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Geographic Variations in Cardiovascular Health in the United States:

Contributions of State- and Individual-Level Factors
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MD; Ana V. Diez-Roux, MD, PhD

Background—Improving cardiovascular health (CVH) of all Americans by 2020 is a strategic goal of the American Heart
Association. Understanding the sources of variation and identifying contextual factors associated with poor CVH may suggest
important avenues for prevention.

Methods and Results—Cross-sectional data from the Behavioral Risk Factor Surveillance System for the year 2011 were linked to
state-level coronary heart disease and stroke mortality data from the National Vital Statistics System and to state-level measures
of median household income, income inequality, taxes on soda drinks and cigarettes, and food and physical activity environments
from various administrative sources. Poor CVH was defined according to the American Heart Association definition using 7 self-
reported CVH metrics (current smoking, physical inactivity, obesity, poor diet, hypertension, diabetes, and high cholesterol). Linked
micromap plots and multilevel logistic models were used to examine state variation in poor CVH and to investigate the
contributions of individual- and state-level factors to this variation. We found significant state-level variation in the prevalence of
poor CVH (median odds ratio 1.32, P<0.001). Higher rates of poor CVH and cardiovascular disease mortality were clustered in the
southern states. Minority and low socioeconomic groups were strongly associated with poor CVH and explained 51% of the state-
level variation in poor CVH; state-level factors explained an additional 28%. State-level median household income (odds ratio 0.89;
95% Cl 0.84-0.94), taxes on soda drinks (odds ratio 0.94; 95% Cl 0.89-0.99), farmers markets (odds ratio 0.91; 95% CI 0.85—
0.98), and convenience stores (odds ratio 1.09; 95% CI 1.01-1.17) were predictive of poor CVH even after accounting for
individual-level factors.

Conclusions—There is significant state-level variation in poor CVH that is partly explained by individual- and state-level factors.
Additional longitudinal research is warranted to examine the influence of state-level policies and food and physical activity
environments on poor CVH. (J Am Heart Assoc.2015;4:e¢001673 doi: 10.1161/JAHA.114.001673)
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Ithough efforts over decades have improved the cardio-
vascular disease (CVD) mortality rate, CVD remains the
leading cause of mortality and morbidity in the United States,
accounting for >1 in 3 deaths in 2010."? In addition, CVD
places a large economic burden on the United States, with
estimated direct and indirect health care costs of more than

$500 billion in 2010 alone.’ This cost is projected to increase
sharply by 2020 because of the rising prevalence of some
CVD risk factors such as obesity, hypertension, type 2
diabetes, and the aging of the US population.®™

To reverse the trend, the American Heart Association (AHA)
recently outlined its strategic goal of a 20% improvement in
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cardiovascular health (CVH) for all Americans and a 20% reduction
in CVD death by 2020." To evaluate progress toward this goal, the
AHA introduced a new concept of ideal, intermediate, and poor
CVH based on 7 health metrics: hypertension, obesity, diabetes,
cholesterol, smoking, diet, and physical activity. Previous studies
have demonstrated that the number of ideal CVH metrics is strong
predictor of CVD mortality.® Studies have shown, for example,
that persons who had >5 ideal CVH metrics had a 78% lower risk of
all-cause mortality” and a 59% lower risk of CVD compared with
those having none or 1 ideal CVH metric.?

The prevalence of ideal CVH in the United States is very low.
Using data from National Health and Nutrition Examination
Survey, Yang et al reported that just 1% of the US population
falls into the ideal CVH category (ideal in all 7 metrics), whereas
>18% of the population falls into the poor CVH category (0 to 2
ideal metrics).” Others also found similar prevalence of ideal
and poor CVH in US populations.'® 2 Moreover, studies have
shown considerable geographic variation in the prevalence of
poor or ideal CVH across states.'' ' Fang et al found that
CVH varied substantially by state, ranging from 1.2%
(Oklahoma) to 6.9% (District of Columbia) for ideal CVH and
from 6.7% (Colorado) to 16.2% (West Virginia) for poor CVH.'?
Dong et al also found very low prevalence of ideal CVH in an
urban population in which no participants had all 7 ideal CVH
metrics (0%) and few participants had 5 or 6 ideal metrics
(4.4%).® In addition, the prevalence of ideal CVH has also been
found to be especially low in some rural populations.'®

