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Polycystic ovary syndrome (PCOS) is a common endocrine disorder that impacts women worldwide. There are several racial and ethnic
differences in PCOS phenotypes and in PCOS- associated metabolic dysfunction. In this review, we summarize the current literature on
disparities in the diagnosis and outcomes associated with PCOS in the United States. Future studies are needed to address gaps in knowl-
edge for racial and ethnic-specific differences in PCOS, and include a large number of non-White and/or Hispanic participants in PCOS

studies. (Fertil Steril® 2023;119:348-54. ©2023 by American Society for Reproductive Medicine.)
Key Words: PCOS, race, ethnicity, disparities, polycystic ovary syndrome

olycystic ~ ovary  syndrome

(PCOS) is a highly prevalent

endocrine disorder that impacts
reproductive-age women worldwide.
The defining features of this disorder
include irregular menstrual cycles,
clinical and/or biochemical hyperan-
drogenism, and the finding of polycy-
stic ovarian morphology  on
ultrasound examination. The most cur-
rent 2018 international guidelines
require the presence of >2 of the 3
aforementioned criteria to establish a
diagnosis of PCOS, after exclusion of
related endocrine disorders (1). A ge-

netic basis for PCOS is suggested by a
strong resemblance seen among twins,
with one Dutch study finding a 71%
correlation of PCOS in monozygotic
twins and 38% correlation of dizygotic
twins (2). Genome wide association
studies have identified 19 specific ge-
netic susceptibility loci in women with
PCOS (3). Eleven of these loci were
identified in women of Han Chinese
and European descent, suggesting that
even between different races there
may be a common genetic basis for
the disease (3-5). However, the loci
identified  from  genome  wide

association studies can only account
for <10% of PCOS hereditability,
thereby implying that there are likely
epigenetic, socioeconomic, cultural,
and/or environmental factors that lead
to the development of PCOS (3).
Several studies have demonstrated
global differences in PCOS phenotypes
of women of different racial and ethnic
groups. For example, Middle Eastern,
Mediterranean, Indian, and South Asian
women with PCOS have a higher preva-
lence and/or severity of hirsutism than
the East Asian or Caucasian (Finnish,
Norwegian, and United States [US]
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White) women (6-10). These findings may be related to group
level differences in genetic inheritance or expression patterns
of the enzyme 5-« reductase, which converts testosterone to
dihydrotestosterone, the more potent androgen implicated in
PCOS pathogenesis (6, 8, 11). East Asian women have a low
5-a reductase activity likely contributing to their reduced
severity of hirsutism (8). However, the severity of clinical
hirsutism poorly correlates with the levels of circulating
androgens, and thus ethnic-specific definitions of hirsutism
have been suggested (8, 9, 12, 13).

Additionally, there are global differences in the preva-
lence of adverse metabolic outcomes associated with PCOS
in women of different racial and ethnic groups (6, 7, 10). In
a recent systematic review, 30 studies evaluated and compared
metabolic outcomes of women with PCOS of different ethnic-
ities worldwide (14). South Asian, Indian, and Norwegian
women with PCOS in particular are at increased risk of devel-
oping metabolic syndrome (MetSyn), whereas Hispanic and
Mexican women are at high risk of developing insulin resis-
tance, and US Black women are at increased risk of hyperten-
sion compared with White women (7, 10, 14-16). In a cross-
sectional study of over 1000 women with PCOS in 5 countries,
Chan et al. (10) found a significant difference in the prevalence
of MetSyn, as well as the clustering of its components in
different racial/ethnic groups (10). Our current study aimed
to determine the differences in phenotype and health dispar-
ities (defined by the Centers for Disease Control as preventable
differences in the burden of disease, injury, violence, or in op-
portunities to achieve optimal health experienced by popula-
tions that have been disadvantaged by their social or
economic status, geographic location, and environment) be-
tween Black, Hispanic, and Asian women compared with
non-Hispanic White women with PCOS in the US (17).

