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Background: Despite the progress made to decrease risk factors for cardiovascular diseases,

disparities still exist. We examined how education and ethnicity interact to determine dispari-

ties in cardiovascular health (CVH) as defined by the American Heart Association.

Hypothesis: Education modifies the effect of ethnicity on CVH.

Methods: Individual CVH metrics (smoking, physical activity, body mass index, diet, total cho-

lesterol, blood pressure, and blood glucose) were defined as ideal, intermediate, or poor. Com-

bined scores were categorized as inadequate, average, or optimal CVH. Education was

categorized as postgraduate, college, some college, and high school or less; ethnicity was cate-

gorized as white, Hispanic, black, and other. Main and interactive associations between educa-

tion, ethnicity, and the measures of CVH were calculated with multinomial logistic regression.

Results: Of 9056 study participants, 74% were women, and mean age was 43 (�12) years.

Over half were Hispanic, and two-thirds had at least a college education. With postgraduate

education category as the reference, participants with less than a college education were less

likely to achieve ideal status for most of the individual CVH metrics, and also less likely to

achieve 6 to 7 ideal metrics, and optimal CVH scores. In most of the educational categories,

Hispanic participants had the highest proportion with optimal CVH scores and 6 to 7 ideal met-

rics, whereas black participants had the lowest proportion. However, there were no statistically

significant interactions of education and ethnicity for ideal CVH measures.

Conclusions: Higher educational attainment had variable associations with achieved levels of

ideal CVH across race/ethnic groups. Interventions to improve CVH should be tailored to meet

the needs of target communities.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death globally,

responsible for about one-third of all deaths.1 In the United States,

an estimated 85.6 million adults have at least 1 type of CVD, with

approximately $316.6 billion spent annually in direct and indirect

costs.2 Despite the progress made in the United States over the last

3 decades in decreasing the risk factors of CVD along with the mor-

bidity and mortality associated with the established disease,3–7 dispa-

rities still exist.8 For example, African Americans have a higher

prevalence of CVD risk factors such as hypertension and obesity

compared to whites.9,10 The disparities between race/ethnic groups

have been explained in part by differences in socioeconomic factors

such as education and income.11–16
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Nevertheless, few studies17,18 have investigated the effect modi-

fications of these socioeconomic factors on race/ethnicity in the

expression of the new construct of “ideal cardiovascular health” intro-

duced in 2010 by the American Heart Association (AHA) to monitor,

assess, and promote cardiovascular health (CVH) and wellness.19 Ideal

CVH is defined as “the presence of both ideal health behaviors (non-

smoking, body mass index [BMI] <25 kg/m2, physical activity at goal

levels, and pursuit of a diet consistent with current guideline recom-

mendations) and ideal health factors (untreated total cholesterol

<200 mg/dL, untreated blood pressure <120/<80 mm Hg, and fasting

blood glucose <100 mg/dL).” 19

Using data from the Baptist Health South Florida (BHSF) Employee

Study, a cross-sectional study of employees of a large not-for-profit

healthcare organization, we examined how education and ethnicity

interact to determine disparities in CVH. We tested the following

hypotheses: 1 Education will modify the effect of ethnicity on CVH.2

Higher educational attainment is associated with improved CVH.

2 | METHODS

2.1 | Study population

The methodology of this study has been previously described.20,21

Briefly, we examined data from the 2014 wellness fair and Health Risk

Assessment (HRA) at BHSF, a healthcare organization with the largest

employee population in South Miami, Florida. The wellness fair and

HRA are a part of an incentive-driven wellness program. To be eligible

for incentives, employees must be enrolled and contribute toward a

BHSF medical plan. For every criteria met (nonsmoking, BMI

<25 mg/m2, blood pressure <140/90 mm Hg, total cholesterol

<240 mg/dL, and blood glucose ≤140 mg/dL), a $50 reimbursement

was given to each employee. For this study, 9056 employees were

included in the analyses after exclusion of those without complete data

on the CVH health metrics. Participation rate was estimated at 60%

from over 15,000 employees who were eligible to participate in the

2014 HRA. As part of the HRA, employees were required to complete

an online health questionnaire utilizing the WebMD platform. Data col-

lected from the questionnaire included: demographic characteristics

(eg, age, gender, education, and ethnicity); lifestyle habits such as diet,

smoking status, physical activity levels, sleep habits, alcohol intake;

self-assessment of health status; perception of stress levels; and atti-

tudes toward behavioral change. Afterward, employees attended a

wellness fair, where trained healthcare professionals took biometric

measures such as height, weight, BMI, waist circumference, blood

pressure, blood glucose, and total cholesterol. Consent for the use of

health data for research was obtained from study participants. The

study was approved by the BHSF Institutional Review Board.

