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Abstract

Objective—Polycystic ovarian syndrome (PCOS) is estimated to affect up to 20% of women. 

PCOS is associated with insulin resistance and cardiovascular (CV) risk factors. We aimed to 

evaluate the impact of race/ethnicity on the prevalence of CV risk factors and subclinical 

predictors of CV events.

Design—Cross-sectional analysis of data collected by the Dallas Heart Study, an urban, 

population-based cohort oversampled for blacks.

Patients—A previously described cohort of women with PCOS and control subjects of the same 

racial/ethnic group, matched for age and body mass index.

Measurements—Hormonal and clinical measures associated with PCOS and CV risk factors.

Results—The study included 117 women with PCOS and 204 controls. Women with PCOS had 

significant differences across racial/ethnic groups in the prevalence of hypertension, 

hypercholesterolemia, hypertriglyceridemia, and impaired fasting glucose (P<.05). Controls 

showed significant racial/ethnic differences in the prevalence of hypertension and impaired fasting 

glucose (P<.05). The odds of hypertension were significantly greater among women with PCOS 

than controls after adjusting for race/ethnicity (odds ratio, 1.50 [95% CI, 1.03–2.30]; P=.04). 

However, we did not see an interaction of race/ethnicity that significantly changed CV risk factor 

prevalence between PCOS and controls. In addition, subclinical measures of CV disease were not 

different between women with PCOS vs controls, even among hypertensive women.

Conclusions—Race/ethnicity affects the prevalence of CV risk factors for women with and 

without PCOS. However, race/ethnicity does not interact with PCOS to additionally increase CV 

risk factor prevalence or subclinical CV disease.
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Introduction

Polycystic ovarian syndrome (PCOS) is a disorder estimated to affect at least 6% to 8% of 

women worldwide using the criteria of hyperandrogenism and chronic anovulation or up to 

19% to 20% with current consensus criteria that includes polycystic ovarian morphology (1–
4). PCOS is associated with insulin resistance and a higher prevalence of cardiovascular 

(CV) risk factors, including hypertension, dyslipidemia, and obesity (5,6). Despite the 

higher prevalence of CV risk factors and subclinical markers of CV disease in women with 

PCOS, studies have failed to show a consistent association between PCOS and increased CV 

events or mortality (6). Thus, a better understanding is needed regarding the relationship 

between CV risk factors and CV disease in PCOS. The role of race/ethnicity could be one 

such factor that attenuates or increases the impact of CV risk factors.

Although the prevalence of PCOS and its defining features may be similar across countries, 

the prevalence of CV risk factors in PCOS varies among different racial/ethnic groups. In the 

United States, fasting insulin or insulin resistance was greater in black women than in white 

women with PCOS in 1 study (7) but not in 2 others (8,9). Hispanics had higher insulin 

concentrations and decreased insulin sensitivity in 2 separate studies that compared 

Mexican-Americans or Caribbean-Hispanic women with PCOS to whites in the United 

States (10,11) and in a third study comparing Hispanics with Italian and Japanese women 

with PCOS (12). Many studies of racial/ethnic differences lack comparisons with matched 

controls without PCOS or are limited by small control groups (8–30 participants) (11,12).

Because of known racial/ethnic differences in CV risk factors, uncertainty exists about 

whether observed differences in CV risk factors for women with PCOS are largely 

attributable to race/ethnicity itself (13,14) or whether an interaction between PCOS and race/

ethnicity accelerates or increases the development of CV risk factors. An example of known 

interactions between race/ethnicity and risk factor status is the significantly accelerated risk 

of conversion to type 2 diabetes mellitus after prior gestational diabetes in Hispanic women 

compared with non-Hispanic women. Whereas Hispanic women with impaired glucose 

tolerance have rates of conversion to diabetes mellitus of approximately 2% to 5% per year, 

Hispanic women with prior gestational diabetes and postpartum impaired glucose tolerance 

may have a conversion rate of 16% per year (and 80% by 5 years) (15). To date, only 1 

epidemiologic cohort was large enough to stratify by race/ethnicity (16), and no significant 

differences across race/ethnicity were observed between PCOS and controls regarding the 

prevalence of CV risk factors. However, that study was limited by its reliance on clinical 

database codes to diagnose PCOS, which might have excluded a large proportion of the 

sample with PCOS (age-stratified PCOS prevalence rates ranged from 0.8%–2.7%).

Here, we evaluated the impact of race/ethnicity on the prevalence of CV risk factors in a 

previously described population-based cohort of more than 300 women with PCOS and 

matched controls from the Dallas Heart Study (DHS) (4), which was specifically designed to 

study the impact of race/ethnicity on CV health in a population-based cohort oversampled 

for blacks. To determine whether race/ethnicity was an effect modifier in PCOS, we sought 

to identify interactions between race/ethnicity, PCOS, and its associated CV risk factors. As 

a secondary aim, we evaluated prospectively collected, detailed measurements of subclinical 
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CV disease to determine whether increases in risk factor prevalence were associated with 

increases in subclinical predictors of CV events.

Methods

The study protocol was approved by the University of Texas Southwestern Medical Center 

Institutional Review Board, and all participants provided written informed consent to enroll 

in the study.

Study Sample

The DHS was designed to develop population estimates of biologic and social variables 

underlying ethnic differences in CV health and explore mechanisms through detailed 

phenotyping. Recruited participants were a probability sample of Dallas County adults, 

oversampled for blacks (n=6,101), as previously described (17). Participants were enrolled 

and completed studies from July 2000 through January 2002.

Data Collection

Participants completed a structured survey with trained interviewers and provided blood 

samples (17). A nested cohort in the DHS consisted of premenopausal women 35 to 49 years 

old, who provided additional information about their reproductive health (4). Race/ethnicity 

was self-identified as non-Hispanic black, non-Hispanic white, Hispanic, or other, in 

accordance with the categories used in the Third National Health and Nutrition Examination 

Survey (18). Oral estrogen and statin use were ascertained by questionnaire and by review of 

reported medications at the time of the structured survey.

Measurements

Details for the immunoassay of total testosterone, sex hormone–binding globulin, and 

insulin and for measurements of glucose and of total and lipoprotein cholesterol 

concentrations were previously reported (19). Insulin sensitivity was estimated by the 

homeostasis model assessment (HOMA-IR; HOMA Calculator version 2.2) (20). Calculated 

free testosterone was derived using equations previously described (19). Magnetic resonance 

imaging (MRI) was performed to assess ovarian size and morphology (4) and to obtain 

measurements of aortic wall thickness, left ventricular (LV) mass, and aortic plaque (4,21). 

Electron-beam computed tomographic scans were performed to measure coronary artery 

calcium (4). Measurements of lean mass, fat mass, and percent body fat were derived from 

dual-energy x-ray absorptiometry (22).

