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BACKGROUND: Polycystic ovary syndrome is a heterogeneous dis- confidence interval, 2.46e8.35) compared with US White women. When
order and its presentation varies with race and ethnicity. Reproductive-age

women with polycystic ovary syndrome are at increased risk of metabolic

syndrome; however, it is not clear if prevalence of metabolic syndrome and

clustering of its components differs based on race and ethnicity. Moreover,

the majority of these women do not undergo routine screening for

metabolic syndrome.

OBJECTIVE: We sought to compare the prevalence of metabolic syn-
drome and clustering of its components in women with polycystic ovary

syndrome in the United States with women in India, Brazil, Finland, and

Norway.

STUDY DESIGN: This is a cross-sectional study performed in 1089

women with polycystic ovary syndrome from 1999 through 2016 in 5

outpatient clinics in the United States, India, Brazil, Finland, and Norway.

Polycystic ovary syndrome was defined by the Rotterdam criteria. Main

outcome measures were: metabolic syndrome prevalence, blood pres-

sure, body mass index, fasting high-density lipoprotein cholesterol, fasting

triglycerides, and fasting glucose. Data from all sites were reevaluated for

appropriate application of diagnostic criteria for polycystic ovary syn-

drome, identification of polycystic ovary syndrome phenotype, and com-

plete metabolic workup. The US White women with polycystic ovary

syndrome were used as the referent group. Logistic regression models

were used to evaluate associations between race and metabolic syndrome

prevalence and its components and to adjust for potential confounders,

including age and body mass index.

RESULTS: The median age of the entire cohort was 28 years. Women
from India had the highest mean Ferriman-Gallwey score for clinical

hyperandrogenism (15.6� 6.5, P< .001). The age-adjusted odds ratio

for metabolic syndrome was highest in US Black women at 4.52 (95%
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adjusted for age and body mass index, the prevalence was similar in the

2 groups. Significantly more Black women met body mass index and

blood pressure criteria (P < .001), and fewer met fasting triglycerides

criteria (P < .05). The age- and body mass indexeadjusted prevalence

of metabolic syndrome was highest in Indian women (odds ratio, 6.53;

95% confidence interval, 3.47e12.30) with abnormalities in glucose

and fasting high-density lipoprotein cholesterol criterion and in Norwe-

gian women (odds ratio, 2.16; 95% confidence interval, 1.17e3.98)

with abnormalities in blood pressure, glucose, and fasting high-density

lipoprotein cholesterol criterion. The Brazilian and Finnish cohorts had

similar prevalence of metabolic syndrome and its components compared

to US White women.

CONCLUSION: Despite a unifying diagnosis of polycystic ovary syn-

drome, there are significant differences in the prevalence of metabolic

syndrome and clustering of its components based on race and ethnicity,

which may reflect contributions from both racial and environmental fac-

tors. Our findings indicate the prevalence of metabolic syndrome com-

ponents varies in women with polycystic ovary syndrome, such that

compared to White women from the United States, Black US women had

the highest prevalence, whereas women from India and Norway had a

higher prevalence of metabolic syndrome independent of obesity. The

differences in clustering of components of metabolic syndrome based on

ethnicity highlight the need to routinely perform complete metabolic

screening to identify specific targets for cardiovascular risk reduction

strategies in these reproductive-age women.
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Introduction
Polycystic ovary syndrome (PCOS) is one
of themost common endocrine disorders
affecting reproductive-age women.1,2 In
addition to its clinical manifestations of
oligomenorrhea, androgen excess, and
polycystic-appearing ovaries on ultra-
sound,3 PCOS is also associated with an
increased prevalence of metabolic syn-
drome (MetSyn).4,5 MetSyn comprises a
constellation of factors that increase the
risk for cardiovascular disease, diabetes,
AUGUST 2017 Ameri
stroke, and diseases related to
atherosclerosis.6,7

Several studies addressed population
differences in the clinical presentation of
PCOS, including differences in serum
androgen concentrations,8-10 prevalence
ofmenstrual dysfunction,11,12 appearance
of polycystic ovaries on ultrasound,8,11

and insulin resistance.11,13-15 Women
with PCOS living in the United States
have a high prevalence of MetSyn
(43-46%),16,17 with high bodymass index
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TABLE 1
Recruitment specifics for each study site

