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Context:  Polycystic ovary syndrome (PCOS), a condition of androgen excess in women, is 
associated with cardiometabolic risk factors; however, this association is not fully characterized 
in a population-based sample of premenopausal women and high-risk groups such as Hispanics/
Latinas.

Objective:  We examined the association of PCOS signs and metabolic syndrome (MetS) in 
premenopausal Hispanic/Latina women.

Methods:  This cross-sectional analysis includes 1427 women age 24 to 44 years from the 
Hispanic Community Health Study/Study of Latinos. PCOS signs included menstrual cycle greater 
than 35 days or irregular, self-reported PCOS, and oral contraceptive use to regulate periods or 
acne, and a composite of 1 or more PCOS signs. We calculated odds ratios (OR) and 95% CI for 
MetS, accounting for sociodemographic factors and the complex survey design; an additional 
model included body mass index (BMI).

Results:  The mean age was 34 years and 30% reported any PCOS sign. The odds of MetS were 
higher in women reporting cycles greater than 35 days or irregular (OR 1.63; CI: 1.07-2.49) vs 
cycles 24 to 35 days, self-reported PCOS (OR 2.49; CI: 1.38-4.50) vs no PCOS, and any PCOS sign 
(OR 1.58; CI: 1.10-2.26) vs none. We found no association between OC use to regulate periods 
or acne and MetS (OR 1.1; CI: 0.6-1.8). When adjusting for BMI, only the association of self-
reported PCOS and MetS was attenuated (OR 1.78; CI: 0.92-3.44).

Conclusions:  In Hispanic/Latina women, irregular menstrual cycles, self-reported PCOS, and any 
PCOS sign were associated with MetS and could indicate women at metabolic disease risk. (J Clin 
Endocrinol Metab 105: e447–e456, 2020)
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Women with polycystic ovary syndrome (PCOS), 
an endocrine disorder characterized by androgen 

excess (1), are more likely to have metabolic abnormal-
ities (2, 3) and metabolic syndrome (MetS) (4, 5) com-
pared with women without PCOS. Irregular menstrual 
cycles, which are commonly observed in women with 
PCOS, are associated with insulin resistance in women 
with PCOS (6, 7) and with metabolic diseases (8, 9). 
However, these studies have generally been limited to 
symptomatic women presenting in clinics. Because 
PCOS signs may also be related to metabolic disease, 
population-based studies of women are necessary to 
understand the association of PCOS and PCOS signs 
with risk for metabolic disease.

Prior reports of PCOS and androgen excess and MetS 
did not include Hispanic/Latina women, a high-risk 
group for cardiometabolic disease. In the United States, 
compared with non-Hispanic white women, Hispanic/
Latina women have a disproportionally higher burden 
of metabolic diseases, such as MetS (10), nonalcoholic 
fatty liver disease (11), and type 2 diabetes (12). The 
few studies of PCOS in Hispanic/Latina women sug-
gest Hispanic/Latina women with PCOS have a greater 
burden of obesity and insulin resistance vs women 
with PCOS of other races/ethnicities (13-15). Similarly, 
Hispanic/Latina women have a high burden of abdom-
inal adiposity (16) and insulin resistance (12), offering 
an opportunity to evaluate the relationship between 
androgen excess and metabolic dysregulation in this 
population.

Our objective was to examine the association of PCOS 
signs, an indication of androgen excess, with the preva-
lence of MetS in premenopausal Hispanic/Latina women 
using data from the largest cohort of Hispanic/Latino 
adults in the United States, the Hispanic Community 
Health Study/Study of Latinos (HCHS/SOL). In add-
ition, we sought to evaluate whether obesity modified 
the association between PCOS signs and MetS. We hy-
pothesized that women with PCOS signs had a higher 
prevalence of MetS. Prior research has been limited in 
premenopausal women, an age when metabolic abnor-
malities and adiposity are developing. An improved 
understanding of the relationships between PCOS signs 
and health outcomes in women would inform risk man-
agement and prevention at a time when primary preven-
tion efforts are likely to be more effective.

