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ABSTRACT
Objective To simultaneously examine multiple individual- 
level neighbourhood perceptions and psychosocial 
characteristics and their relationships with cardiovascular 
health (CVH) among blacks.
Design Cross- sectional study.
Setting Subjects were recruited between 2016 and 2018 
via convenience sampling.
Participants 385 Black men and women, age 30–70 
living in the Atlanta metropolitan area (Georgia, USA).
Primary outcome measure Individual’s CVH was 
summarised as a composite score using American Heart 
Association’s Life’s Simple 7 (LS7) metrics.
Methods We implemented unsupervised learning (k- 
means) and supervised learning (Bayesian Dirichlet 
process clustering) to identify clusters based on 11 self- 
reported neighbourhood perception and psychosocial 
characteristics. We also performed principal component 
analysis to summarise neighbourhood perceptions and 
psychosocial variables and assess their associations with 
LS7 scores.
Results K- means and Bayesian clustering resulted in 
4 and 5 clusters, respectively. Based on the posterior 
distributions, higher LS7 scores were associated with 
better neighbourhood perceptions and psychosocial 
characteristics, including neighbourhood safety, social 
cohesion, activities with neighbours, environmental 
mastery, purpose in life, resilient coping and no 
depression. Taken together, the first principal components 
of neighbourhood perceptions and psychosocial 
characteristics were associated with an increase of 0.07 
(95% CI −0.17 to 0.31) and 0.31 (95% CI 0.06 to 0.55) 
in LS7 score, respectively, after accounting for age, sex, 
household income and education level.
Conclusion Both neighbourhood perception and 
psychosocial domains were related to CVH, but individual 
psychosocial characteristics appeared to contribute to 
CVH most. Approaches that acknowledge the importance 
of factors in both domains may prove most beneficial for 
enhancing resilience and promoting CVH among black 
communities.

Despite the remarkable decline in cardio-
vascular disease (CVD) mortality among 
all major racial and ethnic groups in the 
USA during the past four decades,1 black- 
white disparities in the rate of decline in 
CVD mortality and cardiovascular health 
(CVH) remain persistent across different 
age groups.2–4 Compared with other ethnic 
groups, blacks have the highest CVD burden 
and lowest rate of mortality decline.5 6 Specifi-
cally, blacks have a higher prevalence of many 
CVD risk factors, including obesity, hyperten-
sion, diabetes and dyslipidaemia.7 8 In addi-
tion to traditional CVD risk factors, other 
underlying mechanisms, such as neighbour-
hood characteristics, psychosocial stress, indi-
vidual perspectives, socioeconomic status, 
are likely to be responsible for the increased 
risk for CVD in Blacks.9–12 The aggregation 
of these traditional and non- traditional risk 
factors, including social determinants, likely 
contributes to a higher CVD burden among 
Blacks.13

Research on CVD in blacks has focused 
almost exclusively on their excess risk for 
poor CVH, relative to other racial/ethnic 

Strengths and limitations of this study

 ► The study focused on risk and resilience heteroge-
neity within blacks, an at- risk population.

 ► We used multivariate clustering analysis to efficient-
ly investigate 11 neighbourhood perception and psy-
chosocial variables related to cardiovascular health 
as opposed to treating them as separate exposures 
in previous studies.

 ► This is a single site study that used convenience 
sampling, so the results may not be generalisable to 
the target study population.
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groups. However, this ignores the fact that there is consid-
erable heterogeneity within the black population, such 
that some black individuals have better CVH profiles than 
others. Unfortunately, limited effort has been focused on 
examining those factors that might promote ‘resilience’ 
in this at- risk population. Resilience has been defined as 
the ‘ability of living systems to successfully maintain or 
return to homoeostasis’ in response to a range of chal-
lenges, including those that are ‘individual, social, soci-
etal or environmental.’14 In the context of CVH research, 
black ‘race’ often exposes individuals to a range of multi-
factorial challenges, at multiple levels, that are believed 
to drive their excess rates of disease. Similarly, these resil-
ience factors are also likely to be multifactorial, operating 
at the level of both individuals and their environmental/
neighbourhood context. There is a growing body of 
evidence that individual psychosocial characteristics15–22 
as well as their neighbourhood perceptions23–25 may be 
important determinants of CVH. For instance, studies 
have identified an association between less depressive 
symptoms and better CVH profiles,12 including smoking26 
and blood pressure control.27 CVH studies focusing on 
other psychosocial health measures in blacks remain 
limited. A few studies demonstrated that more opti-
mistic individuals engage in more CVH behaviours,28 
and that purpose in life and mastery is associated with 
a reduced risk for mortality and CVD events.29 30 On the 
other hand, several studies have investigated the role of 
neighbourhood environments in CVH using commu-
nity samples.31–37 An in- depth investigation of a compre-
hensive set of candidate factors that potentially confer 
resilience to poor CVD outcomes in Blacks is essential 
to develop recommendations for targeted intervention 
strategies to improve their CVH.

One main challenge in population- based and obser-
vational research is to interrogate CVH profiles in the 
context of multidimensional (risk and resilient) exposure 
factors. The inter- correlated nature of exposure factors 
complicates the task to identify their combined effect 
on CVH outcomes. In traditional analysis with multiple 
exposure factors, data are frequently analysed univari-
ately to determine associations with the outcome.19 24 38–40 
These tests of association ignore the potential correla-
tions among the exposure factors, do not account for 
their effects simultaneously, and often have low power 
to detect significant effects after multiple testing adjust-
ment. In addition, each exposure factor may only account 
for a small proportion of variability in the outcome. To 
bypass these issues, clustering and classification tech-
niques in machine learning have become popular given 
their ability to handle multiple exposure variables and to 
detect otherwise unappreciated grouping patterns.