Variable Definitions

As previously described (4), PCOS was defined by Rotterdam consensus criteria using a 

combination of survey information (eg, cycle length, distribution of hair growth), elevated 

total testosterone, and measurements of ovarian morphology (23). Specific survey variables 

included 1) length of menstrual cycle >45 days from ages 20 to 30 years when not on birth 

control pills, pregnant, or breastfeeding and 2) hyperandrogenism, defined as treatment for 

“unwanted or excessive hair growth on your face, back, chest, arms or thighs”; these criteria 

were validated previously and used in another population-based cohort study (24,25). The 

Chang et al. Page 3

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



control group was randomly selected from women in the DHS without PCOS, matched for 

race/ethnicity, age (±1 year), and body mass index (BMI) (±1 kg/m2) for each woman with 

PCOS. Hypertension was defined as an average systolic blood pressure ≥140 mm Hg, 

diastolic blood pressure ≥90 mm Hg, or the use of antihypertensive medication (26). 

Diabetes mellitus was defined as a fasting serum glucose level ≥7 mmol/L (126 mg/dL), 

nonfasting serum glucose ≥11.1 mmol/L (200 mg/dL), or the use of any glucose-lowering 

medication. Impaired fasting glucose was defined as a glucose level ≥5.55 mmol/L (100 

mg/dL) in individuals without diabetes mellitus. Hypercholesterolemia was defined as 

fasting calculated low-density lipoprotein (LDL) ≥4.14 mmol/L (160 mg/dL), nonfasting 

direct LDL ≥4.14 mmol/L (160 mg/dL), total cholesterol ≥6.22 mmol/L (240 mg/dL) when 

a direct LDL was not available, or the use of statins. Hypertriglyceridemia was defined as 

triglycerides ≥1.70 mmol/L (150 mg/dL), and low high-density lipoprotein (HDL) was 

defined as <1.30 mmol/L (50 mg/dL). Metabolic syndrome was defined according to the 

National Cholesterol Education Program Adult Treatment Panel (at least 3 of 5 criteria): 1) 

low HDL cholesterol, 2) hypertriglyceridemia, 3) impaired fasting glucose, 4) hypertension 

or systolic blood pressure >130 mm Hg or diastolic blood pressure >85 mm Hg, and 5) waist 

circumference >88 cm (27). Oral estrogen use was defined as use of oral contraceptives or 

hormone replacement therapy; status was determined by survey response and by review of 

medications.

Statistical Analyses

Statistical analyses were performed using SAS version 9.2 (SAS Institute Inc). To determine 

if there was a significant difference among continuous variables by racial/ethnic group 

within a diagnostic category of PCOS or controls, the Kruskal-Wallis test was used to 

compare the medians based on ranks. The Bonferroni-Dunn test for multiple comparisons 

was performed to identify significant pairwise comparisons within a group of PCOS or 

controls. The Cochran Mantel Haentzel χ2 test was used to identify racial/ethnic differences 

in the prevalence of risk factors within the group of PCOS or controls and to determine if the 

odds ratios (ORs) for the prevalence of risk factors between PCOS and controls was >1 after 

controlling for race/ethnicity. The Breslow-Day test of homogeneity was used to identify 

significant differences in the OR for CV risk factors between PCOS and controls. The Fisher 

exact test was used to calculate differences between PCOS and controls in prevalence of risk 

factors. To adjust insulin levels by measurements of body size, log-transformed insulin 

levels were modeled separately by BMI, lean mass, and percent body fat using a generalized 

linear model with comparison of the least-squares means. P values <.05 were considered 

statistically significant. Comparisons of aortic wall thickness and LV mass were restricted to 

blacks and whites because of the small sample size of available data for Hispanics; analysis 

was performed using the Wilcoxon rank sum test.

Results

The study cohort included 117 women with PCOS and 204 age- and BMI-matched controls. 

Participant characteristics, stratified by race/ethnicity, are shown in Table 1.
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Racial and Ethnic Differences Among Women With PCOS

For the women with PCOS, we observed significant differences across racial/ethnic groups 

in BMI, systolic blood pressure, total cholesterol, and fasting insulin. Post-hoc analysis 

showed that black women with PCOS had significantly higher BMI, systolic blood pressure, 

and fasting insulin and lower total cholesterol than white women with PCOS. After adjusting 

for BMI, lean mass, or percent body fat, these racial/ethnic differences in log-transformed 

insulin persisted (Table 1). Also, a higher proportion of Hispanic women had impaired 

fasting glucose compared with black women. The prevalence of hypertension, 

hypercholesterolemia, hypertriglyceridemia, and impaired fasting glucose among the women 

with PCOS showed significant differences across the same ethnic groups.

Racial and Ethnic Differences Among Control Women

To dissect the contributions of PCOS itself and ethnicity, we performed a similar analysis 

with the control groups. We observed significant differences across racial/ethnic groups in 

BMI, waist:hip ratio, total testosterone, systolic and diastolic blood pressure, triglycerides, 

fasting insulin, and HOMA-IR. Post-hoc analysis showed that black women in the control 

group had significantly higher BMI, waist:hip ratio, systolic and diastolic blood pressure, 

and fasting insulin and significantly lower triglycerides than white women. Hispanic women 

had significantly lower total testosterone and higher fasting insulin and HOMA-IR than 

white women. After adjusting for BMI, lean mass, or percent body fat, these racial/ethnic 

differences in log-transformed insulin persisted (Table 1). Black women had significantly 

higher systolic and diastolic blood pressure and lower triglycerides than Hispanic women. 

This finding corresponded with significant differences across racial/ethnic groups in the 

prevalence of only hypertension and impaired fasting glucose in the control group.

Racial and Ethnic Differences in OR for CV Risk Factors and Measurements of Subclinical 
CV Diseases

The ORs for CV risk factors are shown in Table 2. The OR for hypertension was 

significantly greater among women with PCOS than controls after adjusting for race/

ethnicity (OR, 1.50 [95% CI, 1.03–2.30]; P=.04). ORs were significantly different by race/

ethnicity for hypertriglyceridemia, which precluded calculation of a group OR for women 

with PCOS vs controls. Analyzed separately by race/ethnicity, only white women with 

PCOS had significantly increased odds of hypertriglyceridemia and hypertension compared 

with controls (OR, 2.81 [95% CI, 1.13–7.00]; P=.02; OR, 5.06 [95% CI, 1.09–23.6]; P=.02, 

respectively).

To determine whether the greater prevalence of hypertension in PCOS could be associated 

with increases in subclinical measures of CV disease, we compared measurements of LV 

mass and aortic wall thickness in PCOS vs controls. No differences were noted between 

women with PCOS vs controls in any of these measures (Table 3). In the subgroup of black 

women with hypertension, we observed no difference in LV mass/fat-free mass when 

comparing women with PCOS (n=23) vs controls (n=37); median values were 2.86 g/kg 

(interquartile range [IQR], 2.82–3.14 g/kg) and 3.09 g/kg (IQR, 2.78–3.55 g/kg), 

respectively (P=.29). Likewise, aortic wall thickness was not different in this subgroup of 

black women with hypertension when comparing PCOS (n=18) vs controls (n=28); median 
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values were 1.56 mm (IQR, 1.43–1.72 mm) and 1.59 mm (IQR, 1.49–1.80 mm), 

respectively (P=.45). Analysis of women with hypertension was restricted to only black 

women because of an insufficient number of white and Hispanic subjects with hypertension. 

Evaluating other measures of atherosclerosis, we observed no difference in the presence of 

coronary artery calcium or of aortic plaque between PCOS and controls in blacks or whites 

(Table 3).

