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OBJECTIVE
To examine if the association between higher A1C and risk of cardiovascular dis-
ease (CVD) among adults with and without diabetes is modified by racial residen-
tial segregation.

RESEARCH DESIGN AND METHODS

The study used a case-cohort design, which included a random sample of 2,136 par-
ticipants at baseline and 1,248 participants with incident CVD (i.e., stroke, coronary
heart disease [CHD], and fatal CHD during 7-year follow-up) selected from 30,239
REasons for Geographic And Racial Differences in Stroke (REGARDS) study partici-
pants originally assessed between 2003 and 2007. The relationship of A1C with inci-
dent CVD, stratified by baseline diabetes status, was assessed using Cox proportional
hazards models adjusting for demographics, CVD risk factors, and socioeconomic sta-
tus. Effect modification by census tract-level residential segregation indices (dissimi-
larity, interaction, and isolation) was assessed using interaction terms.

RESULTS

The mean age of participants in the random sample was 64.2 years, with 44%
African American, 59% female, and 19% with diabetes. In multivariable models,
A1C was not associated with CVD risk among those without diabetes (hazard ratio
[HR] per 1% [11 mmol/mol] increase, 0.94 [95% CI 0.76–1.16]). However, A1C was
associated with an increased risk of CVD (HR per 1% increase, 1.23 [95% CI
1.08–1.40]) among those with diabetes. This A1C-CVD association was modified
by the dissimilarity (P < 0.001) and interaction (P 5 0.001) indices. The risk of
CVD was increased at A1C levels between 7% and 9% (53–75 mmol/mol) for those
in areas with higher residential segregation (i.e., lower interaction index). In race-
stratified analyses, there was a more pronounced modifying effect of residential
segregation among African American participants with diabetes.

CONCLUSIONS

Higher A1C was associated with increased CVD risk among individuals with dia-
betes, and this relationship was more pronounced at higher levels of residential
segregation among African American adults. Additional research on how struc-
tural determinants like segregation may modify health effects is needed.

1Department of Family Medicine, East Carolina
University Brody School of Medicine, Greenville, NC
2Center for Health Disparities, East Carolina
University Brody School of Medicine, Greenville, NC
3Department of Biostatistics, University of
Alabama at Birmingham, Birmingham, AL
4Division of Preventive Medicine, University of
Alabama at Birmingham, Birmingham, AL
5Department of Internal Medicine,Weill Cornell
Medical Center, New York, NY
6Department of Epidemiology, University of
Alabama at Birmingham, Birmingham, AL

Corresponding author: Doyle M. Cummings,
cummingsd@ecu.edu

Received 31 August 2020 and accepted 16
February 2021

This article contains supplementary material online
at https://doi.org/10.2337/figshare.14055185.

© 2021 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https://www.
diabetesjournals.org/content/license.

EP
ID
EM

IO
LO

G
Y/H

EA
LTH

SER
V
IC
ES

R
ESEA

R
C
H

Diabetes Care Volume 44, May 2021 1151

https://doi.org/10.2337/figshare.14055185
mailto:cummingsd@ecu.edu
https://www.diabetesjournals.org/content/license
https://www.diabetesjournals.org/content/license
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-1710&domain=pdf&date_stamp=2021-04-22
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-1710&domain=pdf&date_stamp=2021-05-08


The effect of blood glucose levels, as
measured by glycated hemoglobin
(A1C), on the risk of cardiovascular dis-
ease (CVD) among those with diabetes
is well-established (1). In a meta-ana-
lysis conducted among individuals with
type 2 diabetes, Zhang et al. (1) demon-
strated a positive dose-response trend
with a 17% increased risk of CVD for
each 1% (11 mmol/mol) increase in
A1C. Moreover, higher A1C has been as-
sociated with an increased risk of CVD
among those without diabetes (2). In a
more recent systematic review and
meta-analysis, a 1% (11 mmol/mol) in-
crease in A1C also increased the risk of
first ever stroke by 17% and 12% among
individuals with and without diabetes, re-
spectively (3). However, this relationship
between A1C and CVD risk in those with
diabetes is impacted by multiple factors,
and additional research is needed.

