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Abstract
Objective—To estimate racial disparities in PCOS phenotype between White and Black women
with PCOS.

Design—Case/control study

Setting—Two academic medical centers

Patients—242 women off of confounding medications in otherwise good health

Interventions—Phenotyping during the follicular phase or anovulation after overnight fast in
women.

Main outcome measures—Biometric, serum hormones, glycemic and metabolic parameters,
and body composition by DEXA.

Results—We studied 77 White and 43 Black women with PCOS and 35 White and 87 Black
controls. Black women with PCOS were very similar reproductively to White women with PCOS.
Black women with PCOS had lower serum transaminases, higher HDL-C levels[mean difference
(MD): 18.2; 95% CI: (14.3, 22.1) mg/dL], lower triglycerides(MD: -43.2 mg/dL; 95% CI: (-64.5,
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-21.9)), and enhanced insulinogenic index on the oral glucose tolerance test compared to White
women with PCOS. Blacks with PCOS had higher bone mineral density(MD: 0.1 g/cm2; 95% CI:
(0.1, 0.2)) and lower percent body fat on DXA (MD: -2.8%; 95% CI:(-5.1, - 0.5)), and overall a
higher quality of life. While most of these findings disappeared when the differences with racially
matched controls were compared, Black women with PCOS compared to Black controls had lower
estradiol levels than White PCOS women compared to White controls(MD: -12.9 pg/mL; 95% CI:
(-24.9, -0.8)), higher systolic blood pressure(MD: 9.1 mm Hg; 95% CI: (0.8, 17.4)), and lower
fasting glucose levels(MD: -12.0 mg/dL; 95% CI: (-22.3, - 1.7)).

Conclusion—Racial disparities in PCOS phenotype are minor and mixed. Future studies should
explore if race impacts on treatment effects.

Introduction
Polycystic ovary syndrome is a common endocrinopathy characterized by hyperandrogenic
chronic anovulation, that consistently affects 5-8% of females in populations studied across
the globe (1). Race has been shown to influence the PCOS phenotype (2, 3). African-
Americans are the largest racial minority group in the United States and make up ∼15% of
the population. In other endocrine based disorders, such as type 2 diabetes, African-
Americans have been shown to present with more severe features, including increased
obesity, dyslipidemia, hyperglycemia, and vascular disease (4). They also are more likely to
experience fatal and non-fatal cardiovascular events related to diabetes (4).

Less is known about the influence of race on the PCOS phenotype. A population based
prevalence study in Alabama showed no significant difference in the prevalence of PCOS
between Blacks and Whites (5), and reported that there were no differences in the degree or
distribution of female hirsutism (6). Several other studies have compared Black women with
PCOS to White women with PCOS and reported baseline data on this population.(2, 7-9).
These studies have not reproducibly upheld the hypothesis that Blacks with PCOS are more
likely to have a more severe reproductive and metabolic phenotype than Whites with PCOS.
These studies are limited by the absence of a normal control group without PCOS for
comparison. We designed a case-control study of Black and White women, with and without
PCOS, to estimate how race might affect the PCOS phenotype.

Materials and Methods
Subjects

The Institutional Review Boards of the Meharry Medical College and Penn State College of
Medicine approved the study. Participants were enrolled between 2004-2007 and all gave
written informed consent. Race was self-reported. We used the 1990 NIH/NICHD
diagnostic criteria for polycystic ovary syndrome to identify subjects (10): chronic
anovulation, defined as spontaneous intermenstrual periods of ≥45 days or a total of ≤8
menses per year, and hyperandrogenism defined as an elevated total testosterone(>50 ng/dL)
or a free androgen index [ratio of testosterone/SHBG(100)] >1.5.(11) The women with
PCOS were screened to participate in a randomized trial of lifestyle and metformin and only
their baseline data were used in this case-control study. Our control group consisted of
women with a history of regular, ovulatory menstrual cycles, 26-32 days from one period to
the next, and in general good health. Control women were excluded if they were smokers,
were currently involved in a weight loss program, or exercising more than 8 hours a week.
These control women were screened as part of a larger 4 month clinical study of the
menstrual cycle and only their baseline data were used in this case-control study. All
subjects, both control women without PCOS and women with PCOS were in good general
health and currently off of confounding medications (e.g. hormonal contraceptives, diabetic
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medications, etc.) at the period the study was conducted. We a priori designed these studies
such that the Penn State site would predominantly recruit Whites into the study, and the
Meharry site would predominantly recruit Blacks into the study, and our recruitment
numbers reflected this design.