Evaluation of Confounding Medications

Finally, we reviewed oral estrogen and statin use to determine whether these treatments 

could explain the differences in prevalence of hypertension and hypertriglyceridemia. No 

difference in the use of oral estrogen was noted between PCOS and controls among blacks 

(1.6% vs 5.3%; P=.42), whites (3.3% vs 13.5%; P=.25), or Hispanics (4.6% vs 2.6%; P>.

99). The Cochran Mantel Haentzel χ2 and Breslow-Day tests showed no significant 

differences (P=.10 and P=.42, respectively), nor was there any difference in oral estrogen use 

across racial/ethnic groups when analyzing women with PCOS (P=.09) separately from 

controls (P=.74). No difference in the use of statins was noted between PCOS and controls 

among blacks (1.6% vs 1.8%; P=.45) or whites (6.7% vs 3.9%; P=.33); statins were not used 

by Hispanic women in this study. Again, the Cochran Mantel Haentzel χ2 and Breslow-Day 

tests showed no significant differences (P=.71 and P=.67, respectively), nor was there any 

difference in statin use across racial/ethnic groups when analyzing women with PCOS (P=.

25) separately from controls (P=.31).

Discussion

To determine whether PCOS had an additive or synergistic effect on CV risk factors that 

varied by race/ethnicity, we examined CV risk factors and subclinical CV disease in a 

population-based cohort of women with PCOS and compared them with age- and BMI-

matched control subjects of the same racial/ethnic group. We observed previously known 

differences between blacks and whites with PCOS regarding higher blood pressure, BMI, 

and fasting insulin among blacks. We also observed known differences across racial/ethnic 

groups for all women in the prevalence of hypertension, impaired fasting glucose, and 

triglycerides. Importantly, we did not observe an interaction of race/ethnicity that 

significantly changed CV risk factor prevalence between PCOS and controls. The CV risk 

factor associated with PCOS across all racial/ethnic groups was hypertension; however, no 

difference was noted in the subsequent development of subclinical CV disease, either by 

race/ethnicity or between PCOS and controls.

Our results were consistent with the other reports of black women with PCOS having higher 

fasting insulin (7) and a higher prevalence of hypertension (16). We did not observe an 

increased prevalence of impaired fasting glucose in women with PCOS compared with 

controls, unlike prior studies (28,29), but this difference might be attributable to the high 

BMI of our sample and higher prevalence of impaired fasting glucose in our controls. We 

also did not observe higher fasting insulin, glucose, or HOMA-IR among Hispanic women 

with PCOS compared with black or white women with PCOS as in other studies (10–12), 

which might derive from the smaller sample of Hispanic women. In contrast, we did observe 
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the expected higher fasting insulin and HOMA-IR among Hispanic women without PCOS 

compared with black or white women without PCOS. Other studies have also found that 

racial/ethnic differences in insulin sensitivity were not significant after adjusting for BMI (9) 

or obesity (30). Among control subjects, racial/ethnic differences observed in CV risk 

factors were similar to prior studies that reported greater BMI and prevalence of 

hypertension in blacks (31,32), higher insulin and insulin resistance in blacks and Hispanics 

(33), and increased triglycerides in Hispanics (34).

In this analysis of a larger population-based sample, we specifically sought to determine 

whether the OR for a CV risk factor in PCOS vs controls changed across racial/ethnic 

groups and whether prevalence of these risk factors were significantly increased or modified 

by race/ethnicity with PCOS. The only significant change in the OR for a CV risk factor 

among race/ethnicities was observed in the prevalence of hypertriglyceridemia, with a 

greater OR among whites with PCOS vs controls. Adjusted for race/ethnicity, the OR for 

hypertension was significantly increased in PCOS vs controls across all racial/ethnic groups. 

If anything, whites with PCOS appeared to have a greater OR for hypertension compared 

with white controls. Even though these data suggest that PCOS increases the prevalence of 

hypertension in PCOS compared with controls, we did not see an increase in subclinical CV 

disease at an earlier age. Although race/ethnicity increases the prevalence of CV risk factors 

among nonwhite women with and without PCOS, it does not interact with PCOS to increase 

CV risk factor prevalence or subclinical CV disease beyond known racial/ethnic differences. 

However, these findings do not obviate screening for hypertension and other CV risk factors 

in women with PCOS across all races/ethnicities.

The greatest strength of this study is the large, multiethnic, population-based sample 

designed to identify racial/ethnic differences through detailed measurements of CV risk 

factors and subclinical measures of CV disease. Matching control subjects by both age and 

BMI and recruiting from the same population sample served to limit the influence of major 

confounders. Other studies have compared women with PCOS of different races/ethnicities 

but recruited subjects living in different countries (8,12,16,30). Although we used the 

Rotterdam criteria to diagnose PCOS, the majority of women (86%) demonstrated 

hyperandrogenism (4), which is associated with a greater prevalence of CV risk factors (35). 

In the current study, the sample was not large enough to evaluate whether using the PCOS 

diagnostic criteria of only hyperandrogenism and oligomenorrhea would have changed our 

analysis of racial/ethnic differences. We have previously reported that restricting case 

selection using these 2 criteria did not change the analysis of coronary artery calcium and 

aortic plaque between PCOS and controls (4).

A novel aspect of this study is the measurement of aortic plaque and aortic wall thickness by 

MRI. To our knowledge, such measures have not been previously published in evaluating the 

effect of race/ethnicity in PCOS. Increasing mean arterial wall thickness predicts a greater 

risk of fatal and nonfatal cardiovascular events in the DHS cohort (36). Additionally, aortic 

plaque prevalence by MRI in asymptomatic individuals from the Framingham Heart Study 

was significantly correlated with the Framingham Coronary Risk Score (37). Although long-

term outcome data are lacking for women with PCOS that correlates premenopausal MRI 

measurement of aortic plaque and aortic wall thickness with postmenopausal outcomes, the 
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absence of ethnic/racial differences in these MRI measurements in our PCOS cohort further 

decreases the likelihood that racial/ethnic differences in CV risk factors increases the 

development of CV disease in PCOS.

Although most risk factors were unchanged across subgroups and did not vary by PCOS 

status, smaller differences in risk factors might have been obscured by the obesity of the 

entire cohort (9,30) and by the sample size. The smaller number of Hispanic women might 

have limited the ability to detect differences previously reported. To our knowledge, this is 

the largest, prospectively characterized, multi-ethnic cohort that could evaluate these 

comparisons in a single sample. Furthermore, the influence of ethnicity on CV risk factors 

and disease might increase after menopause. Although PCOS is associated with a higher 

prevalence of CV risk factors, increased risk of CV events or CV-related death has not been 

observed in younger or middle-aged patients (38,39). This analysis also was limited by the 

cross-sectional design, and our measures of subclinical CV disease might lack the sensitivity 

to detect small differences in atherosclerotic burden. Prospectively following a larger 

multiethnic population-based sample would best evaluate whether race/ethnicity, specific 

features of PCOS, or genetics or other biomarkers predict accelerated risk of diabetes, 

atherosclerosis, and CV disease over time.

