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1. Proposal Title: Racial Residential Segregation and Diabetes Incidence Among African American Adults in a Southern
Metropolitan Area: A Prospective Analysis in the Jackson Heart Study

2. Lead Author: Sharrelle Barber, ScD, MPH

3. Overview
Provide a brief overview of the proposal including the nature of the problem to be addressed, scientific relevance,
objectives/aims, research question/hypotheses, and methods/analytical plan (<250 words):
Racial disparities in the burden of type Il diabetes persist in the United States despite decades of biomedical and
behavioral research that have identified a variety of individual-level risk factors. Health behaviors and traditional
diabetes risk factors such as obesity, diet, and inactivity fail to fully account for observed differences, meriting
investigations into larger structural factors that may contribute to these disparities. One such factor is racial
residential segregation, a complex phenomenon that has systematically sorted African Americans and other minority
groups into residential areas based on race which generally contain a number of health-damaging factors including
limited employment opportunities, limited access to health-promoting resources and limited access to healthcare.

Though past studies have examined how race impacts diabetes, few have examined the role racial residential
segregation plays on diabetes risk and most investigations have been cross-sectional. Very few studies have
examined the longitudinal association between segregation and health outcomes, however, none of these studies
were aimed at diabetes incidence. Furthermore, no longitudinal study has been conducted exclusively in the South,
a region of the country with a high prevalence of diabetes and a well-documented history of racism and
discrimination.

The aim of the proposed study is to prospectively examine the association between racial residential segregation
and diabetes incidence among African American adults. Participants free of type Il diabetes at baseline with
complete, geocoded information will be used in the analysis. Neighborhood-level racial residential segregation will
be assessed using the local Gi* statistic- a measure representing how much a neighborhood’s racial/ethnic
composition deviates from the larger metropolitan area. Multivariable interval-censored models and Cox-
Proportional hazards models will be used to calculate adjusted hazard ratios and 95% confidence intervals.

Background/Rationale:
Please include discussion on relevance of African Americans to the proposed topic (<1000 words).

Diabetes is the seventh leading cause of death in the United States with an estimated 1.5 higher rate of death than those
without diabetes [1]. Compared to Whites, African Americans are disproportionately impacted by diabetes where the
prevalence is almost doubled [2]. African Americans also experience higher mortality rates for diabetes and diabetic
complications compared to Whites including retinopathy and nephropathy [3]. Individual-level risk factors and behaviors
fail to account for these racial differences leading investigators to examine structural factors that may contribute to
observed disparities. One such structural factor is racial residential segregation, defined as “the systematic separation of
individuals into different neighborhoods based on race/ethnicity”[4].
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The salience of residential segregation as a “fundamental cause” of racial health inequities4, particularly for African
Americans, stems from its pervasiveness in urban areas in the United States and its persistence among African Americans
more than any racial group in the country [5]. A complex set of factors have led to this phenomenon but many argue that
it is a spatial manifestation of the deep rooted legacy of racial discrimination in the United States which permeates
historical and contemporary policies that have served to restrict the residential opportunities of minority populations [6].
These include historical housing practices such as red-lining by the Federal Housing Agency which systematically kept
African Americans and other minority groups from residing in predominantly white neighborhoods as well as
contemporary policies and practices such as inequities in lending practices within housing markets which have served to
limit the residential opportunities of African Americans in many cities across the country [5].

There are a number of hypothesized mechanisms linking racial residential segregation to diabetes risk including limited
access to healthy food options, limited access to health-promoting resources, limited access to healthcare and chronic
exposure to a number of health-damaging social factors [7]. Some have also noted that residentially segregated
communities may offer some protective effects by serving as buffers from other forms of discrimination as well as
conferring opportunities for increased levels of social support and cohesion [8].

Racial residential segregation has been investigated with regard to a number of diabetes risk factors including lifestyle
factors such as diet and physical activity and traditional risk factors such as obesity with most studies to date finding that
higher levels of residential segregation are associated with worse diabetes risk factors [8]. No studies to date, have
examined its association with diabetes incidence and no longitudinal study has been conducted in a large cohort of African
American adults in the Deep South, a region of the country with a well-documented history of discrimination, segregation
and oppression [8] .