Materials and Methods

Study design and population
The HCHS/SOL was designed to examine the prevalence 

among Hispanic/Latinos of risk factors and protective fac-
tors for chronic diseases, and their associations with the 

incidence of various chronic diseases (https://sites.cscc.unc.
edu/hchs/). The HCHS/SOL baseline study design and sam-
pling methods have been published previously (17, 18). 
Between March 2008 and June 2011, a total of 16 415 self-
identified Hispanic/Latino individuals age 18 to 74  years 
were recruited from randomly selected households in the 
Bronx, New York; San Diego, California; Chicago, Illinois; 
and Miami, Florida. The study was designed to include par-
ticipants from Cuban, Dominican, Mexican, Puerto Rican, 
Central American, and South American backgrounds. 
Households were chosen using a stratified 2-stage area 
probability sample design. Census block groups were ran-
domly selected in specified geographic areas of each study 
site, and households were randomly selected in each sample 
block group. Households were screened for eligibility and 
self-identified Hispanic/Latino individuals age 18 to 74 years 
were selected in each household. Oversampling occurred at 
each stage (block groups in areas of high concentration of 
Hispanic/Latinos, households associated with a Hispanic/
Latino surname, and individuals age 45 to 74 years at rates 
higher than younger household members).

The visit 2 examination was a call-back of the HCHS/SOL 
cohort starting on average 5 to 6 years after baseline. Overall, 
11 623 participants were reexamined between October 2014 
and December 2017. Approval by institutional review boards 
was obtained at each participating institution, and written in-
formed consent was obtained from all study participants. This 
cross-sectional study includes women of reproductive age (24-
44 years) who participated in visit 2 (N = 1663), which was 
when PCOS symptoms were assessed. We excluded women 
who self-reported as postmenopausal (n = 19), had had a hys-
terectomy (n = 44), had had ovaries removed (n = 33), had 
had breast or cervical cancer (n  =  6), or who were missing 
outcomes or covariates of interest (n = 134). The final sample 
size was 1427.

Study measurements
All examinations and interviewer-administered question-

naires were obtained at the field centers by certified bilingual 
study personnel, following a standardized protocol with on-
going quality assurance procedures. Study participants were 
asked to fast and to abstain from smoking for 12 hours be-
fore the examination and to avoid vigorous physical activity 
the morning of the examination. Body weight was measured 
to the nearest 0.1 kg and height was recorded to the nearest 
centimeter. Waist circumference (WC) was measured at the 
uppermost lateral border of the right ilium to the nearest 
0.1 cm using a measuring tape. Body mass index (BMI) was 
calculated as weight (kilograms) divided by height (meters) 
squared. Three seated blood pressure measurements were 
obtained after a 5-minute rest using an oscillometric auto-
mated sphygmomanometer (Omron HEM-907XL) and aver-
aged for these analyses.

Blood samples were obtained and processed. Fresh as well 
as frozen specimens were shipped to the HCHS/SOL Central 
Laboratory for assays and long-term storage. High-density 
lipoprotein (HDL) cholesterol was measured by a magne-
sium/dextran sulfate method. Plasma glucose was measured 
using a hexokinase enzymatic method (Roche Diagnostics). 
Triglycerides were measured in serum on a Roche Modular 
P chemistry analyzer using a glycerol blanking enzymatic 
method (Roche Diagnostics). Diabetes and prediabetes were 
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using SAS version 9.4 (SAS Institute) and SUDAAN release 
10.0.0 (RTI). Means and prevalence estimates for demo-
graphic and health characteristics were computed by PCOS 
signs. The prevalence of MetS and of each of its 5 components 
was estimated by PCOS signs. We used multivariable logistic 
regression to estimate the association between each PCOS 
sign and the prevalence of MetS adjusting for covariates. 
Model 1 adjusted only for site (Bronx, Chicago, Miami, and 
San Diego); model 2 further adjusted for age; model 3 further 
adjusted for Hispanic/Latina background, education (< high 
school, high school, or more), and current smoking (yes, no); 
model 4 further adjusted for continuous BMI. Because WC is 
a MetS criterion, we considered model 3 as the final model 
because of concerns about including BMI in the model. First-
order interactions between PCOS signs and BMI greater than 
or equal to 30  kg/m2 were tested by adding an interaction 
term in the respective models, and results were stratified if sig-
nificant interactions were detected (P < .1). All statistical tests 
were 2-sided at a significance level of .05.