Study Procedures
Participants were studied after an overnight fast and in the early follicular phase, days 2-7 of
the cycle or during an anovulatory period, with confirmation in all subjects by ultrasound
exam and by measuring serum progesterone levels (< 3 ng/mL).

Physical Exam—Blood pressure, height, weight, waist and hip measurements were
performed by clinical research staff as previously reported. (12) Hirsutism was assessed by
trained study personnel using the modified Ferriman-Galwey score. (13) Facial lesion counts
of open and closed comedones (noninflammatory lesions) were obtained from the forehead,
left and right cheeks, nose, and chin by trained study personnel. (14)

Exercise Testing—Participants underwent a submaximal test of aerobic capacity to
determine fitness levels.(15) This test involved riding a stationary bike for a total of 6-12
minutes while the heart rate was monitored with a polar heart rate monitor at regular
intervals. The maximal oxygen consumption (VO2 max) was recorded.

DXA Scan (baseline and end of study)—Body composition was determined by dual
energy x-ray absorptiometry (DXA) using a Hologic QDR-4500W system (Hologic Inc.,
Bedford, MA). Each participant underwent a total-body scan and dual hip scan using the
fan-beam mode at baseline and at the completion of the study. Subregion analysis of visceral
and central abdominal fat were estimated.(16)

Serum Reproductive Hormones—LH, FSH, DHEAS, and SHBG were determined on
a moderate complexity automated random-access immunoassay analyzer (Immulite 1000;
Siemens Medical Solutions Diagnostics, Los Angeles, CA) with a solid-phase washing
process and a chemiluminescence detection system. Hormone kits were supplied by the
same manufacturer and assayed according to the manufacturer's instructions. The kit
consisted of a solid phase made up of a polystyrene bead enclosed within the Immulite test
unit coated with a polyclonal rabbit antibody specific for each of the above mentioned
hormones. The functional sensitivities for each assay: progesterone, 0.2 pg/ml with intra and
inter assay coefficient of variations of 6.3% and 7.9%; LH, 0.1 mIU/ml, 3.9% and 7.2%;
FSH, 0.1 mIU/ml, 3.4% and 8.9%, SHBG, 0.22 nM/l. 6.3% and 9.2% and DHEA-SO4, 2.0
μg/dl, 4.8 and 8.4%, respectively. Serum testosterone was measured using the coat-a-tube
RIA method (Perkin Elmer, Webstar, TX). Testosterone was measured by RIA (17). The
RIA method used an iodinated tracer and a testosterone specific antibody immobilized to the
wall of a polypropylene tube. Duplicate samples were run in sequence according to the
manufacturer's instructions. The assay sensitivity for testosterone was 0.14 ng/ml and the
intra- and inter-assay CVs were 3.9 and 5.3%, respectively.

Serum Metabolic Hormones—A 75-g oral glucose tolerance test with glucose and
insulin levels obtained at 0, 30, 60, 90, and 120 min post-challenge was performed after an
overnight fast only in women with PCOS.(18) Similarly, liver and renal function tests were
only obtained in women with PCOS. Fasting blood glucose (FBG), fasting insulin (FI), and
lipids were determined as previously reported in all participants.(17) Homeostatic insulin
resistance (HOMA-IR) was determined by the formula: [fasting insulin (μU/mL) × fasting
glucose (mg/dL)] ÷ 405. Insulinogenic index (30 min) was defined by the formula [30 min
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insulin (μU/mL) − fasting insulin (μU/mL)] ÷ [30 min glucose (mg/dL) − fasting glucose
(mg/dL)].

Ultrasound Scan—A transvaginal or transabdominal (in adolescents) ultrasound of the
pelvis was performed.(17) Volume of the ovary was calculated using the formula for a
prolate ellipsoid (length × height × width × (π/6)).(17)

PCOS quality of life survey (baseline and end of study)—The validated PCOS
health related Quality of Life(HR-QOL) questionnaire includes five domains: emotional,
body hair, infertility, weight, and menstrual problems(19). Each domain score is graded on a
scale of 1 (poorest function) to 7 (optimal) with a change of 0.5 approximating the minimal
important difference, the smallest change in score that women feel was important in their
daily lives.