In the present study, we aim to investigate racial residential segregation and diabetes incidence in the Jackson Heart Study
(JHS). Our aim is to assess the prospective association between racial residential segregation and diabetes incidence after
adjustment for socio-demographic characteristics and traditional diabetes risk factors. Additionally, prior work has found
that neighborhood associations, particularly among African Americans, differ by sex (i.e. stronger associations for women)
[9] and age (i.e. stronger associations for younger individuals) [10] so we will explore these as additional effect modifiers.

Data from the JHS are well-suited for the present study because of the objective ascertainment of diabetes events, the
extensive data on the economic, social and resource environment of neighborhoods within the Jackson, MS Metropolitan
area as well as the extensive data on potential neighborhood and individual-level confounders. Moreover, location of the
study provides a unique opportunity to examine segregation in a southern metropolitan area, a region of the country with
a long and troubled history of racial segregation and oppression.

5. Research Hypothesis

1. RQ:Isthere an association between racial residential segregation and incidence of diabetes independent of
individual socio-demographic characteristics and traditional diabetes risk factors?
Hypothesis: Neighborhood racial residential segregation will be associated with an increased risk of developing
diabetes independent of socio-demographic characteristics and traditional diabetes risk factors.

2. RQ: Do dimensions of the economic, social and resource environment explain associations between racial
residential segregation and diabetes incidence?
Hypothesis: Adjusting for area-level economic, social and resource variables will attenuate the association
between racial residential segregation and diabetes incidence.

3. RQ: Are there differences in the association between racial residential segregation and diabetes by age, sex,
and/or neighborhood-level disadvantage and social cohesion?
Hypotheses: The association between racial residential segregation and diabetes will be stronger for individuals
with higher levels of neighborhood disadvantage and lower levels of social cohesion. The association will also be
stronger for women compared to men and younger individuals compared to older individuals.
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6. Inclusions/Exclusions

Analytic Sample

Data from the baseline visit and follow-up exams (Visits 2 and 3).

Inclusion Criteria: All geocoded participants who were free of diabetes at baseline.

Exclusion Criteria: Participants missing information on the exposure and key covariates of interest.

Independent Variables

Neighborhood Racial Residential Segregation

Racial residential segregation at baseline will be measured at the neighborhood level (i.e. census tract) using the local
G;* statistic which has been used in recent prospective studies [10]. The Gi* statistic is a z-score that represents how
much a neighborhood'’s racial/ethnic composition deviates from the mean of the Jackson, Metropolitan Area. Large,
positive scores represent neighborhoods that are more segregated (i.e. higher proportions of Blacks), scores near 0
represent racial/ethnic integration (i.e. relatively equal proportions of Whites and Blacks), and low negative scores
represent underrepresentation (i.e. lower proportions of Blacks). In sensitivity analyses, we will also compare results for
the Gi* statistic with the percentage of African Americans living in a census tract-- a more crude measure of residential
segregation that has been used in past studies.

Dependent Variables

Diabetes

Incident diabetes will be categorized as individuals with diabetes at either exam 2 or 3 but without indication of diabetes
at baseline. Diabetes will be defined by the American Diabetes Association 2010 criteria, presence of one of the
following: fasting plasma glucose = 126 mm/dl, or hemoglobin Alc 2 6.5%, or self-reported diagnosis of diabetes, or self-
reported use of anti-diabetes medications in the past 2 weeks [11].

Covariates

We will adjust for individual-level baseline socio-demographic characteristics including age, sex, income, education, and
insurance status.

We will also adjust for behavioral and biological risk factors that may confound or partially mediate the associations.

Health Behaviors: Smoking, dietary fat consumption, physical activity, alcohol consumption. Where available,
we will also examine these behavioral risk factors as defined by the AHA Life Simple Seven score.

Biological Risk Factors: body mass index, high-density lipoprotein (HDL) and low-density lipoprotein (LDL)
cholesterol, triglycerides, hypertension status. Where available, we will also examine these clinical risk factors as
defined by the AHA Life Simple Seven score.

