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Abstract

Background—Neighborhood-level socioeconomic status (SES) is associated with health 

outcomes, including cardiovascular disease and diabetes, but these associations are rarely studied 

across large, diverse populations.

Methods—We used Ward’s Hierarchical clustering to define eight neighborhood clusters across 

North Carolina using 11 census-based indicators of SES, race, housing, and urbanicity and 

assigned 6992 cardiac catheterization patients at Duke University Hospital from 2001 to 2010 

to clusters. We examined associations between clusters and coronary artery disease index > 23 

(CAD), history of myocardial infarction, hypertension, and diabetes using logistic regression 

adjusted for age, race, sex, body mass index, region of North Carolina, distance to Duke 

University Hospital, and smoking status.

Results—Four clusters were urban, three rural, and one suburban higher-middle-SES (referent). 

We observed greater odds of myocardial infarction in all six clusters with lower or middle-SES. 

Odds of CAD were elevated in the rural cluster that was low-SES and plurality Black (OR 1.16, 
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95% CI 0.94-1.43) and in the rural cluster that was majority American Indian (OR 1.31, 95% CI 

0.91-1.90). Odds of diabetes and hypertension were elevated in two urban and one rural low- and 

lower-middle SES clusters with large Black populations.

Conclusions—We observed higher prevalence of cardiovascular disease and diabetes in 

neighborhoods that were predominantly rural, low-SES, and non-White, highlighting the 

importance of public health and healthcare system outreach into these communities to promote 

cardiometabolic health and prevent and manage hypertension, diabetes and coronary artery 

disease.

Cardiovascular disease (CVD) often presents as coronary artery disease (CAD) and 

myocardial infarction (MI) and is the most common cause of death in the United States, 

accounting for 30.5% of all deaths 1. Similarly, important risk factors for CVD are 

increasingly common: an estimated 46% of Americans suffer from hypertension, and 

approximately 13.5% suffer from diabetes.1 , 2 Risks for CVD are disproportionately 

distributed between individuals and neighborhoods. Socioeconomic status (SES) is 

associated with CVD and diabetes, on both the individual3-5 and neighborhood6-12 levels. 

Additionally, demographic factors, including race, are associated with cardiometabolic 

outcomes, CVD and diabetes. Black Americans have a greater prevalence of hypertension 

and diabetes compared to White Americans. 1 , 2 American Indians suffer from higher 

prevalence of coronary heart disease and diabetes compared to White Americans.1 , 13 

Although CVD incidence is declining in other populations, it may be increasing among 

some American Indian populations.13 However, epidemiologic literature rarely includes 

large numbers of American Indian and Black participants.

We hypothesized that a combination of SES factors (education, income, public assistance, 

unemployment, single-parent status, and occupation), combined with rurality/urbanicity, 

housing factors (owner-occupied housing and newer housing stock), and race may contribute 

to cardiometabolic outcomes. Our previous research categorized a three-county urban 

area of North Carolina (NC) into neighborhood clusters, based on distributions of SES 

characteristics, housing factors, and race14 , 15 and observed differences in prevalence of 

hypertension and diabetes by neighborhood cluster among cardiac catheterization patients.14 

Since the previously studied three-county area was relatively urban, well-educated, and 

wealthy, the current study expanded our methods to the entire state of North Carolina, 

including urban, rural, and racially diverse areas. Our study population consisted of a 

diverse sample of cardiac catheterization patients. We examined associations between 

neighborhood cluster and the prevalence of significant hypertension, diabetes, CAD, and 

myocardial infarction. We hypothesized that neighborhood clusters that had low SES, large 

Black and American Indian populations, and rural areas would have elevated prevalence 

of cardiometabolic outcomes (CAD, MI, hypertension, and diabetes). This research is 

important to help identify communities that may be at higher risk of cardiometabolic 

outcomes and thus may benefit from public health and healthcare system outreach.
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Materials and methods

Study population

We examined cardiometabolic outcomes among Catheterization Genetics (CATHGEN) 

participants: patients who underwent cardiac catheterization at Duke University Hospital 

between 2001 and 2010. All participants were medically stable and provided informed, 

written consent. This study was approved by the Duke University Institutional Review 

Board. Clinical, anthropometric, and demographic data were gathered from medical 

records and physician assessment as previously described.16 This study was funded by 

National Institutes of Health grants HL73042, HL36587, and HL095987; and Neurosciences 

Education and Research Foundation (Encinitas, CA). We included 6992 participants whose 

addresses were successfully geocoded and who resided in a neighborhood cluster (described 

below). If a participant received more than one cardiac catheterization, we used data from 

the first.