Study site
Recruitment
dates Recruitment site

Clinical
hyperandrogenism
FG score

Biochemical
hyperandrogenism Testosterone assay

Transvaginal
ultrasound
probe resolution

United
States

2009 through
2014

Outpatient
gynecology/PCOS
center

�8 Total testosterone
�55 ng/dL

Liquid chromatography
mass spectrometry

5e9 MHz

Indiaa 2009 through
2013

Outpatient
gynecology
private practice
setting

�8 e e 5e13 MHz

Brazil 1999 through
2015

Outpatient
gynecology/
endocrine health
unit

�8 Total testosterone
>50 ng/dL

Electrochemiluminescence
immunoassay

5e9 MHz

Finland 2004 through
2010

Outpatient
gynecology
clinic

�8 Total testosterone
�66.3 ng/dL or free
androgen index �5.6

Liquid chromatography
mass spectrometry

4e8 MHz

Norway 1999 through
2016

Outpatient
gynecology/
infertility
clinics

�8 Total testosterone
>72.1 ng/dL
Androgen index �0.6

Radioimmunoassay
employing double
antibody technique

6 MHz

FG, Ferriman-Gallwey; PCOS, polycystic ovary syndrome.

a Serum androgens were not routinely measure.
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(BMI) and low serum high-density
lipoprotein cholesterol (HDL-C) levels
as the predominant components. The
prevalence of MetSyn in South Asian
PCOS populations was reported to be
37.5%, with central obesity as one of the
significant predictors of MetSyn.12

Although studies from different parts of
the world describe a higher prevalence
of MetSyn in PCOS compared to
geographically matched controls,5 few
studies have directly compared the
prevalence ofMetSyn and its components
in different races. One study reported
that White women had higher blood
pressure (BP) and worse lipid profiles
compared to Middle Eastern women
residing in Denmark.15 In 1 US-based
PCOS cohort of 11,035 subjects, Blacks
and Hispanics were more likely to be
obese; Asians and Hispanics were more
likely to have diabetes; and Blacks
were more likely to be hypertensive.18

Although these Danish and US cohorts
indicate ethnic differences in metabolic
risk factors associatedwith PCOS, neither
of these studies comprehensively exam-
ined prevalence ofMetSyn as an outcome.
189.e2 American Journal of Obstetrics & Gynecol
The Amsterdam European Society of
Human Reproduction and Embryology/
American Society for Reproductive
Medicineesponsored Consensus Work-
shop Group concluded that “ethnic
origin and culture contribute to the
differing manifestations of PCOS”19 and
must be considered when treating pa-
tients, especially when applying thresh-
olds for metabolic screening. However,
despite these recommendations, there
are few population-based studies of
PCOS including several races/ethnicities
to increase our understanding of the
possible role that racial and environ-
mental factors might play in the
expression of MetSyn in this high-risk
group. International medical societies
recommend screening all women with
PCOS for cardiometabolic risk.6 How-
ever, in a recent survey of US gynecolo-
gists the majority reported that they do
not screen women with PCOS for lipid
and glucose abnormalities.20 Given this,
our primary aim was to compare the
prevalence ofMetSyn and to examine the
clustering of its components in women
with PCOS from the United States,
ogy AUGUST 2017
India, Brazil, Finland, and Norway.
Although all these women shared the
diagnosis of PCOS, we hypothesized that
racial differences in the prevalence of
MetSyn and clustering of associated
symptoms exist, suggesting both racial
and environmental modifiers of the
phenotype across groups.