2.2 | Dependent variables

The dependent variables were the 7 CVH metrics (smoking, physical

activity, BMI, diet, total cholesterol, blood pressure, and blood glu-

cose). Data on smoking, physical activity, and diet were collected

from self-reported questionnaires. Smoking was classified as current

smokers, former smokers (if they quit <12 months ago), and never

smokers (if they have never smoked or quit ≥12 months ago). Diet

was measured from 5 items: fruits/vegetables, whole grains, protein,

salt, and sugary drinks. Study participants reported daily servings con-

sumed of each item. A healthy diet score was calculated on a scale of

0 to 10 based on the daily servings reported. For physical activity,

study participants reported weekly levels as either moderate or vigor-

ous intensity, and the duration of these activities were reported in

minutes. BMI was measured by trained healthcare professionals and

reported in kilograms per square meter from the calculation of meas-

ured weight and height. Self-reported use of medication for hyper-

tension, hypercholesterolemia, and diabetes was factored into the

definition of the categories for total cholesterol, blood pressure, and

blood glucose, measured using electronic devices. Nonfasting samples

were taken for the measurement of total cholesterol and blood glu-

cose (see Supporting Table 1 in the online version of this article).

Each of the 7 CVH metrics was scored as follows: ideal (2 points),

intermediate (1 point), and poor (0 point) according to AHA criteria

(see Supporting Table 1 in the online version of this article), with the

poor category serving as the reference group in each category.19 We

categorized the number of ideal metrics into 3 summary categories

(0–2, 3–5, and 6–7). We also assessed a combined CVH score by

summing the total scores from the 7 individual metrics. As previously

described, the total CVH score ranged from 0 to 14.22 An inadequate

score was 0 to 8 points, an average score was 9 to 10 points, and an

optimal score was 11 to 14 points,23 with the inadequate score serv-

ing as reference. We also counted the number of ideal metrics

achieved by each participant. A higher CVH score or a greater num-

ber of ideal metrics signifies better CVH.

2.3 | Independent variables

Education and ethnicity were the independent variables. The data on

these variables were collected from the online self-reported health

questionnaire mentioned previously. We categorized education into

4 groups as follows: postgraduate (includes professional degrees), col-

lege graduate, some college, and high school or less. Ethnicity was

categorized into 4 groups as follows: Hispanic, white, black, or other

(includes Asian, American Indian, Alaskan Native, Native Hawaiian,

Pacific Islander, and multiethnic). Postgraduate whites were used as

the reference group.

2.4 | Statistical analysis

We reported the overall frequency distribution of study participants

by education, ethnicity, and the CVH metrics. By strata defined by

education and race/ethnic groups, we reported the proportion of par-

ticipants in each of the 3 categories of ideal metrics (ie, 0–2, 3–5, and

6–7) as well as the 3 categories of total CVH score (ie, inadequate,

average, and optimal).

We computed P values to examine the differences across the

education/ethnicity strata using the χ2 test or Fisher exact test as

appropriate. Using a multinomial logistic regression, we calculated the

main and interactive associations of education and ethnicity on ideal

and intermediate CVH metrics, the summary categories of the

OGUNMOROTI ET AL. 1001



number of ideal metrics achieved (3–5, 6–7, and), in addition to the

CVH scores (average and optimal). This analysis was also stratified by

gender and age (<40 and ≥40 years). Education and ethnicity dummy

variables were created, with interaction terms representing unique

cross products of each nonreferent level of both variables. Individual

and global tests of significance of interaction terms on the multiplica-

tive scale were assessed using Wald and likelihood χ2 P values,

respectively. Odds ratios were adjusted for age and sex. Additive

interaction was assessed by comparing the odds ratios associated

with education and ethnicity strata to the summation of their respec-

tive education- and ethnicity-only odds ratios. Odds ratio differences

of 0 or confidence interval containing 0 were determined as meaning-

fully or statistically insignificant. Statistical significance was corrected

using the Bonferroni approach to account for the 9 CVH outcomes in

the main and interactive models as well as for ideal and intermediate

categories of each outcome. Therefore, statistical significance was set

as 0.0014 (0.05/36) to account for higher false-positive rates under

multiple testing. All data analyses were performed using statistical

software (SAS 9.3 for Windows; SAS, Inc., Cary, NC).