Community-level social determinants,
such as socioeconomic factors, built en-
vironment characteristics and patterns
of discrimination, reflect differential ac-
cess to resources, and may have ad-
verse effects on diabetes and CVD risk
that go beyond differences in individual-
level factors (4–14). Racial residential
segregation, an institutional form of ra-
cism, has been identified as a primary
driver of racial disparities in health in
the U.S. (8). Understanding the poten-
tial health effects of residential segrega-
tion is complex, as there may be
negative health effects related to isola-
tion and limited resources, or there
could be protective health effects ema-
nating from greater social support re-
ceived from being present in clustered
neighborhoods that are more racially
similar (9). Given this complex interplay,
differing findings have been reported
for the association of racial residential
segregation with diabetes and CVD risk
(9,10). For example, racial residential
segregation was associated with a 12%
higher hazard of CVD among Black
adults, while there was no association
among White adults or Hispanic adults
in the Multi-Ethnic Study of Atheroscler-
osis (11). In contrast, racial residential
segregation was not associated with in-
cident diabetes or diabetes management
among Black adults in the Coronary Artery
Risk Development in Young Adults study
(12). While the previous studies focused
on the effect of racial residential segre-
gation directly, less is known about

whether racial residential segregation
may modify known associations, such
as between A1C and CVD risk. The influ-
ence of racial residential segregation
needs to be understood in a larger con-
text, as it is likely that such segregation
may impact multiple pathways that can
influence the relationship between gly-
cemic control and CVD outcomes in
those with and without diabetes. There-
fore, the objective of this population-
based study was to investigate whether
the association between A1C and risk of
CVD among adults with and without
diabetes varied by community-level ra-
cial residential segregation.

RESEARCH DESIGN AND METHODS

The REasons for Geographic And Racial
Differences in Stroke (REGARDS) Study
is a population-based, prospective co-
hort study of 30,239 Black and White
adults aged >45 years at baseline
(2003–2007) that oversampled Black
participants and adults residing in the
southeastern “Stroke Belt” region of
the U.S. A detailed description of the
REGARDS study has been reported pre-
viously (15). Briefly, demographics and
medical history were obtained via a
computer-assisted telephone interview;
anthropometrics, blood pressure (BP),
and blood and urine samples were ob-
tained during a subsequent in-home
examination. Participants were contacted
every 6 months during 7 years of follow-
up. Written informed consent was ob-
tained from participants, and the Institu-
tional Review Boards of participating
institutions approved the study methods.

The current study used a nested
case-cohort design to allow for greater
efficiency as recommended by Prentice
(16). This design consisted of a race/
sex/age-stratified random sample of the
entire cohort from baseline and incident
CVD events that occurred during follow-
up. To use the stratification, at baseline,
participants were given a random num-
ber and divided into 20 strata based on
age, race, and sex. In each stratum, par-
ticipants were randomly selected to ful-
fill the desired distribution: 50% Black,
50% White, 50% women, 50% men, and
age groups: 20%, 45–54; 20%, 55–64;
25%, 65–74; 25%, 75–84; and 10%,
$85 years. Incident events in this ran-
dom sample were included in analyses
in addition to those who developed

incident CVD in the full cohort. After ex-
cluding participants with missing data
for A1C, racial residential segregation in-
dices, diabetes, and covariates, there
were 2,136 participants in the stratified
random sample at baseline, plus 1,248
participants with incident CVD events
that occurred during follow-up (Fig. 1).

A1C
A1C was measured using packed cells
from EDTA and SCAT-1 tubes that had
been stored at –80�C since baseline col-
lection (2003–2007). The assays for A1C
were completed using a turbidimetric
inhibition immunoassay by Roche Diag-
nostics at the University of Vermont
Laboratory for Clinical Biochemistry Re-
search. Based on laboratory data, the
results obtained from this assay were
highly correlated (r 5 0.89) with trad-
itional fresh whole-blood methodologies
for measuring A1C.

