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BACKGROUND: Although some evidence shows that neighborhood
deprivation is associated with greater subclinical atherosclerosis, prior
studies have not identified what aspects of deprived neighborhoods were
driving the association.
METHODS: We investigated whether social and physical neighborhood
characteristics are related to the progression of subclinical atherosclerosis
in 5950 adult participants of the MESA (Multi-Ethnic Study of
Atherosclerosis) during a 12-year follow-up period. We assessed subclinical
disease using coronary artery calcium (CAC). Neighborhood features
examined included density of recreational facilities, density of healthy food
stores, and survey-based measures of availability of healthy foods, walking
environment, and social environment. We used econometric fixed-effects
models to investigate how change in a given neighborhood exposure is
related to simultaneous change in subclinical atherosclerosis.
RESULTS: Increases in density of neighborhood healthy food stores were
associated with decreases in CAC (mean changes in CAC Agatston units
per 1-SD increase in neighborhood exposures, −19.99; 95% confidence
interval, −35.21 to −4.78) after adjustment for time-varying demographic
confounders and computed tomography scanner type. This association
remained similar in magnitude after additional adjustment for time-varying
behavioral risk factors and depression. The addition of time-varying
biomedical factors attenuated associations with CAC slightly (mean
changes in CAC per 1-SD increase in neighborhood exposures, −17.60;
95% confidence interval, −32.71 to −2.49). Changes across time in other
neighborhood measures were not significantly associated with withinperson change in CAC.
CONCLUSIONS: Results from this longitudinal study provide suggestive
evidence that greater access to neighborhood healthy food resources may
slow the development of coronary atherosclerosis in middle-aged and older
adults.
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What Is New?

What Are the Clinical Implications?
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• Our analysis identified that greater access to neighborhood healthy food resources may slow the development of coronary atherosclerosis in middle-aged
and older adults.
• Our findings have important implications for the
need for policy changes to support the increase in
neighborhood healthy food stores.

N

eighborhood deprivation, including high neighborhood poverty level, low education level, high unemployment, poor housing conditions, and other
indicators, has been linked to greater prevalence and
incidence of coronary heart disease.1,2 There is some evidence that specific neighborhood features such as fewer neighborhood physical activity resources3,4 and less
safety5,6 and social connectedness7 are associated with
greater coronary heart disease prevalence, incidence,
and mortality, but questions remain as to whether these
associations reflect causal processes.
A limitation of focusing on clinical cardiovascular
outcomes (especially in the cross-sectional context) is
that it is not possible to determine the direction of causality (ie, whether neighborhood characteristics have
caused poorer cardiovascular health or poorer cardiovascular health has caused participants to live in certain
kinds of neighborhoods). In addition, studies that focus
on clinical outcomes are unable to determine whether
neighborhood exposures are related to the triggering of
cardiovascular events in persons with underlying atherosclerotic disease or to the development of atherosclerosis itself.
A few studies have reported that neighborhood deprivation is associated with greater subclinical atherosclerosis8–12; however, prior studies were not able to identify
what aspects of deprived neighborhoods were driving
the association. Investigation of specific neighborhood
Circulation. 2016;134:504–513. DOI: 10.1161/CIRCULATIONAHA.115.020534

METHODS
Study Sample
The study sample consisted of 6814 participants from MESA,
a longitudinal study of subclinical cardiovascular disease.
Participants who were 45 to 84 years of age and free of clinical cardiovascular disease were enrolled in the study from
6 field sites (Baltimore, MD; Chicago, IL; Forsyth County,
North Carolina; Los Angeles, CA; New York, NY; and St. Paul,
MN) from 2000 to 2002.14 The study was approved by the
institutional review boards at each site, and all participants
gave written informed consent. Our analysis used data from
5 MESA examinations spanning 2000 to 2011 and included
only data from those who participated in the neighborhood
ancillary study (n=6191). We further restricted our sample to
include only those that had multiple coronary artery calcium
(CAC) measurements, yielding an analytic sample of 5950
participants.

CAC Outcome
We used CAC as a measure of subclinical disease; it has
been shown to independently predict coronary events in
diverse ethnic groups. CAC was assessed by chest computed tomography (CT) and quantified with the continuous
Agatston score, measured in Agatston units.15 Cardiac CT
was performed on all participants at baseline; a second CAC
measurement was performed on half of the cohort at examination 2; and the other half of the participants were scanned
at examination 3. Additional CAC measurements were taken
on a subset of the MESA cohort at examinations 4 and 5.
Four percent of the sample had only 1 CAC measurement
(and were excluded); 38% had 2, 45% had 3, and 13% had
4 CAC measurements. The median number of years since
baseline for the CAC measurement at each examination is
as follows: for examination 2, 1.6 years (interquartile range,
1.4–1.8 years); for examination 3, 3.1 years (interquartile
range, 3.0–3.4 years); for examination 4, 4.8 years (interquartile range, 4.6–5.0 years); and for examination 5, 9.4
years (interquartile range, 9.1–9.7 years).
August 16, 2016
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• Neighborhood deprivation is thought to affect subclinical atherosclerosis, but prior studies have not
identified which aspects of deprived neighborhoods
were driving the association.
• This is the first prospective study to investigate
associations of changes in neighborhood factors
with the progression of subclinical atherosclerosis.
• Using 5950 adult participants from the MESA (MultiEthnic Study of Atherosclerosis) during a 12-year
follow-up period, this study investigated whether
social and physical neighborhood characteristics
are related to the progression of subclinical atherosclerosis measured by coronary artery calcium.

exposures beyond neighborhood deprivation is of key
public health relevance because this approach provides
insight into specific pathways for intervention. Furthermore, the investigation of whether changes in neighborhood characteristics are related to changes in subclinical disease strengthens causal inferences.
We investigated whether social and physical neighborhood characteristics are related to the progression
of subclinical atherosclerosis in healthy older male and
female participants of the MESA (Multi-Ethnic Study
of Atherosclerosis) during a 12-year follow-up period.
Because a range of neighborhood factors could be
important, we examined several characteristics previously hypothesized to be linked to the development of
coronary heart disease.13 The study design allowed us
to investigate how change in a given neighborhood exposure related to simultaneous change in subclinical
atherosclerosis.