In conclusion, despite observing known differences across racial/ethnic groups for CV risk 

factors within the groups of women with PCOS and within the groups of controls without 

PCOS, race/ethnicity was not an effect modifier further increasing the prevalence of CV risk 

factors in black or Hispanic women with PCOS. PCOS significantly increased the risk for 

hypertension across all racial/ethnic groups; however, no difference was noted in the 

subsequent development of subclinical CV disease. The greater prevalence of other CV risk 

factors in black and Hispanic women with PCOS was similar to women without PCOS in 

those ethnic groups. Nevertheless, race/ethnicity should be considered in the management of 

PCOS, with more attention to screening and treatment of hypertension in blacks and whites 

and impaired fasting glucose in Hispanics.
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BMI body mass index

CV cardiovascular

DHS Dallas Heart Study

HDL high-density lipoprotein

HOMA-IR homeostasis model of insulin resistance

Chang et al. Page 8

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



IQR interquartile range

LDL low-density lipoprotein

LV left ventricular

MRI magnetic resonance imaging

OR odds ratio

PCOS polycystic ovarian syndrome

References

1. Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO. The prevalence and features 
of the polycystic ovary syndrome in an unselected population. J Clin Endocrinol Metab. 2004 Jun; 
89(6):2745–2749. [PubMed: 15181052] 

2. March WA, Moore VM, Willson KJ, Phillips DI, Norman RJ, Davies MJ. The prevalence of 
polycystic ovary syndrome in a community sample assessed under contrasting diagnostic criteria. 
Hum Reprod. 2010 Feb; 25(2):544–551. Epub 2009 Nov 12. [PubMed: 19910321] 

3. Yildiz BO, Bozdag G, Yapici Z, Esinler I, Yarali H. Prevalence, phenotype and cardiometabolic risk 
of polycystic ovary syndrome under different diagnostic criteria. Hum Reprod. 2012 Oct; 27(10):
3067–3073. Epub 2012 Jul 9. [PubMed: 22777527] 

4. Chang AY, Ayers C, Minhajuddin A, Jain T, Nurenberg P, de Lemos JA, Wild RA, Auchus RJ. 
Polycystic ovarian syndrome and subclinical atherosclerosis among women of reproductive age in 
the Dallas Heart Study. Clin Endocrinol (Oxf). 2011 Jan; 74(1):89–96. [PubMed: 21044112] 

5. Wild RA, Carmina E, Diamanti-Kandarakis E, Dokras A, Escobar-Morreale HF, Futterweit W, Lobo 
R, Norman RJ, Talbott E, Dumesic DA. Assessment of cardiovascular risk and prevention of 
cardiovascular disease in women with the polycystic ovary syndrome: a consensus statement by the 
Androgen Excess and Polycystic Ovary Syndrome (AE-PCOS) Society. J Clin Endocrinol Metab. 
2010 May; 95(5):2038–2049. Epub 2010 Apr 7. [PubMed: 20375205] 

6. Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH, Pasquali R, Welt CK. Endocrine 
Society. Diagnosis and treatment of polycystic ovary syndrome: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab. 2013 Dec; 98(12):4565–4592. Epub 2013 Oct 22. 
[PubMed: 24151290] 

7. Ehrmann DA, Kasza K, Azziz R, Legro RS, Ghazzi MN. PCOS/Troglitazone Study Group. Effects 
of race and family history of type 2 diabetes on metabolic status of women with polycystic ovary 
syndrome. J Clin Endocrinol Metab. 2005 Jan; 90(1):66–71. Epub 2004 Oct 26. [PubMed: 
15507516] 

8. Kumar A, Woods KS, Bartolucci AA, Azziz R. Prevalence of adrenal androgen excess in patients 
with the polycystic ovary syndrome (PCOS). Clin Endocrinol (Oxf). 2005 Jun; 62(6):644–649. 
[PubMed: 15943823] 

9. Welt CK, Arason G, Gudmundsson JA, Adams J, Palsdottir H, Gudlaugsdottir G, Ingadottir G, 
Crowley WF. Defining constant versus variable phenotypic features of women with polycystic ovary 
syndrome using different ethnic groups and populations. J Clin Endocrinol Metab. 2006 Nov; 
91(11):4361–4368. Epub 2006 Aug 29. [PubMed: 16940441] 

10. Kauffman RP, Baker VM, Dimarino P, Gimpel T, Castracane VD. Polycystic ovarian syndrome and 
insulin resistance in white and Mexican American women: a comparison of two distinct 
populations. Am J Obstet Gynecol. 2002 Nov; 187(5):1362–1369. [PubMed: 12439532] 

11. Dunaif A, Sorbara L, Delson R, Green G. Ethnicity and polycystic ovary syndrome are associated 
with independent and additive decreases in insulin action in Caribbean-Hispanic women. Diabetes. 
1993 Oct; 42(10):1462–1468. [PubMed: 8375585] 

12. Carmina E, Koyama T, Chang L, Stanczyk FZ, Lobo RA. Does ethnicity influence the prevalence 
of adrenal hyperandrogenism and insulin resistance in polycystic ovary syndrome? Am J Obstet 
Gynecol. 1992 Dec; 167(6):1807–1812. [PubMed: 1471702] 

Chang et al. Page 9

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Matthews KA, Sowers MF, Derby CA, Stein E, Miracle-McMahill H, Crawford SL, Pasternak RC. 
Ethnic differences in cardiovascular risk factor burden among middle-aged women: study of 
Women’s Health Across the Nation (SWAN). Am Heart J. 2005 Jun; 149(6):1066–1073. [PubMed: 
15976790] 

14. Kurian AK, Cardarelli KM. Racial and ethnic differences in cardiovascular disease risk factors: a 
systematic review. Ethn Dis. 2007 Winter;17(1):143–152. [PubMed: 17274224] 

15. Kjos SL, Peters RK, Xiang A, Henry OA, Montoro M, Buchanan TA. Predicting future diabetes in 
Latino women with gestational diabetes: utility of early postpartum glucose tolerance testing. 
Diabetes. 1995 May; 44(5):586–591. [PubMed: 7729620] 

16. Lo JC, Feigenbaum SL, Yang J, Pressman AR, Selby JV, Go AS. Epidemiology and adverse 
cardiovascular risk profile of diagnosed polycystic ovary syndrome. J Clin Endocrinol Metab. 
2006 Apr; 91(4):1357–1363. Epub 2006 Jan 24. [PubMed: 16434451] 

17. Victor RG, Haley RW, Willett DL, Peshock RM, Vaeth PC, Leonard D, Basit M, Cooper RS, 
Iannacchione VG, Visscher WA, Staab JM, Hobbs HH. Dallas Heart Study Investigators. The 
Dallas Heart Study: a population-based probability sample for the multidisciplinary study of ethnic 
differences in cardiovascular health. Am J Cardiol. 2004 Jun 15; 93(12):1473–1480. [PubMed: 
15194016] 

18. Centers for Disease Control and Prevention. [cited 2015 Feb 13] National health and nutrition 
examination survey III interviewer’s manual [Interent]. [updated 1993 Jun]. Available from: http://
www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/nchs/manuals/fieldint.pdf.