Incident CVD
The primary outcome was incident CVD,
defined as stroke, nonfatal myocardial in-
farction (MI), or coronary heart disease
(CHD) death. Participants or their proxies
were contacted every 6 months to assess
hospitalizations and vital status. Medical
records were retrieved for potential
stroke and CVD-related hospitalizations
and deaths. All events were expert-adju-
dicated by medical review teams.

Stroke events were defined based on
the World Health Organization definition
(17) for those with focal neurologic symp-
toms lasting >24 h or concordant with

Figure 1—Study population.
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the American Heart Association guidelines
(18) with supportive neuroimaging for
those with symptoms lasting <24 h.
MI was assessed following published

guidelines (19,20) based on the pres-
ence of signs or symptoms suggestive of
ischemia; a rising and/or falling pattern
in cardiac troponin or creatine phospho-
kinase-MB over $6 hours with a peak
value greater than or equal to twice the
upper limit of normal (diagnostic cardiac
enzymes); and electrocardiogram changes
consistent with ischemia or MI, guided by
the Minnesota code and classified as
evolving diagnostic, positive, nonspecific,
or not consistent with ischemia (21,22).
Data from medical records, inter-

views with next of kin, death certifi-
cates, and the National Death Index
were collected and reviewed by adjudica-
tors to determine if the death was a CHD
death.

Racial Residential Segregation
Using the approach described by Mas-
sey and Denton (23), REGARDS partici-
pants’ geocoded residential addresses
at baseline were linked to the 2000 U.S.
census data to calculate the following
racial residential segregation meas-
ures at the census tract level: dissimilar-
ity index, isolation index, and interaction
index.
The dissimilarity index is a measure

of the evenness of racial distributions
across a spatial unit and ranges from 0
to 1, with higher scores indicating more
racial residential segregation. This meas-
ure can be interpreted as the propor-
tion of Black adults within a census
tract that would have to change resi-
dence for the census tract to have the
same percentage of Black adults as the
county as a whole. The isolation index is
a measure of the degree to which Black
adults are only exposed to one another
and ranges from 0 to 1, with higher
scores indicating more racial residential
segregation. The interaction index quan-
tifies the extent to which Black adults
interact with White adults and ranges
from 0 to 1; however, unlike the two
previous measures, higher scores of the
interaction index indicate less racial resi-
dential segregation. Indices of exposure,
such as the interaction index, measure
the extent to which minority and major-
ity members physically confront one an-
other by virtue of sharing a common

residential area. For any spatial area,
the degree of minority exposure to the
majority population may be conceptual-
ized as the likelihood of their sharing
the same neighborhood (23). While the
dissimilarity index is invariant to the
relative size of the Black population in
each unit, the isolation and interaction
indices depend on the absolute num-
bers of Black and White persons in a
spatial unit. For this analysis, to clarify
relationships, these three indices were
divided into tertiles (low, medium, and
high) of racial residential segregation,
and the interaction index was specifical-
ly reverse coded to reflect the same dir-
ection as the dissimilarity and isolation
indices.

Covariates
Age, race, age–race interaction, sex,
education (less than high school educa-
tion, high school graduate, some col-
lege, and college graduate or higher),
annual household income (<$20,000/
year, $20,000–$35,000/year, $35,000–
$75,000/year, >$75,000/year, or re-
fused to answer), and smoking (never
smoker, former smoker, or current
smoker) were self-reported.

BP was assessed as the average of
two measurements obtained with an
aneroid sphygmomanometer after being
in the seated position for at least 5 min
with both feet on the floor. Height and
weight were measured via standard
procedures, and BMI was computed as
the body weight (kilograms) divided by
height (meters squared). hs-CRP and to-
tal and HDL cholesterol were measured
using previously described methods
(13). Prevalent diabetes at baseline was
defined as fasting glucose $126 mg/dL
(or a nonfasting glucose $200 mg/dL
for those who did not fast) or use of
oral or injectable diabetes medications.