Wing et al

Neighborhood Exposure Measurements
The neighborhood environment was characterized with the use
of both commercially available food store and recreational facility data, as well as surveys on healthy food, walking, safety,
and social cohesion.

Geographic Information Systems-Based
Measures: Recreational and Healthy Food
Resources

Downloaded from http://circ.ahajournals.org/ by guest on May 24, 2018

The availability of healthy food stores and recreational facilities
within 1 mile of participants’ homes was characterized with
ArcGIS 9.3.16 Normal kernel estimation17 was used to calculate
the densities such that facilities closer to participants’ homes
were given more weight than those farther away. Densities
are expressed in units per square mile (henceforth, density
indicates units per square mile). Relevant classifications and
locations of stores and facilities were identified from Dun and
Bradstreet data as compiled by Walls and Associates in the
National Establishment Time Series database.18 Recreational
facilities included 114 standard industrial classification codes
that classified an establishment as having potential for physical activity or recreation such as indoor conditioning, dance,
bowling, golf, team and racquet sports, and water activities;
this classification was derived from previous studies.19,20
Healthy food stores included fruit and vegetable markets and
supermarkets (defined as food stores with at least $2 million
in annual sales or at least 25 employees). Additional data were
included from the Nielsen TDLinx Service Supermarket Retail
Category Database to further capture area supermarkets as
described by Auchincloss and coauthors.21 Densities were created for each calendar year between 2000 and 2010.

Survey-Based Measures
Survey-based neighborhood scales included the availability of
healthy food (2 items), walking environment (4 items), safety
(2 items), and social cohesion (4 items). The participants
were asked to rate their neighborhoods within a mile of their
homes (the items are listed in Table I in the online-only Data
Supplement). These aspects of the neighborhood environment
were selected on the basis of conceptual links to cardiovascular disease22 and developed from prior work.23,24 Survey data
collected from MESA participants were combined with data
from participants in an external survey (the Community Survey)
administered to other residents of neighborhoods in which
MESA participants lived. Scales were based on a 1-mile buffer
around the participant’s residence and were created by taking the crude mean of the responses for all respondents living
within a 1-mile buffer, excluding themselves. Only respondents
who answered all questions within the scale were included.
Each score has a total possible range from 1 to 5, with a
higher score representing a more favorable environment.

Covariates
Time-invariant demographic covariates included highest education level completed, race/ethnicity, and sex, all assessed via
questionnaire at the baseline examination. All other covariates
were time varying, and for examinations in which a given measure was not assessed, the value from the closest examination
506
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was used. Demographic covariates included age, marital
status, family income level, and current employment status.
Moderate and vigorous physical activity levels were based on
summed minutes of reported relevant physical activities multiplied by the metabolic equivalent of the activity, and cigarette
smoking status was classified as current, former, or never.
Depressive symptoms were assessed with the 20-item Center
for Epidemiological Studies Depression Scale.25 Biomedical
factors, measured by physical examination and laboratory
tests, included diabetes mellitus, defined as fasting glucose
≥126 mg/dL or the use of hypoglycemic medications; hypertension, defined as a systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or taking antihypertensive
medication; body mass index (BMI), calculated as weight in kilograms divided by height in meters squared; and ratio of total to
high-density lipoprotein cholesterol (both measured from blood
samples obtained after a 12-hour fast). Self-reported medications for elevated lipids were also included. CT scanner model
was also included as a time-varying covariate because scanner
type varied across site and time.

Statistical Methods
We examined the distribution of demographic characteristics
and risk factors across levels of baseline CAC (participants
with baseline CAC equal to 0 [ie, no discernible calcium on the
coronary artery], those with baseline CAC between 0 and 86.5
Agatston units [the median of those with CAC >0], and those
with CAC ≥86.5 Agatston units). ANOVA was used to compare
continuous variables, and χ2 tests were used for categorical
variables. We also examined associations of categories of
neighborhood characteristics (based on quartiles) with percent
with baseline CAC >0, mean baseline CAC, and mean annual
change in CAC after adjustment for age, sex, and race/ethnicity (χ2 tests, linear tests for trend, and time-interaction terms
were used to test these comparisons). On the basis of prior
MESA analyses26 and analytic recommendations and given
the known robustness of results to violations of the normality
assumption,27 CAC was treated as a continuous variable on
the native scale to facilitate model fitting and interpretation of
associations.
The association of CAC with each of the 6 neighborhood
measures (density of recreational facilities, density of healthy
food stores, and survey-based measures of availability of
healthy foods, walking environment, and social cohesion and
safety) was initially examined separately. The survey-based
social environment measures (ie, safety and social cohesion)
were highly correlated and similarly related to CAC and therefore were combined into a summary social environment index
(Cronbach α=0.77) by standardizing and then summing their
standardized scores. To facilitate comparison across estimates, all neighborhood characteristics were standardized and
included in regression models in standard deviation units. Each
neighborhood variable was tested in a separate model.
Econometric fixed-effects models28 were used to estimate
associations of within-person changes in neighborhood characteristics with within-person changes in CAC. This approach
allowed us to examine whether changes in exposures were
related to simultaneous changes in the outcome. Because
they condition on the study participant, these models have
the important advantage of tightly adjusting for measured
Circulation. 2016;134:504–513. DOI: 10.1161/CIRCULATIONAHA.115.020534
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RESULTS
Of the 5950 participants in our sample, 86% contributed to at least 3 time points, with a mean of 2.7 time
points (SD=0.7) per participant and a mean follow-up
time between CAC measurements of 3.5 years (SD=3.1
years). Average CAC in the total sample at baseline was
135 (SD=380). Just over half of participants (51%) had
a CAC=0 at baseline (Table 1). A nonzero CAC at baseline was associated with being older, male, and white;
having a lower income and less education; and being a
former smoker. Thirty-two percent of participants moved
at some point during the follow-up period.
The percent of participants with CAC>0 at baseline
was lower (45%) in the highest quartile of healthy food
density than in other quartiles (49%–50%) after adjustment for age, sex, and race/ethnicity (Table 2). Residents
of neighborhoods with higher levels of social cohesion
and safety were slightly more likely to have CAC>0 at
baseline than those of neighborhoods with lower social
Circulation. 2016;134:504–513. DOI: 10.1161/CIRCULATIONAHA.115.020534