19. Chang AY, Abdullah SM, Jain T, Stanek HG, Das SR, McGuire DK, Auchus RJ, de Lemos JA. 
Associations among androgens, estrogens, and natriuretic peptides in young women: observations 
from the Dallas Heart Study. J Am Coll Cardiol. 2007 Jan 2; 49(1):109–116. Epub 2006 Nov 13. 
[PubMed: 17207730] 

20. Vega GL, Adams-Huet B, Peshock R, Willett D, Shah B, Grundy SM. Influence of body fat content 
and distribution on variation in metabolic risk. J Clin Endocrinol Metab. 2006 Nov; 91(11):4459–
4466. Epub 2006 Aug 22. [PubMed: 16926254] 

21. Gupta S, Berry JD, Ayers CR, Peshock RM, Khera A, de Lemos JA, Patel PC, Markham DW, 
Drazner MH. Left ventricular hypertrophy, aortic wall thickness, and lifetime predicted risk of 
cardiovascular disease: the Dallas Heart Study. JACC Cardiovasc Imaging. 2010 Jun; 3(6):605–
613. Erratum in: JACC Cardiovasc Imaging. 2010 Jul;3(7):795. [PubMed: 20541716] 

22. Das SR, Drazner MH, Dries DL, Vega GL, Stanek HG, Abdullah SM, Canham RM, Chung AK, 
Leonard D, Wians FH Jr, de Lemos JA. Impact of body mass and body composition on circulating 
levels of natriuretic peptides: results from the Dallas Heart Study. Circulation. 2005 Oct 4; 
112(14):2163–2168. [PubMed: 16203929] 

23. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003 
consensus on diagnostic criteria and long-term health risks related to polycystic ovary syndrome. 
Fertil Steril. 2004 Jan; 81(1):19–25.

24. Wang ET, Calderon-Margalit R, Cedars MI, Daviglus ML, Merkin SS, Schreiner PJ, Sternfeld B, 
Wellons M, Schwartz SM, Lewis CE, Williams OD, Siscovick DS, Bibbins-Domingo K. 
Polycystic ovary syndrome and risk for long-term diabetes and dyslipidemia. Obstet Gynecol. 
2011 Jan; 117(1):6–13. [PubMed: 21173640] 

25. Pedersen SD, Brar S, Faris P, Corenblum B. Polycystic ovary syndrome: validated questionnaire 
for use in diagnosis. Can Fam Physician. 2007 Jun; 53(6):1042–1047. 1041. [PubMed: 17872783] 

26. Chung AK, Das SR, Leonard D, Peshock RM, Kazi F, Abdullah SM, Canham RM, Levine BD, 
Drazner MH. Women have higher left ventricular ejection fractions than men independent of 
differences in left ventricular volume: the Dallas Heart Study. Circulation. 2006 Mar 28; 113(12):
1597–1604. [PubMed: 16567580] 

27. National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). Third Report of the 
National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. 
Circulation. 2002 Dec 17; 106(25):3143–3421. [PubMed: 12485966] 

28. Legro RS, Kunselman AR, Dodson WC, Dunaif A. Prevalence and predictors of risk for type 2 
diabetes mellitus and impaired glucose tolerance in polycystic ovary syndrome: a prospective, 

Chang et al. Page 10

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/nchs/manuals/fieldint.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/nchs/manuals/fieldint.pdf


controlled study in 254 affected women. J Clin Endocrinol Metab. 1999 Jan; 84(1):165–169. 
[PubMed: 9920077] 

29. Palmert MR, Gordon CM, Kartashov AI, Legro RS, Emans SJ, Dunaif A. Screening for abnormal 
glucose tolerance in adolescents with polycystic ovary syndrome. J Clin Endocrinol Metab. 2002 
Mar; 87(3):1017–1023. [PubMed: 11889155] 

30. Norman RJ, Mahabeer S, Masters S. Ethnic differences in insulin and glucose response to glucose 
between white and Indian women with polycystic ovary syndrome. Fertil Steril. 1995 Jan; 63(1):
58–62. [PubMed: 7805925] 

31. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults, 
1999–2008. JAMA. 2010 Jan 20; 303(3):235–241. Epub 2010 Jan 13. [PubMed: 20071471] 

32. Egan BM, Zhao Y, Axon RN. US trends in prevalence, awareness, treatment, and control of 
hypertension, 1988–2008. JAMA. 2010 May 26; 303(20):2043–2050. [PubMed: 20501926] 

33. Haffner SM, D’Agostino R, Saad MF, Rewers M, Mykkanen L, Selby J, Howard G, Savage PJ, 
Hamman RF, Wagenknecht LE, Bergman RN. Increased insulin resistance and insulin secretion in 
nondiabetic African-Americans and Hispanics compared with non-Hispanic whites: the Insulin 
Resistance Atherosclerosis Study. Diabetes. 1996 Jun; 45(6):742–748. [PubMed: 8635647] 

34. Carroll MD, Lacher DA, Sorlie PD, Cleeman JI, Gordon DJ, Wolz M, Grundy SM, Johnson CL. 
Trends in serum lipids and lipoproteins of adults, 1960–2002. JAMA. 2005 Oct 12; 294(14):1773–
1781. [PubMed: 16219880] 

35. Moran L, Teede H. Metabolic features of the reproductive phenotypes of polycystic ovary 
syndrome. Hum Reprod Update. 2009 Jul-Aug;15(4):477–488. Epub 2009 Mar 11. [PubMed: 
19279045] 

36. Maroules CD, Rosero E, Ayers C, Peshock RM, Khera A. Abdominal aortic atherosclerosis at MR 
imaging is associated with cardiovascular events: the Dallas heart study. Radiology. 2013 Oct; 
269(1):84–91. Epub 2013 Jun 18. [PubMed: 23781118] 

37. Jaffer FA, O'Donnell CJ, Larson MG, Chan SK, Kissinger KV, Kupka MJ, Salton C, Botnar RM, 
Levy D, Manning WJ. Age and sex distribution of subclinical aortic atherosclerosis: a magnetic 
resonance imaging examination of the Framingham Heart Study. Arterioscler Thromb Vasc Biol. 
2002 May 1; 22(5):849–854. [PubMed: 12006401] 

38. Chang AY, Wild RA. Characterizing cardiovascular risk in women with polycystic ovary 
syndrome: more than the sum of its parts? Semin Reprod Med. 2009 Jul; 27(4):299–305. Epub 
2009 Jun 15. [PubMed: 19530063] 

39. Mani H, Levy MJ, Davies MJ, Morris DH, Gray LJ, Bankart J, Blackledge H, Khunti K, Howlett 
TA. Diabetes and cardiovascular events in women with polycystic ovary syndrome: a 20-year 
retrospective cohort study. Clin Endocrinol (Oxf). 2013 Jun; 78(6):926–934. [PubMed: 23046078] 

Chang et al. Page 11

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 12

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 W

om
en

 W
ith

 P
C

O
S 

an
d 

C
on

tr
ol

s 
M

at
ch

ed
 f

or
 E

th
ni

ci
ty

, A
ge

, a
nd

 B
od

y 
M

as
s 

In
de

x

B
la

ck
W

hi
te

H
is

pa
ni

c
P

 V
al

ue
c

C
ha

ra
ct

er
is

ti
ca

,b
P

C
O

S 
(n

=6
2)

C
on

tr
ol

 (
n=

11
3)

P
C

O
S 

(n
=3

2)
C

on
tr

ol
 (

n=
 5

4)
P

C
O

S 
(n

=2
3)

C
on

tr
ol

 (
n=

 3
7)

P
C

O
S

C
on

tr
ol

A
ge

, y
41

 (
37

–4
2)

40
 (

37
–4

3)
41

 (
37

–4
3)

40
 (

38
–4

2)
39

 (
37

–4
1)

39
 (

36
–4

1)
.3

2
.1

2

B
M

I,
 k

g/
m

2
32

.3
 (

27
.6

–3
8.

