to ex-
clude thyroid dysfunction, hyperprolactinemia, and 21-hydroxy-
lase–deficient nonclassic adrenal hyperplasia, respectively. If
thyroid dysfunction or hyperprolactinemia was detected, the diag-
nosis of PCOS was still able to be made if features persisted after
correction of thyroid or prolactin abnormalities. Full details of the
study protocol are as previously described (1, 8).

Because establishing the diagnosis of PCOS in an unselected
population requires concerted effort, the identification of these
subjects in the population may be artifactually decreased. We
assigned weights to the diagnosis of PCOS, depending on
whether the subject completed her evaluation (weighted diag-
nostic score [WDR] � 1) and on the number of subjects in the
phenotype category that did complete their evaluation and were
found to have PCOS (ie, number of confirmed PCOS in a cate-
gory/number of patients with complete evaluation). The details
of this methodology have been described previously (1, 11). For the
present study, we included only unselected PCOS women with high
probability (WDR �0.85) of having PCOS and unselected control
women who appeared to not have PCOS (WDR �0).

Referral PCOS
All nonpregnant patients presenting for the evaluation of

symptoms potentially related to androgen excess to the repro-
ductive endocrinology clinic (to R.A.) at UAB between 1995 and
1999 were included. Patients with suspected androgen excess
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were evaluated as described previously (7). All patients com-
pleted a uniform history form and underwent a complete phys-
ical examination, including assessment of their mFG score and
serum testing similar to that of unselected PCOS subjects above.
During this time period, all consecutive women with newly di-
agnosed PCOS constituted the referral PCOS population.

The above subjects were all from the same population in the
state of Alabama in the United States, and the referred patients
come from only 1 unit. The evaluations in both groups were
similar in all respects, including in hormonal testing. Data for all
cohorts were recorded and maintained prospectively in a com-
puterized database. The studies were approved by the institu-
tional review boards of University of Alabama at Birmingham
and Cedars Sinai Medical Center, Los Angeles, and all study
participants provided written informed consent.

Hormonal and biochemical analyses
Serum samples were analyzed for total T, SHBG, DHEAS,

prolactin (PRL), TSH, 17-OHP, and P4, per the protocol. Total
T was measured by an in-house RIA method after serum extrac-
tion, as previously described (12). SHBG binding activity was
measured by diffusion equilibrium dialysis, using Sephadex
G-25 and [3H]T as the ligand, and the free T was calculated as
previously described (12, 13). DHEAS, P4, androstenedione
(A4), PRL, and 17-OHP were measured by direct RIA, using
commercially available kits (DHEAS and P4 from Diagnostic
Products Corp., Los Angeles, CA; A4 from Diagnostics Systems
Laboratories, Webster, TX; and PRL from Nichols Institute Di-
agnostics, San Juan Capistrano, CA) as previously described
(14). Samples were batched at regular intervals for analysis to
minimize the impact of interassay variability and provide study
subjects with timely information. The intra- and interassay vari-
ations for total T, SHBG, DHEAS, A4, PRL, TSH, 17-OHP, and
P4 have been previously reported (8).

Statistical calculations and analysis
Body mass index (BMI) was calculated as weight in kilograms

divided by square of height in meters, and subjects were catego-
rized in obesity classes according to the classification of the
World Health Organization (15) as follows: underweight (BMI
�18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2), over-
weight (preobese) (BMI 25–29.9 kg/m2), and obese (BMI �30
kg/m2). This latter category is subgrouped into class 1 (mild)
obesity (30.0–34.9 kg/m2), class 2 (moderate) obesity (35.0–
39.9 kg/m2), and class 3 (severe) obesity (�40.0 kg/m2).

We compared differences between referral PCOS, unselected
PCOS, and unselected controls in the prevalence (with 95% con-
fidence interval) of obesity and disease burden (determined by
the PCOS subphenotype and degrees of hirsutism and hyperan-
drogenemia) and racial/ethnic make-up. Additionally, the prev-
alence of obesity in unselected PCOS was compared with the
estimates in unselected controls and the entire unselected pop-
ulation. In addition, the prevalence of obesity in the unselected
population was compared with estimates based on data for the
state of Alabama (16, 17). Values for comparing proportions
were computed with the �2 test with Yates correction or Fisher’s
exact test as appropriate.