MATERIALS AND METHODS

All articles included in this review were obtained from a thor-
ough search of the electronic databases PubMed, Web of Sci-
ence, and Ovid MEDLINE. Search terms included “polycystic
ovary syndrome or PCOS” and all of the following: “race,
racial, ethnicity, ethnic, Black, Hispanic, Asian, White.” Arti-
cles were included if they were published in the English lan-
guage, peer-reviewed, included the target population
(women with PCOS in the US), addressed the objective
(racial/ethnic disparities) and were published after the year
2000. We did not exclude articles based on the diagnostic
criteria used for establishing a diagnosis of PCOS. For articles
pertaining to disparities of Black and Hispanic women with
PCOS, we chose to only include articles beyond the most
recent systematic reviews and meta-analyses, which were
published in 2021 and 2022, respectively (18, 19). The
following data were extracted from primary articles: name
of the first author, year of publication, study design, defini-
tion of PCOS, number of participants in the study, the
average/median age of participants, the average/median
body mass index (BMI) of participants, the outcomes
measured, and results. A global summary of our findings is
depicted in Figure 1.
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SUMMARY OF CURRENT EVIDENCE BY RACE/
ETHNICITY

Disparities in Risk for Black Women with PCOS in
the US

A 2021 systematic review and meta-analysis of 11 studies
evaluated the cardiometabolic risk profiles in Black (n =
652) and White (n = 2199) women with PCOS in the US
(10, 19-29). Black women had increased fasting insulin
levels, homeostatic model assessment of insulin resistance
(HOMA-IR) scores, and systolic blood pressure when
compared with White women (19). The heterogeneity of
these findings was high, and could not be explained with
meta-regression analyses for age, PCOS criteria, or ethnicity
(19). A meta-regression analysis found that BMI was associ-
ated with systolic blood pressure (19). Black and White
women with PCOS had comparable total cholesterol, low-
density lipoprotein cholesterol, high-density lipoprotein
cholesterol, fasting glucose, and diastolic blood pressures
(19). There was a high degree of heterogeneity in these find-
ings, with the exception of low-density lipoprotein choles-
terol which had homogenous results (19). Black women had
lower triglycerides compared with White women; however,
this finding had a high degree of heterogeneity between
studies which correlated with BMI (19). Overall these results
suggest that Black women with PCOS have an increased
risk of metabolic dysfunction associated with PCOS, although
there is a high degree of heterogeneity between studies that is
not always correlated with age or BML

A recent longitudinal cohort study of hyperandrogenic
Black and White women with PCOS had similar metabolic
findings to those outlined above: Black women with PCOS
were more likely to have elevated blood pressure (45.1% vs.
33.8%, P=.10), and less likely to have elevated triglyceride
levels when compared with White women with PCOS (5.4%
vs. 25.3%, P<.01) (30). In this study women were observed
for >3 years, during which time the rate of development of
MetSyn (28% vs. 12%, P<.01) and overall incidence of Met-
Syn (45.9 + 4.74 vs. 31.3 £ 3.03 per 100 person years) was
higher in Black women with PCOS than in White women
with PCOS, that persisted after adjustment for age and medi-
cation status (30). However, Black women had a significantly
higher BMI than White women (average difference of 5.7 +
1.2 kg/m? throughout the study period), potentially con-
founding these results (30). The incidence of MetSyn signifi-
cantly correlated with BMI in both races, suggesting that
obesity plays a significant role in these findings.