0)
d

32
.3

 (
29

.1
–3

7.
7)

e
28

.2
 (

23
.4

–3
2.

6)
d

27
.5

 (
23

.4
–3

1.
5)

e
31

.7
 (

25
.9

–3
4.

0)
30

.3
 (

26
.2

–3
3.

3)
.0

2
<

.0
01

W
ai

st
:h

ip
 r

at
io

0.
87

 (
0.

81
–0

.9
0)

0.
87

 (
0.

82
–0

.9
0)

e
0.

83
 (

0.
80

–0
.8

9)
0.

83
 (

0.
77

–0
.8

9)
e

0.
86

 (
0.

83
–0

.8
9)

0.
85

 (
0.

81
–0

.9
0)

.4
7

.0
06

H
is

to
ry

 o
f 

to
ba

cc
o 

us
e,

 N
o.

 (
%

)
21

 (
33

.9
)

49
 (

43
.4

)
18

 (
56

.3
)

25
 (

46
.3

)
8 

(3
4.

8)
8 

(2
1.

6)
.0

9
.0

2

To
ta

l t
es

to
st

er
on

e,
 n

g/
m

L
0.

8 
(0

.7
–1

.0
)

0.
6 

(0
.5

–0
.7

)
0.

8 
(0

.6
–1

.0
)

0.
6 

(0
.5

–0
.8

)f
0.

8 
(0

.6
–0

.9
)

0.
5 

(0
.4

–0
.7

)f
.5

3
.0

46

C
al

cu
la

te
d 

fr
ee

 te
st

os
te

ro
ne

, p
m

ol
/L

20
.2

 (
16

.3
–3

0.
2)

12
.8

 (
8.

2–
21

.4
)

23
.7

 (
10

.4
–3

4.
6)

11
.5

 (
7.

0–
20

.0
)

20
.9

 (
11

.4
–3

2.
7)

13
.2

 (
6.

9–
19

.6
)

.8
1

.7
0

Se
x 

ho
rm

on
e-

bi
nd

in
g 

gl
ob

ul
in

, n
m

ol
/L

11
7 

(8
4–

16
2)

15
4 

(9
1–

20
1)

10
1 

(7
6–

17
1)

16
7 

(1
01

–2
36

)
10

8 
(8

1–
17

1)
10

7 
(8

7–
18

4)
.8

1
.1

9

B
lo

od
 p

re
ss

ur
e

  S
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 m
m

 H
g

12
7 

(1
16

–1
38

)d
12

3 
(1

13
–1

33
)e

,g
11

7 
(1

09
–1

30
)d

11
8 

(1
10

–1
27

)e
11

7 
(1

08
–1

31
)

11
4 

(1
07

–1
22

)g
.0

09
.0

01

  D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 m

m
 H

g
81

 (
75

–8
6)

80
 (

74
–8

7)
e,

g
78

 (
73

–8
2)

76
 (

73
–8

1)
e

73
 (

70
–8

6)
74

 (
70

–8
0)

g
.1

5
.0

01

  H
yp

er
te

ns
io

n 
pr

ev
al

en
ce

, N
o.

 (
%

)
23

 (
37

.1
)

31
 (

27
.4

)
6 

(1
8.

8)
2 

(3
.7

)
3 

(1
3.

0)
4 

(1
0.

8)
.0

3
<

.0
01

C
ho

le
st

er
ol

  T
ot

al
 c

ho
le

st
er

ol
, m

g/
dL

16
3 

(1
45

–1
88

)d
16

1 
(1

42
–1

87
)

19
0 

(1
49

–2
11

)d
17

5 
(1

54
–1

90
)

17
1 

(1
59

–2
17

)
16

6 
(1

48
–1

80
)

.0
4

.2
2

  L
ow

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l, 

m
g/

dL
97

 (
78

–1
14

)
93

 (
72

–1
20

)
10

7 
(8

3–
13

5)
10

5 
(8

5–
11

7)
11

2 
(8

6–
13

5)
95

 (
83

–1
05

)
.0

9
.3

3

  H
ig

h-
de

ns
ity

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l, 

m
g/

dL
51

 (
45

–5
9)

48
 (

43
–5

8)
51

 (
41

–6
0)

53
 (

42
–6

2)
51

 (
39

–5
5)

49
 (

42
–5

4)
.5

9
.3

5

  H
yp

er
ch

ol
es

te
ro

le
m

ia
 p

re
va

le
nc

e,
 N

o.
 (

%
)

1 
(1

.6
)

9 
(8

.0
)

4 
(1

2.
5)

5 
(9

.3
)

3 
(1

3.
0)

1 
(2

.7
)

.0
45

.4
0

T
ri

gl
yc

er
id

es

  T
ri

gl
yc

er
id

es
, m

g/
dL

75
 (

57
–9

5)
72

 (
58

–1
02

)e
,g

79
 (

54
–1

79
)

84
 (

57
–1

16
)e

97
 (

74
–1

27
)

11
8 

(7
5–

15
7)

g
.1

3
.0

01

  H
yp

er
tr

ig
ly

ce
ri

de
m

ia
 p

re
va

le
nc

e,
 N

o.
 (

%
)

3 
(4

.8
)

9 
(7

.9
)

10
 (

31
.3

)
5 

(9
.3

)
2 

(8
.7

)
9 

(2
3.

1)
.0

02
.0

5

G
lu

co
se

 m
et

ab
ol

is
m

  F
as

tin
g 

gl
uc

os
e,

 m
g/

dL
92

 (
82

–1
01

)
88

 (
82

–9
6)

89
 (

80
–9

6)
91

 (
83

–1
01

)
99

 (
88

–1
10

)
93

 (
87

–1
02

)
.0

6
.0

8

  F
as

tin
g 

in
su

lin
, µ

U
/m

L
15

.6
 (

9.
4–

22
.0

)d
14

.6
 (

9.
1–

22
.4

)e
10

.6
 (

5.
8–

18
.1

)d
9.

7 
(5

.6
–1

2.
1)

e–
f

15
.5

 (
10

.7
–2

1.
5)

16
.4

 (
8.

4–
21

.7
)f

.0
4

<
.0

01

   
 L

og
 in

su
lin

, B
M

I-
ad

ju
st

ed
h

2.
67

 (
2.

52
–2

.8
2)

2.
52

 (
2.

41
–2

.6
2)

2.
42

 (
2.

20
–2

.6
3)

2.
39

 (
2.