The reasons for these large variations in CVH across states
and the contributions of individual- or state-level factors to
this variation remain to be determined. Although several
studies have explored the effects of geographic contextual
factors on CVD risk factors,’*'® most focused on 1 or 2
components of CVH rather than on the combined 7 CVH
metrics. Furthermore, despite considerable state and regional
variation, few studies have explored the influence of state-
level socioeconomic status (SES) conditions, policy measures
such as taxation of soda drinks and cigarettes, and distribu-
tion of food and physical activity environments on individual-
level poor CVH. Understanding the sources of variation in CVH
may suggest important avenues for prevention and achieve-
ment of the overarching goal of the AHA.

In this study, we examined state-level variations in poor
CVH and the contributions of individual- and state-level
factors to these variations using cross-sectional data from the
Behavioral Risk Factor Surveillance System (BRFSS) for the
year 2011. Specifically, the main purposes of this study were
(1) to examine state-level rankings and geographic patterns of
poor CVH and CVD mortality using a geovisualization
technique called linked micromap (LM) plots, (2) to quantify
the state-level variation in poor CVH using multilevel models,
and (3) to determine the extent to which individual- and state-
level factors explain variation in poor CVH.

Methods

Data and Data Sources

Data on CVH and individual-level variables were obtained from
the 2011 BRFSS, sponsored by the Centers for Disease
Control and Prevention (CDC).'” The BRFSS has been the
primary source of state-level population health estimates from
surveys and has been available in all states since 1984. It
collects information on health status, health-risk behaviors,
and chronic conditions related to leading causes of death and
disabilities at national, state, and local levels. Using random-
digit dialing and a complex multistage sampling design, the
BRFSS selects a sample of noninstitutionalized adults aged
>18 years from all US states and territories. Weights can be
used to generate representative national and state-level
estimates. The BRFSS has been found to provide valid and
reliable national estimates comparable with other national
surveys in the United States.'® 2 After excluding those with
missing information on CVH, demographic, and socioeco-
nomic variables, a total of 281 198 adults remained from all
50 states and the District of Columbia for analysis.

Cardiovascular Health

The 2011 BRFSS data contain core questions on each of the 7
CVH metrics (hypertension, diabetes, obesity, hypercholester-
olemia, physical activity, current smoking, and consumption of
fruits and vegetables). We used the AHA definition to calculate
poor CVH by recoding each CVH metric as a dichotomous
variable coded as 1 for poor and 0 for other categories." We
then calculated a summary of the poor CVH score for each
participant by summing the 7 dichotomized CVH metrics
ranging from 0 to 7 points. We classified participants with a
score of >5 as meeting the criteria for poor CVH.”%'?
Additional sensitivity analysis using a continuous CVH metric
showed that the results were stable, with similar patterns of
associations and unchanged statistical significance.
Self-reported hypertension, diabetes, and hypercholester-
olemia status were assessed by the question, “Has a doctor or
other health professional ever told you that you have high
blood pressure, blood sugar, and cholesterol?” Respondents
who answered yes to these questions were defined as having
self-reported these conditions and were coded as 1; those
who responded no were coded as 0 in our analyses. Women
who were told that they had hypertension or diabetes only
during pregnancy were included in the no category, and those
who answered “do not know/not sure” or “refused” were
excluded from our analysis. Body mass index was calculated
based on self-reported weight in kilograms divided by height
in square meters, and obesity was defined as a body mass
index of >30 and coded as 1 (and O otherwise). Current
smokers were respondents who reported they had smoked
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>100 cigarettes during their lifetime or who currently smoked
every day or on some days and were coded as 1 (and O
otherwise). Sufficient physical activity was noted if respon-
dents reported >150 total minutes of moderate activity per
week, the equivalent in vigorous activity, or a combination of
moderate and vigorous activity. Respondents with insufficient
physical activity were coded as 1 (and O otherwise).
Consumption of fruits and vegetables was defined based on
responses to 6 questions that asked how many times a day
participants consumed 100% fruit juice, fruit, beans or lentils,
dark green vegetables, orange-colored vegetables, and other
vegetables over the past month. These questions were
combined to create a composite measure of average daily
fruit and vegetable consumption. Respondents who consumed
<5 servings of fruits or vegetables a day were coded as 1 (and
0 otherwise).