Exposure—neighborhood clusters

To define neighborhood clusters, we expanded methods used in our previous work to 

the entire state of North Carolina.14 , 15 We used data from the 2000 US Census 

(wwwcensus.gov) at the block group (BG) level. We used the following eleven 

socioeconomic and demographic variables (all are percent) to define residential clusters: 

Bachelor’s degree or more, income below the poverty level, households receiving public 

assistance income, unemployment, non-managerial occupation, single-parent housing, 

owner-occupied housing, house built within 5 years, Black householder, householder of 

other race (neither Black nor White), and urban environment.14 , 15 We defined urban 

environment as the percent of block group population that resided in an urban area 

(densely developed territory that contains ≥50,000 people) or urban cluster (densely 

developed territory that contains ≥2,500 people but <50,000 people).17 We excluded BGs 

with zero population or with more than 20% of the population residing in institutional 

(correctional facilities, nursing homes) or group (military housing, college dormitories) 

facilities, as demographics may not be representative of the general population. We used 

Ward’s hierarchical clustering (stats package, R version 3.3.0) method to establish eight 

residential clusters. Ward’s Hierarchical clustering method uses minimum within-cluster 

variance criteria to cluster BGs together based on the distribution of the eleven Census 

variables.14 , 18 , 19 We did not have any a priori specifications as to cluster characteristics, 

such as how many clusters were urban or rural. These clusters were sufficiently large 

and qualitatively distinct from each other. We performed multivariable analysis of variance 

(MANOVA) tests at each branch to ensure clusters were statistically distinct; all included 

clusters had P-values <.05.20 We mapped neighborhood clusters at the BG level using 

ArcGIS version 10.3 (ESRI). These neighborhood clusters are not necessarily spatially 

contiguous; widely separated metropolitan areas may be divided into similar collections of 

BGs with similar sociodemographic characteristics.

Outcomes

Outcomes of interest were: hypertension, diabetes, CAD, and MI at the time of 

catheterzation. Hypertension and diabetes status were based on medical records and 
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physician assessment at the time of catheterization. Participants were classified as having 

CAD if they had a CAD index >23, determined from coronary angiography, which indicates 

at least 75% occlusion of at least one major epicardial artery and is commonly considered 

pathologic.21 , 22 Nearly all (6336 participants) had complete visualization of all coronary 

arteries and therefore had classification of CAD index. History of MI was defined as 

either medical record identification of MI or thrombolytic therapy, or referral for cardiac 

catheterization based on MI. Individual-level demographic and anthropometric information 

included sex, race, age, smoking status, and body mass index (BMI).

Statistical methods

We used logistic regression to examine the association between neighborhood cluster of 

residence and hypertension, diabetes, CAD, and MI; with each outcome modeled separately. 

Models were adjusted for a participant’s age, sex, race (White, Black, other), BMI, smoking 

status (yes or no, self-reported), region of NC, and distance between their residence 

and Duke University Hospital. We used the definition of region of NC (eight total, as 

shown on Figure 1) developed by the North Carolina Department of Public Instruction 

(https://dpi.nc.gov, accessed September 17, 2021). We compared the odds of cardiovascular 

outcomes by clusters, using the higher-middle-SES, suburban cluster (cluster 6) as the 

referent group. All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, 

NC).

Sensitivity analysis

Exposure to air pollution may affect cardiovascular outcomes and may also be related to 

area of residence. Thus, we further adjusted models for annual average PM2.5 concentration. 