The Morehouse- Emory Cardiovascular (MECA) 
Center for Health Equity study has identified neighbour-
hoods with vastly different rates of premature cardiovas-
cular events among Blacks in the metropolitan Atlanta 
area.41 The study recruited a cohort of Black residents 
living in Atlanta and found that individuals living in 

neighbourhoods with lower cardiovascular event rates 
reported better neighbourhood characteristics and more 
positive psychosocial characteristics.42 This study builds 
off of these findings in another Atlanta based sample to 
examine the clustered patterns of self- reported neigh-
bourhood perceptions and psychosocial characteristics 
and whether the clusters of characteristics are associated 
with individual- level CVH profile as measured by Life’s 
Simple 7 (LS7) score.43 Identifying patterns or clusters of 
important individual- level factors that correspond to high 
LS7 scores may provide a starting point for promoting 
CVH among blacks.

METHODS
Patient and public involvement
The development of the research question and outcome 
measures were not informed by study participants’ prior-
ities, experience or preferences. The participants were 
not involved in the design, recruitment and conduct of 
the study. The results will be disseminated to study partic-
ipants through publications and school websites.

Study design and subjects
This is a cross- sectional study design involving secondary 
analysis of data from the MECA study.41 42 A total of 400 
adults living in the greater Atlanta region, with the age 
range of 30–70, who self- identified as black or African 
American were recruited between 2016 and 2018 via 
convenience sampling. The subjects were recruited 
by flyers, school’s website announcements, or family 
and friend’s referrals. The exclusion criteria included 
history of CVD (eg, myocardial infarction, congestive 
heart failure, cerebrovascular accidents, coronary artery 
disease, peripheral arterial disease, atrial fibrillation 
and cardiomyopathies), HIV, lupus, cancer, substance 
abuse (alcohol or drug), psychiatric illness, pregnant or 
lactating females, and inability to participate in increased 
physical activity. The exclusion criteria were set up due 
to an opportunity to participate in a lifestyle intervention 
trial in the original study ( ClinicalTrials. gov Identifier: 
NCT03308812). Once enrolled, each study participant 
visited the research laboratory for physical examination, 
blood draw and completing survey questionnaires at 
either Emory University or Morehouse School of Medi-
cine (Atlanta, Georgia, USA). Blood pressure and anthro-
pometric measurements were recorded. All blood draws 
were performed after 12- hour fasting. In the survey, demo-
graphic information, residential address, medical history 
and socioeconomic status (income, education, employ-
ment and marital status) were collected. In addition, data 
on diet and exercise as well as preselected potential risk 
and resilience factors were obtained (details below). All 
study subjects provided written informed consents.

LS7 Scores
The ‘LS7’ concept focuses on primordial prevention with 
the goal of improving population’s CVH through changes 
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in lifestyle to ultimately lower the disease risk. Given 
that examining individual metrics separately is not effi-
cient (due to multiple testing issues) and only provides 
marginal information rather than an overall summary 
of CVH, the American Heart Association (https:// mlc. 
heart. org) has created a composite score by assigning 
a value to each metric and adding up the scores.43–50 
Specifically, an ideal CVH profile involves ideal physical 
activity (≥150 or 75 min/week of moderate- intensity or 
vigorous- intensity exercise, respectively), total cholesterol 
(<200 mg/dL), blood pressure (<120/80 mm Hg), fasting 
glucose (<100 mg/dL), body mass index (<25 kg/m2), 
non- smoking, as well as healthy diet (defined by fruit/
vegetable, whole grain, fish, sugar and salt intake).43 
The definitions of ideal, intermediate and poor level for 
each metric are provided in online supplemental mate-
rial based on ‘My Life Check’, a health assessment and 
improvement tool (https:// mlc. heart. org). We assigned 
2, 1 and 0 points to ideal, intermediate and poor level, 
respectively, for each metric and obtained a LS7 score 
ranging between 0 and 14. A higher score indicates better 
CVH.

Individual-level, self-reported factors for clustering
A total of 11 variables associated with neighbourhood 
perceptions and individual psychosocial characteristics 
were considered in the study (see online supplemental 
materials). Five neighbourhood perceptions were 
assessed, including aesthetic quality, walking environment, 
safety, social cohesion and activities with neighbours.51 
Six individual psychosocial characteristics included 
discrimination (Everyday Discrimination Scale),52 opti-
mism (Life Orientation Test- Revised),53 54 environmental 
mastery (Ryff’s psychological well- being),55 56 purpose in 
life (Ryff’s psychological well- being),55 56 resilient coping 
(Conner Davidson Resilience Scale)57 and depressive 
symptoms (Beck Depression Inventory II).58 Across all 
instruments, the item response rate ranged from 97% 
to 100%. Missing items (<3%) were replaced with the 
median value of completed items (within each indi-
vidual) to calculate the total summary score for each 
questionnaire. To enable straightforward comparisons 
across all the variables considered, we reverse- coded the 
summary scores for certain scales such that a higher score 
always indicates better health or perception across the 
11 questionnaires. For example, a higher score in the 
Everyday Discrimination Scale or Beck Depression Inven-
tory suggests less frequent experience of discrimination 
or less depressive symptoms.

Clustering methods
Instead of investigating one variable at a time or including 
all of them in one single regression model, we applied the 
following clustering methods to form a number of groups 
with different neighbourhood perception and psycho-
social profiles. People within each cluster group have 
similar profiles, that is, they are homogeneous in terms 
of the 11 variables (summary scores from self- reported 

questionnaires). The 11 variables were standardised prior 
to analysis.