The main focus of this study was poor CVH; however, to
explore the geographic correlations between poor CVH and
mortality from CHD and stroke at the state level, we extracted
age-adjusted CHD and stroke mortality rates for >15 years by
state for the study period 2011-2012 from the National Vital
Statistics System (NVSS), based on the CDC’s WONDER
database.?’ The NVSS used death certificates to ascertain and
classify the cause of death for 2011 according to codes from the
International Classification of Diseases, 10th Revision (ICD-10).
For this analysis, the category for CHD (ICD-10 codes 120 to 125)
included acute myocardial infarction, angina pectoris, athero-
sclerotic cardiovascular disease, and all other forms of acute and
chronic ischemic heart disease. The category for stroke (ICD-10
codes 160 to 169) included ischemic and hemorrhagic strokes,
strokes not specified as ischemic or hemorrhagic, and other
cerebrovascular diseases (eg, occlusion and stenosis of cerebral
arteries) not resulting in cerebral infarction.

Other covariates included in our analysis were age (years),
sex (male or female), race or ethnicity (non-Hispanic white,
non-Hispanic black, Hispanic, and other), education levels
(less than high school diploma, high school graduate, some
college or technical school, and college graduate or higher),
and annual household income (less than $15 000, $15 000
to $25 000, $25 000 to $49 999, and more than $50 000).
The BRFSS and CDC WONDER mortality data sets are
available in the public domain, and this study was exempted
from human subject review by the National Institutes of
Health Office for Human Subjects Research Protections
(OHSRP 12516).

State-Level Variables

Several state-level variables were examined as potential
contributors to state differences in poor CVH. We selected
variables that had been previously hypothesized to be related
to population differences in cardiovascular risk."'* ¢

Data on 2 important economic indicators, state median
household income and the Gini index, were obtained for 2011
from the American Community Survey.?? The Gini index is a
measure of income inequality, and its values range between 0
to 1, with O representing a society with no income inequality
and 1 representing a society with maximal inequality.'® These
economic variables were investigated because they may serve
as proxies for a variety of unmeasured environmental factors
(including features of the social environment) or policies that
could be related to >1 of the risks factors included in the CVH
metrics.

We also investigated 2 variables intended to capture the
presence of heart-healthy policies. Soda-drink tax and ciga-
rette excise tax for 2010 for all states and the District of
Columbia were obtained from Bridging the Gap program?® and
the National Conference of State Legislatures,?* respectively.
In addition, we included 4 state-level variables intended to
capture the food and physical activity environments in the
year 2009 from the US Department of Agriculture Economic
Research Service—Food Environment Atlas:?® (1) the density
of grocery stores in the state per 1000 residents, defined by
North American Industry Classification System (NAICS) code
445110, which includes establishments generally known as
supermarkets and smaller grocery stores; (2) the density of
farmers markets in the state per 1000 residents, with farmers
market defined as a retail outlet in which >2 vendors sell
agricultural products directly to customers through a common
marketing channel and at least 51% of retail sales are direct to
consumers; (3) the density of convenience stores in the state
per 1000 residents, defined by NAICS code 447110, which
includes establishments engaged in retailing automotive fuels
(eg, diesel fuel, gasohol, gasoline) in combination with
convenience store or food mart items; and (4) the density
of fitness and recreation facilitates in the state per 1000
residents, including establishments primarily engaged in
operating fitness and recreational sports facilities, as defined
by NAICS code 713940. All of these state-level variables were
investigated as continuous variables in units of standard
deviation. Although some of these state-level variables (eg,
state taxation policies) may affect only 1 risk factor (smoking),
we include them because it is of interest to quantify how a
specific policy could affect overall levels of CVH, as reflected
in the CVH metrics.

Statistical Analysis

We examined differences in the prevalence of poor CVH across
categories of individual-level demographic, SES, and state-level
factors. We then calculated age-adjusted and weighted prev-
alence and 95% Cls of poor CVH for each of the 50 states and
the District of Columbia using the 2000 US standard popula-
tion.?® Sample weights were applied in calculating prevalence
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to account for the probability of nonresponse and noncoverage
in the complex sampling design.