PM2.5 concentrations were estimated using a hybrid model; a neural network estimated 

PM2.5 concentrations at 1 × 1 km resolution and incorporated data from PM2.5 monitors, 

satellite data, meteorological data, and land use data.23 In order to determine whether any 

sociodemographic factor disproportionately influenced our results, we repeated the main 

analyses, using each of the 11 sociodemographic characteristics included in the clustering 

algorithm as alternative exposure metrics for all outcomes. Because race was a strong factor 

in determining clusters, we also conducted a race-stratified analysis among Black and White 

participants (there were too few participants of other races to generate stable models).

Results

Neighborhood clusters

North Carolina had a total of 5271 BGs; we excluded 164 BGs with no residents (n = 10) or 

with more than 20% of the population residing in institutional (correctional facilities, n = 59; 

nursing homes, n = 15; other, n = 6) or group housing facilities (college dormitories, n = 65; 

military barracks, n = 6; other, n = 8). Exclusion criteria were not mutually exclusive. We 

categorized the remaining 5107 BGs into eight distinct neighborhood clusters: four urban, 

one suburban, and three rural (relative to other clusters). Cluster numbers were assigned 

automatically during the clustering procedure and do not reflect any particular ranking or 

characteristic. Figure 2 shows the distribution of clusters across the state; Figure 3 shows 

proportions of each census variable across clusters, with the proportion of each census 
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variable across North Carolina for reference. Figure S1 shows a circular dendrogram of 

block groups in NC, indicating which block groups clustered together.

Clusters 1, 2, 3, and 4 were more than 90% urban (Figure 3) and include some suburban 

areas. Relative to other clusters, cluster 1 (n = 865 BGs, yellow in Figure 2) had lower

middle SES, a large Black population, and relatively low proportion owner-occupied 

housing and housing built within 5 years; cluster 2 (n = 1116 BGs, gray in Figure 2) 

was upper-middle SES with relatively low proportion owner-occupied housing and housing 

built within 5 years; cluster 3 (n = 366 BGs, purple in Figure 2), had lower SES, the 

greatest proportion Black population, and the lowest proportion of owner-occupied housing 

and housing built within 5 years; cluster 4 (n = 270 BGs, dark green in Figure 2), had higher 

SES, was the most urban and had the highest proportion owner occupied housing among 

urban clusters, but had the least proportion Black population and relatively low housing built 

within 5 years (Figure 3).

Relative to other clusters, cluster 6 (n = 567 BGs, pink in Figure 2) was higher-middle-SES 

mixed urban and rural (57% urban), was primarily located adjacent to cities, and had the 

highest proportion of housing built within 5 years (Figure 3). We refer to cluster 6 as 

suburban.

Relative to other clusters, clusters 5, 7, and 8 were rural (less than 15% urban). Cluster 5 

(n = 1498 BGs, blue in Figure 2) was located throughout the state but was most prominent 

in western and central NC. Cluster 5 is the middle-SES rural cluster, with the greatest 

proportion of owner-occupied housing, the least proportion of other races, and least urban 

(Figure 3) relative to other clusters. Clusters 7 (n = 397 BGs, orange in Figure 2) and 8 

(n = 28 BGs, light green in Figure 2), were lower-SES rural clusters with relatively high 

owner-occupied housing and housing built within 5 years. Cluster 7 was primarily located in 

eastern and central NC and had a relatively high Black population and population of other 

races. Cluster 8 had the greatest population of other races (77%); cluster 8 was located in 

areas with substantial American Indian populations (74% of householders in cluster 8 in the 

2000 census self-identified as American Indian) (Figures 2 and 3).

Participants

We included 6992 participants; 124 participants lived in BGs that were excluded from the 

clustering analysis. Participants were most concentrated in central North Carolina counties 

(Figure 1). Among participants; 836 (12.0%) resided in cluster 1 (urban, lower-middle-SES); 

1173 (16.8%) in cluster 2 (urban, higher-middle SES); 405 (5.8%) in cluster 3 (urban, 

lower SES); 578 (8.3%) in cluster 4 (urban, higher SES); 1532 (21.9%) in cluster 5 (rural, 

middle SES); 1446 in cluster 6 (suburban, higher-middle SES) (20.7%); 802 (11.5%) in 

cluster 7 (rural, lower SES, large Black population); and 220 (3.1%) in cluster 8 (rural, 

lower SES, large American Indian population) (Table 1). As expected, cluster 3 had the 

greatest proportion of Black participants (56.8%) and cluster 8 had the greatest proportion of 