Continuous variables satisfying a normal distribution assump-
tionwereexpressedas themean�SEandcomparedusingANOVA
and Tukey for post hoc ANOVA test for multiple comparisons.
Because the data distribution for the original scale SHGB, DHEAS,

total T, and free T values was not symmetric, analyses were carried
out after log-transforming the values. The geometric mean (ie, the
antilogof the log scalemean)and theoriginal scale range (ie, antilog
of the log scale range) are depicted.

The significance level was set at 0.05 for all analyses, and all
hypothesis tests were 2-sided. All statistical analyses were con-
ducted using the Stats Direct statistics software package, version
2.7.8 2010 (Cheshire, United Kingdom).

Results

Of 960 women undergoing a pre-employment physical at
UAB during the study periods of 1995 through 1996 and
1998 through 1999, 688 were eligible and agreed to par-
ticipate (ie, considered the entire unselected population).
Of these, 64 women (9.5%) had a high probability of
having PCOS (WDR �0.85), and comprised the unse-
lected PCOS cohort. In addition, the unselected popula-
tion contained 41 subjects who had low probability (WDR
of 0.05–0.35) of having PCOS and who were not studied
further and 563 women who had no evidence of PCOS
(WDR �0) and who comprised the unselected control
cohort.

During this same time period, 292 consecutive patients
were diagnosed as having PCOS in the clinical reproduc-
tive endocrinology practice, constituting the referral
PCOS population. Table 1 displays the distribution of se-
lect demographics and characteristics of each of the 3
groups studied.

Differences in demographics
Mean age was similar between the referral and unse-

lected PCOS cohorts or unselected controls. However, the
mean BMI was significantly higher in referral PCOS sub-
jects compared with the 2 unselected cohorts. Most the
patients among the referred PCOS (83.90%) were non-
Hispanic White (non-HW), whereas slightly more than
half of unselected PCOS (53.1%) or unselected controls
(52.9%) were African-American (AA), a significant dif-
ference (P � .0001).

Differences in the degree of hyperandrogenism
Referral PCOS subjects had a greater mean mFG score

and total T, free T, and DHEAS serum levels than unse-
lected PCOS women or unselected controls (Table 1). The
percentage of women with hirsutism (ie, an mFG score
�6) was similar between the referral PCOS (73.2%) and
unselected PCOS (65.5%) subjects and higher than in un-
selected controls (2%). Alternatively, the proportion of
subjects demonstrating elevated total and free T was high-
est in referral PCOS, followed by unselected PCOS, with
both higher than unselected controls. The proportion of
women with elevated DHEAS was similar in the referral
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and unselected PCOS cohorts (�35%) and significantly
higher than in unselected controls (Table 1).

Differences in the prevalence of obesity
The distribution of study population according to BMI

categories is depicted in Table 2 and Figure 1. The pro-
portion of underweight was lower in referral PCOS than
in unselected controls, and normal-weight subjects were
more common in both unselected PCOS and unselected
controls than in referral PCOS, whereas the prevalence of
overweight subjects was similar among the 3 study groups.
However, the prevalence of obesity overall (and the re-
lated odds ratio relative to controls) was higher among
referral PCOS than unselected PCOS or controls.

When considering the subclasses of obesity, we ob-
served that the prevalence of mild obesity (class I) was
lowest in unselected PCOS subjects, whereas the preva-
lence of moderate (class II) obesity was highest in referral
PCOS relative to unselected controls, and the prevalence
of severe (class III) obesity was higher in referral PCOS
than unselected PCOS or controls (Table 1 and Figure 1).

Among referral PCOS women, the prevalence of obe-
sity class by severity increased progressively from 16.4%
to19.5%to27.7%, formild,moderate, and severeobesity
respectively (�2 � 11.15; P � .0008); alternatively, there
was little change in overall prevalence with increasing obe-
sity class in unselected PCOS or unselected controls.