Data Analysis
We did not perform an a priori power analysis as we were examining a broad range of
phenotypic characteristics. Our subject number reflects recruitment into our studies of
normal women and women with PCOS. Continuous data are descriptively reported as
model-based means and standard deviations (SD). Integrated (i.e., the area under the curve
from time 0 to 120 minutes) glucose and insulin values were calculated from the oral
glucose tolerance test per participant using the trapezoidal rule. Analysis of covariance
models (ANCOVA) were fit to continuous outcomes with independent factors of PCOS
status (PCOS case or non-PCOS control), race (Black or White), the interaction of PCOS
status and race, and the covariate of participant age. Contrasts were constructed from the
ANCOVA models, particularly from the interaction term, to assess differences between
Black and White women with PCOS, between cases (women with PCOS) and controls
(women without PCOS) within each racial group, and between Blacks and Whites with
respect to the change between the cases and control groups within each racial group, i.e., the
difference of the differences. The effect sizes from the ANCOVA models are reported as
mean differences (MD) with 95% confidence intervals (CI). ANCOVA is an extension of
ANOVA that allows for the possible effects of covariates, such as age, on the response
variable in addition to the effects of the factor of interest. All hypothesis tests were two-
sided and p-values less than 0.05 were considered significant. All analyses were performed
using SAS, version 9.2 (SAS Institute, Inc, Cary, NC).

Results
Black PCOS vs. White PCOS

Black and White women with PCOS had similar distributions with respect to age and body
mass index (BMI) (Table 1). There were no differences between racial groups in the domain
scores of the quality of life questionnaire (Data not shown). However, Blacks with PCOS
had a more positive outlook with respect to quality of life assessments, particularly their
overall general well-being (P=0.02) than their Whites counterparts with PCOS (Figure 1).
On exercise testing Blacks had greater VO2 max values compared to Whites (P = 0.002).
There was a marginal difference in acne scores, but no difference in hirsutism scores,
between Black and Whites with PCOS. There was no evidence of a difference in
reproductive hormone levels between Blacks and Whites with PCOS, with the exception of
SHBG levels tending to be slightly higher in Blacks.

Blacks had lower serum hepatic transaminase and BUN levels, though the clinical difference
is negligible (Table 2). The concentrations of high density lipoprotein-C and triglycerides
were higher (P<0.001) and lower (P<0.001), respectively in Blacks than Whites.
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Interestingly, there were no differences in fasting glucose levels between the races, however,
fasting insulin concentrations were higher (P = 0.01) among Blacks. Blacks also had higher
measures of homeostatic insulin resistance, but improved sensitivity by integrated measure
after oral glucose tolerance testing (Figure 2). This was accompanied by an increased
insulinogenic index (30 min). Blacks had greater bone mineral content (P < 0.001) and
density (P < 0.001), as well as lower percent body fat, than Whites (Table 2).

Black PCOS/Black Control Women vs. White PCOS/White Control Women
Our control group consisted of 87 Black participants and 35 White participants. We did not
administer the PCOS HR-QOL questionnaire, nor did we perform renal and liver function
testing or perform OGTTs in control women. As per study design and definitions of cases
and controls, comparisons between women with PCOS and racially matched controls
showed a marked difference among most of the expected variables (Supplemental Online
Tables 1 and 2). Women with PCOS were significantly heavier and had higher blood
pressure, higher testosterone levels, lower SHBG levels, higher LH levels and triglycerides,
lower HDL-C levels, and more fat and lean mass as determined by DXA scan (Supplemental
Online Tables 1 and 2).

However comparisons of the differences between cases and controls according to race
revealed only a few significant differences between Blacks and Whites. Our data did
indicate that Black women with PCOS tended to be older than Black controls, whereas
White women with PCOS were comparable in age to White controls. Even after adjusting
for this age difference, there were only subtle case-control differences in Black women
compared to White women. The difference in systolic blood pressure between PCOS and
controls was higher (P = 0.03) in Black women than White women, with a similar trend for
diastolic blood pressure even though the difference was not statistically significant
(Supplemental Online Table 1). Follicular phase levels of estradiol and fasting glucose
levels were higher in White women with PCOS compared to controls, whereas Black
women with PCOS and controls did not differ significantly in either estradiol or glucose
levels. Hemoglobin levels were higher in Black women with PCOS compared to controls
but similar between White women with PCOS and controls (Supplemental Online Table 2).