First, we adopted profile regression based on Bayesian 
clustering using a Dirichlet process mixture model, which 
is a non- parametric approach linking a response vector 
(ie, LS7 score in our study) to covariate data (ie, the 11 
neighbourhood perception and psychosocial variables) 
through cluster membership.59 This approach consists 
of a cluster assignment submodel (that assigns individual 
profiles to clusters) and an outcome submodel (that 
links clusters to an outcome of interest through regres-
sion modelling). Markov chain Monte Carlo methods 
are used to fit both submodels jointly, which allows the 
number of clusters to vary between iterations of the 
sampler. For each fixed number of clusters, the best 
partition according to a dissimilarity matrix is selected. A 
final representative cluster is chosen by maximising the 
average distance between clusters across these best parti-
tions. The R package PReMiuM was used.60

In addition, we implemented k- means to define and 
characterise clusters based on the 11 neighbourhood 
perception and psychosocial variables. Specifically, 
k- means is a non- parametric partitioning method.61 62 
The algorithm initially randomly selects k centroids and 
assigns each data point to its closet centroid by mini-
mising the within- cluster sum of squared distances. Then, 
the centroids are calculated as the average of all data 
points in a cluster. Data points were then assigned to their 
closest centroids again. The algorithm continues until 
data points are not reassigned or the maximum number 
of iterations is reached. The optimal number of clusters 
was determined by plotting cluster number and the corre-
sponding within- cluster sum of squares. As k- means does 
not use the information of LS7 score to form clusters, it is 
considered as an unsupervised learning approach.

Statistical analysis
Out of the 400 recruited subjects, 395 were successfully 
enrolled in the study. Among them, six did not have LS7 
scores due to skipping blood draws, and four omitted 
at least two questionnaires entirely, which resulted in 
an analysis sample size of 385. Continuous variables for 
subject characteristics were summarised as means (±SD) 
or as median (25th and 75th quartiles) while categor-
ical variables were reported as frequency counts and 
proportions (percentages), as appropriate. Once the 
clusters were identified by k- means, analysis of variance 
was applied to compare LS7 scores among the k- means 
clusters followed by Tukey’s honestly significant differ-
ence post hoc tests for pairwise comparisons. Next, linear 
regression was used to regress LS7 score on the k- means 
clusters with adjustment for age, sex, annual household 
income per person, and education level as these are 
known to be associated with CVH. Participants identified 
their annual household income from eight categories 
with various ranges of income (eg, US$10 000–US$15 
000, US$15 000–US$20 000). A crude representation of 
annual income per person was configured by dividing the 
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median of a given income bracket by the household size. 
Participants selected their highest education level from 
five categories that were later collapsed into three catego-
ries for analysis: college graduate, some college or tech-
nical school and high school graduate or below.

To evaluate the contributions of neighbourhood 
perception domain and individual psychosocial domain 
to individual’s CVH, separate principal component (PC) 
analyses were applied to the five neighbourhood percep-
tion variables and the six psychosocial variables, respec-
tively. We then extracted the first PC (PC1) for each 
domain, namely, PC1nbh and PC1ind. A linear regression 
was used to assess the association between LS7 score and 
PC1nbh and PC1ind with adjustment of age, sex, income, and 
education (defined above). All statistical analyses were 
performed using R V.3.3.1. Two- sided tests were consid-
ered and p<0.05 was deemed statistically significant.

RESULTS
Participant characteristics
Table 1 shows the characteristics of the 385 participants, 
with a mean age of 52.7±10.3 years and 60.8% females. 
The mean LS7 score was 7.99±2.19. Overall, 176 (46%), 
75 (20%) and 85 (22%) reported to have hypertension, 
diabetes and dyslipidaemia, respectively. About one- third 
(34%) had a college degree, 37% had some college educa-
tion, whereas 28% had a high school degree or below. 
Additionally, 47% reported an annual household income 
of less than US$25 000 with 23% less than US$10 000. 
The median income per person in the household was 
US$12 500 (IQR US$5000—US$21 250).

Overall neighbourhood perception and psychosocial health 
profile groups associated with LS7 via Bayesian Dirichlet 
process clustering
We applied profile regression via Bayesian Dirichlet 
process clustering to classify participants based on the 11 
variables (summary scores from self- reported question-
naires). Table 1 shows the five identified clusters with the 
following sample sizes: 27 (7%), 71 (18%), 129 (34%), 108 
(28%) and 50 (13%). Their mean LS7 scores were 4.26, 
5.58, 7.47, 9.44 and 11.64, respectively. Cluster 5 (with the 
highest LS7 score) consisted of younger subjects (4–10 
years younger on average), less females (50% vs ~60% in 
other clusters) and higher income and education levels, 
compared with other clusters. Age and sex distributions 
in cluster 1 (with the lowest LS7 score) did not appear 
to be different from other clusters; however, income and 
education levels were appreciably lower.

Figure 1 displays the posterior distributions of the neigh-
bourhood perception and individual psychosocial scores 
corresponding to each cluster. Cluster 1 exhibited consis-
tently lower scores compared with other clusters. Cluster 
5 exhibited consistently highest scores (except Everyday 
Discrimination) across all the clusters. Specifically, scores 
in neighbourhood safety, social cohesion, activities with 
neighbours, environmental mastery, purpose in life and 

resilient coping were substantially higher in cluster 5 
compared with the rest according to the 90% credible 
intervals. The majority of the subjects (80%) in clusters 
2, 3 and 4 demonstrated intermediate scores in both the 
neighbourhood perception and psychosocial domains.

Overall neighbourhood perception and psychosocial health 
clusters derived from k-means
The optimal number of k- means clusters was 4. Figure 2 
shows the mean scores of the 11 variables for each 
k- means cluster. Cluster 1 (n=112) exhibited consistently 
higher scores, on average, for both the neighbourhood 
perception and individual psychosocial health domains. 
Cluster 2 (n=41) demonstrated the lowest scores for 
variables belonging to the neighbourhood perception 
domain. Cluster 3 (n=147) had an intermediate mean 
score for each variable in the neighbourhood perception 
domain. The scores in the psychosocial health domain, 
on the other hand, were almost as high as those in cluster 
1. Cluster 4 (n=85) also had an average score for each 
variable in the neighbourhood perception domain but 
overall exhibited the lowest scores in the individual 
psychosocial health domain.

Association between the k-means clusters and LS7
Figure 3 illustrates the distributions of LS7 score among the 
4 k- means clusters. The LS7 score was significantly different 
across the four clusters (p=0.006), and the Tukey’s post hoc 
test indicated a significant difference of 0.91 (95% CI 0.11 to 
1.71) in LS7 score between cluster 1 and cluster 4 (p=0.019). 
Table 2 shows the estimated difference in LS7 score among 
the clusters. The mean LS7 score for cluster 2 and cluster 
4 were estimated to be 0.79 (95% CI 0.01 to 1.58) and 0.67 
(95% CI 0.05 to 1.29) lower than of cluster 1 after adjusting 
for age, sex, income and education. Younger age and having 
a college degree were found to be associated with a higher 
LS7 score.