Finally, we will adjust for neighborhood-level covariates as they may confound or partially mediate the association
between neighborhood residential segregation and CVD risk.
Neighborhood Disadvantage: a composite score of socio-economic indicators from the 2000 US Census.
Neighborhood Social Environment: a composite score of three survey-based scales
Social Cohesion (e.g. this is a close knit community, etc.) Violence (e.g. gang violence, etc.)
Disorder (e.g. excessive noise, trash and litter, etc.)
Neighborhood Resource Environment: a score based on self-reported survey items including access to adequate
food/shopping, presence of sidewalks and adequate parks
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7. Statistical Analysis Plan and Methods
Include power calculations, if necessary.

Distributions of socio-demographic, risk factor, and neighborhood covariates will be calculated based on diabetes status and
across tertiles of neighborhood racial residential segregation in order to note threshold effects. Bivariate associations between
categories of racial residential segregation and individuals and neighborhood-level covariates will be assessed using Kruskal-
Wallis test for continuous variables and chi-square tests for categorical variables.

Age-adjusted diabetes incidence rates will be calculated according to categories of racial residential segregation.

To assess the association between racial segregation and diabetes, we will use Weibull models for interval censoring. We will
also explore associations using multivariable Cox-proportional hazards models to calculate adjusted hazard ratios (HR) and 95 %
confidence interval (Cl) [12]. Clustering within neighborhoods (i.e.) will be adjusted for using a robust sandwich covariance
matrix estimate [13]. We will fit a set of sequential models:

Model 1: age, sex, income, education
Model 2: Model 1 + neighborhood-level covariates
Model 3: Model 2 + biological and behavioral risk factors

We will also examine whether the associations differ based on age, sex, neighborhood disadvantage, and social cohesion by
including interaction terms of these variables in models.

Final Weibull and Cox-proportional hazards models will be assessed graphically and objectively to ensure the no model
assumptions are violated. Proportional hazards assumption will be tested along with Cox regression.

8. References (maximum 15)

1. Prevention, C.f.D.C.a., National Diabetes Statistics Report: Estimates of Diabetes and Its Burden in the United
States, 2014., U.D.o.H.a.H. Services, Editor. 2014: Atlanta, GA.

2. Zhang, Q., Y. Wang, and E.S. Huang, Changes in racial/ethnic disparities in the prevalence of Type 2 diabetes by
obesity level among US adults. Ethnicity & health, 2009. 14(5): p. 439-457.

3. Spanakis, E.K. and S.H. Golden, Race/ethnic difference in diabetes and diabetic complications. Current diabetes
reports, 2013. 13(6): p. 814-823.

4. Kershaw, K.N. and S.S. Albrecht, Racial/ethnic residential segregation and cardiovascular disease risk. Current
cardiovascular risk reports, 2015. 9(3): p. 1-12.

5. Massey, D.S. and N.A. Denton, American apartheid: Segregation and the making of the underclass. 1993:
Harvard University Press.

6. White, K. and L.N. Borrell, Racial/ethnic residential segregation: framing the context of health risk and health
disparities. Health & place, 2011. 17(2): p. 438-448.

7. Sims, M., et al., The socioeconomic gradient of diabetes prevalence, awareness, treatment, and control among
African Americans in the Jackson Heart Study. Annals of epidemiology, 2011. 21(12): p. 892-898.

8. Kershaw, K.N. and A.E. Pender, Racial/Ethnic Residential Segregation, Obesity, and Diabetes Mellitus. Current
Diabetes Reports, 2016. 16(11): p. 108.

9. Boykin, S., et al., Racial/ethnic heterogeneity in the socioeconomic patterning of CVD risk factors: in the United
States: the multi-ethnic study of atherosclerosis. Journal of health care for the poor and underserved, 2011. 22(1): p.
111.

10. Kershaw, K.N., et al., Neighborhood-level racial/ethnic residential segregation and incident cardiovascular
disease: the multi-ethnic study of atherosclerosis. Circulation, 2014: p. CIRCULATIONAHA. 114.011345.

11. Gebreab, S.Y., et al., Neighborhood social and physical environments and type 2 diabetes mellitus in African
Americans: The Jackson Heart Study. Health & Place, 2017. 43: p. 128-137.

12 .Allison, P.D., Survival analysis using SAS: a practical guide. 2010: Sas Institute.



Jackson Heart Study Manuscript Proposal

13. Lin, D., Cox regression analysis of multivariate failure time data: the marginal approach. Statistics in medicine,
1994. 13(21): p.