Materials and Methods
A cross-sectional study was performed
using deidentified data from women be-
tween the ages of 20-50 years diagnosed
with PCOS from 5 urban centers in the
United States, India, Brazil, Norway, and
Finland. Subjects were identified in da-
tabases maintained at each site as shown
inTable 1. The institutional review boards
at each study site approved this study.
Women were included if they had PCOS
as defined by presence of at least 2 of the 3
Rotterdam criteria3; theywere required to
have data on oligomenorrhea/amenor-
rhea and clinical or biochemical hyper-
androgenism and have complete MetSyn
data. PCOS diagnosis information, labo-
ratory tests, and physical examination
measurements were obtained from each
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subject’s initial visit. All data were reas-
sessed retrospectively by lead author
(J.L.C.) to confirm that each subject met
the Rotterdam criteria and only subjects
that met these criteria on reevaluation
were included in this analysis. Oligome-
norrhea was defined as an intermenstrual
interval of >35 days and <8 menstrual
bleeds in a year. Amenorrhea was defined
as absent menstrual bleeding in the past
90 days. Clinical and biochemical hyper-
androgenism criteria used for diagnosis at
each study site is shown in Table 1. De-
scriptions of the assays used for testos-
terone measurements are also listed in
Table 1. Each site had established upper
limits for total testosterone that was used
to define biochemical hyperandrogenism
cut-offs for inclusion. In the data set from
India, clinical hyperandrogenism was
primarily used to establish diagnosis due
to cost issues related to measuring
androgen levels. Race and ethnicity were
self-reported and collected at the time of
recruitment. Subjects were excluded if
they had elevated thyroid-stimulating
hormone or prolactin levels, or if they
had congenital adrenal hyperplasia,
Cushing syndrome, androgen-secreting
tumors, or other related disorders as per
the Rotterdam definition. Women who
were pregnant or breast-feedingwere also
excluded. All study sites were asked to
provide information on medical and gy-
necologic histories, physical examina-
tions, and transvaginal ultrasound data.
Additional outcomes recorded included:
age, BP, height, weight, fasting total
cholesterol, fasting triglycerides (TG),
fasting HDL-C, and fasting glucose.
Blood samples in all cases were obtained
after an overnight fast. Clinical hyper-
androgenism was defined as a Ferriman-
Gallwey (FG) score �8. Polycystic-
appearing ovaries were defined as the
presence of at least 1 ovary with �12
follicles measuring 2-9 mm in diameter
and/or ovarian volume >10 mm3. Reso-
lutions of the transvaginal ultrasound
probes used to evaluate ovaries at each
study site are detailed in Table 1.

MetSyn was defined by the American
Heart Association (AHA)/National
Heart, Lung, and Blood Institute
(NHLBI) consensus criteria21 as defined
by �3 of the following criteria: obesity,
elevated TG (�150 mg/dL), low HDL-C
(�50 mg/dL), elevated BP (�130/�85
mm Hg) or taking antihypertensive
medications, elevated fasting glucose
(�100 mg/dL), and carried a diagnosis
of preexisting diabetes or were taking
medications for diabetes. Obesity was
based on ethnic variations and defined as
an elevated BMI of �30 kg/m2 in non-
Indian populations and �25 kg/m2 in
the Indian population, as the risk of type
2 diabetes and cardiovascular disease is
increased at lower BMI targets in Asian
Indians than in Whites.22

Statistical analysis
Data from all sites were examined for
completion of diagnostic criteria for
PCOS and only those subjects with
complete metabolic workups were
included in this study. Demographic
characteristics were compared among
groups using analysis of variance for
parametric continuous variables and
Kruskal-Wallis tests for nonparametric
variables. Pairwise comparisons with the
US White group used as the referent
group were performed using Student t
tests or Wilcoxon rank sum tests as
appropriate for continuous variables. The
c2 tests were used to compare pro-
portions. A subanalysis was performed
including women who met the hyper-
androgenic phenotype. Logistic regres-
sion models were used to evaluate
associations between race and MetSyn
prevalence and its components and to
adjust for potential confounders such as
age. In a secondary analysis we adjusted
for BMI to determine if the prevalence of
MetSynwas related to the high prevalence
of obesity in the study population. All P
values were 2-sided and a statistical sig-
nificance level alpha of 0.05 was used.
Analyses were performed using software
(STATA, Version 13.0; StataCorp, College
Station, TX).

Results
In total, 1089 women met our inclusion
criteria including 184 non-Hispanic US
White subjects, 100 non-Hispanic US
Black subjects, 220 Indian subject, 233
Brazilian subjects, 94 Finnish subjects,
and 258 Norwegian subjects. The de-
mographic and clinical characteristics
AUGUST 2017 Ameri
of this study population are shown in
Table 2. Themedian age of the cohort was
28 years (interquartile range, 24-33
years). Of the women, 54% met all 3
Rotterdam criteria and 73%metNational
Institutes of Health criteria for PCOS.
Compared to the US White group,
women from Finland and Norway had a
lower prevalence of clinical and/or
biochemical hyperandrogenism (P <
.001). The mean FG score was highest in
the Indian population (15.6, P < .001)
and lowest in the Norwegian group
(4.3, P < .001) compared to the US
White women (11.1). All of the women in
the Finnish group had documented
polycystic-appearing ovaries on ultra-
sound (100%, P < .001).