In addition to the disparities in cardiometabolic out-
comes, Black women with PCOS are also at increased risk of
psychological comorbidities. In a recent cross-sectional study
comparing racial differences in mental health metrics in pa-
tients with PCOS, Black women had lower modified PCOS
quality-of-life survey scores in the infertility domain than
those of White women, which remained significant after ad-
justing for age, BMI, and socioeconomic status (31). The prev-
alence of depression between Black and White women with
PCOS in this study showed no significant differences, and
White women with PCOS were more likely to have anxiety
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Black women may be at increased risk. Kazemi et al, 2021 Meta Analysis (1SBP/«—DBP)

Hispanic women not necessarily at increased risk. Kazemi et al, 2022 Meta Analysis

Asian women not necessarily at increased risk, and may be at decreased risk. Lo et al,

Black women may be at increased risk. Kazemi et al, 2021 Meta Analysis (1 fasting

Hispanic women may be at increased risk. Kazemi et al, 2022 Meta Analysis (tfasting

Asian women may be at increased risk. Lo et al, 2006 (tprevalence of diabetes); Chalal et
al, 2020 (t abnormal 2h GTT results, «>HOMA-IR, «— fasting insulin); Ezeh et al, 2020

Black women not necessarily at increased risk, and may be at decreased risk. Kazemi et
al, 2021 Meta Analysis (¢« TC/«—HDL/«—LDL/ITG)

Hispanic women not necessarily at increased risk. Kazemi et al, 2022 Meta Analysis

Asian women not necessarily at increased risk. Chalel et al, 2020

Black women may be at increased risk. Alur-Gupta et al, 2021 (1 Quality of life scores,
«— depression, lanxiety). Greenwood et al, 2019 (tdepression).

Hispanic women may be at increased risk. Fugal et al, 2022 (tpostpartum depression and

Hypertension
ype e (¢«—SBP/«—DBP)
2006.
. insulin, tTHOMA-IR, «— fasting glucose)
Insulin
ReSIStance insulin, THOMA-IR, «— fasting glucose)
(¢e—=>HOMA-IR, «— fasting insulin)
Dyslipidemia {
(¢—=TC/¢<—=HDL/«—=LDL/+>TG)
(¢—>TC/¢«—>HDL/«—>LDL/+>TG)
Psychological
Outcomes anhedonia)

No data for Asian women with PCOS in the United States.

A summary of racial and ethnic disparities in women with PCOS in the United States. HOMA-IR = homeostatic model assessment of insulin
resistance; SBP = systolic blood pressure; DBP = diastolic blood pressure; GTT = glucose tolerance test; TC = total cholesterol; HDL = high-
density lipoprotein; LDL = low-density lipoprotein; TG = triglycerides; PCOS = polycystic ovary syndrome.

VanHise. Racial and ethnic disparities in PCOS. Fertil Steril 2023.

compared with Black women with PCOS (31). Somewhat con-
trary to these findings, results of another recent longitudinal
cohort study observing women for 30 years found that Black
women with PCOS had a higher depression burden than that
of White women with PCOS, after accounting for age, BMI,
race, education, and exercise output (32). Ongoing research
is needed to address mental health disparities in Black women
with PCOS.

Disparities in Risk for Hispanic Women with PCOS
in the US

The US Census Bureau considers Hispanic or Latino origin as
an ethnicity and distinct concept from race (33). Individuals
of Cuban, Mexican, Puerto Rican, South or Central American,
or other Spanish culture or origin can be defined as Hispanic
or Latino regardless of their race (33).

This distinction of race and ethnicity (e.g., differentiating
Hispanic White vs. Hispanic Black) is not universally used and

creates major limitations in research. Of note, despite the US
Census Bureau categorization of people, the Pan American
Health Organization/World Health Organization holds the
scientifically accurate view that there is a single human
race and considers differences between individuals to be of
a cultural and symbolic nature and uses ethnicity to charac-
terize sociocultural groups (34). That being said, as social con-
structs race and ethnicity can provide important group level
insights into disparities and in rare cases group-level differ-
ences in gene polymorphisms (35).