Results

Overall, 18.2% women had menstrual cycles greater 
than 35 days or irregular, 14% reported OC use to regu-
late periods or acne, 6% self-reported PCOS, and 30% 
had any PCOS sign. On average, these women were age 
33.6  years; 46% were of Mexican background; 11% 
each of Dominican, Cuban, or Puerto Rican back-
ground; and 27% had less than a high school education 
(Table 1). Women with any PCOS sign tended to have a 
higher burden of cardiometabolic risk factors compared 
to those without PCOS signs (Table  1). Similar pat-
terns were seen with self-reported PCOS and menstrual 
cycle length (Table  2). Women self-reporting PCOS 
tended to have higher BMI, WC, systolic blood pres-
sure, low-density lipoprotein cholesterol, and fasting 
insulin and glucose measures compared to women not 
self-reporting PCOS (Table 2). Women with menstrual 
cycles greater than 35 days or irregular tended to have 
higher WC, low-density lipoprotein cholesterol, trigly-
cerides, and fasting insulin compared to women with 
24- to 35-day cycles (Table 2). All PCOS signs tended
to have a higher prevalence of diabetes compared to
their respective comparison groups (Tables  1 and 2).
The distribution of Hispanic/Latino background varied
across each group of PCOS signs, particularly for
self-reported PCOS.

Overall, the prevalence of MetS was 19.3% (95% CI: 
16.9%-21.8%). Women self-reporting PCOS had a signifi-
cantly higher MetS prevalence (34.5%; 95% CI: 23.7%-
47.2%) compared to women not reporting PCOS (18.3%; 
95% CI: 16.0%-21.0%; Fig. 1). Women reporting menstrual 
cycle length greater than 35  days or irregular cycles also 
had a significantly higher MetS prevalence (27.7%; 95% 
CI: 21.3%-35.1%) compared to women with menstrual 
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cycles of 24 to 35 days (18.1%; 95% CI: 15.5%-21.0%). 
OC use to regulate periods or acne had similar MetS preva-
lence compared to those with no OC use (20.1%; 95% CI: 
14.2%-27.4% vs 21.0%; 95% CI: 16.4%-26.5%, respect-
ively). MetS prevalence tended to be higher among women 
reporting any PCOS sign (24.1%; 95% CI: 19.5%-29.5%) 
compared to those who did not (17.3%; 95% CI: 14.6%-
20.2%), but this difference was not statistically significant.

Menstrual cycle length greater than 35  days or ir-
regular, self-reported PCOS, and any PCOS sign were 
significantly associated with higher odds of MetS preva-
lence adjusted for study site, age, Hispanic/Latino back-
ground, education, and smoking status (Table 3; model 
3). Women reporting cycles greater than 35 days or ir-
regular cycles had 1.63 (95% CI: 1.07-2.49) times the 
odds of MetS compared with women reporting cycles of 
24 to 35 days. When considering the 4-levels for men-
strual cycles, the effect is stronger for irregular cycles 
(OR 1.8; 95% CI: 1.1, 2.9), but weaker for cycles greater 
than 35 days (OR 0.6; 95% CI: 0.2-2.3) compared with 
women reporting cycles of 24 to 35 days. Self-reported 
PCOS had 2.49 (95% CI: 1.38-4.50) times the odds of 
MetS compared to women not reporting PCOS. Women 

with any PCOS sign had 1.58 (95% CI: 1.10-2.26) times 
the odds of MetS compared to women without PCOS 
signs. We found no significant associations between MetS 
and OC use to regulate periods or acne. When addition-
ally adjusting for BMI in model 4, the results were similar 
except for self-reported PCOS, for which the association 
was attenuated (OR: 1.78; 95% CI: 0.92-3.44). The 
interaction with BMI greater than or equal to 30 kg/m2 
was not statistically significant (P > .26).