The prevalence of MetSyn and its indi-
vidual components were compared in the
6 groups. Table 2 demonstrates compo-
nents ofMetSyn and Table 3 demonstrates
percentage prevalence of each component
for the groups. Compared to theUSWhite
group, US Blacks had the highest preva-
lence of MetSyn (52.0% vs 28.3%, P <
.001). The US Black women had the
highest prevalence of abnormal BMI
(74.0%, P < .001) and BP criterion
(59.0%, P < .001), however, they had the
lowest prevalence of TG criterion (10.0%,
P ¼ .02). Indian women had a higher un-
adjusted prevalence of MetSyn than US
White women (38.2% vs 28.3%, P¼ .036)
and had different components contrib-
uting to the elevated prevalence ofMetSyn,
namely higher prevalence of obesity
(62.3% vs 47.3%, P ¼ .003), elevated
fasting glucose (28.6%, P< .001), and low
HDL-C (97.3%, P < .001). While Finland
and Norway are geographically adjacent,
the prevalence of MetSyn differed such
that Norwegians had a significantly higher
prevalence (41.1%, P < .01) whereas
women from Finland had a similar prev-
alence compared to US White women
(27.7%). Between these 2 Scandinavian
countries, there was differential clustering
of MetSyn components. Norwegian prev-
alence of MetSyn was associated with
elevated BP, elevated fasting glucose levels,
and low HDL-C, whereas women in
Finland had prevalence of MetSyn com-
ponents similar to US White subjects.

PCOS is a heterogeneous condition and
in some studies the prevalence of MetSyn
can Journal of Obstetrics & Gynecology 189.e3
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TABLE 2
Demographic characteristics of study population (n [ 1089)

US White,
reference US Black India Brazil Finland Norway

n 184 100 220 233 94 258

Median age, y (IQR) 29 (25e32) 29 (25.5e34) 25 (23e27)a 26 (23e30)b 33 (29e39)a 28.5 (25e32)

Presence of oligomenorrhea/amenorrhea 165 (89.7%) 84 (84%) 199 (90.5%) 205 (88%) 88 (93.6%) 232 (89.9%)

Presence of clinical or biochemical
hyperandrogenism

162 (88.0%) 89 (89%) 201 (91.4%) 215 (92.3%) 60 (63.8%)a 180 (69.8%)a

Presence of polycystic-appearing
ovaries on ultrasound

126 (68.5%) 76 (76%) 173 (78.6%)b 157 (67.4%)a 94 (100%)a 233 (90.3%)a

Total testosterone, mean (SD), ng/dL 53.2 (27.0) 63.4 (32.9) ec 91.8 (41.4) 55.3 (30.3) 63.5 (31.7)

Ferriman-Gallwey score, mean (SD) 11.1 (7.4) 10.9 (7.0) 15.6 (6.3)a 12.2 (6.3) 7.8 (5.0)b 4.3 (4.2)a

Body mass index, mean (SD), kg/m2 30.6 (8.1) 37.5 (9.4)a 26.7 (4.5)a 29.3 (6.9) 29.4 (7.1) 31.1 (7.0)

PCOS phenotype

Frank PCOSd 85 (46.2%) 49 (49%) 133 (60.4%) 131 (56.2%) 54 (57.4%) 131 (50.8%)

Ovulatory PCOSe 19 (10.3%) 16 (16%) 21 (9.5%) 20 (8.6%) 6 (6.4%) 26 (10.1%)

NIH criteriaf 58 (31.5%) 24 (24%) 47 (21.4%) 57 (24.5%) 0 (0%) 24 (9.3%)

Normoandrogenic PCOSg 22 (12.0%) 11 (11%) 19 (8.6%) 5 (2.1%) 34 (36.2%) 76 (29.5%)

TG, mean (SD), mg/dL 110.5 (63.5) 94.5 (63.6)b 131.0 (52.7)a 115.4 (68.8) 104.8 (55.0) 115.2 (72.3)

Systolic BP, mean (SD), mm Hg 123.4 (14.0) 130.1 (13.4)b 117.9 (10.7)a 119.8 (16.3)b 125.3 (13.8) 125.4 (15.4)

Diastolic BP, mean (SD), mm Hg 73.0 (9.0) 77.2 (9.1)b 71.4 (9.8) 75.3 (11.4)b 79.8 (9.4)a 82.8 (11.2)a

Fasting glucose, mean (SD), mg/dL 85.8 (18.2) 86.1 (14.3) 95.6 (19.3)a 90.4 (11.4)a 91.1 (13.9)a 93.4 (12.6)a

HDL-C, mean (SD), mg/dL 56.5 (19.2) 46.4 (11.7)a 39.4 (5.3)a 49.6 (15.8)a 53.2 (14.3) 48.6 (13.7)a

Data presented as n (%), unless otherwise specified.

BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; NIH, National Institutes of Health; PCOS, polycystic ovary syndrome; TG, triglycerides.

a P < .0001 for pairwise comparison to US White group; b P < .05 for pairwise comparison to US White group; c Serum androgens were not routinely ordered in Indian populationeclinical
hyperandrogenism was used as criterion for this group; d Polycystic-appearing ovaries, hyperandrogenic, and oligoovulatory; e Hyperandrogenic, polycystic-appearing ovaries, regular cycles;
f Oligoovulatory, hyperandrogenic, normal-appearing ovaries; g Oligoovulatory, polycystic-appearing ovaries, normoandrogenic.

Chan et al. Racial differences in MetSyn in PCOS. Am J Obstet Gynecol 2017.
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has been shown to be higher in the
hyperandrogenic vs nonhyperandrogenic
phenotypes.17,23 To determine if the
prevalence of MetSyn is higher in women
with the hyperandrogenic phenotype, we
performed a subanalysis of these subjects
(n ¼ 793). The overall prevalence of
MetSyn was similar in the hyper-
androgenic group compared with the
whole PCOS cohort (37.0% vs 32.4%, P¼
.17). When we examined each ethnic
group, the hyperandrogenic phenotype in
US Black (63 vs 52%, P < .001) and
Finnish (37.0 vs 27.7%, P ¼ .02) pop-
ulationshadahigher prevalence compared
with the entire PCOS cohort.

In an age-adjusted analyses of subjects
who met hyperandrogenic phenotype
for PCOS (Table 4), US Black women
189.e4 American Journal of Obstetrics & Gynecol
(adjusted odds ratio [OR], 4.52; 95%
confidence interval [CI], 2.46e8.35; P <
.001), Indians (adjustedOR, 2.04; 95%CI,
1.24e3.34; P ¼ .005), and Norwegians
(adjusted OR, 1.98; 95% CI, 1.16e3.24;
P¼ .007) had an elevated odds of MetSyn
compared with US White women. As
prevalence of MetSyn appeared to vary
significantly by race, we performed a sec-
ondary analysis to determine if prevalence
of MetSyn was driven primarily by obesity
(given the high prevalence of obesity in
this study). We also adjusted for age, a
known risk factor forMetSyn. Controlling
for age andBMI, the odds ofMetSyn in the
US Black compared to US White popula-
tion was no longer significantly elevated
(adjusted OR, 1.72; 95% CI, 0.79e3.73;
P¼ .17), suggesting that the prevalence of
ogy AUGUST 2017
MetSyn in this group is driven by elevated
BMI. There was an elevated odds of Met-
Syn in Norwegians (adjusted OR, 2.19;
95% CI 1.18e4.06; P¼ .002) and Indians
as compared with the US White popula-
tion (adjusted OR, 6.53; 95% CI,
3.47e12.30; P < .001) after adjusting for
age and BMI, suggesting that other com-
ponents contributed to the prevalence of
MetSyn in these 2 populations.

Comment
This is the first study to directly compare
the prevalence of MetSyn and its com-
ponents in young women with PCOS
across 6 ethnic groups, spanning 4 con-
tinents. Our findings suggest that there is
significant difference in the prevalence of
MetSyn and clustering of its components

http://www.AJOG.org


TABLE 3
Prevalence of metabolic syndrome in study population

US White,
reference US Black India Brazil Finland Norway

n 184 100 220 233 94 258

Metabolic syndromea 52 (28.3%) 52 (52.0%)b 84 (38.2%) 69 (29.6%) 26 (27.7%) 106 (41.1%)c

BMI criterion 87 (47.3%) 74 (74.0%)b 137 (62.3%)c 98 (42.1%) 45 (47.9%) 140 (54.3%)

TG �150 mg/dL 38 (20.7%) 10 (10.0%)c 59 (26.8%) 62 (26.6%) 11 (11.7%) 57 (22.1%)

BP criteriond 67 (36.4%) 59 (59.0%)b 37 (16.8%)b 82 (35.2%) 34 (36.2%) 136 (52.7%)c

Fasting glucose �100 mg/dLe 22 (12.0%) 22 (22.0%)c 63 (28.6%)b 41 (17.6%) 16 (17.0%) 56 (21.7%)c

HDL-C �50 mg/dL 77 (41.9%) 72 (72.0%)b 214 (97.3%)b 138 (59.2%)b 41 (43.6%) 154 (59.7%)b

Data presented as n (%), unless otherwise specified.

BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.

a Defined as having�3 of 5 criteria listed in table; b P< .001 for pairwise comparison to US White group; c P< .05 for pairwise comparison to US White group; d Includes women with preexisting
diagnosis of hypertension or taking antihypertensives; e Includes women with preexisting diagnosis of diabetes or taking diabetes medications.
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in different regions of the world, despite
a unifying diagnosis of PCOS. Specif-
ically, it appears that US Black women
have a higher prevalence of MetSyn
related to obesity, while Norwegians and
Indians have elevated odds of MetSyn
independent of obesity when compared
to the US White population. Our find-
ings highlight the need for complete
metabolic screening in reproductive-age
women with PCOS to identify specific
targets for intervention.

The largest meta-analysis of women
with PCOS showed an elevated preva-
lence of MetSyn (OR, 2.88; 95% CI,
2.40e3.45, and BMI-matched studies
OR, 2.20; 95% CI 1.36e3.56).5 This re-
view included data from 10 countries,
but did not include any studies from
India, Brazil, or Scandinavia; did not
perform a direct comparison between
groups; and did not examine clustering
of components of MetSyn. In our study,
US Black women had the highest prev-
alence of MetSyn among all groups and a
4 times higher odds than US White
women, driven mainly by elevated BMI.
Previously, a cohort study of US women
demonstrated a higher prevalence of
MetSyn in non-Hispanic Black women
(40%) as compared with 244 non-
Hispanic White women (22.6%) with
an elevated relative risk of 1.44 (95% CI
1.2e2.6).24 All components of MetSyn
were significantly different between
Black and White women residing in the
United States, with all components
significantly elevated except for TG levels
that were significantly lower. These
findings were similar to the study by
Lo et al,18 as discussed in the “Intro-
duction.” Collectively, given the
constellation of obesity, hypertension,
low HDL-C, and elevated fasting
glucose, the US Black population with
PCOS is at higher risk for 10-year gen-
eral cardiovascular disease as compared
to Whites.24 As expected, the highest
percentages of women with elevated BP
were also the women who were obese. A
principal component analysis carried
out in 255 nondiabetic hyperandrogenic
women demonstrated a clustering of
BMI, hypertension, and hyper-
androgenism in MetSyn, revealing an
indirect link between BP and insulin
resistance/MetSyn through BMI.25

In our study comparing Whites
residing in other world regions, we found
the prevalence ofMetSynwas increased in
Norwegians with a prevalence of 41.4%
and age-adjusted OR of 2.02 (95%
CI, 1.26e3.24) compared to US White
women. The Norwegian Nor-Trøndelag
Health Study (HUNT2) reported that the
prevalence of MetSyn using Adult Treat-
ment Panel III criteria among healthy
women ages 20-49 years was 6-17%.26

Although there is no published study
comparing the prevalence of MetSyn in
AUGUST 2017 Ameri
women with PCOS from Norway and
geographicallymatched controls, ourdata
suggest a higher prevalence compared to
the HUNT 2 study. While HUNT 2 par-
ticipants were recruited via a health study
from the general population, participants
included in our study were recruited from
gynecologic and infertility outpatient
clinics, and could have contributed to
the higher prevalence of MetSyn. When
examining the components of MetSyn,
Norwegian women had higher BP, higher
fasting glucose levels, and lower HDL-C
compared to the US White population.
In the HUNT 2 study, female subjects
with elevated BP ranged from 21.8% in
the age group 20-29 years to 74.7% in the
age group 40-49 years, indicating a high
prevalence of hypertension in this popu-
lation. The prevalence of elevated glucose
and low HDL-C was higher in the PCOS
Norwegian cohort in our study when
compared to the similar age group in
the HUNT study. The odds of MetSyn
remained elevated in our Norwegian
cohort even after adjusting for BMI,
indicating that the prevalence may be
increased by other factors discussed
above. Overall, the clustering of MetSyn
components in Norwegians was similar
to the US Black cohort, except for the low
TG levels observed in the latter group.

