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Abstract

Objective—Since Hispanic ethnicity in the United States is heterogeneous, the purpose of this 

study was to determine the epidemiology of peripheral arterial disease (PAD) within US Hispanic/

Latino groups defined by national background.

Methods—9,648 men and women over the age of 45 years enrolled in the Hispanic Community 

Health Study – Study of Latinos (HCHS-SOL) included in this analysis. The ankle brachial index 

(ABI) was computed as the higher of the posterior tibial and dorsalis pedis systolic blood 

pressures (SBP) for each leg divided by the higher brachial artery SBP. The index ABI was the 

higher of the two. An ABI ≤ 0.90 was criterion for the presence of PAD.

Results—The mean age was 56 years and 55% were female. Overall, the prevalence of an ABI ≤ 

0.90 (PAD), 0.90 to 0.99 (borderline), 1.0 to 1.39 (normal) and ≥ 1.40 (high) was 5.7, 19.3, 72.5 

and 2.6%, respectively. After multivariable adjustment for PAD risk factors, and compared to 

Mexicans, Cubans had nearly a 3-fold higher odds for PAD (OR: 2.9, 95% CI: 1.9 – 4.4). The 

odds of PAD for the other Hispanic/Latino groups ranged from 1.2 to 1.8. Although males had 

over a 3-fold higher odds of an ABI ≥ 1.40 (3.6, 2.0 – 6.5), the odds did not differ significantly by 

Hispanic/Latino background.

Conclusions—Compared to Mexican Americans, all other Hispanic/Latino background groups 

have a significantly higher odds of having PAD, with the odds being nearly 3-fold higher among 

Cubans.
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INTRODUCTION

In the United States, peripheral arterial disease (PAD) affects over 8 million adults 1 and is 

associated with significant morbidity and mortality. 2,3 In addition to clinical symptoms, the 

presence of PAD is typically determined using the ankle-brachial index (ABI). 4 Using ABI 

data from the Multi-Ethnic Study of Atherosclerosis (MESA), and compared to non-

Hispanic Whites, we have previously reported that Hispanic Americans have approximately 

half the risk of PAD 5, defined as an ABI < 0.90.

Although usually classified as a single ethnic group (as was the case for the aforementioned 

studies), Hispanic/Latinos are heterogeneous from cultural, socioeconomic, and genetic 

perspectives and these differences are manifest in measures of cardiovascular disease 

(CVD). Indeed, recent results from the Hispanic Community Health Study – Study of 

Latinos (HCHS – SOL) showed that, compared to Mexican Americans, Dominican and 

Cuban Americans have significantly higher rates of hypertension, while the rates of diabetes 

mellitus are significantly lower among Cuban Americans and South Americans, and rates of 

smoking are significantly higher among Cuban and Puerto Rican Americans. 6 Similarly, 

findings from the Multi-Ethnic Study of Atherosclerosis shows Central and South 

Americans have significantly lower levels of prevalent coronary artery calcium, Dominican 

Americans have significantly lower carotid intimal medial thickness and both Puerto Rican 

and Dominican Americans have significantly higher left ventricular volumes. 7

Given this, we conducted a study to test the hypothesis of differential risks of PAD among 

the different Hispanic/Latino ethnic groups enrolled in the Hispanic Community Health 

Study – Study of Latinos.