A 2022 systematic review and meta-analysis included 11
studies comparing cardiometabolic and reproductive risks be-
tween Hispanic and White women with PCOS (18, 20, 23, 25,
26, 28, 29, 36-40). Hispanic women were more likely to have
an elevated fasting insulin level and higher HOMA-IR scores
than that of non-Hispanic White women in this study, with
moderate heterogeneity which was not explained by age,
BMI, or PCOS criteria (18). Hispanic and White women had
comparable glucose, lipid profiles, and blood pressure (18).
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These results suggest an impaired glucoregulatory response in
Hispanic women with PCOS, which may put these women at
increased risk of metabolic sequelae such as type 2 diabetes. A
recent retrospective chart review of female adolescents with
overweight and obesity aged 11-21 years with PCOS found
that Hispanic adolescents who had an elevated hemoglobin
A,. (HbA,J) and elevated alanine aminotransferase (ALT)
levels at the time of PCOS diagnosis were at particularly
higher risk of developing type 2 diabetes than Hispanic ado-
lescents who had neither or only one of the elevated HbA . or
ALT levels (hazard ratio, 19.0; 95% confidence interval [CI],
3.7-97.2; P<.001) (41). Current International PCOS Guide-
lines (1) do not recommend routine screening of ALT in
PCOS, and thus additional research is needed to determine
whether Hispanic adolescents with PCOS may benefit from
targeted HbA . and ALT screening.

Hispanic women with PCOS are also at an increased risk
of mental health disparities. A 2022 population-based study
of postpartum women found that Hispanic women with a
self-reported, prepregnancy diagnosis of PCOS or PCOS
symptoms were at increased risk of postpartum depressed
mood and anhedonia compared with their non-Hispanic
counterparts (42).

Disparities in Risk for Asian Women with PCOS in
the US

Arguably one of the biggest limitations with research
involving Asian individuals is that the term “Asian” is used
to describe a very large and diverse group. According to the
US Census Bureau, an individual of the Asian race includes
any person “having origins in the original people of the Far
East, Southeast Asia, or Indian subcontinent,” including
(but not limited to). Cambodia, China, India, Japan, Korea,
Malaysia, Pakistan, the Philippines, Thailand, and Vietnam
(43, 44). There is substantial variation in the prevalence and
phenotypic presentation of PCOS in women of different Asian
ethnicities, so much so that ethnic-specific modified Ferri-
man-Gallwey cutoff scores have been proposed to define hir-
sutism in certain Asian populations (9). There is also evidence
to suggest varying degrees of metabolic dysfunction (obesity,
insulin resistance, and diabetes mellitus) among women with
PCOS of different Asian and Asian American groups (8, 45,
46). There are only a limited number of studies in the PCOS
literature pertaining to metabolic outcomes and associated
risks for Asian women with PCOS in the US (26, 47-49).
Results from a 2006 study in which women with PCOS were
screened for eligibility for a clinical trial found that the
prevalence of MetSyn did not differ significantly among
racial and ethnic groups (Caucasian, African American,
Hispanic, Asian, and mixed ancestral origin) (47). A 2006
retrospective cohort study performed in a large community-
based health system in Northern California, including
>7000 women with PCOS, found that Asian women with
PCOS (n = 1117) were much less likely to be obese than other
racial groups, but more likely to have diabetes than White
women after adjustment for age and BMI (adjusted odds ratio
[aOR], 2.16; 1.63-2.85) (48).

Fertility and Sterility®

A recent cross-sectional study compared the metabolic
outcomes in women of a single region of the US who self-
identified as Asian, and further self-categorized into South
Asian (n = 25) or East Asian (n = 38) based on their country
of ethnic origin (49). East Asian women aged > 25-30 years
had elevated 2-hour insulin levels during an oral glucose
tolerance test, whereas South Asian women aged > 30 years
had elevated 2-hour insulin levels when compared with White
women (P=.03) (49). Additionally, 2-hour glucose levels were
higher in East Asian women than in White women (P=.05)
(49). All other metabolic outcomes (HOMA-IR, lipid panels,
and fasting glucose) did not differ among racial and ethnic
groups, and furthermore there was no increased risk of Met-
Syn between race groups in age-adjusted pairwise compari-
sons (49). The investigators concluded that additional
studies with larger groups of East and South Asians would
help elucidate whether these findings are clinically
meaningful.

