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Background-—In the United States, there are persistent racial and ethnic disparities in cardiovascular disease morbidity and
mortality. National efforts have focused on reducing these disparities; however, little is known about the long-term trends in racial/
ethnic disparities in cardiovascular health (CVH).

Methods and Results-—We included 11 285 adults aged ≥20 years from the National Health and Nutrition Examination Surveys
survey cycles 1999/2000 through 2011/2012. CVH includes 7 health factors and behaviors—diet, physical activity, smoking
status, body mass index, blood pressure, blood glucose, and total cholesterol—each scored as ideal (2 points), intermediate
(1 point), or poor (0 points). Overall CVH is a summation of these scores (range, 0–14) points. Age-adjusted mean CVH scores were
calculated by race/ethnicity (non-Hispanic black, non-Hispanic white, or Mexican American) and sex for each survey cycle. Non-
Hispanic black women had significantly lower mean CVH scores as compared with non-Hispanic white women at each survey cycle
(difference=0.93; P=0.001 in 2011/2012) and Mexican-American women had significantly lower mean score as compared with
non-Hispanic white women at almost all survey cycles (difference=0.71; P=0.02 in 2011/2012). Differences between racial/ethnic
groups were smaller for men and were mostly nonsignificant.

Conclusions-—From 1999/2000 to 2011/2012, there were enduring disparities in CVH for non-Hispanic black and Mexican-
American women as compared with non-Hispanic white women. Disparities that were present in 1999/2000 were present in
2011/2012, though no racial/ethnic differences became more pronounced over time. These findings provide US nationally
representative data to evaluate health factors and behaviors of particular concern regarding racial/ethnic disparities in
cardiovascular health. ( J Am Heart Assoc. 2017;6:e006027. DOI: 10.1161/JAHA.117.006027.)
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D espite declines in cardiovascular mortality over the
past 50 years, cardiovascular disease (CVD) remains

the leading cause of death in the United States across all
racial and ethnic groups.1 There are significant racial and
sex differences in the burden of CVD. Non-Hispanic (NH)
blacks have higher incidence of coronary heart disease,
heart failure, stroke, and overall CVD mortality as compared
with NH whites.1,2 CVD burden in Hispanics as compared
with NH whites is mixed; whereas Hispanics have lower
overall CVD mortality, incidence rates for coronary heart
disease and stroke appear to be higher.3 However, US

Hispanics are an aggregated ethnicity that includes multiple
heritage groups, and previous research has shown highly
varying prevalence of CVD and CVD risk factor prevalence
by Hispanic background.4 Within race/ethnicity groups,
CVD rates are elevated in men compared with women.
Eliminating health disparities is a core goal of public health
efforts, including the Healthy People 2020 initiative and the
current American Heart Association (AHA) Strategic Impact
Goals.5,6

In order to measure, monitor, and modify a positive
construct associated with CVD-free longevity, the AHA has
defined cardiovascular health (CVH) according to 7 health
factors and behaviors—diet, physical activity, smoking status,
body mass index (BMI), blood pressure, blood glucose, and
total cholesterol—each categorized into an ideal, intermedi-
ate, or poor status.6 Numerous studies have demonstrated
that better CVH is associated greater longevity and lower
cardiovascular incidence, cardiovascular mortality, and all-
cause mortality across racial/ethnic groups.7–9

Racial and ethnic disparities in CVH may be indicative of
future disparities in CVD incidence. Past studies have
consistently found that NH whites have higher mean number
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of ideal health factors and behaviors as compared with NH
blacks and Hispanics in aggregate.10 As compared with NH
whites, nonwhites (including Hispanics) are less likely to be in
the ideal category for BMI, diet, physical activity, blood
pressure, and blood glucose and more likely to be in the ideal
category for total cholesterol and smoking status.11,12 Further
stratifying by sex yields additional variation. Little is known
about how these racial/ethnic patterns may have changed
over the past decade.

In this analysis, we sought to examine trends from 1999/
2000 through 2011/2012 in racial/ethnic differences in
overall CVH and the 7 behaviors and factors that comprise the
CVH score. Therefore, using the US nationally representative
National Health and Nutrition Examination Survey, we exam-
ined racial/ethnic differences in CVH overall and for each
individual component from 1999 through 2012. We present

age-adjusted mean scores and multiple metrics assessing
significant differences and trends by race/ethnicity and sex.