American Indian participants (57.7%). Cluster 3 had the greatest proportion female (50.9%), 

greatest mean BMI (31.3 kg/m2), and greatest proportion diabetes (37.5%). Participants in 

cluster 4 were oldest (63.6 years) and had the least proportion female (33.7%), smokers 

(39.6%), mean BMI (28.7 kg/m2), and diabetes (20.2%). Participants in rural clusters lived 
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furthest from Duke University Hospital, with a mean distance of >100 km in all rural 

clusters; participants in urban, higher SES cluster 4 lived nearest, with an average distance of 

26 km.

Regression

We observed greater odds of cardiometabolic outcomes in clusters with lower to lower

middle SES and large non-White populations, compared to reference cluster 6 (suburban, 

higher-middle-SES, small non-White population) (Figure 4, Table S1). Among urban 

clusters, residents of cluster 1 (urban, relatively lower-middle-SES) had greater odds of 

MI (OR 1.25, 95% CI 1.02, 1.54) and diabetes (OR 1.14, 95% CI 0.94, 1.39). Residents 

of higher-middle SES cluster 2 had greater odds of MI (OR 1.18, 95% CI 0.98, 1.42). 

Residents of urban lower-SES areas (cluster 3) had greater odds of hypertension (OR 1.39, 

95% CI 1.05, 1.84), diabetes (OR 1.19, 95% CI 0.92, 1.54) and MI (OR 1.19, 95% CI 0.90, 

1.57). Residents of cluster 4 (urban higher-SES) had lower odds (0.74, 95% CI 0.58, 0.94) of 

diabetes.

Among rural clusters, those who resided in rural, middle-SES cluster 5 had greater odds 

of MI (OR 1.40, 95% CI 1.18, 1.68) compared to suburban cluster 6. Residents of rural, 

lower-SES areas with a large Black population (cluster 7) had greater odds of all outcomes: 

hypertension (OR 1.28, 95% CI 1.03, 1.58), diabetes (OR 1.13, 95% CI 0.92, 1.40), CAD 

index >23 (OR 1.16, 95% CI 0.94, 1.43), and MI (OR 1.71, 95% CI 1.38, 2.11). Residents of 

rural, lower-SES areas with a large population who were neither Black nor White (cluster 8) 

had greater odds of CAD (1.31, 95% CI 0.91, 1.90) and MI (OR 2.78, 95% CI 1.94, 3.97).

Sensitivity analyses

Results examining hypertension, diabetes, or CAD did not substantially change after 

adjustment for PM2.5 (Table S1). However, associations between MI and urban clusters 

1, 2, 3, and 4 were somewhat attenuated.

When examining associations between cluster indicators and outcomes, residence in BGs 

with greater poverty, public assistance, non-managerial occupation, and single-parent 

housing was associated with increased odds of all outcomes; and unemployment was 

associated with increased odds of all outcomes other than diabetes (Table S2). Residence 

in BGs with a greater percentage of Black residents was associated with greater odds of 

diabetes (OR 1.02, 95% CI 1.00, 1.05 per 10% increase) and hypertension (OR 1.04, 95% 

CI 1.01, 1.07 per 10% increase). Residence in BGs with a greater percentage of residents 

who were neither Black nor White was associated with greater odds of history of MI (OR 

1.09, 95% CI 1.05, 1.14 per 10% increase), CAD (OR 1.03, 95% CI 0.99, 1.08 per 10% 

increase), and diabetes (OR 1.03, 95% CI 0.98, 1.08 per 10% increase). Residence in BGs 

with a greater percentage of residents with a Bachelor’s degree or more was associated with 

lower odds of all outcomes. Owner-occupied housing and urbanicity were not associated 

with outcomes.

In race-stratified regression models, associations between neighborhood cluster and CAD 

and hypertension were largely similar among White and Black participants (Table S3). 