24
–2

.5
5)

2.
71

 (
2.

46
–2

.9
5)

2.
75

 (
2.

57
–2

.9
2)

.0
02

i
<

.0
01

i

   
 L

og
 in

su
lin

, %
 b

od
y 

fa
t-

ad
ju

st
ed

h
2.

74
 (

2.
57

–2
.9

0)
2.

59
 (

2.
48

–2
.7

0)
2.

33
 (

2.
10

–2
.5

6)
2.

29
 (

2.
13

–2
.4

5)
2.

64
 (

2.
37

–2
.9

1)
2.

66
 (

2.
48

–2
.8

5)
.0

04
i

<
.0

01
i

   
 L

og
 in

su
lin

, l
ea

n 
m

as
s 

ad
ju

st
ed

h
2.

64
 (

2.
47

–2
.8

0)
2.

49
 (

2.
38

–2
.6

1)
2.

35
 (

2.
13

–2
.5

8)
2.

31
 (

2.
15

–2
.4

7)
2.

87
 (

2.
60

–3
.1

4)
2.

91
 (

2.
72

–3
.1

1)
.0

03
i

<
.0

01
i

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 13

B
la

ck
W

hi
te

H
is

pa
ni

c
P

 V
al

ue
c

C
ha

ra
ct

er
is

ti
ca

,b
P

C
O

S 
(n

=6
2)

C
on

tr
ol

 (
n=

11
3)

P
C

O
S 

(n
=3

2)
C

on
tr

ol
 (

n=
 5

4)
P

C
O

S 
(n

=2
3)

C
on

tr
ol

 (
n=

 3
7)

P
C

O
S

C
on

tr
ol

H
om

eo
st

as
is

 m
od

el
 o

f 
in

su
lin

 r
es

is
ta

nc
e

3.
3 

(2
.1

–5
.0

)j
3.

1 
(1

.8
–5

.0
)

2.
6 

(1
.1

–4
.1

)
2.

1 
(1

.2
–3

.7
)f

3.
8 

(2
.9

–5
.4

)j
3.

9 
(1

.7
–5

.0
)f

.0
8

.0
05

Im
pa

ir
ed

 f
as

tin
g 

gl
uc

os
e 

pr
ev

al
en

ce
, N

o.
 (

%
)

4/
57

 (
7.

0)
j

5/
10

3 
(4

.9
)

0 
(0

)
0 

(0
)

4/
21

 (
19

.1
)j

2/
34

 (
5.

9)
.0

3
.0

2

Ty
pe

 2
 d

ia
be

te
s 

m
el

lit
us

 p
re

va
le

nc
e,

 N
o.

 (
%

)
5 

(8
.1

)
10

 (
8.

9)
4 

(1
2.

5)
6 

(1
1.

1)
2 

(8
.7

)
3 

(8
.1

)
.7

9
.8

6

M
et

ab
ol

ic
 s

yn
dr

om
e 

pr
ev

al
en

ce
, N

o.
 (

%
)

23
 (

37
.1

)
41

 (
36

.0
)

11
 (

34
.4

)
12

 (
22

.2
)

9 
(3

9.
1)

13
 (

33
.3

)
.9

4
.1

9

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 P

C
O

S,
 p

ol
yc

ys
tic

 o
va

ri
an

 s
yn

dr
om

e.

a R
es

ul
ts

 a
re

 p
re

se
nt

ed
 a

s 
m

ed
ia

n 
(i

nt
er

qu
ar

til
e 

ra
ng

e)
 u

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d.

b T
he

 c
on

ve
rs

io
n 

fa
ct

or
s 

fr
om

 c
on

ve
nt

io
na

l o
r 

m
et

ri
c 

un
its

 to
 S

ys
tè

m
e 

In
te

rn
at

io
na

l u
ni

ts
 a

re
 a

s 
fo

llo
w

s:
 lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n,
 h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n,
 a

nd
 to

ta
l c

ho
le

st
er

ol
, m

ul
tip

ly
 b

y 
0.

02
59

 
(m

m
ol

/L
);

 tr
ig

ly
ce

ri
de

s,
 m

ul
tip

ly
 b

y 
0.

01
13

 (
m

m
ol

/L
,)

; g
lu

co
se

, m
ul

tip
ly

 b
y 

0.
05

55
 (

m
m

ol
/L

);
 in

su
lin

, m
ul

tip
ly

 b
y 

6.
94

5 
(p

m
ol

/L
);

 to
ta

l t
es

to
st

er
on

e,
 m

ul
tip

ly
 b

y 
0.

03
47

 (
nm

ol
/L

).

c P 
va

lu
es

 f
or

 th
e 

K
ru

sk
al

-W
al

lis
 te

st
 c

om
pa

ri
ng

 m
ed

ia
ns

 a
m

on
g 

et
hn

ic
 g

ro
up

s 
w

ith
in

 a
 d

ia
gn

os
tic

 c
at

eg
or

y 
(P

C
O

S 
or

 c
on

tr
ol

) 
or

 th
e 

lik
el

ih
oo

d 
ra

tio
 χ

2  
fr

om
 th

e 
C

oc
hr

an
 M

an
te

l H
ae

nt
ze

l χ
2  

te
st

 c
om

pa
ri

ng
 

et
hn

ic
 d

if
fe

re
nc

es
 in

 th
e 

pr
ev

al
en

ce
 o

f 
ri

sk
 f

ac
to

rs
 w

ith
in

 a
 d

ia
gn

os
tic

 c
at

eg
or

y 
(P

C
O

S 
or

 c
on

tr
ol

).

d P<
.0

5 
w

he
n 

co
m

pa
ri

ng
 b

la
ck

s 
an

d 
w

hi
te

s 
w

ith
 P

C
O

S.

e P<
.0

5 
w

he
n 

co
m

pa
ri

ng
 b

la
ck

 a
nd

 w
hi

te
 c

on
tr

ol
s.

f P<
.0

5 
w

he
n 

co
m

pa
ri

ng
 w

hi
te

 a
nd

 H
is

pa
ni

c 
co

nt
ro

ls
.

g P<
.0

5 
w

he
n 

co
m

pa
ri

ng
 b

la
ck

 a
nd

 H
is

pa
ni

c 
co

nt
ro

ls
.

h R
es

ul
ts

 p
re

se
nt

ed
 a

s 
le

as
t-

sq
ua

re
s 

m
ea

n 
(9

5%
 C

I)
.

i G
en

er
al

iz
ed

 li
ne

ar
 m

od
el

, s
ig

ni
fi

ca
nc

e 
of

 e
th

ni
ci

ty
 a

dj
us

te
d 

fo
r 

bo
dy

 s
iz

e 
va

ri
ab

le
.

j P<
.0

5 
w

he
n 

co
m

pa
ri

ng
 b

la
ck

s 
an

d 
H

is
pa

ni
cs

 w
ith

 P
C

O
S.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 14

Ta
b

le
 2

In
fl

ue
nc

e 
of

 E
th

ni
ci

ty
 o

n 
O

R
s 

fo
r 

C
ar

di
ov

as
cu

la
r 

R
is

k 
Fa

ct
or

s 
B

et
w

ee
n 

PC
O

S 
an

d 
C

on
tr

ol
s

H
yp

er
te

ns
io

n
Im

pa
ir

ed
 F

as
ti

ng
G

lu
co

se
T

yp
e 

2 
D

ia
be

te
s 

M
el

lit
us

H
yp

er
ch

ol
es

te
ro

le
m

ia
H

yp
er

tr
ig

ly
ce

ri
de

m
ia

M
et

ab
ol

ic
 S

yn
dr

om
e

R
ac

ia
l/ 

E
th

ni
c

G
ro

up
O

R
 (

95
%

C
I)

P
 V

al
ue

O
R

 (
95

%
C

I)
P

 V
al

ue
O

R
 (

95
%

C
I)

P
 V

al
ue

O
R

 (
95

%
C

I)
P

 V
al

ue
O

R
 (

95
%

C
I)

P
 V

al
ue

O
R

 (
95

%
C

I)
P

 V
al

ue

A
ll 

w
om

en
1.