Methods

Data Source and Study Population
The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative cross-sectional
sample of the civilian, noninstitutionalized US population.
Since 1999, NHANES data collection has occurred in 2-year
survey cycles; we used data from participants of 7 survey
cycles (1999/2000 through 2011/2012). Because our
primary outcome was the composite CVH measure, which
includes laboratory measured health factors, we included
participants from the NHANES fasting subsample, for a total
of 13 249 Mexican-American, NH black, and NH white adults
aged ≥20 years. Other racial and ethnic groups were not
appropriately sampled in each survey cycle to allow for
reliable calculation of subpopulation estimates. We excluded
participants who were pregnant or breastfeeding at the time
of the exam (n=553). We further excluded from the sample
persons who did not have reported values for all 7 of the risk
factors and behaviors that comprise CVH (n=1401). The
resulting combined analytical sample for 1999–2012 included
11 285 individuals. NHANES data collection was approved by
the National Center for Health Statistics Research Ethics
Review Board for each survey cycle, and all participants
provided written informed consent.

Demographic Characteristics
Self-reported race/ethnicity (Mexican American, NH black,
and NH white), sex (male, female), age (in years), country of

Table 1. American Heart Association 2020 Strategic Impact Goal Definition Ideal, Intermediate, and Poor for Each Cardiovascular
Risk Factor and Behavior, Adults Aged ≥20 Years

Criteria Ideal (Score=2) Intermediate (Score=1) Poor (Score=0)

Diet* 4 to 5 dietary components 2 to 3 dietary components 0 to 1 dietary components

Physical activity† ≥150 minutes moderate/vigorous
activity per wk

1 to 149 minutes moderate/vigorous
activity per wk

No physical activity

Smoking Never smoker or former smoker,
quit >12 mo before

Former smoker, quit ≤12 mo before Current smoker

Body mass index <25 kg/m2 25 to 29.9 kg/m2 ≥30 kg/m2

Blood pressure SBP <120 and DBP <80 mm Hg SBP 120 to 139 or DBP 80 to 89, or treated
to SBP <140/DBP <90 mm Hg

SBP ≥140 or DBP
≥90 mm Hg

Total cholesterol <200 mg/dL 200 to 239 or treated to <200 mg/dL ≥240 mg/dL

Glucose <100 mg/dL 100 to 125 or treated to <100 mg/dL ≥126 mg/dL

DBP indicates diastolic blood pressure; SBP, systolic blood pressure.
*The 5 dietary score components include ≥4.5 cups/day of fruits/vegetables, ≥2 servings of fish per week (3.5 oz), ≥3 servings of whole grains per day (1 oz), <1500 mg/day of sodium,
and <450 kcal/week of sugar-sweetened beverages. Dietary values are scaled to a 2000 kcal/day diet.
†

Vigorous physical activity minutes were doubled for combination with moderate activity minutes.

Clinical Perspective

What Is New?

• In a study that examined trends in cardiovascular health
over time by race and sex, there were consistent disparities
in cardiovascular health for non-Hispanic black and Mexi-
can-American women as compared with non-Hispanic white
women.

What Are the Clinical Implications?

• Cardiovascular health has been linked to lower risk of
clinical cardiovascular disease. Clinician efforts to eliminate
cardiovascular disease disparities must include culturally
competent approaches to prevention aimed specifically at
minority women.
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birth (US versus all other countries), educational attainment
(high school diploma or less, some college or more), and
household size and income were collected for each NHANES
participant. We defined lower income as household incomes
less than 185% of the US federal poverty level adjusted for
household size and higher income as household incomes
equal or greater than 185% of the US federal poverty level
adjusted for household size.

CVH Factors
Anthropomorphic measures were obtained by trained health
technicians in the NHANES mobile examination center. BMI
was calculated as weight in kilograms/height in meters2.
Measures of systolic and diastolic blood pressure were
taken either in the mobile examination center or during
home examinations using a mercury sphygmomanometer
after 5 minutes of quiet sitting. Three consecutive readings
were attempted; systolic blood pressure and diastolic blood
pressure variables were averaged from all but the first
reading if multiple readings were obtained, or the first
reading if only one reading was obtained. Participants
selected for venipuncture blood draw were requested to
fast for at least 12 hours before the visit to the mobile
examination center. Total cholesterol levels and plasma
glucose were assessed from these blood samples in a
central NHANES laboratory. Further protocol details regard-
ing blood collection and processing are available in the
NHANES Laboratory/Medical Technologists Procedures Man-
ual (http://www.cdc.gov/nchs/nhanes/nhanes_questionna
ires.htm). Current medication usage for hypertension, hyper-
cholesterolemia, and diabetes mellitus was assessed during
an in-home interview.