Statistical Analysis
For this case-cohort study design, the
subcohort selection was stratified by
age, race, and sex as previously de-
scribed (24). Given this stratified case-
cohort design, all statistical analyses ac-
counted for the sampling probabilities
of each participant. Raw frequencies
and weighted descriptive statistics were
applied to summarize the subcohort
population to weight it back to the ori-
ginal REGARDS cohort. Cox proportional

hazards models were used to estimate
associations between A1C and CVD
events. To allow for nonlinear relation-
ships between A1C and CVD, restricted
cubic splines were used. Using the
planned subcohort, the study had at
least 80% power to detect a hazard ra-
tio (HR) of $1.135 when examining A1C
dichotomized at the observed median
value, with even higher power when
A1C is examined as a continuous meas-
ure as in the cubic splines (25). Statistic-
al interactions between A1C (splines)
and racial residential segregation meas-
ures (tertiles) were tested to determine
whether these segregation measures
modified the association between A1C
and CVD. To visualize these relation-
ships, plots of the estimated HRs across
the range of A1C were created, with
and without the residential segregation
interactions. Given the differing distribu-
tions of A1C among those with and
without diabetes at baseline, analyses
were a priori stratified by baseline
diabetes status. Cause-specific hazard
methods were used to account for the
competing risk of death (26). All main ef-
fects were assessed at the 0.05 level of
significance, and interaction terms were
tested at the 0.10 level of significance.
Statistical analyses were conducted in R
3.5.1 (27,28).

RESULTS

Patients/Events
The study included 2,136 participants in
a stratified random sample from the
REGARDS cohort at baseline and 1,248
participants who developed incident
CVD (Fig. 1). Descriptive statistics, ad-
justed for sampling weight, for the ran-
dom subcohort are provided in Table 1
stratified by diabetes status at baseline.
In this random subcohort, the mean age
was 64.2 ± 9.1 years, 44% were Black,
59% were women, and 19% had dia-
betes. In this random subcohort, 30
stroke and 27 CHD events occurred
among the 408 participants with dia-
betes; 65 stroke and 85 CHD events oc-
curred among the 1,728 participants
without diabetes during a median fol-
low-up of 7.0 years.

A1C and CVD Risk
Among people without diabetes, the HR
associated with each 1-percentage-point
(11 mmol/mol) increase in A1C was
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1.12 (95% CI 0.94–1.33) in the crude
model and attenuated to 0.94 (95% CI
0.76–1.16) in the fully adjusted model
(Table 2). However, among individuals
with diabetes, each 1-percentage-point
(11 mmol/mol) increase in A1C was as-
sociated with a 23% increased CVD risk
(HR 1.23 [95% CI 1.08–1.40]) in fully ad-
justed models (Table 2). The HR spline
for the relationship of continuous A1C
and incident CVD events in partici-
pants with and without diabetes from
the fully adjusted model is given in

Fig. 2 (for those with diabetes) and
Supplementary Fig. 1 (for those with-
out diabetes).

Racial Residential Segregation
Influence on A1C-CVD Relationship
The splines for the A1C-CVD association
by tertiles of racial residential segrega-
tion are presented in Fig. 3. Among
those without diabetes, there were no
statistically significant effect modifications
by any of the segregation measures. By
contrast, among those with diabetes,

comparison of the A1C-CVD association
across each segregation measure re-
vealed different associations by tertiles of
the dissimilarity index (P < 0.001) and
the interaction index (P < 0.001).