Next, we used the geovisualization technique of LM
plots?”?° to explore state-level rankings, variations, and
geographic patterns in poor CVH. We also explored the
geographic correlations between poor CVH and mortality from
CHD and stroke. The basic idea of the LM plots is to display
information in a sequence of small maps called micromaps
that provide the opportunity to explore state rankings, state
variations, regional patterns, and relationships between
outcomes in a joint geospatial context and traditional
statistical graphic context.?”-?

We then used multilevel logistic regression®® to quantify
the magnitude of state-level variations in poor CVH and to
examine the extent to which individual- and state-level factors
explain these variations. We fitted 5 sequential models. First,
we fitted an intercept-only model (model 1) without any
predictors to estimate the overall variation in poor CVH at the
state level. We gradually added the individual- and state-level
factors to examine their associations with poor CVH and to
assess their statistical contributions to the variation in poor
CVH across the states. Model 2 adjusted for demographic
variables (age, sex, and race). We adjusted for individual SES
variables (income and education) in model 3. We then added
state-level economic indicators (median household income
and Gini index) in model 4. We included policy measures
(soda-drink tax and cigarette excise tax) in model 5. Finally,
we added food and physical environments (density of grocery
stores, convenience stores, farmers markets, and recreation
and fitness facilities) in model 6.

For each model, we estimated odds ratio (OR) and 95% ClI
associated with covariates in the model. To quantify the
presence of variation in poor CVH, we estimated the state-
level variance and its standard error using multilevel logistic
regression. Because the interpretation of state-level variance
in logistic regression is difficult, we computed the median OR
(MOR) by translating state-level variance into an odds scale.’
The MOR quantifies the variation between states by compar-
ing 2 persons from 2 randomly chosen states (ie, the MOR is
the median of all possible ORs comparing a resident of a state
with higher propensity with a resident of a state with lower
propensity). The values of MOR are always >1. If the MOR is
equal to 1, then there is no variation in the probability having
poor CVH between states, whereas a MOR value >1 indicates
variation in the probability of having poor CVH between states
—the larger the OR, the stronger the variation. In addition, we
also calculated the percentage of proportional change in
variance (PCV) between 2 consecutive models to examine the
extent to which the variables explain the variation in poor CVH
across states.

Statistical analysis for descriptive and age-adjusted and
weighted prevalence of CVH at the state-level were performed

using the SAS-callable version of SUDAAN 11.0.0 (RTI
International). Multilevel analysis was conducted using HLM
software version 7.32 The LM plot was produced using R (R
Foundation), a statistical software environment, and the
micromap R functions provided by Carr and Pickle.?® All
analyses accounted for the complex sampling design. Statis-
tical tests were 2-sided, and a P value <0.05 was considered
statistically significant.

Results

Table 1 shows the distribution of poor CVH by individual- and
state-level factors. The overall prevalence of age-adjusted
poor CVH was 10.4% (95% CI 10.3—-10.5) after accounting for
sampling weights. We found large variation in poor CVH by
age, sex, and race or ethnicity. Older people reported higher
prevalence of poor CVH than younger people. The prevalence
of poor CVH was greater among men than women. Non-
Hispanic black, Hispanic and other racial or ethnic groups
reported significantly higher prevalence of poor CVH com-
pared with the non-Hispanic white group. Those with less than
a high school education and with low income had higher
prevalence of poor CVH compared with those with higher
educational attainment and income.

Figure shows the LM plot for age-adjusted poor CVH and
CHD and stroke mortality for the United States. The figure
shows 5 columns linked by geographic location. The first
column contains the map caricatures (micromaps) for the 50
states and the District of Columbia. The second column
shows the state names. The last 3 columns are statistical
panels showing age-adjusted estimates of poor CVH and
mortality from CHD and stroke and their corresponding 95%
Cls. All corresponding states within each micromap, state
names, and statistical plots are linked through the same color
designation. The micromaps are organized from top to
bottom, with the top maps showing states with the highest
prevalence of poor CVH and the bottom maps showing states
with the lowest prevalence of poor CVH. Each map adds a set
of 5 states grouped according to similarity in poor CVH. The
micromaps are further divided into 2 major blocks, with
Florida (black color) as the median, highlighting states that lie
above and below the median. The national average is
indicated with a vertical green line.