CVH Behaviors

Dietary assessment utilized two 24-hour recall interviews, 1
conducted in the mobile examination center and a second
conducted 3 to 10 days later by telephone. A standardized
set of measuring guides were provided to participants to
assist in estimating portion sizes of all foods consumed.
Using the MyPyramid Equivalents Database and methodol-
ogy from the US Department of Agriculture,13 we calculated
intake of 5 dietary components: cups of fruits and vegeta-
bles (daily); 3.5-oz servings of fish (weekly); 1-oz servings of
whole grains (daily); milligrams of sodium intake (daily); and
kilocalories from sugar-sweetened beverages (weekly), scal-
ing intake to a 2000-kcal daily diet. Physical activity was
assessed by a series of questions on the frequency and
duration of leisure-time activities done for at least 10 min-
utes continuously. Participants were queried as to whether
activity was of vigorous intensity—characterized by heavy
sweating or large increases in breathing or heart rate, or
moderate intensity—characterized by light sweating or small
increases in breathing or heart rate. Examples of vigorous-
and moderate-intensity activities were provided for guidance,
but ultimately the participant determined and reported the
intensity of their activity. Smoking status was self-reported
by questions about whether the participant was currently
smoking or had formerly smoked cigarettes, cigars, or pipe
tobacco.

Calculation of the CVH Score
CVH was defined as in previous publications.14,15 Each health
behavior and factor was assigned a score of 0, 1, or 2, based
on the criteria outlined in Table 1, corresponding to poor,

Figure 1. Trends in age-adjusted mean cardiovascular health score for US adults aged ≥20 years by sex and race/ethnicity, National Health
and Nutrition Examination Surveys 1999–2012. A, Men. B, Women.
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intermediate, or ideal health as outlined in the AHA Strategic
Impact Goals.6 The scores for each component were summed
for a composite CVH score (range, 0–14), with a higher score
indicating better cardiovascular health.

Statistical Analyses
All analyses were conducted in SAS software (version 9.4;
SAS Institute Inc, Cary, NC) using survey analysis procedures
(PROC SURVEYREG) to incorporate the complex, multistage
survey sampling design of the NHANES, and using the
smallest population subsample weight: the 2-year fasting
sample weight. Sex-stratified and age-adjusted means were
calculated for each race/ethnicity group across NHANES
survey cycles for the overall CVH score as well as the
individual score components. We used the 2000 US Census
population estimates for direct age adjustment using 4 age-
group strata (20–39, 35–49, 50–64, and ≥65 years).

Homogeneity in scores across race/ethnicity groups at each
time point was estimated by an age-adjusted Wald F test. In
addition, pair-wise comparisons of adjusted CVH scores were
conducted to determine which race/ethnicity groups were
significantly different from one another. We used Bonferroni
adjustment in pair-wise comparisons to account for multiple
testing. Time trends from 1999/2000 to 2011/2012 were
assessed by weighted linear regression models, first stratified
by race/ethnicity and then including an interaction term time by
race/ethnicity to test for differences in trends. Previous studies
of CVH using NHANES data have indicated linear models as the
appropriate functional form.15 Sensitivity analyses included
further stratification by income and educational attainment
category to determine whether socioeconomic status
accounted for racial/ethnic differences.

Results
Unadjusted demographic characteristics of the sample are
listed in Table 2 by race/ethnicity and sex. As compared with
NH whites, NH black and Mexican-American participants were
younger with lower levels of educational attainment and
income. More than half of Mexican Americans were born
outside of the United States, a higher proportion than for NH
blacks and NH whites.

Across the NHANES survey cycles, the age-adjusted mean
CVH score remained nearly flat, from 7.9 (95% confidence
interval, 7.6–8.3) in 1999/2000 to 8.1 (95% confidence
interval, 7.8–8.3) in 2011/2012. CVH scores increased
slightly from 1999/2000 to 2011/2012 within each sex
and race/ethnicity category, but only Mexican-American men
and NH white men had significant increases over time
(Figure 1; Table 3).Ta
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Figure 2. Trends in age-adjusted means of cardiovascular health factors by sex and race/ethnicity, National Health and Nutrition
Examination Surveys 1999–2012. A, Body mass index—men; B, Body mass index—women. C, Blood pressure—men. D, Blood pressure—
women. E, Total cholesterol—men. F, Total cholesterol—women. G, Fasting blood glucose—men. H, Fasting blood glucose—women.
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Black women had significantly lower mean CVH scores as
compared with NH white women at each survey cycle
(difference=0.93; P=0.001 in 2011/2012), and Mexican-
American women had significantly lower mean score as
compared with NH white women at almost all survey cycles
(difference=0.71; P=0.02 in 2011/2012). Differences
between race/ethnicity categories were smaller for men
and were mostly nonsignificant.