Another recent cross-sectional study compared markers
of insulin resistance in women with PCOS of different self-
reported race and ethnicities, including Asian Americans (n
= 21) (26). Asian American women with PCOS had lower
HOMA-IR scores and lower fasting and 2-hour an oral
glucose tolerance test insulin levels than that of African
American or Hispanic White women, including after adjust-
ment for age and BMI (26). There was no statistically signifi-
cant difference in the mean HOMA-IR scores between Asian
American and non-Hispanic White women (P=.268). Asian
American PCOS women had higher mean glucose values
(although still normal) during a 2-hour OGT than that of
non-Hispanic White women (60 min glucose 7.27 + 0.49
vs. 6.46 + 0.17, adjusted P value=.017; 120 min glucose
6.12 4+ 0.28 vs. 5.40 £ 0.12, adjusted P=.008) (26). These re-
sults suggest that Asian American women may have a blunted
insulin response at baseline or after an oral glucose challenge
compared with non-Hispanic White women, but ongoing
research including larger studies of Asian patients is neces-
sary (26). Finally, there are no studies addressing mental
health outcomes of Asian women with PCOS. This represents
a major gap in knowledge and area for additional research.

THE INTERSECTION OF GENETICS, THE
ENVIRONMENT, CULTURE AND RACE/
ETHNICITY

Our discussion on racial and ethnic differences in PCOS is
incomplete without recognizing the potential impact of
epigenetic, socioeconomic, cultural, or environmental factors
on these results. For example, to what extent is a racial or
ethnic group predisposed to developing an adverse PCOS
outcome attributable to their continental or population
ancestry (i.e., population level variations in PCOS related
gene polymorphisms), for which race or ethnicity is often
used as a poor surrogate, vs. their surrounding environment,
including downstream psycho- neurohormonal, epigenetic,
and behavioral responses to disparate treatment by society?

The potential impact of socioeconomic status on the risk
of developing PCOS was studied in a cohort of >1000 White
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and Black women (50). Results of this study found that a low
parental education level (considered <high school) was asso-
ciated with an increased risk of PCOS (P=.03) (50). Interest-
ingly, the highest risk group comprised women who
achieved a high personal education level, but whose parents
had a low education level; these findings were significant af-
ter adjustment for age, BMI, and race (aOR, 2.5; 95% CI, 1.4-
4.4) (50). One limitation to this study is that other contributing
factors to socioeconomic status (such as wealth, income, and
occupation) were not assessed. There are racial and ethnic dif-
ferences in many socioeconomic factors, including income,
primary household occupation, household size, household
location, and household expenditures in the US (51).

One example of differing household expenditures by race
or ethnicity includes food purchasing habits. During the years
2014-2016, the average annual spending on fresh fruits in
Black, Hispanic/Latino, American Indian/Alaskan Native,
multiracial, Native Hawaiian/Pacific Islander, White, and
Asian US households was $146.19, $319.06, $159.38,
$232.79, $396.21, $238.51, and $408.16, respectively (51).
This difference in spending is likely impacted by the cost of
fruit in relation to other food products, family income, access
to food retailers, the types of food available at food retailers,
and cultural norms. The purchase and consumption of specific
foods, such as fresh fruit, can impact many diseases,
including PCOS. In the PCOS literature, starch and dairy prod-
ucts have been found to have negative metabolic impacts,
whereas foods rich in inositiol compounds (such as fruit and
beans) have beneficial effects on PCOS outcomes (52-54).
Additionally, food purchasing decisions and diet are
impacted by an individual’'s geographic location within
the US.