cohesion and safety (51% versus 44% for highest versus
lowest quartiles) after adjustment.
Mean baseline CAC was lower in neighborhoods
with a higher density of healthy food stores and with
higher reported availability of healthy foods after adjustment for age, sex, and race/ethnicity, although
trends across quartiles were not statistically significant (Table 2). No clear pattern in mean CAC was apparent across quartiles of recreational facility density,
the walking environment, or the social environment.
Mean annual CAC progressed fastest in neighborhoods with a lower density of recreational facilities, a
lower density of healthy food stores (although no dose
response was observed), and lower reported availability of healthy foods after adjustment for age, sex, and
race/ethnicity. The patterns of mean annual change
were inconsistent across quartiles of other surveybased neighborhood characteristics. Of the total variance in CAC, 17% was within-person variance. Of the
total variance in neighborhood characteristics, 10%,
5%, 31%, 21%, and 16% were within-person variances
for recreational facility density, healthy food store density, availability of health food, walking environment,
and social environment, respectively.
Within-person increases in neighborhood healthy
food stores density were associated with within-person decreases in subclinical atherosclerosis (Table 3).
In model 1, which adjusted for time-varying demographic confounders and CT scanner type, increases
in density of neighborhood healthy food stores were
associated with decreases in CAC (mean changes in
CAC per 1-SD increase in neighborhood exposures,
−19.99; 95% confidence interval, −35.21 to −4.78).
This association remained similar in magnitude after
additional adjustment for time-varying behavioral risk
factors and depression (see models 2 and 3 in Table 3). The addition of time-varying biomedical factors
(model 4) attenuated associations with CAC slightly
(−17.60; 95% confidence interval, −32.71 to −2.49).
Within-person increases in recreational facilities density were associated with decreases in calcium, but
associations were not statistically significant. In exploratory analyses, the association of healthy food
density with calcium was stronger in women than in men
(interaction P=0.02), but no effect modification by race/
ethnicity was observed.
When survey-based measures were used, changes
in availability of healthy foods, in walking environments,
and in the social environment were not significantly associated with changes in CAC over time. In sensitivity
analyses, associations of healthy food densities with
changes in calcium were robust to additional adjustment
for neighborhood socioeconomic status. A sensitivity
analysis that included adjustment for moving status did
not find heterogeneity in estimates by moving status (all
interactions P>0.47).
August 16, 2016
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and unmeasured time-invariant characteristics of individuals28;
thus, they were adjusted only for time-varying covariates. We
used a sequence of 4 models that are based on the hypothesized causal pathways linking neighborhood exposures to
the outcome (the models progressively adjust for variables
more proximal to the outcome and hence more likely to be
in the causal pathway). Model 1 adjusted for demographic
covariates (age, marital status, income, and working status)
and CT scanner type; model 2 additionally adjusted for health
behaviors (moderate/vigorous physical activity, cigarette
smoking status); model 3 additionally adjusted for depressive
symptoms (Center for Epidemiological Studies Depression
Scale); and model 4 additionally adjusted for biomedical factors (ratio of total to high-density lipoprotein cholesterol, BMI,
hypertension, diabetes mellitus, and lipid-lowering medication).
Each of the 5 neighborhood characteristics was investigated
separately. Because it has been suggested that neighborhood
socioeconomic status may confound associations of neighborhood physical and social environments with health outcomes,
additional adjustment for neighborhood socioeconomic status
using a summary measure29 was investigated in sensitivity
analyses. We also explored effect modification of the neighborhood characteristics by sex and race/ethnicity in an exploratory analysis.
Main analyses included both movers and nonmovers (hence,
changes over time in neighborhood exposures may result from
moving to a different neighborhood or from changes over
time in a neighborhood). In sensitivity analyses, we adjusted
for moving by including a time-varying indicator of whether the
participant had moved between the prior visit and the current
visit and an interaction term between the moving indicator and
the neighborhood variable.
Results are presented as the mean difference in CAC for
a 1-SD increase in neighborhood score and 95% confidence
interval. All statistical tests were 2 sided. Values of P<0.05
were considered statistically significant and were not adjusted
for multiple testing. All analyses were conducted in SAS version 9.3 (SAS Institute Inc, Cary, NC).