There were significant negative secular trends in BMI and
fasting glucose scores among both women and men across
race/ethnicities during the study period, indicating the rising

prevalence of overweight/obesity and diabetes mellitus
(Figures 2 and 3; Tables 4 and 5). Among men, there was
little evidence of significant differences in BMI score by race/
ethnicity; however, glucose scores were significantly worse in
Mexican-American men as compared with both NH white and
NH black men. Among women, NH whites had significantly
better BMI and glucose scores as compared with NH blacks
and Mexican Americans at each survey cycle.

There were significant positive secular trends in physical
activity for both women and men across race/ethnicities
during the study period. Among men, the rate of increase

Figure 3. Trends in age-adjusted means of cardiovascular health behaviors by sex and race/ethnicity, National Health and Nutrition
Examination Surveys 1999–2012. A, Healthy diet index—men. B, Healthy diet index—women. C, Physical activity—men. D, Physical activity—
women. E, Smoking—men. F, Smoking—women.
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was higher for NH blacks and Mexican Americans
(Pinteraction=0.005); the differing rates narrowed, but did not
eliminate, significant gaps in physical activity scores between
NH white men and both NH black and Mexican-American men
(P=0.031 in 2011/2012). Women experienced similar rates of
increase across race/ethnicities, continuing trends where NH
white women had better physical activity scores as compared
with NH black and Mexican-American women.

Small and mostly nonsignificant increases occurred in blood
pressure, cholesterol, and smoking scores for both women and
men across race/ethnicities during the study period. Among
both men and women, NH blacks had significantly worse blood
pressure scores at each survey cycle as compared with NH
whites andMexican Americans, who had similar blood pressure
scores. Persistent significant differences across race/ethnicity
groups for cholesterol scores were not observed for men or
women. Little difference in smoking scores by race/ethnicity
was observed among men at each survey cycle, whereas
Mexican-American women had better smoking scores as
compared with NH white and NH black women.

Few Americans met the AHA guidelines for ideal diet in any
of the survey cycles, and thus healthy diet index scores had
little change over survey cycles nor were there significant
differences between race/ethnicity groups.

In sensitivity analyses that further stratified the analyses
by income and educational attainment, socioeconomic status
did not fully account for the significant differences in CVH
among women and disparities tended to be more pronounced
at higher levels of socioeconomic status (Figures 4 and 5).

Discussion
We observed that, despite greater public health focus on
reducing racial/ethnic disparities, there has been little change
in overall CVH scores from 1999/2000 through 2011/2012.
As a result, racial/ethnic differences in CVH have persisted
over the past decade and there is little evidence of narrowing
disparities. Racial/ethnic disparities were generally larger
among women.

There were also racial/ethnic differences within individual
CVH factors and behaviors. Among men, there were signif-
icant differences in physical activity, blood pressure, and
fasting glucose across race/ethnicity groups. Among women,
there were significant differences in BMI, fasting glucose,
physical activity, blood pressure, and smoking, in addition to
overall CVH. Although there was change over time within the
specific factors and behaviors, there were almost no signif-
icant differences in this change over time by race/ethnicity,
thus disparities within these factors and behaviors persisted
over time.

Previous studies also have noted cross-sectional differ-
ences in CVH by race/ethnicity with NH whites having higherTa
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mean number of ideal health factors and behaviors compared
with NH blacks and Hispanics in aggregate.10–12,14 One article
looking at US trends over time in mean number of ideal
factors and behaviors by racial/ethnic category showed
persistent gaps between NH whites and both NH blacks and
Hispanics.12 Our study adds to the understanding of CVH
trends over time by presenting racial/ethnic differences by
sex, and by examining the full spectrum of CVH, utilizing the
14 point CVH score that assesses ideal, intermediate, and
poor CVH. We found significant differences between racial/
ethnic groups among women only.

For most of the differences observed in this study, NH
whites had higher scores than NH blacks or Mexican
Americans. Historical policies of social exclusion as well as
documented discrimination in access to health-enhancing
resources experienced by racial/ethnic minority groups in the
United States are likely contributors to racial/ethnic differ-
ences in CVH.16–18 For example, neighborhoods with a higher
percentage of racial/ethnic minority residents—regardless of
income—have fewer grocery stores,19 fewer recreation
facilities,20 and less walkability21; these neighborhood

resources have been linked to preservation of ideal CVH.22

Previous research has shown that individuals who have
multiple forms of social disadvantage—such as low income,
low education, and nonwhite race—are even less likely to
have ideal CVH.11 In our study, the racial/ethnic disparities in
CVH factors and behaviors were not fully explained by
differing distributions of income and education across race/
ethnicities. Factors beyond socioeconomic status may con-
tribute to these disparities.