The prevalence of MetSyn in Brazilian
women was similar to the US White
women. A cross-sectional study of 102
can Journal of Obstetrics & Gynecology 189.e5
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TABLE 4
Odds ratios of metabolic syndrome by race in womenwith polycystic ovary syndrome compared with USWhite women

Unadjusted OR (95% CI)a P value Age-adjusted OR (95% CI) P value

US Black 4.54 (2.49e8.29) <.001 4.52 (2.46e8.35) <.001

India 1.58 (0.98e2.55) .059 2.04 (1.24e3.34) .005

Brazil 1.16 (0.72e1.88) .55 1.31 (0.80e2.13) .29

Finland 1.57 (0.81e3.05) .18 1.25 (0.63e2.48) .52

Norway 1.88 (1.15e3.05) .01 1.98 (1.21e3.24) .007

BMI-adjusted OR (95% CI) P value BMI and age-adjusted OR (95% CI) P value

US Black 1.70 (0.79e3.69) .18 1.72 (0.79e3.73) .17

India 5.34 (2.91e9.80) <.001 6.53 (3.47e12.30) <.001

Brazil 1.49 (0.82e2.72) .19 1.66 (0.90e3.06) .10

Finland 1.87 (0.83e4.22) .13 1.57 (0.68e3.98) .29

Norway 2.03 (1.11e3.71) .02 2.16 (1.17e3.98) .01

BMI, body mass index; CI, confidence interval; OR, odds ratio.

a US White women as referent group.
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Brazilian PCOS patients reported a Met-
Syn prevalence of 28.4%,27 similar to the
prevalence in our study (29.6%). In the
general urban Brazilian population the
prevalence of MetSyn was 11.1% in
women �36 years of age and 17.5% in
women age 37-45 years28 suggesting an
increased risk in women with PCOS. A
predominance of low HDL-C has also
been described in the general Brazilian
population.27

In our study the prevalence of MetSyn
was>6-fold higher in the Indian cohort as
compared with the US White population,
after controlling for both BMI and age.
This finding appeared to be driven by the
elevated fasting glucose component.While
South Asia has one of the highest preva-
lences of MetSyn, background rates vary
according to degree of urbanization, re-
gion, and socioeconomic factors.29

Increased rates of MetSyn in Indian
women with PCOS compared to controls
have been reported both in adolescents30

and adults.31 Our Indian cohort had the
highest fasting glucose levels, compared to
other groups. A significantly increased
prevalence of elevated fasting glucose,
impaired glucose tolerance, MetSyn, and
type 2 diabetes have been described in
the South Asian general populations
when compared with Whites.32 In one
population-based cross-sectional study
189.e6 American Journal of Obstetrics & Gynecol
the prevalence of MetSyn was 3-fold in
South Asian compared with European
women (30.8% vs 9.1%, P < .0001), with
increased rates of impaired glucose toler-
ance (44.2%vs 21.3%, P<.0001), high BP
(32.4% vs 20.7%, P¼.0002), dyslipidemia
(37.8% vs 20.7%, P ¼ .0003), and central
obesity (65.8% vs 30.1%, P < .0001)33

indicating racial differences in metabolic
risk. An age- and ethnicity-matched case-
control study of women with PCOS
residing in the United Kingdom found
that compared to White women, South
Asian women had similar fasting glucose
concentrations, but had lower insulin
sensitivities.11 Comparisons between
ethnically different populations residing in
the same country reveal differences in ge-
netic predispositions, whereas compari-
sons between racially similar groups
residing in different countries may also
reveal differences in environmental
influences.
The prevalence of MetSyn in the

Finnish cohort was similar to the US
White population. A large proportion of
Finnish subjects in our cohort did not
meet the criteria for hyperandrogenism.
When they were excluded from the anal-
ysis the prevalence of MetSyn increased
to 37% supporting the data that the
hyperandrogenic phenotype is associated
with a higher prevalence of MetSyn.17,23
ogy AUGUST 2017
However, the smaller sample size may
have precluded us from finding a signifi-
cant difference compared to the USWhite
population. As expected, this prevalence
was higher than the reported prevalence of
8-13% in young Finn females (mean age
24 years) and older adult women (ages 45-
64 years) of 22%.34 There was no differ-
ence in the clustering of MetSyn compo-
nents between the Finnish cohort and the
US Whites.

The main strength of our study was
the review of all data by 1 author and
application of the same diagnostic
criteria for PCOS and MetSyn to all
subjects included. In general, prevalence
estimates of MetSyn for different racial
and ethnic groups are difficult to
compare in women with PCOS due to
differences in diagnostic criteria (both
for MetSyn and PCOS) and recruitment
methods of subjects (clinic vs commu-
nity based). We were able to obtain de-
tails of medical history and include
women who were being treated or had a
diagnosis of hypertension or diabetes (as
per AHA/NHLBI criteria). Few studies
have compared prevalence rates between
>2 races or ethnicities. Guo et al35

described differences in phenotypic
characteristics of 547 Chinese women
from the city of Jinan and 427 Dutch
women from The Netherlands with