Contributions of neighbourhood perceptions and psychosocial 
characteristics to LS7
On applying PC analysis, PC1nbh and PC1ind explained 56% 
and 55% variability of the data, respectively. Table 3 displays 
the loadings for PC1nbh and PC1ind, which suggest that all the 
scores contributed to PC1 fairly evenly. Table 4 shows the 
estimated differences in LS7 score corresponding to 1 SD 
increase in PC1nbh and PC1ind, adjusting for age, sex, educa-
tion and income. When both PC1nbh and PC1ind were included 
in the same model, PC1ind, but not PC1nbh, was significantly 
associated with LS7 score. A 1 SD increase in PC1ind is associ-
ated with an estimated increase of 0.31 (95% CI 0.06 to 0.55) 
in LS7 score.

DISCUSSION
We used existing clustering methods to integrate 
multiple variables related to neighbourhood percep-
tions and psychosocial characteristics in the anal-
ysis of overall CVH. These approaches allow for the 
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identification of underlying grouping and the devel-
opment of potential research hypotheses. Additionally, 
we performed PC analysis to summarise neighbour-
hood perception and individual psychosocial health 
variables by retaining the first PC for each domain. 
Overall, the results indicate that both domains are 
related to CVH among Blacks. Specifically, higher LS7 
scores were observed among those with better neigh-
bourhood perceptions and psychosocial profiles, 
including neighbourhood safety, social cohesion, 

activities with neighbours, environmental mastery, 
purpose in life, resilient coping and no depression.

The Bayesian Dirichlet process clustering produced the 
posterior distributions of the neighbourhood perception and 
psychosocial variables for the five identified, representative 
clusters linking to LS7 scores. This approach allows users to 
perform a comprehensive examination of the 11 variables, 
to evaluate the likelihood of each factor’s contribution to 
high or low LS7 scores, and to compare the similarity and 
dissimilarity measures among the clusters. All the scores, 
except everyday discrimination, show a consistent increasing 

Figure 1 Box plot of the posterior distribution of the standardised self- reported neighbourhood perception and psychosocial 
scores for the 5 representative clusters (horizontal axis) where 1 has the lowest and 5 has the highest LS7 scores. The coloured 
points indicate the 5% and 95% quantiles, thereby suggesting the 90% credible intervals. Red and blue colours indicate 
that the 5% and 95% quantiles are above 0 and below 0, respectively, whereas green colour shows that the 90% credible 
intervals cover 0. Activities, activities with neighbours; AQ, aesthetic quality; Coping, resilient coping; Discriminat, everyday 
discrimination; LS7, Life’s Simple 7; Purpose, purpose in life; WE, walking environment.

Figure 2 Means of 11 standardised neighbourhood 
perception and psychosocial for the four clusters resulting 
from k- means.

Figure 3 Distributions of Life’s Simple 7 (LS7) scores of the 
4 k- means clusters. The numbers in Clusters 1–4 are n=112, 
41, 147 and 85, respectively.
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trend with LS7 score, indicating that a better neighbourhood 
perception and psychosocial profile may promote CVH. 
Although individuals with extremely low LS7 scores reported 
a relatively increased amount of discrimination experience, 
those with moderate or ideal LS7 scores showed no appre-
ciable difference in their discrimination scores. This observa-
tion is consistent with the Jackson Heart Study.19

On the other hand, k- means seeks to define homogeneous 
groups among the 11 variables of interest without connecting 
to the outcome variable. The resulting 4 k- means clusters allow 
for the investigation of individual psychosocial characteristics 
(high vs low scores) with similar neighbourhood perception 
scores (ie, clusters 3 vs 4) and vice versa (ie, clusters 1 vs 3). 
After adjusting for age, sex, income and education, we found 
that cluster 3 had a significantly higher LS7 score compared 
with cluster 4. The results are consistent with the PC analysis 
findings that when both factors were considered simultane-
ously, only PC1ind was significantly associated with LS7 score. 
The results suggest that both domains are important to CVH 
with the psychosocial health domain being more dominant.

We present a comprehensive investigation of multiple 
dimensions in both the neighbourhood perception and 
psychosocial domains in one study rather than inspecting 
one single ‘exposure’ and CVH at a time. Our study provides 
a unique opportunity to evaluate the link between neigh-
bourhoods, psychosocial factors and achieving ideal CVH, 
which is critical for Blacks given their higher CVD burden. 
However, our study has a number of limitations. The study 
participants with 60% being female and nearly 50% being 
low income were recruited using convenience sampling, 
so the results may not be generalisable to the target study 
population. Given the study design and data availability, we 
only considered five neighbourhood perception scores and 
six individual psychosocial characteristics scores as potential 
risk and resilient factors for CVH. However, additional neigh-
bourhood characteristics (eg, access to healthy food, physical 
activity resources) and individual psychosocial health status 
(eg, social support) may also contribute to CVH resilience. 
In addition, cluster uncertainty is an issue when using clus-
tering and classification methods. A comprehensive valida-
tion procedure is desired and would be meaningful with a 
much larger- scaled study, but it is beyond the scope of our 
current exploratory study with a modest sample size. Lastly, 
we are not able to determine the directionality of association 
as to whether modifying psychosocial factors would lead to 
behaviour changes related to CVH given a cross- sectional 
study design. It is possible that people with healthier psycho-
logical characteristics are more likely to engage in CVH activ-
ities and CVH activities, in turn, are likely to foster better 
psychosocial health and neighbourhood perceptions.