3 | RESULTS

Table 1 shows the characteristics of study participants. Of the 9056

participants, 74% were women and the overall mean age was

43 (�12) years. A large proportion of participants had at least a col-

lege education (66%) compared to <10% who had a high school edu-

cation or less. The majority of participants identified as Hispanic,

whereas an almost equal proportion identified as white or black. For

the metrics of smoking, physical activity, total cholesterol, and blood

glucose, more than two-thirds of participants met the criteria for the

ideal category. Approximately one-third of participants fell into each

category of BMI. For diet, the majority of participants fell into the

poor category, and about 1 in 5 participants fell into the poor cate-

gory of blood pressure. Only 1 in 10 participants achieved 6 to 7 ideal

metrics, and over one-third had optimal CVH scores.

Table 2 shows the distribution of the CVH metrics by ethnicity

within educational categories. For the metric of smoking, over 90%

of participants met the ideal criteria regardless of education or eth-

nicity. Over two-thirds of participants in most of the educational and

ethnic categories met the ideal for physical activity. However, partici-

pants with a high school or less education had a slightly higher pro-

portion that fell into the poor category for physical activity. The

distribution of the BMI categories was even across the substrata. Par-

ticipants who identified as black had the highest proportion in the

poor BMI category. For the dietary metric, white participants with a

postgraduate education had the largest proportion with ideal diet,

and white participants with a high school or less education had the

largest proportion with a poor diet. Although over half of participants

in all the strata achieved ideal status for total cholesterol, white parti-

cipants had the smallest proportion in the ideal category except in

the education stratum for high school or less. Hispanic participants

had the largest proportion with blood pressure in the ideal category,

whereas participants who identified as black had the largest

TABLE 1 Characteristics of study participants (N = 9056)

Variable Value

Age, y, mean (SD) 43 (12)

Women 6706 (74%)

Education

Postgraduate 1925 (21%)

College 4087 (45%)

Some college 2204 (24%)

High school or less 840 (9%)

Ethnicity

White 1560 (17%)

Hispanic 5188 (57%)

Black 1459 (16%)

Other 849 (9%)

Cardiovascular health metrics

Smoking

Ideal 8890 (98%)

Intermediate 97 (1%)

Poor 69 (1%)

Physical activity

Ideal 6710 (74%)

Intermediate 1885 (21%)

Poor 461 (5%)

BMI

Ideal 2855 (32%)

Intermediate 3178 (35%)

Poor 3023 (33%)

Diet

Ideal 383 (4%)

Intermediate 2219 (25%)

Poor 6454 (71%)

Total cholesterol

Ideal 6234 (69%)

Intermediate 2192 (24%)

Poor 630 (7%)

Blood pressure

Ideal 3566 (39%)

Intermediate 3835 (42%)

Poor 1655 (18%)

Blood glucose

Ideal 7359 (81%)

Intermediate 1297 (14%)

Poor 400 (4%)

No. of ideal metrics

0–2 1083 (12%)

3–5 6935 (77%)

6–7 1038 (11%)

Cardiovascular health score

Inadequate, 0–8 2482 (27%)

Average, 9–10 3424 (38%)

Optimal, 11–14 3150 (35%)

Abbreviations: BMI, body mass index; SD, standard deviation.

Values are presented as number (%) unless otherwise indicated. Percents
are rounded up to 1 decimal place.
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proportion with blood pressure in the poor category, especially those

with a high school or less education (approximately 50%). For blood

glucose, the proportion of participants in the ideal category was over

75%, except for the high school or less substrata. As illustrated in the

Figure, most of the study participants achieved 3 to 5 ideal metrics,

and only 1% of black participants with a high school or less education

achieved 6 to 7 ideal metrics. In most of the educational categories,

Hispanic participants had the highest proportion of optimal CVH

scores or 6 to 7 ideal metrics, whereas black participants had the low-

est proportion.

The main and interactive associations of education and ethnicity

on achieving ideal CVH metrics (Table 3) and of intermediate CVH

metrics (see Supporting Table 2 in the online version of this article) are

illustrated. With the postgraduate education category serving as refer-

ence, participants with college, some college, and high school educa-

tion or less were less likely to achieve ideal status for most of the

individual CVH metrics, and also less likely to achieve 6 to 7 ideal met-

rics, and optimal CVH scores. However, some of the associations were

not statistically significant. Compared to white participants, Hispanic

and black participants were less likely to meet the ideal criteria for

BMI in contrast to participants who identified as other. Black partici-

pants were more likely to meet the criteria for ideal total cholesterol

but less likely to meet the criteria for ideal blood pressure, 6 to 7 ideal

metrics, and optimal scores. Although the associations varied across

gender and age groups (<40 and ≥40 years), the majority were not sta-

tistically significant (see Supporting Tables 3–6 in the online version of

this article).