Wing et al

Table 1. Characteristics of Participants by Levels of CAC at Baseline (n=5950), MESA, 2000 to 2002
CAC >0, %
CAC*=0, %

CAC<86.5
(Median Value)

CAC≥86.5
(Median Value)

3065

1451

1512

57.9 (9.1)

63.6 (9.6)

68.6 (8.6)

 46–56

43.4

21.6

8.0

 57–66

30.5

30.3

21.1

 67–76

21.1

33.4

43.2

 77–86

5.0

14.8

27.7

 Female

63.0

47.7

34.5

 Male

37.0

52.3

65.5

 White

34.3

39.8

50.8

 Chinese

11.7

13.4

10.5

 Black

31.2

25.2

20.1

 Hispanic

22.8

21.6

18.6

 <12 000

9.3

12.6

12.6

 12 000–24 999

18.2

20.2

20.6

 25 000–39 999

19.4

18.9

18.5

 40 000–74 999

28.6

26.2

25.8

 75 000+

24.6

22.2

22.5

 Completed high school/GED or less

32.6

36.4

36.5

 Some college, technical or associate degree

29.8

27.4

27.5

 Bachelor’s degree or higher

37.6

36.3

35.9

 Never

56.0

48.2

40.8

 Former

31.1

38.9

47.5

 Current

12.9

12.9

11.7

Characteristic
n
Age, mean (SD), y

Sex

Race/ethnicity
Downloaded from http://circ.ahajournals.org/ by guest on May 24, 2018

Annual family income, $

Education

Smoking

CAC indicates coronary artery calcium; GED, General Educational Development; and MESA, Multi-Ethnic Study of Atherosclerosis.
*CAC was measured by the Agatston score. The median value for CAC is 86.5 Agatston units.

DISCUSSION
Our study found that increases in the density of healthy
food stores around the home were related to simultaneous decreases in subclinical atherosclerosis as characterized by coronary calcium after adjustment for age,
marital status, income, working status, and CT scanner type. These associations were reduced slightly but
persisted after additional adjustment for changes in
moderate/vigorous physical activity, cigarette smoking
status, Center for Epidemiological Studies Depression
Scale score, ratio of total to high-density lipoprotein
508
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cholesterol, BMI, hypertension, diabetes mellitus, and
any lipid-lowering medication. The effect size associated with a 1-SD increase in density was similar to the effect on CAC of a 1-year increase in age (17- to 20-point
increase in CAC). Although a number of studies have
linked neighborhood characteristics to coronary heart
disease incidence and mortality,6,7,30,31 we are aware
of no studies that have investigated associations of
changes in neighborhood factors with the progression
of subclinical atherosclerosis. Our results suggest that
effects of neighborhood food context on the development of subclinical disease may be one of the mechaCirculation. 2016;134:504–513. DOI: 10.1161/CIRCULATIONAHA.115.020534
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Table 2. Percent of Participants With CAC>0 at Baseline, Mean (SE) at Baseline, and Annual Change in CAC by
Neighborhood Characteristic at Baseline (n=5950)
Percent of All Participants With
CAC>0* at Baseline†

Mean (SE)‡ CAC at Baseline
Among All Participants§

Mean (SE)‡ Annual Change in
CAC Among All Participants‖

 Quartile 1 (lowest)

48.2

133.3 (7.5)

3.11 (2.20)

 Quartile 2

49.3

169.5 (7.3)

0.89 (2.10)

 Quartile 3

49.5

163.7 (7.4)

0.22 (2.15)

 Quartile 4 (highest)

47.2

140.4 (7.4)

0.35 (2.17)

 P value

0.52

0.67

0.32

 Quartile 1 (lowest)

50.1

160.8 (7.5)

3.31 (2.21)

 Quartile 2

49.2

154.5 (7.3)

0.19 (2.11)

 Quartile 3

50.0

160.5 (7.7)

0.50 (2.24)

 Quartile 4 (highest)

44.7

132.4 (7.4)

1.10 (2.15)

 P value

0.008

0.02

0.51

 Quartile 1 (lowest)

49.9

158.8 (7.7)

4.09 (2.22)

 Quartile 2

45.6

164.9 (7.7)

1.33 (2.12)

 Quartile 3

49.8

156.6 (7.4)

0.36 (2.23)

 Quartile 4 (highest)

48.8

130.0 (7.6)

−0.97 (2.21)

 P value

0.07

0.001

0.09

 Quartile 1 (lowest)

46.7

141.4 (7.7)

−0.30 (2.24)

 Quartile 2

49.7

165.9 (7.5)

1.47 (2.19)

 Quartile 3

48.3

160.3 (7.4)

2.28 (2.12)

 Quartile 4 (highest)

49.4

143.4 (7.6)

1.54 (2.20)

 P value

0.35

0.99

0.54

 Quartile 1 (lowest)

44.2

140.4 (7.9)

1.58 (2.27)

 Quartile 2

49.2

161.9 (7.5)

-0.14 (2.15)

 Quartile 3

50.0

158.7 (7.6)

0.41 (2.23)

 Quartile 4 (highest)

50.7

158.3 (7.6)

3.03 (2.19)

 P value

0.002

0.25

0.58

Characteristic
Density of recreational facilities¶

ORIGINAL RESEARCH
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Density of healthy food stores¶
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Availability of healthy foods#

Walking environment#

Social environment#

CAC indicates coronary artery calcium.
*CAC was measured by the Agatston score.
†P value from χ2 test.
‡Adjusted for age at baseline, sex, and race/ethnicity.
§P value from linear test for trend.
‖P value from interaction term between time by neighborhood variable (as quartiles) in a model with CAC as the outcome variable.
¶Measured with Geographic Information Systems.
# Measured by questionnaire.

nisms through which these factors affect the incidence
of coronary heart disease.
The use of fixed-effects models allowed us to investigate whether a within-person change in the neighborhood
attribute was related to a within-person change in CAC while
Circulation. 2016;134:504–513. DOI: 10.1161/CIRCULATIONAHA.115.020534

tightly adjusting for the time-invariant person characteristics that could confound associations of neighborhood
characteristics with CAC. This is a major advance over
prior work, which can be subject to between-person confounding. Although residual confounding by time-varying
August 16, 2016
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Table 3. Mean Within-Person Differences in CAC Associated With a 1-SD Within-Person Increase in Selected
Neighborhood Characteristics*
Mean Difference (95% CI)
Parameter