CONCLUSIONS
We demonstrated the use of clustering methods to trans-
late multiple questionnaire scores to one grouping vari-
able for the analysis of CVH, which provides a useful 
characterisation of overall neighbourhood perception 
and psychosocial health profiles and avoids investigating 

Table 2 Estimated difference in LS7 score among clusters 
defined by k- means with adjustment of age, sex, education 
and income

Estimated difference in 
LS7 (95% CI) P value

Cluster 2 vs 1 −0.79 (−1.58 to -0.01) 0.047

Cluster 3 vs 1 −0.13 (−0.66 to 0.40) 0.64

Cluster 4 vs 1 −0.67 (−1.29 to -0.05) 0.033

Age (year) −0.06 (−0.08 to -0.04) <0.001

Sex (male vs female) 0.38 (−0.06 to 0.83) 0.093

Education

  Some college 0.30 (−0.27 to 0.86) 0.31

  College graduate 0.88 (0.26 to 1.50) 0.005

Annual Income ($5000/
person)

0.02 (−0.07 to 0.10) 0.73

LS7, Life’s Simple 7.

Table 3 Loadings for the first principal components 
of neighbourhood perception (PC1nbh) and individual 
psychosocial health scores (PC1ind)

Loadings for PC1nbh Loadings for PC1ind

Cohesion 0.4981 Purpose in life 0.4657

Safety 0.4698 Environmental 
mastery

0.4634

Walking 
environment

0.4659 Depressive 
symptoms

0.4337

Aesthetic quality 0.4368 Optimism 0.3974

Activities with 
neighbours

0.3512 Resilient coping 0.3968

  Everyday 
discrimination

0.2549

Table 4 Association between LS7 score and the first 
principal components (PC1) of neighbourhood perception 
and individual psychosocial health scores with adjustment of 
age, sex, education and income

Estimated difference in 
LS7 (95% CI) P value

PC1nbh (per SD) 0.07 (−0.17 to 0.31) 0.56

PC1ind (per SD) 0.31 (0.06 to 0.55) 0.013

Age (year) −0.06 (−0.08 to -0.04) <0.001

Sex (male vs female) 0.43 (−0.03 to 0.88) 0.064

Education

  Some college 0.27 (−0.29 to 0.83) 0.35

  College graduate 0.83 (0.22 to 1.45) 0.008

Annual income 
(US$5000/person)

0.01 (−0.07 to 0.09) 0.80

LS7, Life’s Simple 7.
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individual variables separately. Our findings suggest that 
CVH profiles are potentially affected by both neighbour-
hood perceptions (ie, neighbourhood safety, social cohe-
sion and activities with neighbours) and psychosocial 
factors (environmental mastery, purpose in life, resilient 
coping and no depression). This suggests that policies 
aimed at improving the ability of black adults to support 
and gather safely with others in their neighbourhood 
(eg, crime reduction initiatives, support for commu-
nity gathering locations and other community services) 
might ultimately enhance CVH at the neighbourhood 
level. At the same time, psychosocial treatments that 
focus on improving feelings of mastery, providing a sense 
of purpose, improving coping and reducing depression 
might enhance CVH at the individual level. However, 
approaches that acknowledge the importance of factors 
at both levels might prove most beneficial for enhancing 
resilience and promoting CVH among black communities.

Author affiliations
1Department of Biostatistics and Bioinformatics, Emory University Rollins School of 
Public Health, Atlanta, Georgia, USA
2Department of Biostatistics, Epidemiology and Informatics, University of 
Pennsylvania, Philadelphia, Pennsylvania, USA
3Division of Cardiology, Emory University School of Medicine, Atlanta, Georgia, USA
4Division of Epidemiology, University of California Berkeley School of Public Health, 
Berkeley, California, USA
5Department of Medicine, Morehouse School of Medicine, Atlanta, Georgia, USA
6Department of Medicine, University of Mississippi Medical Center, Jackson, 
Mississippi, USA
7Department of Epidemiology, Emory University Rollins School of Public Health, 
Atlanta, Georgia, USA
8Department of Community Health and Preventive Medicine, Morehouse School of 
Medicine, Atlanta, Georgia, USA

Contributors YK designed the analytic strategies, analysed the data, interpreted 
the results and wrote the manuscript. JS helped conduct literature review, 
data analysis and drafting the result section. JHK and MT helped with the 
implementation of the main study, including data quality assurance. MM, HT, AQ, 
MS and VV reviewed the paper and provided constructive feedback. AQ and HT are 
the centre grant PIs. PB and TL are the project PIs. All of the authors reviewed the 
manuscript, shared comments and edited the manuscript.

Funding This work was supported by the American Heart Association Strategically 
Focused Research Network on Disparities Grant No 0000031288.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval Emory University and Morehouse School of Medicine IRB have 
approved this study. The Emory IRB approval number is 83 584. Morehouse IRB 
approvals relevant to this study are listed in the following: 809 392–1 (Clinical) and 
790 389–2 (Population).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The 
analysis data are available on request through the corresponding author with 
approval from the study principal investigators. Investigators who are interested in 
collaborative work are encouraged to contact PB ( pbaltrus@ msm. edu) and TL ( tene. 
t. lewis@ emory. edu).

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 

terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Yi- An Ko http:// orcid. org/ 0000- 0002- 6543- 9765

REFERENCES
 1 Mensah GA, Wei GS, Sorlie PD, et al. Decline in cardiovascular 

mortality: possible causes and implications. Circ Res 
2017;120:366–80.

 2 Jolly S, Vittinghoff E, Chattopadhyay A, et al. Higher cardiovascular 
disease prevalence and mortality among younger blacks compared 
to whites. Am J Med 2010;123:811–8.

 3 Brown AF, Liang L- J, Vassar SD, et al. Trends in racial/ethnic and 
Nativity disparities in cardiovascular health among adults without 
prevalent cardiovascular disease in the United States, 1988 to 2014. 
Ann Intern Med 2018;168:168.

 4 Brown AF, Liang LJ, Vassar SD. Trends in Racial/Ethnic/Nativity 
disparities in cardiovascular health among adults without prevalent 
cardiovascular disease in the United States, 1988-2010. J Gen Intern 
Med 2017;32.