Overall, we found that the race-specific prevalence of
obesity in our entire unselected population (n � 668) was
similar to the estimates in the State of Alabama general
female population (16.9% vs 20.0% for non-HW and
40.2% vs 35.0% AA; Figure 2), based on Alabama’s Be-
havioral Risk Factor Surveillance System (16, 17). The
prevalence of obesity in referral PCOS women was 2.2-
fold greater (P � .0001) than estimates for the same in the
overall unselected population and greater (3.7-fold for
non-HWand1.8-foldforAA)thantheestimates for theState
of Alabama general female population (Figure 2 and Sup-
plemental Table 1, published on The Endocrine Society’s
Journals Online web site at http://jcem.endojournals.org).
Alternatively, the prevalence of obesity in unselected
PCOS women and unselected controls was similar to the
prevalence in the overall unselected population and for the
general adult female population in the State of Alabama,
regardless of race (Supplemental Table 1).

Differences in the prevalence and features of the
PCOS subphenotypes

The characteristics of the 3 PCOS subphenotypes based
on the NIH 1990 definition of PCOS (9, 18), ie, oligo-
ovulation and hirsutism only (Oligo�Hirsutism), oligo-
ovulation and hyperandrogenemia without hirsutism
(Oligo�HA), and oligo-ovulation, hyperandrogenemia,
and hirsutism (Oligo�Hirsutism�HA), in our referral

Table 1. Comparison of Study Populations

Referral PCOS Unselected PCOS Unselected Controls

No. of total group 292 64 563
Age, y (mean � SE) 27.44 � 0.44 27.43 � 0.73 29.25 � 0.30
No. of non-HW (%) 245.0 (83.9)a 29.0 (45.3) 254.0 (45.0)
No. of AA (%) 44.0 (22.9)a 34.0 (53.1) 299.0 (52.9)
BMI, kg/m2 (mean � SE) 34.50 � 0.55a 27.58 � 1.01 27.27 � 0.31
Prevalence of obesity, n (%) 186.0 (63.7)a 18.0 (28.1) 160.0 (28.4)
Hirsutism (mFG) score (mean � SE) 8.01 � 0.26a 5.73 � 0.52c 1.09 � 0.07
Total T, ng/dLe 77.9 (14.0–586.0)a 59.5 (11.0–160.0)b 44.5 (4.0–123.0)
Free T, ng/dLe 0.83 (0.10–4.09)a 0.46 (0.05–1.91)b 0.29 (0.02–1.15)
DHEAS, ng/mLe 1948 (92–6692)a 1726 (231–5473)b 897 (70–9460)
SHBG, nmol/Le 164 (100–670)a 233 (70–820)c 291 (100–5800)
Hirsutism (mFG �6), % 72.3d 65.6b 2.0
Total T, % 39.0a 18.0b 2.5
Free T, % 64.0a 24.1b 5.1
DHEAS, % 35.7d 34.4b 2.6
PCOS subphenotypes, n (%)

Hirsutism�Oligo only 58.0 (19.9)a 29.0 (45.3) NA
HA�Oligo only 80.0 (27.4) 22.0 (34.4) NA
Hirsutism�HA�Oligo only 154.0 (52.7)a 13.0 (20.3) NA

Abbreviation: NA, not available.
a P � .0001 (referral different from all others).
b P � .0001 (unselected PCOS different from unselected controls).
c P � .001 (unselected PCOS different from unselected controls).
d P � .0001 (referral PCOS different from unselected controls only).
e Geometric mean, the antilog of the log scale mean, is reported for log-transformed data.
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and unselected PCOS subjects are depicted in Figure 3 and
Table 3.