Associations between neighborhood cluster and CAD, MI, and diabetes were generally 
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more positive among White participants compared to Black participants, except in clusters 

4 (high-SES, urban, low Black population) and 8 (lower-SES rural, large American Indian 

population), both of which had very few Black participants.

Discussion

We classified block groups across North Carolina into eight neighborhood clusters based 

on distribution of socioeconomic indicators, housing, urbanicity, and race at the time of 

the 2000 Census. We observed differences in odds of hypertension, diabetes, CAD, and 

MI, among cardiac catheterization patients residing in the different neighborhood clusters. 

Most notable were urban/rural disparities in greater odds of CAD and MI among rural 

clusters with relatively large Black (cluster 7) and American Indian (cluster 8) populations. 

Results were largely similar when stratified by individual-level race and after adjustment 

for indicators of air pollution exposure. Indicators of SES, housing, urbanicity, and race 

were generally not as strongly associated with outcomes as clusters were, indicating that the 

combination of these factors better predicts outcomes than each characteristic separately.

The lower-SES, predominately Black, urban cluster 3 had greater odds of hypertension, 

diabetes, and MI. The results for MI and hypertension were not substantially different by 

race within the clusters. These results align with previous studies showing associations 

between hypertension, diabetes, and CVD with neighborhood-level SES6-12. We observed 

similar associations between neighborhood SES and hypertension and diabetes in a previous 

CATHGEN study limited to a relatively small urban area14. Interestingly, we also observed 

lower odds of diabetes in the urban, predominately White, higher-SES cluster 4, indicating 

a continuum of neighborhood SES effects of diabetes. This result was consistent for White 

and Black participants, although there were few Black participants who lived in cluster 4.

We observed greater odds of MI in all clusters except urban, higher-SES cluster 4. The 

three rural clusters (clusters 5, 7, and 8) had the greatest odds. We observed higher odds of 

all outcomes among the rural, lower-SES cluster with a large Black population (cluster 7). 

Black Americans have previously been described as having high prevalence of hypertension 

and diabetes1 , 2, but this is rarely studied in rural settings. Rural/urban health disparities 

are evident in this study, with participants in all rural clusters having higher odds of MI 

than residents in the more urban cluster 6, and the rural lower-SES, predominately Black 

cluster 7 having higher odds of all outcomes compared to suburban, higher-middle-SES 

cluster 6. Notably, cluster 7 has similar SES and demographic indicators to cluster 1, with 

the exception of housing factors (which were not associated with most outcomes) and 

urbanicity, yet cluster 7 has much higher odds ratios for MI and hypertension.

Particularly striking is that the rural, low-SES neighborhood with a large (74%) American 

Indian population (cluster 8), had elevated odds of CAD and nearly 3 times the odds of 

MI compared to a suburban, higher-middle-SES cluster. Point estimates for associations 

between neighborhood cluster and hypertension in cluster 8 were similar to those in 

cluster 7; few participants (n = 220) in cluster 8 likely contributed to large confidence 

intervals. This cluster is unique in regard to the relatively large number of American Indian 

participants (n = 127), a group which is rarely included in hospital-based studies. Nearly all 
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participants who resided in cluster 8 resided in or near Robeson County in southeastern NC. 

Results from this cluster may not be generalizable to other areas with large American Indian 

populations, including western NC. We are not aware of literature demonstrating greater 

prevalence of MI among those residing in areas with large American Indian populations. 

However, these results do align with prior studies suggesting higher prevalence of coronary 

heart disease among American Indian populations.1 , 13 This highlights the need to study 

urban/rural disparities in health, especially among non-White communities.10

In sensitivity analyses, most socioeconomic indicators were associated with outcomes in the 

expected direction, although associations were generally not as strong as those examining 

neighborhood clusters. The percentage of other races at the BG level was associated with 

MI. This corresponds to our finding of cluster 8 (with a large American Indian population) 

having the strongest observed association for MI. The percentage of Black race at the BG 

level was associated with hypertension and diabetes; this finding is consistent with prior 

data showing high prevalence of hypertension and diabetes among Black individuals.1 , 2 

However, we did not observe substantial differences among Black and White participants 

in race-stratified analysis, indicating that racial distribution in a BG may be more important 

than an individual’s race in this study.