 5 Global Burden of Cardiovascular Diseases Collaboration, Roth GA, 
Johnson CO, et al. The burden of cardiovascular diseases among US 
states, 1990-2016. JAMA Cardiol 2018;3:375–89.

 6 Bonow RO, Grant AO, Jacobs AK. The cardiovascular state 
of the Union: confronting healthcare disparities. Circulation 
2005;111:1205–7.

 7 Howard G, Safford MM, Moy CS, et al. Racial differences in the 
incidence of cardiovascular risk factors in older black and white 
adults. J Am Geriatr Soc 2017;65:83–90.

 8 Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, 
and control of hypertension in the United States, 1988-2000. JAMA 
2003;290:199–206.

 9 Farmer MM, Ferraro KF. Are racial disparities in health conditional on 
socioeconomic status? Soc Sci Med 2005;60:191–204.

 10 Saab KR, Kendrick J, Yracheta JM, et al. New insights on the risk 
for cardiovascular disease in African Americans: the role of added 
sugars. J Am Soc Nephrol 2015;26:247–57.

 11 Zenk SN, Schulz AJ, Hollis- Neely T, et al. Fruit and vegetable intake 
in African Americans income and store characteristics. Am J Prev 
Med 2005;29:1–9.

 12 Kronish IM, Carson AP, Davidson KW, et al. Depressive symptoms 
and cardiovascular health by the American heart association's 
definition in the reasons for geographic and racial differences in 
stroke (regards) study. PLoS One 2012;7:e52771.

 13 Mensah GA, Mokdad AH, Ford ES, et al. State of disparities 
in cardiovascular health in the United States. Circulation 
2005;111:1233–41.

 14 Enhancing resilience for cardiovascular health and wellness, 2018. 
Available: https://www. nhlbi. nih. gov/ events/ 2018/ enhancing- 
resilience- cardiovascular- health- and- wellness [Accessed 1 Apr 
2021].

 15 Vaccarino V, McClure C, Johnson BD, et al. Depression, the 
metabolic syndrome and cardiovascular risk. Psychosom Med 
2008;70:40–8.

 16 Vaccarino V, Johnson BD, Sheps DS, et al. Depression, inflammation, 
and incident cardiovascular disease in women with suspected 
coronary ischemia: the National heart, lung, and blood Institute- 
sponsored wise study. J Am Coll Cardiol 2007;50:2044–50.

 17 Ferraro KF, Kim S. Health benefits of religion among black and white 
older adults? race, religiosity, and C- reactive protein. Soc Sci Med 
2014;120:92–9.

 18 Boyle PA, Barnes LL, Buchman AS, et al. Purpose in life is 
associated with mortality among community- dwelling older persons. 
Psychosom Med 2009;71:574–9.

 19 Sims M, Diez- Roux AV, Dudley A, et al. Perceived discrimination and 
hypertension among African Americans in the Jackson heart study. 
Am J Public Health 2012;102 Suppl 2:S258-65.

 20 Lewis TT, Aiello AE, Leurgans S, et al. Self- Reported experiences 
of everyday discrimination are associated with elevated C- reactive 

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041435 on 30 July 2021. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6543-9765
http://dx.doi.org/10.1161/CIRCRESAHA.116.309115
http://dx.doi.org/10.1016/j.amjmed.2010.04.020
http://dx.doi.org/10.7326/M17-0996
http://dx.doi.org/10.1001/jamacardio.2018.0385
http://dx.doi.org/10.1161/01.CIR.0000160705.97642.92
http://dx.doi.org/10.1111/jgs.14472
http://dx.doi.org/10.1001/jama.290.2.199
http://dx.doi.org/10.1016/j.socscimed.2004.04.026
http://dx.doi.org/10.1681/ASN.2014040393
http://dx.doi.org/10.1016/j.amepre.2005.03.002
http://dx.doi.org/10.1016/j.amepre.2005.03.002
http://dx.doi.org/10.1371/journal.pone.0052771
http://dx.doi.org/10.1161/01.CIR.0000158136.76824.04
https://www.nhlbi.nih.gov/events/2018/enhancing-resilience-cardiovascular-health-and-wellness
https://www.nhlbi.nih.gov/events/2018/enhancing-resilience-cardiovascular-health-and-wellness
http://dx.doi.org/10.1097/PSY.0b013e31815c1b85
http://dx.doi.org/10.1016/j.jacc.2007.07.069
http://dx.doi.org/10.1016/j.socscimed.2014.08.030
http://dx.doi.org/10.1097/PSY.0b013e3181a5a7c0
http://dx.doi.org/10.2105/AJPH.2011.300523
http://bmjopen.bmj.com/


9Ko Y- A, et al. BMJ Open 2021;11:e041435. doi:10.1136/bmjopen-2020-041435

Open access

protein levels in older African- American adults. Brain Behav Immun 
2010;24:438–43.

 21 Lewis TT, Barnes LL, Bienias JL, et al. Perceived discrimination 
and blood pressure in older African American and white adults. The 
Journals of Gerontology Series A: Biological Sciences and Medical 
Sciences 2009;64A:1002–8.

 22 Lewis TT, Everson- Rose SA, Powell LH, et al. Chronic exposure 
to everyday discrimination and coronary artery calcification in 
African- American women: the Swan heart study. Psychosom Med 
2006;68:362–8.

 23 Unger E, Diez- Roux AV, Lloyd- Jones DM, et al. Association of 
neighborhood characteristics with cardiovascular health in the multi- 
ethnic study of atherosclerosis. Circ Cardiovasc Qual Outcomes 
2014;7:524–31.

 24 Clark CR, Ommerborn MJ, Hickson DA, et al. Neighborhood 
disadvantage, neighborhood safety and cardiometabolic risk factors 
in African Americans: biosocial associations in the Jackson heart 
study. PLoS One 2013;8:e63254.

 25 Dailey AB, Kasl SV, Holford TR, et al. Neighborhood- and individual- 
level socioeconomic variation in perceptions of racial discrimination. 
Ethn Health 2010;15:145–63.