The 2 most common prevalent MetS components were 
abdominal obesity (>  66%) and low HDL-C (>  42%), 
irrespective of PCOS signs (Fig. 2). The profile of MetS 
abnormalities differed within PCOS signs. In general, all 
women with PCOS signs tended to have a higher preva-
lence of MetS components compared with their respective 
referent group, but not all statistically significant. Women 
with self-reported PCOS had a significantly higher preva-
lence of elevated blood pressure (20.4%; 95% CI: 11.9%-
23.6%) compared with women not reporting PCOS 
(9.4%; 95% CI: 7.7%-11.3%). Women reporting PCOS 
also had a higher prevalence of impaired fasting glucose 
(32.5%; 95% CI: 21.4%-45.8%) compared with women 
not reporting PCOS (17.4%; 95% CI: 15.0%-20.2%).

Table 1.  Demographic and Health Characteristics Overall and by PCOS Signs Among Premenopausal 
Women, HCHS/SOL (2014-2017; Unweighted n = 1427)

Overall Any PCOS Sign

(Unweighted  
n = 1427)

No (Unweighted 
n = 1018)

Yes (Unweighted 
n = 409)

Characteristic Unweighted No. Mean or % (SE) Mean or % (SE) Mean or % (SE)
Age, y 1427 33.6 (0.2) 34.0 (0.2) 32.6 (0.3)
Hispanic background, %
  Dominican 132 11.2 (1.4) 12.2 (1.6) 8.8 (2.2)

Central American 183 9.2 (1.1) 9.6 (1.2) 8.4 (1.5)
  Cuban 107 11.6 (1.6) 13.8 (1.9) 6.5 (1.5)
  Mexican 716 46.1 (2.3) 45.7 (2.4) 47.2 (3.5)

Puerto Rican 151 11.9 (1.3) 9.9 (1.3) 16.5 (2.4)
South American 73 4.0 (0.6) 4.0 (0.8) 4.0 (1.1)

  Other/Mixed 65 6.1 (0.9) 5.0 (0.9) 8.6 (1.8)
< High school education, % 406 27.4 (1.6) 28.5 (1.8) 25.0 (2.7)
Current smoking, % 162 13.5 (1.2) 12.8 (1.4) 15.0 (2.3)
BMI ≥ 30, kg/m2 628 42.7 (1.8) 41.5 (2.1) 45.4 (3.2)
BMI, kg/m2 1427 30.0 (0.3) 29.7 (0.3) 30.8 (0.5)
Waist circumference, cm 1424 96.4 (0.6) 95.3 (0.7) 98.9 (1.1)
SBP, mm Hg 1427 107.7 (0.4) 107.7 (0.5) 107.6 (0.8)
DBP, mm Hg 1427 68.9 (0.3) 68.8 (0.4) 69.1 (0.7)
LDL-C, mg/dL 1416 104.6 (1.0) 104.0 (1.2) 105.9 (1.7)
HDL-C, mg/dL 1427 53.5 (0.5) 53.6 (0.6) 53.3 (1.1)
Triglycerides, mg/dL 1426 94.9 (2.0) 91.6 (2.1) 102.7 (4.5)
Fasting insulin, pmol/L 1425 87.2 (2.4) 81.9 (2.8) 99.4 (4.5)
Fasting glucose, mg/dL 1426 97.4 (1.1) 97.2 (1.4) 97.9 (1.7)
Diabetes, %

No diabetes 874 62.7 (1.7) 65.2 (1.9) 56.7 (3.0)
  Prediabetes 415 28.4 (1.5) 27.2 (1.8) 31.4 (3.0)
  Diabetes 138 8.9 (0.9) 7.6 (1.0) 12.0 (2.0)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PCOS, polycystic ovary syndrome; SBP, systolic blood pressure.
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Discussion

In this large cohort study of Hispanic/Latina premeno-
pausal women living in the United States, having men-
strual cycles greater than 35  days or irregular cycles, 
self-reported PCOS, and having any PCOS sign were 
associated with a higher prevalence of MetS. OC use to 
regulate periods or acne was not statistically associated 

with MetS. Our results suggest that PCOS signs are as-
sociated with prevalent metabolic disease.