Interaction Index in Individuals With
Diabetes
When examining residential segregation
as measured by the interaction index in
those with diabetes, the association of
A1C with CVD events had a larger mag-
nitude of effect for those in the highest

Table 1—Weighted descriptive characteristics of the random subcohort, stratified by baseline diabetes status

Overall (N = 2,136)

Baseline diabetes

Without diabetes (N = 1,728) With diabetes (N = 408)

Age (years), mean (SD) 64.2 (9.1) 64.0 (9.1) 65.3 (8.9)

Sex (%)
Female 58.6 58.4 59.3
Male 41.4 41.6 40.7

Race (%)
Black 44.1 40.5 60.0
White 55.9 59.5 40.0

Region (%)
Stroke Belt area 34.5 34.7 33.8
Stroke Belt Buckle area 19.1 18.7 21.0
Non-Belt area 46.4 46.6 45.2

Smoker (%)
Current 13.5 13.8 12.0
Never 49.3 48.9 51.1
Past 37.2 37.3 36.9

Income levels (%)
<$20,000 22.8 22.3 25.0
$20,000–$34,000 30.0 30.6 27.5
$35,000–$74,000 17.2 18.5 11.3
$$75,000 16.2 14.5 23.9
Refused to answer 13.8 14.1 12.3

Education levels (%)
Less than high school 11.1 9.62 17.7
High school graduate 24.3 23.2 29.0
Some college 27.7 28.5 23.8
College graduate and above 37.0 38.7 29.4

Systolic BP (mmHg), mean (SD) 127 (16.2) 126 (15.7) 131 (17.5)

BMI (kg/m2), mean (SD) 29.4 (5.93) 28.7 (5.67) 32.4 (6.12)

LDL cholesterol (mg/dL), mean (SD) 117 (34.4) 120 (33.9) 104 (33.4)

HDL cholesterol (mg/dL), mean (SD) 52.6 (15.9) 53.6 (16.1) 48.0 (14.3)

CRP (mg/L), median (interquartile range) 2.21 (0.98–4.78) 2.03 (0.94–4.55) 2.88 (1.39–6.72)

Incident CVD (% yes)* 8.25 7.32 12.4

Dissimilarity index, median (interquartile range) 0.53 (0.39–0.63) 0.53 (0.39–0.63) 0.53 (0.41–0.63)

Interaction index, median (interquartile range) 0.41 (0.30–0.58) 0.41 (0.30–0.59) 0.40 (0.28–0.52)

Isolation index, median (interquartile range) 0.49 (0.33–0.66) 0.48 (0.32–0.66) 0.52 (0.36–0.68)

Glycosylated hemoglobin (A1C) (%), median
(interquartile range)

5.97 (5.63–6.36) 5.86 (5.57–6.17) 7.00 (6.38–7.87)

Insulin usage (% yes) 4.27 0.00 23.6

Oral glucose-lowering medications (% yes) 13.6 0.00 74.9

Statin therapy (% yes) 25.8 22.4 41.0

Values for continuous variables are weighted mean (weighted SD) or weighted median (weighted interquartile range). Values for categorical
variables are percentages. *Incident CVD was defined stroke, CHD, or fatal CHD during 7-year follow-up.
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tertile for segregation compared with
those in the lowest tertile, even at mod-
erate A1C levels between 7% (53
mmol/mol) and 9% (75 mmol/mol). By
contrast, there was limited impact on
the relationship between A1C and CVD
outcomes among those with A1C values
<9% (75 mmol/mol) for those in the
lowest tertile of racial residential segre-
gation. Only among those with A1C val-
ues of $9% (75 mmol/mol) for those in
the lowest tertile of lower residential
segregation did the slope for the inter-
action term rise sharply. In addition, in
exploratory analyses, we examined the re-
lationship between residential segregation
as measured by the interaction index and
measured CV risk factors, and these find-
ings are given in Supplementary Table 1.

There were only modest differences in CV
risk factors across residential segregation
tertiles.