Model 1†

Model 2‡

Model 3§

Model 4‖

Geographic information systems measures
 Density of recreational
facilities¶

−8.42 (−17.36 to 0.52)

−8.39 (−17.32 to 0.54)

−8.43 (−17.34 to 0.49)

−7.68 (−16.57 to 1.21)

 Density of healthy food
stores¶

−19.99 (−35.21 to −4.78)

−18.99 (−34.19 to −3.79)

−19.41 (−34.59 to −4.23)

−17.60 (−32.71 to −2.49)

Survey-based measures
 Availability of healthy foods#

6.84 (−0.46 to 14.15)

6.79 (−0.51 to 14.09)

6.84 (−0.45 to 14.13)

6.44 (−0.77 to 13.65)

 Walking environment#

5.99 (−2.01 to 14.00)

5.92 (−2.07 to 13.92)

5.82 (−2.16 to 13.80)

4.95 (−2.96 to 12.86)

 Social environment#

7.86 (−0.74 to 16.45)

8.00 (−0.59 to 16.59)

7.94 (−0.63 to 16.51)

6.88 (−1.62 to 15.37)

Downloaded from http://circ.ahajournals.org/ by guest on May 24, 2018

CAC indicates coronary artery calcium; and CI, confidence interval.
*All estimates are derived from fixed-effects models. Each neighborhood characteristic is investigated in a separate model.
†Model 1: adjusted for age, marital status, income, working status, and CT scanner type.
‡Model 2: adjusted as for model 1 plus moderate/vigorous physical activity and cigarette smoking status.
§Model 3: adjusted as for model 2 plus Center for Epidemiological Studies Depression Scale score.
‖Model 4: adjusted as for model 3 plus ratio of total to high-density lipoprotein cholesterol, body mass index, hypertension, diabetes mellitus, and any
lipid-lowering medication.
¶Measured with geographic information systems. Higher scores represent more density: 1 SD of density of recreational facilities=8.4 U/sq mile, and 1
SD of density of healthy food stores=4.3 U/sq mile.
#Measured via questionnaire; higher scores represent a more favorable environment: 1 SD of the availability of healthy foods score=0.54, 1 SD of the
walking environment score=0.33, and 1 SD of the social environment score=1.65.

characteristics (including socioeconomic factors) cannot be completely ruled out in our study, we adjusted
for several time-varying confounders in the models. If
moving status is related to changes in calcium and to
changes in neighborhood exposures, it could confound
the associations of interest. However, adjusting for moving status and allowing associations to differ by moving
status did not materially affect our conclusions. A limitation of fixed-effects models is that they rely exclusively
on within-person variability and can be inefficient when
within-person variability in exposures or outcomes is
very low. As expected, within-person variability in neighborhood characteristics was substantially smaller than
between-person variability, possibly limiting our ability
to detect statistically significant associations with some
neighborhood exposures.
Neighborhood food environments may affect cardiovascular risk by shaping dietary intake. Studies have
linked food environments with limited choices or a
high prevalence of fast food restaurants to poorer diet
quality and greater fast food consumption.32,33 Greater
neighborhood availability of healthier foods has also
been linked to higher fruit and vegetable consumption.34 Diets higher in fruits, vegetables, antioxidants,
whole grains, and fish have been shown to reduce the
progression of subclinical heart disease in prospective
observational studies35 and randomized trials,36,37 and
some evidence from randomized trials shows a reversal
of carotid atherosclerosis through adherence to a heart
510
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healthy diet.38 In our study, greater access to healthier foods may have promoted healthier diets and less
coronary plaque formation in neighborhood residents.
The limited dietary data available in MESA at the time of
these analyses limited our ability to examine the mediating effects of diet.
Greater neighborhood availability of recreational resources has been associated with a greater physical activity level in residents,39,40 and longitudinal studies have
shown that greater physical activity reduces the progression of subclinical coronary disease.41,42 Other studies
have shown that favorable neighborhood physical activity environments are associated with better cardiometabolic risk factors,43 lower BMI and smaller waist size,44
lower risk of type 2 diabetes mellitus,45 and decreased
risk of coronary events.30,31 Although the associations
of changes in recreational facilities with changes in CAC
were in the hypothesized direction, they were not statistically significant. It could be that recreational facility
densities are not important drivers of overall physical
activity (which may be more relevant to CAC change than
only leisure activity).
Survey-based measures of the neighborhood food,
physical activity, and social environments were not significantly related to CAC progression. It has been argued
that survey-based measures of neighborhoods may capture information that is not reflected in objective locational data.46 The social environment in particular is more
readily measured with survey measures. In earlier work,
Circulation. 2016;134:504–513. DOI: 10.1161/CIRCULATIONAHA.115.020534
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within-subject variability) precluded meaningful analyses
of their independent effects. We also did not account for
multiple testing in our models and comparisons.
The fixed-effects models that we used adjust for measured and unmeasured person-specific covariates related to residential location, but residual confounding resulting from unmeasured time-varying covariates cannot
be ruled out. Changes in densities may also be proxying other environmental changes related to subclinical
disease. Prior work has documented changes in CAC
associated with aging comparable to the strength of the
associations that we observed between a 1-SD increase
in healthy food availability and changes in CAC.53 Thus,
our estimates of effects seem plausible. However, caution should be used in the interpretation of our results as
causal, and further replication is needed before major
public health implications can be drawn from this study.
The results from this longitudinal study provide new
evidence that greater access to neighborhood healthy
food resources may slow the development of coronary
atherosclerosis in middle-aged and older adults. Our
findings support the need to consider neighborhood and
environmental interventions in the prevention of cardiovascular disease. Future research should examine the
impact on cardiovascular risk of specific interventions
such as promoting the location of healthy food stores
and how neighborhood characteristics may interact with
individual-level factors, including genetic predispositions.