PCOS women presenting with each of these 3 subpheno-
types did not differ in mean BMI, prevalence of obesity, and
racial composition in either the referral or unselected PCOS
cohorts. There were also no differences in mean age, with the
exception that in the referral PCOS cohort, women with the
Hirsutism�Oligo phenotype were older at the time of their
initial presentation than those with Hirsutism�HA�Oligo
(30.1 vs 26.1 years, respectively, P � .0016), although there
were no significant differences in age between analogous
subphenotypes in referral PCOS vs unselected PCOS co-
horts. Alternatively, PCOS women with the Oligo�
Hirsutism�HAsubphenotypehadgreatermeanmFGscores
and higher circulating androgens levels than the other two
subphenotypes. Not unexpectedly, in both PCOS cohorts,
women with Oligo�Hirsutism had a greater mean mFG
score than those with Oligo�HA, who in turn demonstrated
greater circulating androgen levels than those with
Oligo�Hirsutism.

Differences in the distribution of subjects by subpheno-
types between referral and unselected PCOS are depicted in
Figure 3. Most referral PCOS women presented with the
Oligo�Hirsutism�HAsubphenotype(52.7%),whereas the

majority of unselected PCOS had the Oligo�Hirsutism sub-
phenotype (45.3%). A higher proportion of the referral
PCOS cohort had the more severe subphenotype
Oligo�Hirsutism�HA compared with unselected PCOS
(52.7%vs20.3%,P� .0001, respectively),whereasahigher
percentage of unselected PCOS had Oligo�Hirsutism
(45.3% vs 19.9%, P � .0001, respectively). The prevalence
of obesity and mean BMI were greater in referral than un-
selected PCOS across analogous subphenotypes (except for
Oligo�Hirsutism�HA where the difference in BMI did not
reach significance, P � .0684). Referral PCOS women also
had greater mean circulating androgens and mFG scores
than unselected PCOS subjects among all 3 subphenotypes,
including those manifesting Oligo�HA (only mFG score
was higher), Oligo�Hirsutism (both mFG score and free T
levelswerehigher),andOligo�HA�Hirsutism(wheremFG
score, total T, free T, and DHEAS were higher) than the
estimates for analogous subphenotypes in unselected PCOS.
Theprevalenceofhyperandrogenemiawasgreater inreferral
PCOS than unselected PCOS in those presenting with the
HA�Oligo (free T, P � .005) and Hirsutism�HA�Oligo
(free T and DHEAS, P � .0007 and P � .0135, respectively)
subphenotypes.

Table 2. Observed Distribution (Percent) of Referral PCOS, Unselected PCOS, and Unselected Controls by BMI
Categories

BMI Categories

Referral PCOS
(n � 292),
n (%)

Unselected
PCOS
(n � 64),
n (%)

Unselected
Controls
(n � 563),
n (%)

ORs (95% CI)
Comparing
Referral
PCOS With
Unselected
PCOS

ORs (95% CI)
Comparing
Referral
PCOS With
Unselected
Controls

ORs (95% CI)
Comparing
Unselected
PCOS With
Unselected
Controls

Underweight (�18.9
kg/m2)

4.0 (1.4)a 3.0 (4.7) 33.0 (5.9) 0.28 (0.05–1.99) 0.22a (0.06–0.64) 0.79 (0.15–2.64)

Normal (19.0–24.9
kg/m2)

48.0 (16.4)b 27.0 (42.2) 237.0 (42.1) 0.27b (0.15–0.51) 0.27b (0.19–0.39) 1 (0.57–1.75)

Overweight
(25.0–29.9
kg/m2)

54.0 (18.5) 16 (25) 133.0 (23.6) 0.68 (0.35–1.39) 0.74 (0.51–1.04) 0.68 (0.35–1.35)

Obese (�30.0 kg/m2) 186.0 (63.7)b 18.0 (28.1) 160.0 (28.4) 2.95b (1.02–11.68) 4.41b (3.24–6.04) 0.99 (0.52–1.80)
Obesity by class

Class I obesity
(30.0–34.9
kg/m2)

48.0 (16.4) 4.0 (6.3)c 72.0 (12.8) 1.97c (0.84–5.40) 1.34 (0.88–2.03) 1.05 (0.52–1.98)

Class II obesity
(35.0–39.9
kg/m2)