Dissimilarity and Isolation Indices in
Individuals With Diabetes
Although the slopes were statistically
significantly different, the pattern was
not as consistent across the tertiles of
the dissimilarity measure of residential
segregation. Among participants with
diabetes in the highest segregation ter-
tile, there was a modest rise in slope,
evident among those with A1C values
approaching 9% (75 mmol/mol), where-
as there was a steep rise in slope
for those in the lowest segregation ter-
tile. The risk of CVD was lower for those
in the medium and high segregation

tertiles at lower A1C values (<8% [64
mmol/mol]), with the slope increasing
at A1C values >9% (75 mmol/mol).
There were no statistically significant
differences in the pattern of relation-
ships across tertiles when segregation
was measured using the isolation index.
In race-stratified analyses, the modifying
effect of residential segregation on the
A1C-CVD relationship was pronounced
among Black participants with diabetes,
whereas a modest effect was observed
among White participants (Supplementary
Fig. 2).

CONCLUSIONS

In the current study, higher A1C was as-
sociated with an increased risk for CVD
among adults with diabetes, but not
among adults without diabetes. Add-
itionally, the association of A1C with
CVD varied by residential segregation
such that those in areas with the high-
est segregation, as measured by the
interaction index, had a higher risk of
CVD as A1C increased.

Our finding of an association be-
tween increasing A1C values and inci-
dent CVD among adults with diabetes is
consistent with prior research and simi-
lar in magnitude to effect estimates re-
ported in two meta-analyses (1,29).
These findings add additional evidence
to the link between poor glycemic con-
trol and CVD events and raise continued
questions regarding whether efforts to
improve A1C values may help reduce
CVD events, as illustrated in the UK Pro-
spective Diabetes Study (UKPDS) by
Stratton et al. (30). However, our study
did not identify an association between
increasing A1C values and incident CVD
outcomes among adults without dia-
betes. This is in contrast to the report
by Mitsios et al. (3), which demon-
strated increased ischemic stroke risk
with elevated A1C values in individuals
without diabetes, and the article by Sel-
vin et al. (2), which demonstrated in-
creased risk for both coronary artery
disease and stroke in individuals with-
out diabetes. The contrasting findings
may have resulted from differences in
the study population and their baseline
CVD risk and/or from differences in A1C
measurement techniques.

Our findings demonstrated that racial
residential segregation modified the as-
sociation between A1C and CVD events

Table 2—Crude and sequentially adjusted HRs for each 1% increase in
glycosylated hemoglobin (A1C) and the risk for adjudicated cardiovascular
events* during follow-up among participants with and without diabetes

Model** Without diabetes With diabetes

Crude (unadjusted) 1.12 (0.94, 1.33) 1.20 (1.07, 1.35)

1 Demographic 1.10 (0.91, 1.33) 1.23 (1.09, 1.39)

1 CV risk factors 0.97 (0.79, 1.19) 1.23 (1.08, 1.39)

1 SES (income/education) 0.95 (0.77, 1.17) 1.21 (1.07, 1.38)

1 Residential segregation indices 0.94 (0.76, 1.16) 1.23 (1.08, 1.40)

*Cardiovascular events are defined as stroke, nonfatal MI, or CHD death. **Demographics
include sex, race, age, and race–age interaction; CV risk factors include BMI, smoking sta-
tus, systolic and diastolic BP, LDL and HDL, and logarithm of CRP; socioeconomic status
(SES) includes income level and education level; and residential segregation indices include
tertiles of dissimilarity index, isolation index, and interaction index.

Figure 2—HR for the association of A1C and adjudicated CVD events in fully adjusted model, in-
cluding residential segregation, in participants with diabetes.
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among those with diabetes. The most
consistent finding occurred for the inter-
action index measure—a measure of
the potential for interracial inter-
action—and showed that there was an
increased CVD risk at A1C values be-
tween 7% (53 mmol/mol) and 9% (75
mmol/mol) for those in the highest ter-
tile of racial residential segregation. This
is important because, among individuals
with diabetes and A1C values >7% (53
mmol/mol), the majority have values
between 7% (53 mmol/mol) and 8% (64
mmol/mol) (31). The dissimilarity index
also showed that the A1C-CVD associ-
ation varied by residential segregation.
At lower levels of A1C, there was not a
marked increase in risk of CVD in any of
the tertiles of residential segregation.
When A1C values were approaching 9%
(75 mmol/mol), there was a small in-
crease in CVD risk for those in the me-
dium and high tertiles of residential
segregation. While these indices are all
measures of racial residential segrega-
tion, they capture specific aspects of
the community and are distinct in what
characteristics they reflect. Rather than
simply measuring segregation as departure
from an ideal of “evenness” as illustrated
in the dissimilarity index, the interaction
index attempts to measure the experi-
ence of segregation as felt by the aver-
age minority or majority member. In our