Discussion
We performed a unique case-control study in which we assessed differences between Black
and White women with PCOS in common reproductive and metabolic abnormalities in
PCOS, as well as comparison of the differences between them and racially matched controls
without PCOS. We found that Black women with PCOS are very similar reproductively to
White women with PCOS, but that metabolically there were many factors that were more
favorable in Blacks including lipid levels, serum transaminases, estimated VO2 max, bone
density, fat distribution and a higher perceived overall quality of life. However results were
mixed in that some parameters were not favorable in Blacks with PCOS such as increased
fasting insulin levels. When we further examined the differences between cases and controls
to see if PCOS is more severe in Blacks or Whites compared to a racially matched reference
group, we found that Black women with PCOS did show some reproductive differences.
These included lower estradiol levels, and there were also metabolic differences such as
higher systolic blood pressure and lower glucose levels. Overall, our results are reassuring,
that race per se in Black and White women with PCOS does not significantly influence the
phenotype.

Our study overall is convincing that the full phenotype of PCOS appears very similar in
Blacks and Whites, and against expectation, perhaps more favorable in Blacks. This is in
line with a recent case-control study that showed lower triglyceride and higher HDL-C
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levels in Blacks with PCOS (2). Some of our favorable findings such as the lower serum
creatinine levels in Blacks may also be clinically insignificant. Other older studies suggest a
worse phenotype in Blacks including a large randomized multicenter trial in women with
PCOS, the Pregnancy in Polycystic Ovary Syndrome (PPCOS) trial. This trial noted that
Black women at baseline tended to have a higher BMI and higher fasting glucose levels than
Whites in the study (7). Similar findings of increased BMI and diabetes prevalence in Blacks
compared to Whites were noted in a study of women with PCOS from Boston and Iceland
(8). Within a large, community-based population of women with PCOS receiving health
care in Northern California, Blacks were noted to have increased BMI and a higher
prevalence of hypertension than Whites (9). Like the PPCOS trial (7), and unlike the other
studies (2, 8, 9), we excluded diabetes in all participants and found no differences in BMI
between Black and White women with PCOS. These aforementioned studies also lacked a
normal racial control group unlike our study.

The strengths of the study include the rigid inclusion and exclusion criteria to define both
cases with PCOS and controls without it, the racial stratification of both cases and controls,
and the thorough and consistent phenotyping of all the subjects. Limitations of our study
include potential disparities between the two sites, which could not be assessed due to the
design of our study with one site recruiting mainly Whites and another mainly Blacks. We
were also unable to match control subjects on the basis of race, or to match control women
with normal cycles to women with PCOS on the basis of weight or age, although we
adjusted for this in our analyses. This is a common difficulty in such trials given the high
prevalence of obesity in the U.S. PCOS population. Because these were women participating
in other clinical studies, they may not be representative of the larger population who may be
less likely to participate in drawn out demanding clinical trials For example, women with
PCOS who are metabolically challenged may prefer pills (as in PPCOS) to lifestyle changes
(as in our study). Finally we may have found more disparity between races if we had chosen
the broader Rotterdam criteria for PCOS, as there is definitely more heterogeneity between
the larger phenotypic spectrum these criteria capture.(20)

We conclude that the racial disparities found in other conditions such as type 2 diabetes may
not be as common in Black women with PCOS (and no diabetes), and they may also have, at
least as young women, more favorable risk profiles for metabolic disease. This may
ultimately be reassuring that PCOS diagnosed according to strict criteria may identify a
comparable reproductive phenotype in women of different races. In the future, our findings
suggests that Black and White women with PCOS could be pooled together for such
baseline analyses, although further prospective studies should gauge the impact of race on
treatment effects.
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Figure 1.
Overall summary Scores from the PCOS Health Related Quality of Life Questionnaire
(PCOSQ) in Black and White women with PCOS.
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Figure 2.
Mean levels of glucose and insulin during a 2h oral glucose tolerance test in Black and
White Women with PCOS. Integrated glucose levels (i.e., the area under the curve from
time 0 to 120 minutes were significantly lower in Black women (P =0.007)
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