Yet, there were CVH differences that did not fit this
pattern. For example, there were significantly higher smoking
scores (ie, fewer smokers) among Mexican-American women.
Indeed, the lower rates of CVD mortality among Hispanics as
compared with NH whites—known as the Hispanic Paradox—
are contrary to the generally higher risk factor burden and
CVD incidence among Hispanics.3 It has been posited that
cultural context may contribute to this particular CVH
resiliency, despite disparate access to some health
resources.23 However, US Hispanics are an aggregated
ethnicity from multiple heritage backgrounds, and risk factor
patterning may be different among Hispanic subgroups. For

Figure 4. Trends in age-adjusted mean cardiovascular health score for US adults aged ≥20 years by sex, race/ethnicity, and income level,
National Health and Nutrition Examination Surveys 1999–2012. A, Higher income—men. B, Lower income—men. C, Higher income—women.
D, Lower income—women. Lower income defined as household income <185% of the US federal poverty level adjusted for household size;
higher income defined as household income ≥185% of the US federal poverty level adjusted for household size. CVH indicates cardiovascular
health.
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example, a previous study found similarly low levels of
smoking among Mexican-American women, but much higher
levels of smoking in Puerto Rican and Cuban women.4 Our
findings are generalizable only to Mexican Americans.

A strength of this study is the use of NHANES, a US
nationally representative survey that was conducted at regular
intervals during the study period. Each of the factors/
behaviors was measured using detailed assessments that
allow for analysis according to AHA criteria for ideal,
intermediate, and poor levels of CVH. Because the NHANES
measures correspond to the AHA criteria, we were able to use
the full 14-point CVH scale and analyze scores as continuous
variables. This allowed for identification of linear trends as
well as isolation of smaller differences between racial/ethnic
and sex subpopulations.

Despite these strengths, there were several limitations. We
included participants from the fasting subsample, who were
the only NHANES participants who had a fasting glucose
measurement. This subsample is designed to be nationally
representative, but does include fewer NHANES participants.
For our analysis sample, we excluded participants who had
missing data for any of the 7 factors and behaviors included in

the CVH score, around 11% of the fasting subsample. As
shown in Table 6, the demographic composition without
exclusion for missing risk factor data is nearly identical to the
analysis sample (Table 2). Furthermore, because of the
NHANES sampling strategy, we were unable to include
persons who reported any race or ethnicity other than NH
black, NH white, or Mexican American. There is evidence of
disparities in levels of CVH for other racial/ethnic groups in
the United States,10,12 and characterization and evaluation of
CVH trends is equally important for those subpopulations.
Additionally, in sensitivity analyses, we stratified by income
and educational attainment. Because of sample-size issues, it
was not possible to calculate estimates for more-precise
educational categories for each race-sex group, and thus we
may miss nuances in educational differences between racial/
ethnic groups. Because of differing age distributions by race/
ethnicity, we age-adjusted our estimates using the US
population in 2000. Smaller sample sizes coupled with age
adjustment may have led to some sampling variability in
estimates over time. Therefore, we focused on long-term,
linear trends over the study period. Our results were less
robust for small changes within the study period, such as

Figure 5. Trends in age-adjusted mean cardiovascular health score for US adults aged ≥20 years by sex, race/ethnicity, and educational
attainment, National Health and Nutrition Examination Surveys 1999–2012. A, Higher education—men. B, Lower education—men. C, Higher
education—women. D, Lower education—women. Lower education defined as high school diploma or less educational attainment; higher
education defined as least some college education. CVH indicates cardiovascular health.
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dietary shifts that occurred during the Great Recession of
2007–2009.24 Last, the scores for the 3 heath behaviors—
smoking, diet, and physical activity—were self-reported and
thus potentially disposed to misclassification.

In summary, we found enduring disparities in overall CVH
for NH black and Mexican-American women as compared with
NH white women. The nearly 1-point difference in CVH score
would be expected to translate into disparities in incident CVD
in the future. Each 1 point greater on the 14-point CVH scale
has been associated with 18% lower risk of developing stroke
or myocardial infarction in a multiracial sample.25 As previous
studies have noted, if CVH trends continue without rapid
improvement, prevention goals will go unmet.15,26 Likewise, if
the racial/ethnic trends in CVH persist, goals to eliminate
health disparities will also go unmet. Efforts to eliminate
cardiovascular disparities must include community-based
primordial prevention aimed specifically at minority women.
Multifaceted approaches to prevention that acknowledge and
integrate both community and healthcare interventions using
culturally tailored approaches may have more success in
reducing disparities.27
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