The LM plot reveals several interesting patterns and
relationships. As shown in Figure, Louisiana (17.2%) tops the
list as having the highest prevalence of poor CVH in 2011,
followed by Mississippi (16.6%), West Virginia (15.7%),
Tennessee (15.4%), and Arkansas (15.1%). In contrast,
Colorado (6.0%) had the lowest prevalence of poor CVH,
followed by Hawaii (6.1%), California (6.9%), Vermont (7.0%),
and Oregon (7.1%). Overall, 22 states had higher prevalence
of poor CVH than the US average of 10.4%, whereas 29 states
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Table 1. Weighted and Age-Standardized Prevalence of Poor
CVH Across Individual- and State-Level Characteristics Among

Table 1. Continued

Adults, Behavioral Risk Factor Surveillance Survey 2011 Prevalence of Poor
Characteristics Percentage CVH, % (95% Cl)
Prevalence of Poor Soda-drink tax
Characteristics Percentage CVH, % (95% Cl) Low - 1801 (127133
Overall Wﬁgh;gdgm 40 10.4 (10.3-10.5) Medium 494 9.9 (9.7-10.1)
Individual-level variables High 27.4 9.2 (9.0-9.4)
Age group Cigarette tax
18-45 416 54 (5157 Low 36.4 11.2 (10.9-11.5)
4554 246 12.4 (11.9-13.0) Medium 245 11.0 (10.8-11.2)
54-64 20.4 17.5 (16.9-18.0) High 39.2 9.3 (9.1-9.5)
65-74 12.2 19.1 (18.5-19.8) Farmers markets per 1000
>75 189 (16.8-212) Low 54.9 11.3 (11.1-11.5)
Sex Medium 345 11.2 (11.0-11.4)
Female 50.1 9.9 (9.5-10.2) High 107 8.9 (8.7-9.1)
Male 49.9 10.9 (10.5-11.4) Grocery stores per 1000
Race Low 31.0 10.7 (10.5-10.9)
Non-Hispanic white 70.4 9.7 (9.6-9.9) Medium 31.8 10.9 (10.7-11.1)
Non-Hispanic black 114 16.5 (15.9-17.1) High 373 8.3 (8.1-8.5)
Hispanic 16 107 (10.1-11.3) Recreation and fitness facilities per 1000
Other racial/ethnic 7.0 87 (82-9.2) Low 431 107 (10.5-10.9)
groups Medium 40.1 10.1 (9.9-10.3)
Income High 16.8 9.8 (9.6-10.0)
<$15 000 9.6 21.0 (19.9-22.1)

$15 000 to <$25 000 14.9
$25 000 to <$50 000 245
>$50 000 51.1
Education
Less than high school 10.2
High school or equivalent | 26.8

16.4 (15.5-17.3)
11.1 (10.6-11.6)
59 (5.6-6.1)

20.0 (18.8-21.3)
13.1 (12.6-13.7)
10.2 (9.7-10.6)

Some college or 3141
technical school

Graduated from college 319
or technical school

4.6 (4.3-4.9

State-level variables*

Median household income

Low 29.5 13 (12.7-13.3)

Medium 327 10.5 (10.3-10.7)

High 37.8 8.2 (8.0-8.4)
Gini index

Low 12.2 9.2 (9.0-9.4)

Medium 29.9 11 (10.8-11.2)

High 57.9 10.3 (10.1-10.5)

Continued

CVH indicates cardiovascular health.
*State-level factors were categorized into tertiles of low, medium, and high.

and the District of Columbia had poor CVH lower than the US
average. Furthermore, the LM plot also reveals geographic
patterns in the prevalence of poor CVH: States with higher
prevalence of poor CVH were primarily clustered in the South
and the Midwest (states in the top panel), with the exception
Minnesota, Wisconsin, and lllinois, whereas the states with
lower prevalence tended to be clustered in the West and the
Northeast (states in the bottom panel).