Acknowledgments
This publication was developed under STAR research assistance agreement No. RD831697 (MESA Air) awarded by
the US Environmental Protection Agency. It has not been reviewed formally by the US Environmental Protection Agency.
The views expressed in this document are solely those of the
authors, and the US Environmental Protection Agency does
not endorse any products or commercial services mentioned
in this publication.
We thank the other investigators, the staff, and the participants of the MESA study for their valuable contributions. A full
list of participating MESA investigators and institutions can be
found at http://www.mesa-nhlbi.org.

Sources of Funding
This work is supported by R01 HL071759 (Dr Diez Roux). This
research was supported by contracts N01-HC-95159, N01HC-95160, N01-HC-95161, N01-HC-95162, N01-HC-95163,
N01-HC-95164, N01-HC-95165, N01-HC-95166, N01-HC-95167,
N01-HC-95168, and N01-HC-95169 from the National Heart,
Lung, and Blood Institute and by grants UL1-TR-000040 and UL1TR-001079 from the National Center for Research Resources. Dr
August (formerly Dr Tomey) was supported by a National Institutes of Health grant K01 AG039554-04.
August 16, 2016

511

ORIGINAL RESEARCH
ARTICLE

Downloaded from http://circ.ahajournals.org/ by guest on May 24, 2018

we documented associations of baseline survey-based
measures of the physical environment (especially the
food environment) with the incidence of diabetes mellitus
and obesity.47–49 An important limitation of survey-based
measures in this study, however, is that their time-varying
nature was much more limited than it was for the density
measures (which were updated every year). In contrast,
the survey-based measures relied on substantial interpolation to create time-varying measures. This added measurement error and reduced within-person variability may
have seriously limited our ability to detect associations
of change with change in the fixed-effects models.
We hypothesized that a favorable social environment
would improve stress and depressive symptoms, favorably affecting CAC. Although only 1 identified cross-sectional study has evaluated neighborhood social characteristics in relation to CAC, reporting that better social
environment was related to lower CAC,11 other studies
have found that a better social neighborhood environment is associated with reduced myocardial infarction
incidence.6,7,31 We also hypothesized that an improvement in the walking environment would be related to
reduced progression of subclinical disease. It has been
shown that changes in walking environments are related
to change in physical activity and changes in BMI over
time.50,51 However, these studies relied on objective
measures of the built environment features rather than
survey measures, as used in the analyses reported here.
Studies with improved measurement of the social and
walking environments are needed to draw firmer conclusions on the possible effects of these domains on
changes in subclinical disease.
Our study has several strengths. It is the first study
to examine whether changes in neighborhood characteristics influence the progression of CAC. It included a
diverse sample from 6 different sites across the United
States. It included detailed time-varying measures of
neighborhood environments and state-of-the-art assessments of subclinical atherosclerosis. The study also has
several limitations. We used a 1-mile buffer size for our
neighborhood measures; however, relevant buffer sizes
could be different for different exposures, for example,
healthy food versus physical activity versus social engagement, and different distances may be relevant for
different individuals.52 Additionally, the study does not
have information on whether participants actually use
the nearby healthy food or physical activity resources,
and we did not include other neighborhood environment
variables such as green space, esthetic quality, or objectively measured crime rates. Workplace environments
may have been more relevant for those participants who
worked, and we did not characterize the neighborhood
environment around participant workplaces. We explored a range of neighborhood-level variables; however,
correlations between variables and power limitations inherent in the fixed-effects approach (which relies only on
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SUPPLEMENTAL MATERIAL
Table I. Neighborhood dimensions of the Multi-Ethnic Study of Atherosclerosis
Neighborhood Study
Neighborhood
Dimension
Availability of
Healthy Foods

Question Item

“A large selection of fresh fruit and vegetables is available in my
neighborhood”
“A large selection of low fat foods is available in my neighborhood”
Safety
“I feel safe walking in my neighborhood day or night”
“Violence is a problem in my neighborhood”
Social Cohesion
“People around here are willing to help their neighbors”,
“People in my neighborhood generally get along with each other”
“People in my neighborhood can be trusted”
“People in my neighborhood share the same values”
Walking
Environment
“It is pleasant to walk in my neighborhood”
“In my neighborhood it is easy to walk to places”
“I often see other people walking in my neighborhood”
“I often see other people exercise in my neighborhood”

Carolyn:

Welcome to Circulation on the Run. Your weekly podcast summary and backstage
pass to the journal and it's editors. I'm Dr. Carolyn Lam, associate editor from the
National Heart Center and Duke National University of Singapore. I am so pleased
to be joined this week by Dr. Judd Hollander and Dr. Deborah Diercks to discuss a
problem that all of us, as cardiologists and emergency department physicians will
recognize. This is a feature paper on the state of the art approach to the patient
presenting to the emergency department with symptoms and signs suggestive of
an acute coronary syndrome, but first here are the highlights of this weeks issue.
The first study is from first author's Dr. Wing and Dr. August from Grand Valley
State University in Michigan who investigated whether social and physical
neighborhood characteristics are related to progression of sub clinical
atherosclerosis measured by coronary artery calcium. They studied this in almost
six thousand adult participants of Mesa, a multi-ethnic study of atherosclerosis,
followed over twelve years. The main result was that increases in density of
neighborhood healthy food stores were associated with decreases in coronary
artery calcium. This was significant even after adjusting for time varying
demographic confiders, time varying behavioral risk factors and depression.
The next study from Dr. Hess and colleagues from the University of Colorado School
of Medicine characterized rates of implantable cardioverter defibrillator or ICD
counseling and ICD use among more than twenty-one thousand potentially ICD
eligible hospitalized heart failure patients in the Get With the Guidelines heart
failure program. This study had several notable findings. First, only twenty-two
point six percent of patients received ICD counseling. This means that up to four
out of five hospitalized heart failure patients, eligible for ICD counseling, did not
receive it. Women were counselled less often than men and racial or ethnic
minorities were counseled less frequently than white patients.
Among counseled patients, a totally of sixty-two point six percent of patients
received an ICD or had a documented plan for ICD placement. Women were just as
likely as men to receive an ICD, however, ICD used differences by race and ethnicity
persisted. The clinical implications of this study are that future quality
improvement initiatives should incorporate culturally competent ICD counseling
and elevating ICD counseling to a full performance measure and publicly reporting
it by sex or race or ethnicity may need to be considered.
The next paper is from first author Dr. Resconey and corresponding author, Dr.
Catalucci and colleagues from the Institute of Genetic and BioMedical Research in
Milan, Italy. These authors looked at the voltage dependent [inaudible 00:03:31]
calcium channel which is a key mediator of interest [inaudible 00:03:34] calcium
entry associated with various cardiovascular conditions such as hypertrophy, atrial
fibrillation, hypertension and diabetic cardio myopathy. The author's aim to
address the problem that [inaudible 00:03:47] approaches aimed at enhancing
calcium current and inotropism in heart failure have also frequently been found to
favor arrhythmogenesis and diastolic dysfunction. Thus, limiting their clinical use.