METHODS

Study Population

The design, implementation and recruitment strategies for the HCHS – SOL have been 

published in detail previously. 8,9 In brief, between March 2008 and June 2011, the HCHS-

SOL recruited and then examined 16,415 self-identified Hispanic/Latino persons between 

the ages of 18 to 74 years. Households were selected using a stratified 2-stage area 

probability sample design. Census block groups were randomly selected in the defined 

community areas of each field center (Bronx, New York; Chicago, Illinois; Miami, Florida; 

San Diego, California), and households were randomly selected in each sampled block 

group. Oversampling occurred at each stage, with block groups in areas of Hispanic/Latino 

concentration, households associated with a Hispanic/ Latino surname, and persons aged 45 

to 74 years selected at higher rates than their counterparts. Sampling weights were generated 

to reflect the probabilities of selection at each stage.{Lavange:2010dj}As a result, the 

HCHS/SOL included participants from Cuban, Dominican, Mexican, Puerto Rican, Central 

American, and South American backgrounds. Institutional review boards at each 

participating institution approved the study and written informed consent was obtained from 

all participants.
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Participants were defined as first generation if they were foreign-born and with parents that 

were both foreign born. Second generation was defined as US born with at least one foreign-

born parent. In addition, foreign-born adults with at least one US born parent were classified 

as second generation to reflect their mixed cultural backgrounds.2

Six thousand seven hundred and one participants were under the age of 45 years and were 

not examined using the ankle brachial index. Given this, and excluding other individuals 

with missing ABI data (n = 66), the sample size for the current analysis was 9,648 men and 

women.

Data Collection

Information on demographic factors, socioeconomic status, acculturation, cigarette smoking, 

physical activity and medical history was obtained by survey questionnaires. To complete a 

current medication inventory, participants were instructed to bring all prescription and 

nonprescription medications taken in the past month.

Participants were asked to fast and refrain from smoking for 12 hours prior to the 

examination and to avoid vigorous physical activity the morning of the visit. Height was 

measured to the nearest centimeter and body weight to the nearest 0.1 kg. Body mass index 

(BMI) was calculated as weight in kilograms divided by height in meters squared. After a 5-

minute rest period, 3 seated blood pressure measurements were obtained with an automatic 

sphygmomanometer; the second and third readings were averaged and the result used in the 

analysis. Hypertension was defined as a systolic blood pressure greater than 139 mmHg, a 

diastolic blood pressure greater than 89 mmHg or taking a blood pressure lowering 

medication. Blood samples, including plasma glucose (fasting and after a 2-hour oral 

glucose load) were collected according to standardized protocols. Total serum cholesterol 

was measured using a cholesterol oxidase enzymatic method and high-density lipoprotein 

(HDL) cholesterol with a direct magnesium/dextran sulfate method. Low-density lipoprotein 

(LDL) cholesterol was calculated using the Friedewald equation. 10 Dyslipidemia was 

defined as a total to HDL cholesterol ratio greater than 5 or use of a cholesterol lowering 

medication. Plasma glucose was measured using a hexokinase enzymatic method (Roche 

Diagnostics). Hemoglobin A1c (HbA1c) was measured using a Tosoh G7 Automated HPLC 

Analyzer (Tosoh Bioscience). Diabetes mellitus was defined as a fasting glucose greater 

than 125 mg/dL or taking a medication to control blood glucose.

A standardized method was used for determining the ABI. Specifically, with the patient 

sitting, the circumference of each upper arm was measured and used to determine the 

appropriate cuff size to be used: Adult (12 cm width) for arm circumference of < 32 cm, 

Large Adult (16 cm width) for arm circumference of 32-42 cm and Thigh (20 cm width) for 

arm circumference of ≥ 43 cm. Then, starting in the right arm and moving counter-

clockwise, systolic blood pressures were obtained once in the bilateral brachial, anterior 

tibial and posterior tibial arteries. The limb specific ABI was computed using the higher of 

the ipsilateral ankle artery pressures and dividing by the higher of the two brachial artery 

pressures. The index ABI was the lower of the two limb values and the presence of PAD 

defined as an ABI < 0.90, while an ABI greater than 1.39 is indicative of stiff arteries. 11
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Statistical Analysis

All reported values (means, prevalence, and odds ratios [ORs]) were weighted to adjust for 

sampling probability and nonresponse. More specifically, all reported values were weighted 

to account for the disproportionate selection of the sample and to at least partially adjust for 

any bias effects due to differential nonresponse in the selected sample at the household and 

person levels. The adjusted weights were also trimmed to limit precision losses due to the 

variability of the adjusted weights, and calibrated to the 2010 Census characteristics by age, 

sex and Hispanic background in each field site's target population. All analyses also account 

for cluster sampling and the use of stratification in sample selection.