States with higher prevalence of poor CVH also tended to
have higher CHD and stroke mortality, as shown in Figure
(Spearman’s rank correlation coefficients between poor CVH
and CHD mortality: =0.64, P<0.001; between poor CVH and
stroke: =0.81, P<0.001). The states with high CHD and
stroke mortality were clustered mainly in the South (Louisi-
ana, Mississippi, West Virginia, Tennessee, and Arkansas). The
precise ranking of states in the 3 dimensions is not always
consistent. The District of Columbia, New York, New Jersey,
and Rhode Island, for example, ranked below the median in
poor CVH but had CHD mortality rates exceeding the national
average (136.6 per 100 000). Similarly, Oregon had lower
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3 poor CVH, but its stroke mortality rate exceeded the national
“ g average (47.5 per 100 000).
:TE Table 2 shows results from the multilevel analysis of poor
- 3 % CVH. In the random intercept-only model (model 1), we found
g g é’ significant variation in prevalence of poor CVH across states.
§ E ol 7;,’ ‘é The MOR was 1.32 before adjusting for individual- and state-
£ S|Z(d] Tu level factors. Adjusting for individual demographic variables
— é% (model 2) reduced the variance modestly to 1.31 (PCV 7%).
=4 Further adjustment for individual-level income and education
"§ % substantially reduced the variance to 1.23 (PCV 44%), as shown
= é § in model 3. Demographic variables were significantly associ-
S § E ated with increased odds of poor CVH (OR 1.04 [95% CI 1.04—
% §, |- § g 1.04] for every 1 year increase in age; OR 1.11 [95% Cl 1.08—
2 S|=|8 %% 1.16] for men versus women). In addition, non-Hispanic black
| % g (OR 2.05 [95% CI 1.90-2.21]), Hispanic (OR 1.50 [95% CI 1.38—
§ g 1.62]), and other racial or ethnic groups (OR 1.51 [95% CI
g f 1.34-1.69]) had increased odds of poor CVH compared with
% é i@j the non-Hispanic white group (model 2). Individual-level SES
< s gz variables were strongly and inversely associated with poor CVH
g § o= § :,éo (model 3). Adults with lower income or education had higher
i S|—|® ?, g odds of poor CVH compared with those with higher income or
:3%% education (OR 2.89 [95% CI 2.71-3.08] for low versus high
33 income; OR 3.07 [95% Cl 2.88— 3.26] for less than high school
E § versus graduate degree).
?\;‘ § E Adjusting for state-level median household income and Gini
o % = g index (model 4), the MOR decreased from 1.23 to 1.19 (PCV
E ‘gr § g é E 63%). In model 5, the MOR was further reduced to 1.18 (PCV
| 35 65%) after adjusting for soda-drink and cigarette taxes. In
g2 model 6, adjusting for food and physical activity environments
% kS reduced the MOR to 1.16 (PCV 72%); however, the MOR is still
- § % g >1 and significant, indicating the presence of residual variation
§ o g" E unexplained by the individual-and state-level factors considered
% é _ % 5 g g . in this analysis. Of the state-level factors, median household
= S|213| s ; £ 2 'f income and soda-drink tax were statistically significantly
— %é s é o associated with poor CVH (OR per SD increase for median
§§ £ s =3 household income: 0.92 [95% ClI 0.86—0.98]: for soda-drinks
- s ég g;ao g tax: 0.94 [95% Cl 0.89—0.99]; model 5). Adjusting for food and
§ %% f § g physical activity environments attenuated the associations of
% 9|~ e E:L) 5 % poor CVH with median household income and soda-drink tax
= =g E %3 £ 3 3 (model 6). The density of convenience stores was positively
] 8 E § } Z‘ § associated with poor CVH (OR 1.09 [95% CI 1.01-1.17] per SD
] §>0§ © I increase), whereas the density of farmers markets was
%%é §§ 3 inversely associated (OR 0.91 [95% Cl 0.85-0.98] per SD
s é’ g Z s = increase). Grocery stores and recreational and fitness facilities
?gé = ‘ég E é were not associated with poor CVH.
£ LERELE . £
S Sle| || 23558880 Discussion
i el 22 || 588528 BT % _ , _
: g § g 5|z ¢ 3 :% g%ﬁ,g R To our knowledge, this study is the first to demonstrate the
<_'°u E & gl g 8 ZSE x . g § utility of LM plots and multilevel analysis to examine state-
[ SEEfoz & s4d level variations in the prevalence of poor CVH and to identify
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the individual- and state-level factors that may contribute to
these variations. We found substantial variation in the
prevalence of poor CVH across states, with an =3-fold
difference between the high prevalence in Louisiana and the
low prevalence in Colorado. Moreover, the prevalence of poor
CVH showed strong geographic patterns: Higher rates of poor
CVH were clustered among the southern and some midwest-
ern states. These patterns of state-level variation in preva-
lence of poor CVH are consentient with prior findings.'>*? In
addition, our study found strong geographic correlation
between poor CVH and CVD mortality, showing that states
with higher rates of poor CVH tended to have higher rates of
CHD and stroke mortality. The LM plot, however, identified
some exceptions to this general pattern in that some states
with lower poor CVH had higher CHD mortality (the District of
Columbia, New York, New Jersey, and Rhode Island) and
stroke mortality (Oregon). The reasons for these discordances
(which could include overreporting)** remain to be deter-
mined, and the ecological nature of these associations does
not allow individual-level causal inference.