 26 Sims M, Lipford KJ, Patel N, et al. Psychosocial factors and 
behaviors in African Americans: the Jackson heart study. Am J Prev 
Med 2017;52:S48–55.

 27 Ford CD, Sims M, Higginbotham JC, et al. Psychosocial 
factors are associated with blood pressure progression among 
African Americans in the Jackson heart study. Am J Hypertens 
2016;29:913–24.

 28 Boehm JK, Chen Y, Koga H, et al. Is optimism associated with 
healthier Cardiovascular- Related behavior? meta- analyses of 3 
health behaviors. Circ Res 2018;122:1119–34.

 29 Cohen R, Bavishi C, Rozanski A. Purpose in life and its relationship 
to all- cause mortality and cardiovascular events: a meta- analysis. 
Psychosom Med 2016;78:122–33.

 30 Surtees PG, Wainwright NWJ, Luben R, et al. Mastery is associated 
with cardiovascular disease mortality in men and women at 
apparently low risk. Health Psychol 2010;29:412–20.

 31 Mayne SL, Moore KA, Powell- Wiley TM, et al. Longitudinal 
associations of neighborhood crime and perceived safety with blood 
pressure: the multi- ethnic study of atherosclerosis (MESA). Am J 
Hypertens 2018;31:1024–32.

 32 Wing JJ, August E, Adar SD, et al. Change in neighborhood 
characteristics and change in coronary artery calcium: a longitudinal 
investigation in the MESA (multi- ethnic study of atherosclerosis) 
cohort. Circulation 2016;134:504–13.

 33 Christine PJ, Auchincloss AH, Bertoni AG. Longitudinal associations 
between neighborhood physical and social environments and 
incident type 2 diabetes mellitus: the multi- ethnic study of 
atherosclerosis (MESA. JAMA Intern Med 2015;175:1311–20.

 34 Tomey K, Diez Roux AV, Clarke P, et al. Associations between 
neighborhood characteristics and self- rated health: a cross- sectional 
investigation in the multi- ethnic study of atherosclerosis (MESA) 
cohort. Health Place 2013;24:267–74.

 35 Auchincloss AH, Diez Roux AV, Mujahid MS, et al. Neighborhood 
resources for physical activity and healthy foods and incidence of 
type 2 diabetes mellitus: the multi- ethnic study of atherosclerosis. 
Arch Intern Med 2009;169:1698–704.

 36 Ranchod YK, Diez Roux AV, Evenson KR, et al. Longitudinal 
associations between neighborhood recreational facilities and 
change in recreational physical activity in the multi- ethnic study of 
atherosclerosis, 2000-2007. Am J Epidemiol 2014;179:S84–S.

 37 Ranchod YK, Diez Roux AV, Evenson KR, et al. Longitudinal 
associations between neighborhood recreational facilities and 
change in recreational physical activity in the multi- ethnic study of 
atherosclerosis, 2000-2007. Am J Epidemiol 2014;179:335–43.

 38 Brewer LC, Redmond N, Slusser JP, et al. Stress and achievement of 
cardiovascular health metrics: the American heart association life's 
simple 7 in blacks of the Jackson heart study. J Am Heart Assoc 
2018;7. doi:10.1161/JAHA.118.008855. [Epub ahead of print: 05 Jul 
2018].

 39 Reeves RR, Adams CE, Dubbert PM, et al. Are religiosity and 
spirituality associated with obesity among African Americans in the 
southeastern United States (the Jackson heart study)? J Relig Health 
2012;51:32–48.

 40 Auchincloss AH, Mujahid MS, Shen M, et al. Neighborhood health- 
promoting resources and obesity risk (the multi- ethnic study of 
atherosclerosis). Obesity 2013;21:621–8.

 41 Kim JH, Lewis TT, Topel ML, et al. Identification of resilient and 
at- risk neighborhoods for cardiovascular disease among black 
residents: the Morehouse- Emory cardiovascular (mecA) center for 
health equity study. Prev Chronic Dis 2019;16:E57.

 42 Topel ML, Kim JH, Mujahid MS, et al. Individual characteristics of 
resilience are associated with Lower- Than- Expected neighborhood 
rates of cardiovascular disease in blacks: results from the 
Morehouse- Emory cardiovascular (mecA) center for health equity 
study. J Am Heart Assoc 2019;8:e011633.

 43 Lloyd- Jones DM, Hong Y, Labarthe D, et al. Defining and setting 
national goals for cardiovascular health promotion and disease 
reduction: the American heart association's strategic impact goal 
through 2020 and beyond. Circulation 2010;121:586–613.

 44 Al Mheid I, Kelli HM, Ko Yi‐An, et al. Effects of a Health‐Partner 
intervention on cardiovascular risk. J Am Heart Assoc 2016;5.

 45 Effoe VS, Carnethon MR, Echouffo- Tcheugui JB, et al. The American 
heart association ideal cardiovascular health and incident type 2 
diabetes mellitus among blacks: the Jackson heart study. J Am Heart 
Assoc 2017;6. doi:10.1161/JAHA.116.005008. [Epub ahead of print: 
21 Jun 2017].

 46 Gaye B, Canonico M, Perier M- C, et al. Ideal cardiovascular health, 
mortality, and vascular events in elderly subjects: the Three- City 
Study. J Am Coll Cardiol 2017;69:3015–26.

 47 Kulshreshtha A, Vaccarino V, Goyal A, et al. Family history of stroke 
and cardiovascular health in a national cohort. J Stroke Cerebrovasc 
Dis 2015;24:447–54.

 48 Slopen N, Chen Y, Guida JL, et al. Positive childhood experiences 
and ideal cardiovascular health in midlife: associations and 
mediators. Prev Med 2017;97:72–9.

 49 Folsom AR, Shah AM, Lutsey PL, et al. American heart association's 
life's simple 7: avoiding heart failure and preserving cardiac structure 
and function. Am J Med 2015;128:e2:970–6.