57.0 (19.5)b 7.0 (10.9) 46.0 (8.2) 3.12 (1.34–8.44) 2.72b (1.76–4.24) 1.38 (0.50–3.27)

Class III obesity
(�40.0
kg/m2)

81.0 (27.7)b,d 7.0 (10.9) 42.0 (7.5) 4.47d (2.40–8.63) 4.75b (3.12–7.32) 1.52 (0.55–3.64)

Abbreviations: CI, confidence interval; OR, odds ratio.
a P � .001 (referral PCOS vs unselected control [underweight BMI]).
b P � .0001 (referral PCOS vs unselected PCOS or unselected control).
c P � .05 (referral PCOS vs unselected PCOS [mild obesity]).
d P � .01 (referral PCOS vs unselected PCOS [severe obesity]).
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Effects of race on the phenotype and features of
PCOS cohorts and controls

Supplemental Table 1 depicts demographic, hyperan-
drogenism, and prevalence of obesity profiles by race (AA
and non-HW subjects). Mean age was similar between AA
and non-HW subjects, both across and within diagnostic
categories. Mean circulating androgen levels, mFG scores,
and prevalence of obesity and hyperandrogenemia were
greater, whereas SHBG levels were lower in referral PCOS

than unselected PCOS or unselected
controls, independent of race.

Alternatively, the prevalence of
obesity, mean BMI, androgen levels
(free T, total T or DHEAS), and
SHBG levels were similar in PCOS
identified in AA and non-HW
women, whether referral or unse-
lected PCOS. Alternatively, the
mean SHBG was lower, whereas the
mean BMI, circulating free T levels,
and prevalence of obesity were
greater in AA than in non-HW in un-
selected controls. No racial/ethnic
differences in mean circulating total
T and DHEAS levels were observed
in unselected controls.

Mean mFG score was greater in
AA than non-HW women in referral
PCOS (P � .015), unselected PCOS
(P � .0276), and unselected controls
(P � .024), although the proportion

of women with hirsutism and hyperandrogenemia did not
differ between AA and non-HW, within each diagnostic
category. See[b] Supplemental Results for additional dis-
cussion of differences in obesity by race between referral
and unselected PCOS, unselected controls, the total un-
selected population, and the general population in the
State of Alabama at the time.

Discussion

Our data indicate that PCOS pa-
tients who are seen in the clinical set-
ting have a greater mean BMI,
hirsutism score, and circulating an-
drogen levels, are more likely to dem-
onstrate obesity and be non-His-
panic White, and demonstrate a
more severe PCOS phenotype than
PCOS women detected in the general
unbiased population. Our data also
suggest that the prevalence of obesity
in general and of severe obesity in
particular, in PCOS women detected
in the medically unbiased population
of women seeking a pre-employment
physical, is similar to that observed
in unselected controls, in the overall
unselected cohort, and in the popu-
lation from which they were derived.
Alternatively, PCOS women in a

Figure 1. Distribution of referral PCOS, unselected PCOS, and unselected controls by BMI
categories. A, Differences in percentage of women who were underweight, of normal BMI, and
obese by obesity class and trends in obesity bias and prevalence of obesity. B, Prevalence of
underweight in unselected controls and normal weight in unselected PCOS and controls was
higher than the referral PCOS. C, More referral PCOS were obese by BMI categories than the 2
unselected groups. Only referral PCOS showed a trend in obesity prevalence and obesity bias.
The I bars represent 95% confidence intervals or SD as appropriate. *, Significant difference.

Figure 2. Race-specific prevalence of obesity (percent) in the female general population. Data
for the State of Alabama was based on Alabama’s Behavioral Risk Factor Surveillance System, a
survey of adults �18 years old (16, 17). Unselected study population refers to overall unselected
population from which unselected PCOS and unselected control cohorts were derived. Race-
specific prevalence of obesity in unselected population is similar to the estimates in the State of
Alabama general female population aged �18 years.
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clinical (referred) population had a prevalence of obesity
and severe obesity ranging from 2.2-. to 3.8-fold that of
unselected PCOS or unselected controls.