study, residential segregation as meas-
ured by both evenness of distribution
(i.e., dissimilarity index) and the poten-
tial for exposure across racial groups
(i.e., interaction index) modified the
A1C-CVD association.

Few studies have investigated resi-
dential segregation among adults with
diabetes. A prior study reported that ra-
cial residential segregation, measured
by percentage of each race group in a
given geographic area, was associated
with higher age-adjusted diabetes mor-
tality rates in Chicago (32). Additionally,
racial residential segregation was not
associated with incident diabetes or
management of A1C, BP, or cholesterol
among those with diabetes (12,32).
Prior studies have shown that racial
residential segregation can result in
concentrated poverty in communities that
leads to limited education and employ-
ment opportunities and less access to
healthy food, physical activity environ-
ments, and health care (33–39). This sug-
gests that, even beyond traditional
individual-level risk factors, the pat-
terning of segregation in a neighbor-
hood may pose unmeasured biological
or behavioral stressors and/or may influ-
ence the environment such that attempts
to follow a healthy lifestyle, acquire
needed medications, and see needed
providers are challenged (40–43).

In a large social experiment in the
U.S., the Moving to Opportunity study
(6), invited women with children who
lived in public housing developments lo-
cated in high-poverty urban areas were
randomized to one of the following
arms: no housing voucher, a traditional
housing voucher with no restrictions, or
a housing voucher to move to a low-
poverty area. At follow-up, the preva-
lence of BMI $35 kg/m2 and diabetes
was modestly lower for those who re-
ceived the housing voucher to move to
a low-poverty area compared with
those who did not receive a housing
voucher. While this study did not specif-
ically address patterns of racial residen-
tial segregation, women who received
the voucher to move to a low-poverty
area were more likely to reside in cen-
sus tracts that had a lower proportion
of people below the federal poverty
line and a lower proportion of people
who identified as a member of a racial/
ethnic minority group compared with
those who did not receive a voucher.
This raises important questions about
the potential for modifying neighbor-
hood environments to affect health
outcomes.

The strengths of the current study in-
clude the use of adjudicated CVD events
as the primary outcome measure, inves-
tigation of residential segregation meas-
ures of evenness (dissimilarity index)
and exposure (integration index and iso-
lation index), and a study design with
participants oversampled from the
southeastern U.S. However, the current
study has several limitations. The study
used publicly available census data from
the year 2000, measured shortly before
REGARDS study participants were re-
cruited in 2003–2007. However, rele-
vant measures such as duration of
exposure in segregated environments,
the local context of segregation in par-
ticipant’s neighborhoods that were
smaller than a census tract, or the lived
experience of residential segregation
among participants was not assessed.
This analysis did not have measures of
individual social support and did not dir-
ectly measure the potential that some
racially segregated enclaves may have
been associated with increased social sup-
port that may be linked to improved out-
comes. As such, caution is recommended
in extrapolating these findings to other
populations/settings.

Figure 3—HRs for the association between A1C and CVD according to tertiles of racial residen-
tial segregation measures (dissimilarity, interaction, and isolation), stratified by diabetes
status.
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In conclusion, higher A1C increased
the risk of CVD among those with dia-
betes but not those without diabetes.
Among those with diabetes, living in
areas with higher segregation as meas-
ured by the interaction index appeared
to modestly but significantly modify this
risk relationship, particularly at A1C
values between 7% (53 mmol/mol)
and 9% (75 mmol/mol), a glycemic
control level for a significant propor-
tion of individuals with diabetes. Add-
itional research on how structural
determinants may modify health ef-
fects is needed.
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