The novel hypothesis addressed in this study is that a peptidome emetic
therapeutic approach may overcome the arrhythmogenic limitations of current
channel activator inotropes. To test this hypothesis, the author's used a whole host
of methods to dissect new regulatory pathways modulating the [inaudible
00:04:24] tight calcium channel life cycle. This included yeast, two hybrid
screenings, biochemical and molecular evaluations, protein interaction essays,
fluorescence, microscopy, and structural molecular modeling and functional
studies. Having uncovered a novel mechanism involving the [inaudible 00:04:44]
tight calcium channel, calcium beta two chaperon, the author's then generated a
mimetic peptide that specifically targets this calcium beta two chaperon. Thereby
controlling the channel assembly and density of the plasma membrane while
preserving its physiological channel function.
Finally, they showed that delivery of this mimetic peptide into a mouse model of
diabetic cardiomyopathy restored calcium balance and recovered cardiac function.
This study is so significant because it provides the proof of concept for the
exploitation of novel therapy based on mimetic peptide technology. Really opens
the field to mimetic peptides being used as innovative therapeutic tools for the
treatment of cardiac disease.
The last study is from Dr. Cammel from the Feil Family Brain and Mind Research
Institute in New York and colleagues who studied the association between
pregnancy and aortic complications such as dissection or rupture. They used data
on all emergency department visits and acute care hospitalizations at nonfederal
health care facilities in California and New York between the period of 2005 to
2013. This was a cohort crossover study where they authors defined the period of
risk as six months before delivery until three months after delivery. Compared each
patient's likelihood of aortic complications during this high risk period to an
equivalent control period of two hundred and seventy days exactly one year later.
Among more than six and a half million pregnancies in almost five million women,
they identify thirty-six cases of aortic dissectional rupture during the high risk
pregnancy period and nine cases during the control period. This gives the rate of
aortic complications a five point five per million patients during pregnancy
compared to one point four per million during the equivalent period one year later.
Thus, pregnancy was associated with a significantly increased risk of aortic
dissectional rupture with an incidence rate ratio of four compared to the control
period one year later.
Furthermore, absolute risks were particularly elevated in those with a documented
diagnosis of hypertension or a connective tissue disease. These findings have
clinical implications for the counseling of patients at high base line risk of aortic
complications and they also further suggest that clinicians may need to have a
lower threshold for initiating diagnostic testing for symptoms of a possible aortic
dissection or rupture in pregnant or postpartum patients and especially in those
with connective tissue disorders or hypertension.
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Our feature paper this week discusses a problem that impacts twenty million
patients in North America and Europe every year. What am I talking about? These
are patients presenting to the emergency department with symptoms and signs
suggestive of an acute coronary syndrome. Who am I talking with? Well, today we
have first author Dr. Judd Hollander from Thomas Jefferson University and Dr.
Deborah Diercks associate editor from UT Southwestern. Welcome Judd and
Deborah.
Dr. Deborah:

Thank you.

Dr. Judd:

Thank you.

Carolyn:

Let's start with a behind the scenes look at this paper. It's an in depth review that
was invited by the editorial team. Deborah, can you tell us how this idea came
about?

Dr. Deborah:

I think one of the goals of the editorial board of circulation is really to provide great
clinical reviews that really could benefit the members. I have a unique aspect in
that I'm an emergency physician. This idea was really brought about by discussion
of really what can we merge cardiology and emergency medicine with. What would
be the most clinically issue we're challenged with right now? You can't get two
emergency physicians in a cardiologist's room together without some discussion
and challenge around the [inaudible 00:09:11].
There's been so many changes in the last decade and so much more information
about how we can use these in a clinically relevant way. It really fit nicely into a
really great review article and I am really happy that we are able to invite Judd
who's well known to the US and one of the leaders in the United States in this area
and also an international group inviting a cardiologist from Europe and also an
emergency physician from New Zealand to participate in it.

Carolyn:

Judd, what is the take home message of this in depth review from your point of
view?