In a second set of analyses, we used multilevel logistic
models to explore variations in state-level poor CVH and the
statistical contribution of both individual- and state-level
factors to this variation. We observed significant variation
across states. Our results indicate that both individual- and
state-level factors contributed to this variation and together
explained 72% of the total variation we observed. Of this 72%,
44% was explained by individual-level demographic and SES
factors. Accounting for individual-level factors, an additional
28% of variation was explained by state-level factors,
suggesting the importance of state-level factors in influencing
poor CVH.

We found significant differences in poor CVH by race, with
greater odds of poor CVH in minority groups than in the non-
Hispanic white group, a finding that is consistent with the
abundant evidence of higher prevalence of poor CVH in
minority groups than in the non-Hispanic white group.'"*%37
Moreover, poor CVH was strongly influenced by SES; adults
with lower education and income were more likely to have
poor CVH than those with higher education and income. This
result is consistent with several studies that found inverse
graded associations of CVD risk factors with SES.3®*° We
also found that state-level median household income was
associated with poor CVH independently of individual-level
demographic and SES factors. Our results, however, showed
no significant association between income inequality and poor
CVH, although the association was in the expected direction.
Several studies have examined the link between income
inequality and poor health, but the results have been
mixed.'*">*%*1 We found no evidence that income inequality
itself is associated with CVH after accounting for individual-
level and other state-level factors.

We found that higher state-level soda-drink tax was
associated with lower odds of poor CVH. The cross-sectional
nature of our study makes it difficult to draw causal
inferences, and it may be possible that other unmeasured
confounding affects this association. In addition, state-level
policies may be implemented in response to risk-factor levels,
further limiting inferences from cross-sectional analyses. Our
finding, however, is consistent with previous studies that
demonstrated small but significant association between the
presence of state-level taxation on soda drinks and lower
obesity.*>*3 Fletcher et al reported that a 1-point increase in
soft-drink tax decreased adult body mass index by 0.003
point using BRFSS data.*? Soda-drink taxes could affect CVH
through decreases in total caloric intake influenced by the tax
itself or because of raised awareness of the negative health
effects of soda-drink consumption.*?** Cigarette tax was not
significantly associated with poor CVH in our study, although
the association was in the expected direction. A limitation
is that our data were limited to cigarette excise taxes and
did not account for other tobacco products (eg, cigars,
snuff).***> In addition, our study did not incorporate
antismoking policies such as clean air laws, quit lines, or
workplace ban policies, which have been found to be effective
in reducing tobacco consumption.*® Further analysis using
longitudinal data is essential to understanding the potential
benefits of taxation on tobacco products and soft drinks in
reducing poor CVH.