http://www.AJOG.org
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PCOS. Dutch women had significantly
elevated BMI, waist circumference, and
fasting glucose (P < .001), and lower
HDL-C (P < .001) compared with Chi-
nese women. The authors did not
compare the prevalence of MetSyn and
obesity could have contributed to the
findings in the Dutch population. To
accurately determine the impact of the
hyperandrogenic phenotype on the
prevalence of MetSyn, we only included
women with PCOS recruited from clin-
ical sites, and a single reviewer recon-
firmed their diagnosis. On excluding the
nonhyperandrogenic phenotype of
menstrual irregularities and PCO
morphology, we found an increase in
prevalence of MetSyn in the Finnish and
US Black women.

We recognize some limitations in our
study. Recruitment of PCOS subjects was
performed at 5 different sites, whichmay
lead to selection bias and limit general-
izability of our findings. As recruitment
was performed from gynecology clinics,
our results may not be generalizable on a
wider population basis. Although we
cannot control for specific referral biases
at each site, our results are applicable to
women seeking care for PCOS. We
selected women from countries where
there was limited published information
on prevalence of MetSyn. As noted
above, other studies have compared
White populations with Chinese and
Middle Eastern women.15,34 To stan-
dardize inclusion in our study, all centers
were located in urban regions and data
from each center were reassessed by a
single reviewer to confirm that each
subject met the Rotterdam criteria.
While the variability in androgen assays
and their limitations in measuring low
levels of androgens as seen in females is
well recognized, we did not reanalyze
serum samples from all sites for andro-
gens, but used cut-offs for each cohort
depending on the assay used at their site
and analyzed the data using either clin-
ical or biochemical criteria as per the
Rotterdam criteria. The Indian cohort
only used the FG score. While it is
possible to satisfy the hyperandrogenism
criterionwith either abnormal clinical or
biochemical parameters, inclusion of
subjects who meet only the clinical
criterion adds to the heterogeneity of the
subjects included. This is a recognized
limitation of the Rotterdam criteria,
giving rise of different phenotypes. A
cut-off FG score of �8 was used as cri-
terion for clinical hyperandrogenism.36

However, the Rotterdam criteria recog-
nize that there is ethnic variation in
hirsutism. Although the cut-off of 8 is
appropriate for Whites and Blacks,37

there is no validated population-based
cut-off for FG score for Indians or
South Americans based on 95th
percentile values of unselected women of
reproductive age.
Although there are other criteria for the

diagnosis of MetSyn (including those
provided by the World Health Organiza-
tion and International Diabetes Federa-
tion [IDF]) we applied the AHA/NHLBI
criteria as they are widely accepted in the
United States, take into account ethnicity
differences in central obesity, and corre-
late with increased risk of diabetes melli-
tus and cardiovascular disease. Although
the AHA/NHLBI uses waist circumfer-
ence to define abdominal obesity, we used
BMI as a surrogate for waist circumfer-
ence in our definition of MetSyn. Several
studies demonstrated high correlation
between waist circumference and BMI in
patients with MetSyn38 and BMI is a
common measure of obesity. In the
Atherosclerosis Risk in Communities
Study, BMI was very highly correlated
with waist circumference (r ¼ 0.88) and
anthropometric correlations with BMI
employing dual-energy x-ray absorpti-
ometry scanning also demonstrated a
high degree of correlation with waist
circumference (r ¼ 0.85).39 Both waist
circumference and BMI have similar as-
sociations with incident diabetes.40

Additionally, the worldwide IDF defini-
tion recommends that if BMI is >30 kg/
m2, central obesity can be assumed and
waist circumference need not be
measured.41 The Consensus Statement
for Diagnosis of Obesity, Abdominal
Obesity, and Metabolic Syndrome for
Asian Indians and Recommendations for
Physical Activity, Medical and Surgical
Management states that BMI is the “most
researchedmeasure of generalized obesity
and should be continued to be used using
Asian Indian-specific cut-offs.”22
AUGUST 2017 Ameri
Comment
In summary, after applying uniform
diagnostic criteria for both PCOS and
MetSyn in women with different racial
and ethnic backgrounds, we report sig-
nificant differences in the prevalence of
MetSyn and clustering of its compo-
nents, possibly reflecting contributions
from both racial and environmental
factors. Our data confirm presence of
racial and ethnic differences in the clin-
ical and cardiometabolic manifestations
of PCOS and underscore the need to
routinely screen for MetSyn. n
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