Adjusted prevalence estimates for the target population of Hispanic/Latinos in the four 

HCHS/SOL communities were calculated using survey-specific logistic regression 

procedures adjusting each Hispanic/Latino group to the age, gender, and Hispanic/Latino 

background distribution of the target population. Survey-specific logistic regression analyses 

were used to examine associations of risk factors with PAD. Initial models adjusted for age, 

sex, and Hispanic background. Multivariable models adjusted for all covariates shown. Of 

note, inclusion of a variable for the field center from which the participant enrolled did not 

change the results from those in the full model. Also, the field center variable is highly 

collinear with ethnic background. Therefore, and to ensure model stability, we did not 

include a “field center” variable in the models. Odds ratios with 95% CIs were computed 

using survey-specific logistic regression procedures to account for the 2-stage sampling 

design, stratification, and clustering. All analyses were performed using SAS version 9.3 

(SAS Institute, Cary, NC) and SUDAAN Release 10.0.0 (RTI, Research Triangle Park, NC).

RESULTS

Overall, the mean age of the cohort was 56 years and 55% were female (Table 1). Thirty-

percent were Mexican American, 27% were Cuban American, 19% were Puerto Rican 

American, 9% were Dominican American and the remainder (15%) were either Central or 

South American or of Mixed/Other/Missing Hispanic/Latino ethnicity. Nearly all (91%) 

were born outside of the United States, 85% endorsed Spanish as their preferred language, 

82% have lived in the United States for more than 10 years and 60% had graduated from 

high school or attained higher levels of education. The mean (SD) BMI and CRP were 29.9 

(0.1) and 4.3 (0.1), respectively. Over half (54%) were never smokers, 44% had 

hypertension and 44% had dyslipidemia, while 61% had either diabetes (27%) or impaired 

glucose tolerance (34%). Finally, 6% had an ABI < 0.90 (“PAD”), 19% were between 0.90 

and 0.99 (“borderline”), 72% were between 1.00 and 1.39 (“normal”) and 3% were 1.40 or 

higher (“high”). Nearly 9% reported a history of surgical procedure for PAD, while almost 

27% reported having intermittent claudication in either leg.

Table 2 shows the characteristics of the cohort by the different Hispanic/Latino groups. 

Central Americans had the highest triglyceride levels and proportion with dyslipidemia. 

Cuban Americans were the oldest, had the highest levels of systolic blood pressure and 

pack-years of cigarette smoking. This group also had the highest proportion of hypertension 

and current (but not former) smokers. Puerto Rican Americans had the highest levels of C-

reactive protein and body mass index, the second high proportion of current smokers and 
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lowest levels of eGFR. South Americans had the highest LDL and total cholesterol levels, as 

well as former smokers and those diagnosed with diabetes. Those classified as Other/Mixed 

had the highest waist and hip circumferences. Mexican Americans reported the highest rates 

of intermittent claudication. There were no significant differences in HDL cholesterol levels, 

the waist-to-hip ratio and self-reported surgical procedure for PAD across the groups.

The overall prevalence of an ABI less than 0.91 was 5.7%, while the prevalence for an ABI 

greater than 1.39 was 2.6%. Cuban Americans had the highest prevalence of PAD (9.1%), 

followed by Puerto Rican (5.9%), Central American (5.3%), Mixed/Other (5.0%), 

Dominican (4.7%), South American (4.6%) and Mexican Americans (3.2%). The highest 

prevalence of having an ABI ≥ 1.40 was found among South Americans (3.1%).