A 2019 study found that Healthy Eating Index scores var-
ied across locations of the US, with the highest/healthiest
scores reported in the West and the lowest/least healthy scores
reported in the South (P<.05) (55). The specific food decisions
that contributed to these findings varied by race (55). The
intersection of the impact of environment and an individual’s
race or ethnicity on PCOS is an important area of future study.

Merkin et al. (52) in their 2016 review, and the 2012 Am-
sterdam European Society of Human Reproduction and
Embryology/American Society of Reproductive Medicine
PCOS Workshop outlined the need for ongoing investigation
into the “role of genetic and environmental factors to explain
ethnic variances” of PCOS, and suggested a strategy to “study
populations of similar races and ethnicities across geographic
regions with the use of the same tools and protocols (7, 52).”
We aimed to address the objectives set forth by Merkin et al.
(52) and the European Society of Human Reproduction and
Embryology/American Society of Reproductive Medicine
PCOS Workshop in our recent study comparing Black and
White women with PCOS in 2 unique geographic areas of
the US (Birmingham, Alabama and Los Angeles, California).
We found that Alabama women of both races were at an
increased risk of insulin resistance compared with California
women, even after adjustment for age and BMI (56). The only
significant difference between Black and White women in our
study was that Black patients with PCOS had no statistically
significant difference in average BMI between the 2 locations;

in the White cohort, Alabama women had a higher BMI (56).
We hypothesized that differences in normative diets, expo-
sure to environmental toxins, socioeconomic status, and fam-
ily ancestry of individuals of the same race residing in the 2
locations contributed to these results (56). Another important
consideration is that the participants included in the afore-
mentioned studies were recruited and/or referred to appro-
priate health care providers. This creates an inherent bias in
the study populations, which is reflective of inequities of
our health care system, and social/cultural norms of seeking
out care for symptoms of PCOS (i.e., androgen excess or infer-
tility). One example highlighting referral bias of our health
care system is a 2013 study that compared features of women
who were referred for evaluation of PCOS with the features of
women who were identified to have PCOS on a preemploy-
ment physical examination (i.e., an unselected population).
The investigators found that 84% of women in the referral
group were non-Hispanic White women, and in comparison,
53% of women identified in the nonreferral groups were Af-
rican American women (57). There were similar findings in a
2011 study of US women seeking infertility care; African
American, Asian American, and Hispanic women were more
likely to be self-referred or referred by a friend or family
member when compared with White women, who were
more likely to be referred by a physician (58). Results of this
study also suggested racial and ethnic differences in concerns
for seeking out infertility care; for example, African Amer-
ican, Asian American, and in particular, Chinese American
women, were more concerned about the social stigma of
infertility than White women (58). These results highlight
the idea of a “culture of silence,” in which some women
may not seek care for diseases such as infertility and PCOS.

A potential consequence of disparate health seeking be-
haviors and access to health care is an incomplete cohort of
women with PCOS in research, thus limiting the ability to
form more accurate conclusions on racial and ethnic associ-
ated PCOS phenotypes and metabolic outcomes. This is also
reflected by the substantial difference in the number of
White/Non-Hispanic subjects vs. number of non-White and/
or Hispanic subjects included in studies. Despite the similar
prevalence of PCOS between White (4.7%) and Black (3.5%)
women in an unselected population of women (59), Black
women are numerically underrepresented in PCOS literature.

Similarly, Asian women are underrepresented in PCOS
literature, with many studies not including the Asian race at
all, or having such a small number of Asian women that
they are not included in comparative analyses. Additionally,
there are extremely limited or nonexistent PCOS data on
racial and ethnic groups, such as American Indians, Pacific Is-
landers, Native Hawaiians, Alaska Natives, and multiracial
individuals. Additionally, more studies comparing different
world regions outside of the US would also be critical in un-
derstanding the role that race and ethnicity play on expres-
sion of the syndrome. Future work is needed to fill these
voids in our understanding of PCOS.
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