Dr. Judd:

I think the biggest take home message is we have known for decades and decades
that if we rely on our clinical judgement we miss too many patients. We send home
people that will be having acute coronary syndromes and acute myocardial
infraction and the challenge over the last decades of trying to find ways where
we're not going to spend a ton of money over admitting people to the hospital
because of a fear of missing an event that may happen five percent of the time.
The beauty of the advances in troponins is we now have troponins that now have
increasing sensitivity whether they be the non high sensitivity troponins used in the
US or the high sensitivity troponins that are actually used in Europe and the rest of
the world. We can use those better [inaudible 00:10:29] and combine them with
clinical decision rules to create accelerated diagnostic pathways which is a big term.
For now, if we put a blood test together with a structured clinical decision rule, we
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can, with more than ninety-nine percent negative predictor value, find patients
who are safe to send home.
Carolyn:

Judd, I really have to congratulate you on such a beautiful paper. You really did
cover all of that but what I love most is the way that you've managed to summarize
very clearly a whole wealth of information because when you talk about
biomarkers, there's so many out there and there's zero hour, one hour, two hours,
this score and that score. I'm actually looking at table one now where you show a
summary of the biomarkers strategies and then, in table two, you show a summary
of the risk scores and then the performance measures of each of these scores. That
must have taken quite a lot to put together.

Dr. Judd:

I think that's why Deb was very smart and invited authors from around the world.
We have Christian Muller from Switzerland and Martin Tann from New Zealand
which, literally, means we're all on different time zones and we were able to work
around the clock to do that. There as always somebody awake. Getting more series,
the nice thing is that my colleagues on this paper are some of the leaders in doing
this kind of research. In fact, they are the leaders in doing this kind of research.
What I think is very challenging for the average cardiologist or the average
emergency physician is there have been so many different approaches and many of
them actually work. The challenge for us was to try and make it relatively simple so
you can choose the approach at your institution and put it into a structured
pathway and pick the one that works best for you. You can get a ninety-nine
percent negative predicted value using the right essays with samples that the time
of presentation and one hour later, you can get a ninety-nine percent negative
predictor value at zero and two hours. You can combine it with an accelerated
diagnostic pathway and do that at zero and two hours and zero and three hours.
I think the important thing is you need to figure out what will your clinicians use?
Certain clinicians may be very comfortable with one risk score and not another and
then they need to combine the timing of testing with the risk score their
comfortable with in order for us to achieve the great possibilities we have with
these new tasks. I think when you try and do a one size fits all, there are going to be
people who push back because they don't like one component of the risk score.
Really what we're trying to do and we didn't say everybody should do A, B or C but
we present the data on five or six different options and let people choose what is
most feasible for them.

Carolyn:

How wonderful. Deborah, what were you thinking when you were reviewing this
paper and trying to structure it for the clinician out there who wants to use this
information?

Dr. Deborah:

I think that, overall, we were really impressed by the clarity and the ease that a
reader can take this information home. There is so much information out there and
there are so many different ways to apply it that we're really impressed how the
authors put it in a really pretty clear manner so you can actually see the risk
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stratification tools that are out there, what they're used with and what type of
troponins. Think about your own clinical practice and what you can adapt really
based on the evidence that is out there.
Carolyn:

I couldn't agree more. Judd, how about this issue of the coronary CT angiogram and
where that falls?

Dr. Judd:

That's really an interesting question because there's been a lot of publicity and a lot
of editorializing in recent years that maybe you can make a decision with your two
troponins and your biomarkers and decrease the number of people that need
downstream testing. One of the dilemma with this, like I said before, is we know
we're not really good at predicting who has acute coronary syndrome based on
clinical things and for that reason the European Society guidelines as well as the
American AHAACC guidelines have always said you need to do two things. You
need to rule out acute myocardial infraction and you need to risk stratify patients
for underlying coronary disease. When a patient comes into the emergency
department, if I'm going to be guideline compliant with the recommendations in
the world, I need to do both things.
The paper, we summarize really clearly ways you can get out of the woods with
biomarket testing and clinical pathways but then you still want to risk strategy for
coronary disease. There are sometimes where you might not need that
downstream testing but what coronary CTA really lets us do is it makes us more
efficient than a stress test. A stress test I like to say is a next day test; although
there is data that you can do it when the patient's in the emergency department
rapidly. It certainly is not the standard practice.
There are people afraid of putting people on the treadmill too soon in case they
have unstable angina but a coronary CTA lets me look at the coronary arteries,
immediately, when they're in the emergency department. There's very few areas in
emergency medicine where there are three large randomized control trials that all
give the same results. It doesn't say coronary CTA is better than a next day stress
test but it does say you can avoid admission and, hence, save some dollars. It says
you can send patients home sooner and, hence, save some angst that the patients
may feel while they're in that diagnostic indecision area.

Carolyn:

That's such a practical summary and, in fact, it really reflects the entire paper which
is really so clearly presenting the information. Judd, one last thing, could I check is
this correct, in my understanding, that the main difference between this and say
the guidelines that you just measured is that what you do here is really give the
readers all the information? As you say, allow the readers to choose what suits
them best. This is not making recommendations, it's summarizing all the
information. Is that right?

Dr. Judd:

Yeah, that's exactly right. If you look, I think it's table number four, where we go
through each one of the decision aids and how many or what percent of patients
actually fit into that decision aid and what the negative predictive value is for that
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decision aid combined with troponin. Then what type of troponin was used to
achieve those results, you'll see that about half the studies are done with, what we
call, the contemporary troponin or just the regular sensitivity troponin that we use
in the United States. The other half of the data we show is with high sensitivity
troponins. It would not be a good idea for somebody creating their quality program
in their emergency department to take something that was tested with a high
sensitivity troponin and validate it there and then apply it in an emergency
department in the United States where we don't have those [inaudible 00:17:18].
We thought it was critically important to lay out the data and as the high sensitivity
troponins come on the market, hopefully in the next year in the US, people can
begin with something now and switch to something else later if they want. If we
made a recommendation that was firm, the world changes too fast. I don't think we
would be doing the best for our patients.
Carolyn:

That is such a great statement to end this on. Thank you so much Judd and
Deborah. This was an excellent discussion.

Dr. Judd:

Thank you.

Dr. Deborah:

Thank you.

Carolyn:

You've been listening to Circulation on the Run. Thank you for joining us this week
and don't forget to tune in next week for more exciting cardiology needs from all
over the world.
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