Compared with those with a normal ABI value, those with an ABI < 0.90 were older and 

had higher levels of systolic blood pressure, fasting glucose and pack-years of cigarette 

smoking, while having a lower eGFR (Table 3). This group was also more likely to be 

female, Cuban American, current smokers, unemployed, have either diabetes or 

hypertension, prefer Spanish as their language of choice and report either intermittent 

claudication or a procedure for PAD. Also compared to those with a normal ABI, those with 

an ABI ≥ 1.40 were also older and had higher levels of systolic blood pressure, total and 

LDL cholesterol, triglycerides and fasting glucose, but a somewhat lower eGFR. This group 

was more likely to be male, unemployed and have either diabetes or hypertension, as well as 

a procedure for PAD, but less likely to be current smokers.

Figure 1 shows the odds for PAD by Hispanic/Latino group. Compared to Mexican 

Americans, and in a multivariable logistic regression model adjusted for age and gender 

(model 1), Cuban Americans had over a three-fold higher odds for having PAD (OR = 3.3, 

95% CI: 2.3 – 4.9) while all of the other Hispanic/Latino groups had odds that ranged from 

1.5 (0.8 – 2.6) to 1.9 (1.3 – 2.8). With additional adjustment for waist, height, immigrant 

generation, educational attainment, hypertension, diabetes, dyslipidemia and cigarette 

smoking (model 2), the odds for Cuban Americans decreased to 2.9 (1.9 – 4.4), while the 

range of odds ratios for the other groups changed from 1.2 (0.5 – 3.1) to 1.8 (1.1 – 3.0). The 

results were not materially changed when we additionally adjusted for statin medication use 

and cigar use (model 3) or when we excluded those with a history of a procedure for PAD 

and adjusted for symptoms of intermittent claudication.

The odds for having an ABI ≥ 1.4 by Hispanic/Latino group are shown in Figure 2. 

Compared to Mexican Americans, and in a multivariable logistic regression model adjusted 

for age and gender (model 1), those of Other/Mixed ethnicity had a significantly lower odds 

for a high ABI (0.22, 0.1 – 0.9), while the odds for all of the other Hispanic/Latino groups 

were not found to be significantly different. With additional adjustment for waist, height, 

immigrant generation, educational attainment, hypertension, diabetes, dyslipidemia and 

cigarette smoking (model 2), the odds for the Other/Mixed group decreased to 0.1 (0.01 – 

0.5), while the range of odds ratios for the other groups were not remarkably changed. Of 

note, in the fully adjusted analyses (model 3), men had over a 3-fold higher odds for a high 

ABI (3.6, 2.0 – 6.5). The results were not materially different when we excluded those with 

a history of a procedure for PAD and adjusted for symptoms of intermittent claudication.
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In sensitivity analyses, and to the final multivariable model, we additionally adjusted for 

cigar smoking and pack-years of cigarette smoking. We also ran models that added systolic 

blood pressure, diastolic blood pressure and fasting plasma glucose levels. In all cases, the 

results were not materially different from those provided above.

DISCUSSION

In this large, population-based cohort study of multiple different Hispanic/Latino groups, we 

found that, compared to Mexican Americans, Cuban Americans had over a three-fold higher 

odds for the presence of PAD independent of sociodemographic and traditional 

cardiovascular disease risk factors. We also found that, after the same adjustment, the other 

Hispanic/Latino groups enrolled in this study had higher odds of PAD, with those for 

Central, Dominican and Puerto Rican American being significantly higher and the odds for 

South Americans being higher, but not significantly, likely due to the smaller number of 

individuals in this group. Conversely, our analyses did not demonstrate differential odds for 

the presence of an ABI ≥ 1.40 by Hispanic/Latino group but we did find a strong association 

between male sex and having a high ABI. In sum, the findings from this study indicate that 

Hispanic/Latino groups are different with respect to the presence of PAD, but not a high 

ABI, which may have implications for clinical practice, public health planning and the 