50
 (

1.
03

–2
.3

0)
.0

4
1.

98
 (

0.
74

–5
.2

8)
.1

6
1.

01
 (

0.
50

–2
.0

4)
.9

8
0.

92
 (

0.
40

–2
.1

4)
.8

5
…

a
…

1.
23

 (
0.

89
–1

.6
8)

.2
1

B
la

ck
1.

35
 (

0.
87

–2
.1

0)
.1

9
1.

45
 (

0.
40

–5
.1

7)
.5

7
0.

91
 (

0.
33

–2
.5

5)
.8

6
0.

20
 (

0.
03

–1
.5

6)
.0

8
0.

78
 (

0.
21

–2
.9

1)
.7

1
0.

95
 (

0.
75

–1
.2

0)
.6

5

W
hi

te
5.

06
 (

1.
09

–2
3.

6)
.0

2
…

b
…

1.
13

 (
0.

34
–3

.6
9)

.8
5

1.
35

 (
0.

39
–4

.6
6)

.6
4

2.
81

 (
1.

13
–7

.0
0)

.0
2

0.
84

 (
0.

63
–1

.1
3)

.2
2

H
is

pa
ni

c
1.

21
 (

0.
30

–4
.9

1)
.7

9
3.

24
 (

0.
65

–1
6.

16
)

.1
3

1.
07

 (
0.

19
–5

.9
4)

.9
4

4.
83

 (
0.

53
–4

3.
67

)
.1

1
0.

32
 (

0.
08

–1
.3

3)
.0

8
0.

88
 (

0.
59

–1
.3

0)
.5

0

A
bb

re
vi

at
io

ns
: P

C
O

S,
 p

ol
yc

ys
tic

 o
va

ri
an

 s
yn

dr
om

e;
 O

R
, o

dd
s 

ra
tio

.

a B
re

sl
ow

-D
ay

 te
st

 f
or

 d
if

fe
re

nc
e 

in
 O

R
s 

am
on

g 
ra

ci
al

/e
th

ni
c 

gr
ou

ps
 w

as
 s

ig
ni

fi
ca

nt
 (

P=
.0

2)
. O

R
s 

m
us

t b
e 

in
te

rp
re

te
d 

se
pa

ra
te

ly
 b

y 
ra

ci
al

/e
th

ni
c 

gr
ou

p.

b C
ou

ld
 n

ot
 b

e 
ca

lc
ul

at
ed

 (
no

 c
as

es
 o

f 
im

pa
ir

ed
 f

as
tin

g 
gl

uc
os

e 
am

on
g 

w
hi

te
s 

in
 P

C
O

S 
or

 c
on

tr
ol

 g
ro

up
s)

.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 15

Ta
b

le
 3

Su
bc

lin
ic

al
 M

ea
su

re
s 

of
 C

ar
di

ov
as

cu
la

r 
D

is
ea

se
 A

m
on

g 
W

om
en

 W
ith

 P
C

O
S 

an
d 

M
at

ch
ed

 C
on

tr
ol

s

B
la

ck
W

hi
te

C
ha

ra
ct

er
is

ti
c

P
C

O
S

C
on

tr
ol

P
 V

al
ue

P
C

O
S

C
on

tr
ol

P
 V

al
ue

L
ef

t v
en

tr
ic

ul
ar

 m
as

s/
fa

t f
re

e 
m

as
s,

 m
ed

ia
n 

(I
Q

R
),

 g
/k

gb
,c

2.
88

 (
2.

68
–3

.2
0)

2.
85

 (
2.

56
–3

.2
7)

.4
4a

2.
77

 (
2.

37
–2

.9
5)

2.
86

 (
2.

50
–3

.0
4)

.4
0a

A
or

tic
 w

al
l t

hi
ck

ne
ss

, m
ed

ia
n 

(I
Q

R
),

 m
m

d
1.

61
 (

1.
46

–1
.6

9)
1.

56
 (

1.
44

–1
.7

2)
.5

8a
1.

69
 (

1.
51

–1
.7

4)
1.

50
 (

1.
38

–1
.7

1)
.0

7a

C
or

on
ar

y 
ar

te
ry

 c
al

ci
um

 p
re

se
nt

, N
o.

 (
%

)
4/

58
 (

6.
9)

8/
10

8 
(7

.4
)

.2
5e

0/
32

 (
0)

1/
50

 (
2.

0)
.6

1e

A
or

tic
 p

la
qu

e 
pr

es
en

t, 
N

o.
 (

%
)

14
/5

3 
(2

6.
4)

30
/8

9 
(3

3.
7)

.3
6f

6/
28

 (
21

.4
)

19
/5

1 
(3

7.
3)

.1
5f

A
bb

re
vi

at
io

ns
: I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 P
C

O
S,

 p
ol

yc
ys

tic
 o

va
ri

an
 s

yn
dr

om
e.

a W
ilc

ox
on

 2
-s

am
pl

e 
te

st
.

b A
dj

us
te

d 
fo

r 
fa

t-
fr

ee
 m

as
s.

c B
la

ck
s 

w
ith

 P
C

O
S,

 n
=

59
; b

la
ck

 c
on

tr
ol

s,
 n

=
10

2;
 w

hi
te

s 
w

ith
 P

C
O

S,
 n

=
29

; w
hi

te
 c

on
tr

ol
s,

 n
=

53
.

d B
la

ck
s 

w
ith

 P
C

O
S,

 n
=

53
; b

la
ck

 c
on

tr
ol

s,
 n

=
88

; w
hi

te
s 

w
ith

 P
C

O
S,

 n
=

28
; w

hi
te

 c
on

tr
ol

s,
 n

=
51

.

e Fi
sh

er
 e

xa
ct

 te
st

.

f χ
2  

te
st

.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2017 July 01.


	Abstract
	Introduction
	Methods
	Study Sample
	Data Collection
	Measurements
	Variable Definitions
	Statistical Analyses

	Results
	Racial and Ethnic Differences Among Women With PCOS
	Racial and Ethnic Differences Among Control Women
	Racial and Ethnic Differences in OR for CV Risk Factors and Measurements of Subclinical CV Diseases
	Evaluation of Confounding Medications

	Discussion
	References
	Table 1
	Table 2
	Table 3