Although prior studies have shown an association be-
tween irregular menstrual cycles and higher androgen 
levels (21-23), metabolic dysregulation (8), and type 2 
diabetes (9), few have assessed the prevalence of MetS. 
One study showed an association between irregular 
menstrual cycles and MetS in adolescents (24). In this 
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Figure 1.  Prevalence of metabolic syndrome by polycystic ovary syndrome signs in premenopausal Hispanic/Latina women in the Hispanic 
Community Health Study/Study of Latinos (unweighted n = 1427). 

Table 3.  Association of PCOS Signs and Prevalence of Metabolic Syndrome Among Premenopausal Women 
in the HCHS/SOL (Unweighted n = 1427)

PCOS Sign

Model 1 Model 2 Model 3 Model 4

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Menstrual cycle length
  < 24 days 0.61 (0.30-1.26) 0.60 (0.29-1.25) 0.54 (0.25-1.16) 0.51 (0.25-1.06)

24-35 days 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
> 35 days or too irregular 1.72 (1.16-2.56) 1.86 (1.23-2.80) 1.63 (1.07-2.49) 1.59 (1.02-2.49)
Overall P value .007 .004 .016 .014

Oral contraceptive use
  No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Yes, to regulate periods or acne 0.90 (0.53-1.53) 1.11 (0.63-1.95) 1.05 (0.60-1.83) 0.99 (0.55-1.79)
Yes, other reason 0.80 (0.55-1.16) 0.80 (0.55-1.17) 0.77 (0.53-1.13) 0.84 (0.55-1.31)

  Overall P value .491 .269 .252 .661
Self-reported PCOS
  No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
  Yes 2.33 (1.33-4.08) 2.38 (1.30-4.37) 2.49 (1.38-4.50) 1.78 (0.92-3.44)
Any PCOS sign
  No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
  Yes 1.52 (1.08-2.13) 1.72 (1.21-2.44) 1.58 (1.10-2.26) 1.48 (1.02-2.15)

Separate models were fit for each sign. Model 1: adjusted for study site. Model 2: adjusted for study site and age. Model 3: adjusted for study site, 
age, Hispanic/Latino background, education (less than high school, high school, and more than high school), and smoking status (current vs other); 
Model 4: Model 3 plus BMI. Overall P values are provided for variables with more than 2 groups.
Abbreviations: BMI: body mass index; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; OR: odds ratio; PCOS: polycystic ovary 
syndrome.



study, irregular menstrual cycles were associated with 
almost a 2-fold greater risk of having MetS. In a study 
of women with PCOS, the prevalence of oligomenorrhea 
(menstrual cycles > 35 days) was higher in those with 
MetS compared to those without MetS (25), suggesting 
menstrual irregularities could indicate a greater risk 
for metabolic disease in women with PCOS. Irregular 
menstrual cycles are a phenotype of PCOS, a common 
cause of menstrual cycle disorders (26-28). Menstrual 
cycle disturbances are reported in more than two-thirds 
of women with PCOS (21, 29, 30). In this population-
based study of women, irregular menstrual cycles were 
associated with MetS and could be an indicator of 
PCOS in this population.

Studies have consistently shown an association be-
tween PCOS and MetS. The prevalence of MetS is higher 
in women with PCOS compared with the general popula-
tion (31, 32). In a meta-analysis of 18 studies, compared 
to women without PCOS, women with PCOS had 2.9 
higher odds of the prevalence of MetS (95% CI: 2.4-3.5) 
(33). According to a recent prospective study, women sus-
pected to have PCOS developed MetS about 3 years earlier 
compared with women not suspected to have PCOS (34). 
Similarly in this study, women who self-reported PCOS 
had more than double the prevalence of MetS than those 
who did not, and women reporting any PCOS sign had 
a higher prevalence of MetS than those who did not. 
Although women self-reported PCOS and PCOS signs, 
they could be important markers of metabolic disease.