None of the education and ethnicity interaction terms were statis-

tically significant. The likelihood ratio test of global interaction and

Wald tests for individual interaction terms were not statistically signifi-

cant when comparing participants who achieved ideal or intermediate

levels of overall CVH to those who were in poor CVH. Similarly, the

additive effect of education on ethnicity was not meaningfully or sta-

tistically significant.

4 | DISCUSSION

4.1 | Summary of results

Using a large sample of employment-based health records, we

explored the interactive associations of education and ethnicity on

CVH. Despite suggestions that educational attainment modifies risk

of CVD among ethnic groups,17 we did not observe such a modifica-

tion either on the multiplicative or additive scale in our study. We

found that increasing levels of education were not always associated

with improved CVH. In particular, black participants at the highest

and lowest education levels experienced some of the poorest CVH

indices. Additionally, higher educational attainment was associated

with improved CVH outcomes among Hispanics more than any other

racial/ethnic group.

4.2 | Comparison to previous studies and
interpretation of results

Our results are comparable to a National Health and Nutrition Exami-

nation Survey (NHANES) of more than 5000 multiethnic women,

which found that black and Mexican American women displayed

higher CVD risk factors compared to white women.12 The study

revealed that black women with less than 9 years of education

reported less leisure time physical activity, and greater BMI and sys-

tolic blood pressures than other women. Even among black women

FIGURE 1 Distribution of the cardiovascular health score and the number of ideal metrics by education and ethnicity
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with more than 12 years of education, high prevalence of being over-

weight and hypertensive persisted beyond the age of 40 years.24 This

may in part explain our observation that some of the lowest odds of

meeting ideal CVH metrics occurred among black participants at the

extremes of the educational spectrum. In contrast, Hispanics in our

study were at least as healthy as whites with a postgraduate educa-

tion when several indices of CVH were considered. The incongruence

between CVH among Hispanics in the NHANES study and ours may

be related to healthy migrant effects and differing CVD risk profiles

among Hispanics originally from different parts of Latin America.25 In

addition, our study population consisted of individuals who were

employed in a healthcare system, and there may be a healthy-

worker bias.

Despite nonsignificant interaction terms between individual racial/

ethnic and educational strata, we demonstrated several differences in

the distribution of ideal CVH components in our sample. For instance,

postgraduate whites were the healthiest subgroup, except for their

blood cholesterol readings, which were typically better among persons

from other racial/ethnic groups. The odds of achieving an ideal BMI

was lowest among whites with at best a high school education. Hispa-

nics with at least a complete college education were more likely to

report better blood cholesterol, glucose, and pressure than white post-

graduates or others. It is not exactly clear why we did not observe sig-

nificant interactions between education and ethnicity. The fact that

our study participants were employees of a healthcare system with

access to health information, with most being physically active and

refraining from cigarette smoking, may have played a role in attenuat-

ing inherent risk differences among subgroups. It is also possible that

the current study was underpowered to identify the number of interac-

tions tested. Taken together, the results of the current study suggests

that different risk factors drive CVD among racial/ethnic groups, and

higher educational attainment alone may not always improve CVH.

4.3 | Study strengths and limitations

Our findings are limited by selection bias, with 60% participation

among those eligible. Because majority of our study participants were

highly educated Hispanic women, our results may not be generaliza-

ble. Furthermore, the cross-sectional study design does not lend itself

to the more robust temporal analysis of the potentially modifying

effect of education on race/ethnicity in the expression of cardiovascu-

lar health or disease. Notwithstanding, this study presents a number

of methodological strengths. First, it involves the use of a large sample,

thereby minimizing extreme and uncharacteristic findings. Second,

blood cholesterol, pressure, and glucose were measured by trained

personnel as opposed to recall, which has been frequently adopted in

the past among study participants.

5 | CONCLUSION

Our findings highlight the complicated interplay of the roles of educa-

tion and ethnicity on CVH. Different drivers of cardiovascular risk

operate among racial/ethnic groups, and higher educational attain-

ment appears to have varying degrees of associations noted for

achievement of ideal levels of overall CVH and its components.

Therefore, for CVH interventions and policies to be successful, they

must be tailored to address the specific challenges of target

communities.
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