Hispanic Paradox paradigm. More specifically, clinicians may consider having a higher 

index of suspicion for PAD among Hispanic/Latino Americans who are not of Mexican 

background. Additonally, prior studies, based largely on Mexican Americans, have 

suggested that this group has a lower risk of incident CVD, despite higher levels of CVD 

risk factors (i.e. Hispanic Paradox). The results of our study suggest that conceptualization 

of the Hispanic Paradox may need to be modified to account for differences in the 

prevalence of extant CVD (i.e. PAD) among different Hispanic/Latino ethnic groups.

Using data from the Multi-Ethnic Study of Atherosclerosis, we have previously examined 

the differences in levels of both traditional and novel CVD risk factors, as well as 

subclinical measures of atherosclerosis, among different Hispanic/Latino ethnic groups. 7 

The results of this study indicated that there were significant differences with respect to the 

prevalence of current/former smoking, hypertension, dyslipidemia and both the metabolic 

syndrome and type 2 diabetes mellitus, as well as PAD. Importantly, the number of Cuban 

Americans in this study was too small for meaningful analyses (n = 56). As such, and based 

on the number of participants in the other Hispanic/Latino ethnic groups enrolled in the 

HCHS-SOL, the results of the current study provide much more robust and relevant data on 

PAD and the presence of an ABI > 1.40 [“stiff arteries”] for the contemporary US 

population.

An important finding from the current analysis is that the associations between the different 

Hispanic/Latino ethnicities and PAD were independent of immigrant generation, educational 

attainment and traditional CVD risks factors. As such, the results suggest there are other 

factors that may predispose non-Mexican American Hispanic/Latino Americans to more 

readily develop PAD than Mexican Americans. One such potential explanation for this 

difference is genetic predisposition. In this regard, we have conducted a study examining the 

association between genetic admixture and PAD among Hispanic/Latino Americans enrolled 
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in the MESA. The results of this study indicated that higher levels of Native American 

ancestry were associated with a lower odds for PAD. 12 Paradoxically, Native Americans 

have a higher prevalence of PAD than Hispanic/Latino Americans. 1 Also, the composition 

of the Hispanic/Latino population in the MESA is highly skewed toward Mexican 

Americans. Given this, more research is needed to more fully address the reasons for the 

differential risk of PAD among non-Mexican American Hispanic/Latino groups residing in 

the United States.

Previous studies have estimated the overall prevalence of PAD among adults over the age of 

40 years to range from 4.5 to 12%, resulting in a burden (based on the 2000 census) of 

approximately 8 million individuals (using the mean of the range just provided) with 5 

million being non-Hispanic White. 1,13,14 Also, we have previously shown that Mexican 

Americans have half the odds for having PAD, compared to non-Hispanic Whites. 15 This, 

combined with the results of the current study suggest that, compared to non-Hispanic 

Whites, Cuban Americans will have a 50% higher odds for PAD, while the odds for the 

“Other Hispanic/Latino” group will be 25% lower. As such, more current estimates of 

burden of PAD for these different groups could be computed using data from the 2010 

census.

Strengths of the current study are a very large and well-characterized sample that had PAD 

assessed by a standardized protocol using the ankle brachial index. Also, the HCHS-SOL 

enrolled individuals from several different Hispanic/Latino ethnic groups using a 

probability-based sampling strategy aimed at being representative of these groups living in 

the United States. Conversely, there are limitations to consider. There was no contemporary 

non-Hispanic White population recruited concomitant to that for the HCHS-SOL. As such, 

comparisons with this group rely on past samples from other cohort studies. Also, the 

HCHS-SOL did not assess for several novel markers of atherosclerosis that have been 

shown to be associated with PAD (e.g. fibrinogen and interleukin-6). 15 Finally, there is the 

possibility for distortion of the results that may remains after controlling for confounding in 

the design and/or analysis of a study (residual confounding). However, we noted that the 

results were largely resistant to change when including different covariates suggesting 

residual confounding may be minimal.