PCOS is a heterogeneous disease characterized by differ-
ent clinical subphenotypes. Evidence suggests that subjects
manifesting the Oligo�Hirsutism�HA subphenotype dem-
onstrate greatest degrees of insulin resistance, hyperinsulin-
emia, chronic inflammation, dyslipidemia, and hyperandro-
genism, whereas those manifesting only Oligo�Hirsutism
(without hyperandrogenemia) demonstrate lesser morbidity
(18–20). In our study, a majority of PCOS subjects diag-

nosed in the clinical setting manifested
the more complete, and morbid, sub-
phenotype (Oligo�Hirsutism�HA),
whereas most PCOS from the unse-
lected cohort demonstrated the Oligo�
Hirsutism subphenotype. Because in
this study we did not routinely per-
form transvaginal ultrasonography,
weareunable tocommentontheprev-
alence of those subphenotypes deter-
mined solely by the presence of poly-
cystic ovarian morphology. However,
theresultsofotherstudiesdetermining
theprevalenceof thePCOSsubpheno-
typesand includingtransvaginalultra-
sonographyindicate that25%to70%
of PCOS patients diagnosed in the
clinical setting (ie, referred) present
with the complete presentation
(Oligo�HA/Hirsutism�polycystic
ovarian morphology) (3, 21–33),

whereas PCOS women detected in unbiased populations
presented with this subphenotype only 10% to 25% of the
time (34–36).

Hyperandrogenism has been identified as an important
risk factor for dyslipidemia, metabolic syndrome, and car-
diovascular disease in both pre- and postmenopausal
women (19, 20, 37). Because our referral PCOS women
had greater degrees of hyperandrogenism than unselected
PCOS subjects, it would be logical to assume they carry a
higher disease risk. Although mean mFG scores were

Figure 3. The distribution of referral PCOS and unselected PCOS according to severity of PCOS
subphenotypes by 1990 NIH/Eunice Kennedy Shriver National Institute of Child Health and
Human Development criteria. A higher proportion of referral PCOS women presented with the
Oligo�Hirsutism�HA subphenotype, whereas a higher percentage of unselected PCOS
demonstrated the Oligo�Hirsutism subphenotype.

Table 3. Characteristics of Phenotypes of PCOS Based on NIH Criteria in Referral and Unselected PCOSa

Referral PCOS (n � 292) Unselected PCOS (n � 64)

Hirsutism�Oligo HA�Oligo
Hirsutism�HA
�Oligo Hirsutism�Oligo HA�Oligo

Hirsutism�HA
�Oligo

No. of total group (%) 58.0 (19.9) 80.0 (27.4) 154.0 (52.7) 29.0 (45.3) 22 (34.4) 13 (20.3)
Age, y (mean � SE) 30.1 � 1.0 27.9 � 0.8 26.2 � 1.0 29.3 � 1.0 26.2 � 1.1 25.5 � 1.6
No. of non-NHW (%) 49.0 (84.5) 71.0 (88.8) 125.0 (81.2) 13.0 (44.8) 13 (59.1) 3 (23.1)
No. of AA (%) 8 (13.8) 9.0 (11.3) 27.0 (17.5) 16.0 (55.2) 9 (40.9) 9 (69.2)
BMI, kg/m2 (mean � SE) 34.8 � 1.3e 33.5 � 1.1d 34.9 � 0.7 26.9 � 1.5 26.9 � 1.8 30.2 � 2.3
No. with obesity (%) 36.0 (62.1)d 48.0 (60.0)c 102.0 (66.2)e 7.0 (24.1) 6 (27.3) 5 (38.5)
mFG score (mean � SE) 9.5 � 0.4c 3.1 � 0.2d 10.0 � 0.3e 7.9 � 0.4 1.0 � 0.3 8.9 � 1.0
Total T, ng/dLf 53.6 (16.0–83.0) 85.6 (27.0–219.0) 85.4 (14.0–586.0)b 46.8 (11.0–74.0) 75.7 (38.0–160.0) 64.1 (29.0–160)
Free T, ng/dLf 0.53 (0.10–0.75)e 0.89 (0.30–1.75) 0.95 (0.24–4.09)d 0.28 (0.05–0.74) 0.70 (0.16–1.80) 0.63 (0.25–1.91)
DHEAS, ng/mLf 1400 (234–2382) 2051 (474–5189) 2149c (92–6692) 1222 (231–2366) 1864 (786–3560 3019 (1145–5473)
SHBG, nmol/Lf 174e (100–670) 166 (100–310) 159 (100–430) 308 (100–820) 188 (70–540) 183 (120–300)
Total T, n (%) 0.0 34.0 (42.5) 60.0 (38.7) 0.0 7/22 (31.8) 4/13 (30.8)
Free T, n (%) 0.0 70.0 (87.5)d 132.0 (85.2)e 0.0 13/22 (59.1) 4/13 (30.8)
DHEAS, n (%) 0.0 23.0 (28.8) 60.0 (38.7) 0.0 5/22 (22.7) 8/13 (61.5)