In this study, we found a higher prevalence of ele-
vated fasting glucose and blood pressure in women with 
self-reported PCOS compared to women not reporting 
PCOS. In contrast, in a study of 102 Brazilian women 
with PCOS, the most prevalent MetS components were 
low HDL-C (70%) and abdominal adiposity (58%) 
(35). Similarly, a study of racial and ethnic differences in 
MetS among women with PCOS showed that the most 
prevalent MetS components were low HDL-C (59%) 
and BMI greater than or equal to 30 (42%) among 
women with PCOS from Brazil (36). Interestingly, US 
black women with PCOS had a similar prevalence of 
elevated BMI (74%) and elevated glucose (22%) as 
seen in this study, suggesting a commonality among US 
minority groups with PCOS. Differences observed be-
tween these studies and the current study may be due 
to the study populations. These studies included only 
women from Brazil, limiting inferences to Hispanic/
Latina women. In this study, we included a diverse 
group of Hispanic/Latina women, of whom 4% had a 
South American background. Further, these studies in-
cluded only women with PCOS, limiting the ability to 
compare to a reference group as we did in this study. 
Our results and prior studies point to racial and ethnic 
differences in MetS components in women with PCOS.

Limited data exist on the prevalence of PCOS 
in Hispanic/Latina women. About 6% to 10% of 
reproductive-age women in the United States have 
PCOS (37, 38). In this study, 6% self-reported PCOS, 
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although the prevalence is likely higher because about 
70% of women with PCOS are not diagnosed (39). 
In 156 Mexican American women, the prevalence of 
PCOS was 13%; however, PCOS was based on signs 
of PCOS including menstrual irregularity and clinical 
hyperandrogenism (40). Another study of 150 Mexican 
American women found the prevalence of PCOS to be 
either 6% (95% CI: 1.9%-10.1%) using the National 
Institutes of Health criteria or 6.6% (95% CI: 2.3%-
10.9%) using the Rotterdam criteria (41). Given the 
limitations in the field, large population-based studies 
are needed to characterize PCOS in Hispanic/Latina 
women, a group at high risk of metabolic disease.

Cardiometabolic abnormalities were prevalent among 
women at the first HCHS/SOL examination: 17% had 
diabetes (42), 36% had MetS (16), and 78% of women 
were overweight or obese (43). These observations in-
dicate a high burden of metabolic and cardiovascular 
risk factors across the age spectrum. The lack of know-
ledge about risk factors for metabolic disease specific to 
women, such as PCOS and androgen excess, is a major 
barrier to understanding health disparities in Hispanic/
Latina women. Most studies of androgens in women in-
cluded primarily older women or women with PCOS. 
Thus, future population-based studies of premeno-
pausal women would provide a better understanding of 
the role of PCOS and androgens on long-term health 
in women.

Our study has several limitations to consider. The 
cross-sectional design precludes the assessment of tem-
porality and causality in the observed associations. 
Obesity, a MetS component, could be related to men-
strual irregularities (44), and a higher BMI is a common 
feature in women with PCOS; thus, prospective studies 
are needed to further examine the observed associations. 
We used self-reported PCOS that could be subject to 
misclassification; however, women who self-reported 
PCOS had a higher prevalence of PCOS signs compared 
to women not self-reporting PCOS. Lastly, we lack in-
formation on sex hormone levels and assessment of 
ovarian structure or function. Because PCOS signs are 
proxies of high androgen levels, our observed associ-
ations are likely attenuated. However, in a general popu-
lation similar to this study, women with self-reported 
oligomenorrhea had higher androgen levels compared 
with women not reporting oligomenorrhea (45). Future 
studies to measure androgen levels will be critical to fur-
ther characterize these relationships.

This is the first study of PCOS signs and MetS in 
Hispanic/Latina women, a high-risk group for metabolic 
disease and for whom studies are lacking. Menstrual cycles 
greater than 35 days or irregular, self-reported PCOS, and 

any PCOS sign were cross-sectionally associated with 
MetS. The prevalence of the cardiometabolic abnormi-
ties considered components of MetS is high in Hispanic/
Latinos, particularly abdominal adiposity. Reducing the 
burden of MetS and its sequelae is a high priority that will 
benefit from future, prospective studies with androgen 
levels to understand the role of PCOS and androgen ex-
cess as markers of health and provide insights into targeted 
screening and prevention of metabolic disease in women.
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