In conclusion, compared to Mexican Americans, Cuban Americans have a three-fold higher 

odds for the presence of peripheral arterial disease independent of educational attainment, 

immigrant generation and traditional CVD risk factors. Similarly, other selected Hispanic/

Latino ethnic groups residing in the United States have significantly higher odds for PAD, 

compared to Mexican Americans. These findings are similar to those published previously 

that showed non-Mexican American groups (i.e. Cuban and Puerto Rican Americans) 

having higher rates of prevalent coronary artery disease.6 As these associations were 

significant after adjustment for risk factors, other potential variables, such as genetic or 

environmental factors, should be considered to explain the differences.
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FIGURE 1. ODDS OF PERIPHERAL ARTERIAL DISEASE (ABI ≤ 0.90) BY HISPANIC/
LATINO BACKGROUND GROUP*
*Weighted to the Sampling Probability

Reference Group = Mexican Americans; Vertical Bars = 95% Confidence Intervals

Model 1: Adjusted for age, gender

Model 2: Adjusted for model 1 variables + height + waist circumference + immigrant 

generation, educational attainment

Model 3: Adjusted for model 2 variables + hypertension + diabetes + dyslipidemia + 

smoking
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FIGURE 2. – ODDS FOR “STIFF ARTERIES” (ABI ≥ 1.40) BY HISPANIC/LATINO 
BACKGROUND GROUP*
*Weighted to the Sampling Probability

Reference Group = Mexican Americans; Vertical Bars = 95% Confidence Intervals

Model 1: Adjusted for age, gender

Model 2: Adjusted for model 1 variables + height + waist circumference + immigrant 

generation, educational attainment

Model 3: Adjusted for model 2 variables + hypertension + diabetes + dyslipidemia + 

smoking
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TABLE 1

COHORT CHARACTERISTICS
*

Continuous Variables

Characteristic Mean (SD)

Age 56.5 (0.1)

Body Mass Index (kg/m2) 29.9 (0.1)

Waist Circumference (cm) 99.9 (0.2)

Pack-Years Smoking 21.2 (0.7)

Triglycerides (mg/dL) 152.3 (1.9)

C-reactive Protein (mg/L) 4.3 (0.1)

Estimated Glomerular Filtration Rate (mL/min/1.73 m2) 84.2 (0.4)

Categorical Variables

Characteristic Freq (Percent)

Female 5,268 (54.6)

Hispanic/Latino Group

Dominican 892 (9.3)

Central American 632 (6.6)

Cuban 2,615 (27.1)

Mexican 2,923 (30.3)

Puerto Rican 1,804 (18.7)

South American 528 (5.5)

Mixed/Other/Missing 252 (2.6)

Cigarette Smoking

Former 2,489 (25.8)

Current 1,986 (20.6)

Hypertension 4,216 (43.7)

Impaired Fasting Glucose 3,203 (33.2)

Diabetes 2,595 (26.9)

Dyslipidemia 4,274 (44.3)

High School Graduate or Higher 5,808 (60.2)

Immigrant Generation

First 8,239 (85.4)

Second 1,409 (14.6)

Language Preference

Spanish 8,646 (86.5)

English 1,002 (13.5)

Years Living in the United States

Less than 10 1,714 (17.9)

More than 10 7873 (82.1)
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Categorical Variables

Characteristic Freq (Percent)

Self Reported Procedure for PAD 849 (8.8)

Self Reported Intermittent Claudication 2,595 (26.9)

ABI Groups

Low/PAD (≤ 0.90) 548 (5.7)

Borderline (0.90 – 0.99) 1,859 (19.3)

Normal (1.00 – 1.39) 6,991 (72.5)

High (≥ 1.40) 250 (2.6)

*
Weighted to the sampling probability
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