 50 Desai CS, Ning H, Liu K, et al. Cardiovascular health in young 
adulthood and association with left ventricular structure and function 
later in life: the coronary artery risk development in young adults 
study. J Am Soc Echocardiogr 2015;28:1452–61.

 51 Mujahid MS, Diez Roux AV, Morenoff JD, et al. Assessing 
the measurement properties of neighborhood scales: from 
psychometrics to ecometrics. Am J Epidemiol 2007;165:858–67.

 52 Kiefe CI, Williams OD, Bild DE, et al. Regional disparities in the 
incidence of elevated blood pressure among young adults: the cardia 
study. Circulation 1997;96:1082–8.

 53 Scheier MF, Carver CS. Optimism, coping, and health: assessment 
and implications of generalized outcome expectancies. Health 
Psychol 1985;4:219–47.

 54 Scheier MF, Carver CS, Bridges MW. Distinguishing optimism 
from neuroticism (and trait anxiety, self- mastery, and self- esteem): 
a reevaluation of the life orientation test. J Pers Soc Psychol 
1994;67:1063–78.

 55 Ryff CD. Happiness is everything, or is it? explorations on 
the meaning of psychological well- being. J Pers Soc Psychol 
1989;57:1069–81.

 56 Ryff CD, Keyes CL. The structure of psychological well- being 
revisited. J Pers Soc Psychol 1995;69:719–27.

 57 Campbell- Sills L, Stein MB. Psychometric analysis and refinement 
of the Connor- davidson resilience scale (CD- RISC): validation of a 
10- item measure of resilience. J Trauma Stress 2007;20:1019–28.

 58 Beck AT, Ward CH, Mendelson M, et al. An inventory for measuring 
depression. Arch Gen Psychiatry 1961;4:561–71.

 59 Molitor J, Papathomas M, Jerrett M, et al. Bayesian profile regression 
with an application to the National survey of children's health. 
Biostatistics 2010;11:484–98.

 60 Liverani S, Hastie DI, Azizi L, et al. Premium: an R package for profile 
regression mixture models using Dirichlet processes. J Stat Softw 
2015;64:1–30.

 61 Jain AK. Data clustering: 50 years beyond k- means. Pattern Recognit 
Lett 2010;31:651–66.

 62 Jain AK, Dubes RC. Algorithms for clustering data. Englewood Cliffs, 
N.J: Prentice Hall, 1988.

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041435 on 30 July 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.bbi.2009.11.011
http://dx.doi.org/10.1093/gerona/glp062
http://dx.doi.org/10.1093/gerona/glp062
http://dx.doi.org/10.1093/gerona/glp062
http://dx.doi.org/10.1097/01.psy.0000221360.94700.16
http://dx.doi.org/10.1161/CIRCOUTCOMES.113.000698
http://dx.doi.org/10.1371/journal.pone.0063254
http://dx.doi.org/10.1080/13557851003592561
http://dx.doi.org/10.1016/j.amepre.2016.09.020
http://dx.doi.org/10.1016/j.amepre.2016.09.020
http://dx.doi.org/10.1093/ajh/hpw013
http://dx.doi.org/10.1161/CIRCRESAHA.117.310828
http://dx.doi.org/10.1097/PSY.0000000000000274
http://dx.doi.org/10.1037/a0019432
http://dx.doi.org/10.1093/ajh/hpy066
http://dx.doi.org/10.1093/ajh/hpy066
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.020534
http://dx.doi.org/10.1001/jamainternmed.2015.2691
http://dx.doi.org/10.1016/j.healthplace.2013.10.001
http://dx.doi.org/10.1001/archinternmed.2009.302
http://dx.doi.org/10.1093/aje/kwt263
http://dx.doi.org/10.1093/aje/kwt263
http://dx.doi.org/10.1161/JAHA.118.008855
http://dx.doi.org/10.1007/s10943-011-9552-y
http://dx.doi.org/10.1002/oby.20255
http://dx.doi.org/10.5888/pcd16.180505
http://dx.doi.org/10.1161/JAHA.118.011633
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192703
http://dx.doi.org/10.1161/JAHA.116.004217
http://dx.doi.org/10.1161/JAHA.116.005008
http://dx.doi.org/10.1161/JAHA.116.005008
http://dx.doi.org/10.1016/j.jacc.2017.05.011
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.09.017
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.09.017
http://dx.doi.org/10.1016/j.ypmed.2017.01.002
http://dx.doi.org/10.1016/j.amjmed.2015.03.027
http://dx.doi.org/10.1016/j.echo.2015.07.026
http://dx.doi.org/10.1093/aje/kwm040
http://dx.doi.org/10.1161/01.CIR.96.4.1082
http://dx.doi.org/10.1037/0278-6133.4.3.219
http://dx.doi.org/10.1037/0278-6133.4.3.219
http://dx.doi.org/10.1037/0022-3514.67.6.1063
http://dx.doi.org/10.1037/0022-3514.57.6.1069
http://dx.doi.org/10.1037/0022-3514.69.4.719
http://dx.doi.org/10.1002/jts.20271
http://dx.doi.org/10.1001/archpsyc.1961.01710120031004
http://dx.doi.org/10.1093/biostatistics/kxq013
http://dx.doi.org/10.18637/jss.v064.i07
http://dx.doi.org/10.1016/j.patrec.2009.09.011
http://dx.doi.org/10.1016/j.patrec.2009.09.011
http://bmjopen.bmj.com/

	Identifying neighbourhood and individual resilience profiles for cardiovascular health: a cross-sectional study of blacks living in the Atlanta metropolitan area
	Abstract
	Methods
	Patient and public involvement
	Study design and subjects
	LS7 Scores
	Individual-level, self-reported factors for clustering
	Clustering methods
	Statistical analysis

	Results
	Participant characteristics
	Overall neighbourhood perception and psychosocial health profile groups associated with LS7 via Bayesian Dirichlet process clustering
	Overall neighbourhood perception and psychosocial health clusters derived from k-means
	Association between the k-means clusters and LS7
	Contributions of neighbourhood perceptions and psychosocial characteristics to LS7

	Discussion
	Conclusions
	References