Limitations

This study has several limitations. It was conducted at a single site, Duke University 

Hospital, but participants were distributed across North Carolina. There is the possibility 

of selection bias by location and thus, by neighborhood cluster. To account for this, we 

adjusted for distance to Duke University Hospital and region of the state. Additionally, 

we do not have access to individual-level socioeconomic information or other important 

covariates—such as diet or physical activity—that may differ by cluster. Although our study 

had more American Indian participants than many hospital-based studies, this was still a 

fairly small sample and may not be representative. Data used in this study were collected 

from 2001 to 2010; these may not be reflective of current conditions. Our definitions of high 

or low distribution of Census characteristics is relative to clusters in this study and may not 

be generalizable to other areas with different distributions of underlying characteristics.

There are several different ways to define urban and rural. We used residence in a Census 

Bureau-defined urban area (densely developed territory that contains ≥50,000 people) or 

urban cluster (densely developed territory that contains ≥2,500 people but <50,000 people)17 

to define urban. Those who did not live in an urban area or urban cluster were considered to 

live in a rural area. Neighborhood clusters generally were either very urban (>90% urban) or 

very non-urban (<15% urban). One cluster fell in between (57% urban) and was considered 

suburban. This relatively crude classification of urban or non-urban may not adequately 

distinguish between types of urban/suburban areas and rural/remote areas. This method of 

classification may not be adequate for larger cities and remote areas, more extreme than 

those found in NC.

In conclusion, we observed notable differences in the prevalence of hypertension, diabetes, 

severe CAD, and MI by neighborhood cluster among cardiac catheterization patients. We 
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observed greater odds of hypertension, diabetes, and MI in an urban, relatively lower-SES, 

majority Black cluster compared to a suburban, relatively higher-middle-SES, majority 

White cluster. We also observed lower odds of diabetes in an urban, relatively higher-SES, 

majority White cluster. Residents of rural, relatively lower-SES areas with a large Black 

population had greater odds of all outcomes as compared to residents in suburban, relatively 

higher-middle-SES areas in NC. The most striking disparity was that participants living 

in a rural, relatively lower-SES, majority American Indian cluster had a 30% higher odds 

of significant CAD and nearly 3-fold greater odds of a previous MI (compared to study 

participants living in the suburban, higher-middle SES cluster). Areas characterized as rural 

or with high percentages of Black and American Indian populations are underrepresented in 

epidemiology studies. There is a need for future studies examining SES and cardiovascular 

outcomes to include diverse geographies and sociodemographic areas as well as non-White, 

populations to more effectively communities that will benefit from public health and 

healthcare system outreach to promote cardiometabolic health and prevent and manage 

hypertension, diabetes and coronary artery disease.
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Figure 1. 
Distribution of CATHGEN participants by county in NC and location of Duke University 

Hospital. Regions of NC are outlined in bold.
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Figure 2. 
Map showing eight neighborhood clusters* distributed across 5107 North Carolina block 

groups. Insets show cities with >75,000 population (2000). *Cluster descriptions are as 

follows: cluster 1 (lower-middle SES, urban, large Black population), cluster 2 (higher

middle SES, urban), cluster 3 (lower SES, urban, large Black population), cluster 4 (higher 

SES, urban, small Black population), cluster 5 (middle SES, rural, small Black population), 

cluster 6 (higher-middle SES, suburban, small Black population), cluster 7 (lower SES, 

rural, large Black population and population of other races), cluster 8 (lower SES, rural, 

large American Indian population).
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Figure 3. 
Descriptions of the eight neighborhood clusters and mean % of 11 demographic variables 

across the neighborhood clusters, with total North Carolina distribution for comparison. 

Blue cells have lower values and red cells have higher values.
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Figure 4. 
Results from logistic regression of residential neighborhood cluster on cardiometabolic 

outcomes.* *Adjusted for age, sex, race (White, Black, other), body mass index (BMI), 

smoking status, region of North Carolina, and distance to Duke University Hospital. 

Abbreviations: CAD, coronary artery disease; MI, myocardial infarction.
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