We found that a higher density of farmers markets was
associated with lower prevalence of poor CVH, whereas a
higher density of convenience stores was associated with
greater odds of poor CVH. Although our findings are cross-
sectional, the results are consistent with those of prior
studies showing that greater density of farmers markets was
associated with greater access to fruits and vegetables and
healthier eating behaviors and, in turn, lower rates of obesity
and diabetes.*”"*® Conversely, previous studies have also
shown that greater density of convenience stores may lead to
more access to energy-dense and high-fat food but less
access to healthy foods, leading to higher rates of obesity and
diabetes.*”*° We found no associations of grocery store
density with CVH; that result is consistent with prior mixed
findings'®°°°% and may be related to the fact that grocery
store density is a limited measure of access to healthy foods.
The density of recreational and fitness facilities was not
significantly associated with poor CVH. Many studies have
shown that availability of physical activity facilities is asso-
ciated with greater physical activity and better health.'®>*%°
An important limitation is that the measure of recreational
facilities that we used did not include open-space parks and
natural amenities such as climate, topography, and water
area, which have been found to be inversely associated with
obesity and diabetes.>®
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Although our findings with respect to state-level factors
were mixed, our findings collectively indicate that state-level
economic conditions, policy measures, and distributions of
food and physical environments are associated with CVH over
and above individual-level characteristics. Further research,
including longitudinal evaluations of policy changes, is needed
to determine whether these associations are causal and, if so,
to identify the specific mechanisms involved. Previous studies
have postulated that state-level factors may exert influence
on individual or population CVH.'*'®°¢57 State-level eco-
nomic conditions, as indexed by median household income,
may be proxies for a variety of environmental conditions and
policies potentially related to CVD.°®®° State or local policy
measures, such as taxation of sugar-sweetened beverages
and tobacco products and zoning regulations and policies on
land use, transportation, recreation, and availability of
healthier foods, may affect levels of risky health behaviors
(eg, consumption of sugar-sweetened beverages, tobacco
products, and unhealthy foods or being physically inactive),
which in turn have implications for overall CVH.®° %% Each of
these policies may operate through a single component of the
CVH metric; however, from a policy perspective, and given
recent interest in global measures of overall CVH, it is
desirable to understand how a specific policy may affect
overall levels of risk.

Limitations and Strengths

Our study has several important limitations. First, although
our multilevel design is an advance over purely ecological
studies, its cross-sectional nature precludes causal inference.
Second, the BRFSS data are self-reported and subject to
recall bias and other measurement errors. In addition, the
poor CVH measure used in this study is a proxy and may not
capture the equivalent definition of poor CVH according to the
AHA. Our study, for example, used only fruit and vegetable
intake as a measure of diet, and that approach is less
comprehensive than the AHA diet measure (which includes
fruits and vegetables, whole grains, sodium, sugar-sweetened
beverages, and fish)." A third major limitation is the use
of state-level variables, which may not capture important
within-state variations in policies or environments. In addition,
the state-level variables that we examined were limited to
those with data that were easily available through public
sources and do not capture the variety of state-level factors
and policies that could affect CVH. For all of these reasons,
our results regarding the role of specific state-level variables
should be viewed as exploratory and suggestive. Neverthe-
less, given the important role of states as policy contexts, the
investigation of state-level variations remains of interest. We
found that significant state-level variation in poor CVH
persisted even after all available individual- and state-level

factors were included in the model, suggesting that other
factors may be involved. Potential candidates include psy-
chosocial stressors, social capital, safety, crime, quality of
and access to health care, and exposure to environmen-
tal contaminants.’®™° Longitudinal analyses are needed to
better understand how state-level economic conditions, policy
measures, and food and physical environments affect CVH
and to identity other individual- and state-level factors that
may explain the geographic variation in poor CVH.

A major strength of our study is that we assessed a
comprehensive set of state-level factors while controlling for
individual-level confounders. Other strengths include a large
sample size and the national representativeness of our
findings. In addition, our study is the first, to our knowledge,
to demonstrate the utility of LM plot and multilevel analysis to
explore the variation in poor CVH and the contributions of
individual- and state-level factors to this variation. In conclu-
sion, our results revealed significant state-level variation in
prevalence of poor CVH, with higher rates of poor CVH
clustered primarily in southern states and consistent with
higher rates of CHD and stroke mortality in those states. We
also found that minority status and low SES were associated
with poorer CVH. State-level factors including median house-
hold income, soda-drink tax, and selected food and physical
environmental factors were also predictive of CVH, even after
accounting for individual-level factors. These findings suggest
that public health interventions to reduce CVH need to
consider individual-level factors as well as the broader
environmental and policy contexts in which people live.
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