a P values reflect the comparison of referral PCOS to unselected PCOS across analogous phenotypes.
b P � .05.
c P � .01.
d P � .001.
e P � .0001.
f Geometric mean, the antilog of the log scale mean, is reported for log-transformed data.
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higher in referral PCOS subjects, because the presence of
hirsutism is defined by a single cutoff (mFG �6), the dif-
ference in the prevalence of hirsutism between the two
groups is less pronounced (72% vs 66% in referral vs
unselected PCOS women, respectively, a difference not
reaching statistical significance).

The differences in the phenotype of women with PCOS
depending on whether they were diagnosed in the clinical
setting or detected in an unselected population may be due
to several reasons. First, as various quality-of-life studies
have demonstrated, obesity and the severity of hirsutism
are the complaints most likely to detrimentally affect qual-
ity of life (38) and potentially are the symptoms most likely
to drive women to seek medical care. Furthermore, obesity
may exacerbate the other clinical features of PCOS, in-
cluding menstrual irregularities (39), which makes them
more likely to seek medical care. Second, because access to
medical care in the United States is greater for non-HW,
who also are more likely to see themselves as overweight
or obese than minority women (40, 41), it is not surprising
that the former race/ethnicity predominates in the popu-
lation of PCOS women diagnosed in the clinical setting in
contrast to those women detected in an unbiased
population.

The present study has several potential limitations.
First, the use of an unselected population based on those
seeking pre-employment physical examination might not
have captured some PCOS subjects who were unable to
seek employment due to depression or other issues asso-
ciated with the disorder. We should also note that all cur-
rently used criteria for PCOS (Rotterdam 2003 and
Androgen Excess & PCOS Society 2006) are simply ex-
tensions of the NIH 1990 criteria. In addition, the NIH
1990 criteria are considered to be the strictest and less
ambiguous criteria for PCOS and represent the criteria
denoting the group of PCOS subjects at highest risk for
metabolic dysfunction.

In conclusion, our data provide strong evidence of re-
ferral bias in the PCOS phenotype, primarily driven by
obesity and the severity of disease burden. Furthermore, as
for other disorders, there appears to be significant racial/
ethnic disparity in accessing or seeking medical care
among women with PCOS. Women with PCOS seeking
clinical care (self or otherwise referred for evaluation) are
generally more severely affected, more obese, and more
likely to be non-HW. Because obesity and the degree of
hyperandrogenism are important risk factors for meta-
bolic and cardiovascular dysfunction in pre- and post-
menopausal women (19, 20, 37), it is also likely that PCOS
women diagnosed in the clinical setting have a higher risk
for these morbidities than patients detected in the general
population. More striking, the overall prevalence and de-

gree of obesity among women with PCOS who were de-
tected through the study of an unbiased population was
not different from that of the general population in which
the subjects are found, suggesting that the relationship
between PCOS and obesity has been exaggerated by the
study of populations of PCOS subjects primarily recruited
from the clinical setting. The results of our study have
important public health implications and suggest that a
more accurate picture of the PCOS phenotype may arise
from the study of PCOS women detected through the
screening of unselected or minimally biased populations.
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