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OBJECTIVE

The association between structural racism, as captured by historic residential
redlining practices under the Home Owners’ Loan Corporation (HOLC), and pre-
sent-day diabetes mortality, and years of life lost (YLL), remains unknown.

RESEARCH DESIGN AND METHODS

Age-standardized mortality and YLL data were combined with historic HOLC red-
lining data for the city of Seattle,WA (a sample of 109 census tract–level observa-
tions) for each of the years 1990 through 2014 (25 years). Spatial autoregressive
regression analyses were used for assessment of the association between an
area’s historic HOLC redlining score and diabetes (and all-cause) mortality and
YLL.

RESULTS

Spatial autoregressive model estimates indicate that an area’s HOLC redlining
score explains 45%–56% of the variation in the census tract–level diabetes mor-
tality rate and 51%–60% of the variation in the census tract diabetes YLL rate be-
tween the years of 1990 and 2014. For 2014, estimates indicate that areas with a
unit-higher HOLC grade are associated with 53.7% (95% CI 43.3–64.9; P < 0.01)
higher diabetes mortality rates and 66.5% (53.7–80.4; P < 0.01) higher diabetes
YLL rate. Magnitudes of marginal effects were consistently larger for diabetes
than for all-cause outcomes.

CONCLUSIONS

Results indicate sizable, and statistically significant, associations between historic
redlining practices and present-day diabetes mortality and YLL rates. In addition,
the persistence of these associations across the 1990–2014 period highlight a
need for targeted action to undo the impact of historical redlining on current
health.

There are more than 34 million adults in the U.S. with diabetes, approximately
10.2% of the population (1). Diabetes disproportionately impacts racial/ethnic mi-
noritized groups, with non-Hispanic Black adults having a prevalence of 16.4% and
Hispanic/Latino adults of 14.7% compared with 11.9% for non-Hispanic White
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adults (2). Non-Hispanic Black and His-
panic/Latino adults are more likely to
have uncontrolled diabetes and to suffer
from diabetes-related complications like
being hospitalized, having lower-limb
amputations, and experiencing retinop-
athy and are more likely to die as a re-
sult of the disease compared with their
White counterparts (1,3,4).
There is emerging evidence that

structural racism, or the ways in which
societies foster discrimination through
mutually reinforcing inequitable sys-
tems, is a major contributor to poor
health outcomes for racial/ethnic mi-
noritized groups (5–8). Structural racism
captures upstream historic racist events
(such as slavery, black code, and Jim
Crow laws) and more recent state-sanc-
tioned racist laws in the form of redlin-
ing. Redlining, formalized in 1934 by the
Federal Housing Administration (and lat-
er prohibited under the Fair Housing
Act of 1968), refers to the practice of
systematically denying various services
to residents of specific neighborhoods/
communities, often based on race/eth-
nicity. Examples included denial of cred-
it access and insurance for borrowers in
neighborhoods with worse housing con-
ditions, lower housing prices, and de-
prived surrounding areas that were
inhabited by primarily racial/ethnic mi-
noritized groups (9–11). The term red-
lining was adopted from the maps
created by the Home Owners’ Loan Cor-
poration (HOLC) that included a grading
system of A, “best” and characterized
as green; B, “still desirable” and marked
as blue; C, “declining” and marked as
yellow; or D, “hazardous” and marked
as red. Neighborhoods made up of pri-
marily racial/ethnic minoritized families
were graded as D, hazardous, and
marked as red. While redlining was for-
mally prohibited in 1968, the racial seg-
regation created through these practices
persist to present time and were com-
pounded by the informal practices that
continued after redlining was prohibited
through White flight, blockbusting, and
more recently gentrification.
Given that redlining represents a

more recent legal manifestation of his-
toric racist events/laws, it is an impor-
tant surrogate for structural racism.
Recent research suggest that areas with
exposure to residential redlining are to
this day disproportionately inhabited by
residents who are unduly subject to

worse social risk factors (including dis-
crimination, mass incarceration, poverty,
residential segregation, substance abuse,
housing instability, poor educational at-
tainment, and poor employment oppor-
tunities) and that redlining may present
an important link between historic struc-
tural racism and present-day racial/
ethnic inequalities in health outcomes,
disability, and, more broadly, human cap-
ital (5–7,12). In summary, historic redlin-
ing may affect present day health and
mortality outcomes both directly and via
its impact on social risk factors that pre-
sent mediating channels between redlin-
ing and present day health and mortality
outcomes. Given the multiple potential
channels linking historic redlining with
health and mortality outcomes, it is im-
portant to assess whether individuals
with high medical and cost burdens are
disproportionately negatively affected by
these historic structural inequities.

In this study we examine the associa-
tion of residential redlining with rates
of age-standardized mortality and years
of life lost (YLL) in the period of
1990–2014 caused by diabetes. We fo-
cused on diabetes-specific causes of
death because people with diabetes
represent an exemplar (high cost and
high burden) study population that may
be at elevated risk of death from expo-
sure to historic structural racist policies.
For the sake of benchmarking associa-
tions related to diabetes deaths, we
also examined all-cause mortality and
YLL outcomes. Our hypothesis was that
areas with exposure to worse HOLC
grading are associated with higher mor-
tality rate and more YLL, and we also
hypothesized that this association will
be stronger for diabetes-related out-
comes than for all-cause outcomes.
Second, we further evaluated the per-
sistence of these associations over the
course of these 25 years and examined
whether associations persist, with the
hypothesis being that associations be-
tween historic redlining and present-day
mortality and YLL outcomes would di-
minish with time.

RESEARCH DESIGN AND METHODS

Study Sample
We combined three sets of data to es-
tablish this study sample. First, cause-
specific YLL and mortality data from
King County in the state of WA were

used. These data were sourced from
the Institute for Health Metrics and
Evaluation (13). Second, a digitized copy
of the HOLC map for the city of Seattle,
which is located within King County,
WA, was used. This data was sourced
from the Mapping Inequality project
(14). Lastly, census tract shapefiles from
the U.S. Census Bureau’s 2010 TIGER/
Line Shapefiles were used (15). The re-
sulting sample consisted of 109 census
tracts, for each of the 25 years of out-
comes data (1990–2014).

Study Variables

OutcomeMeasures

The main outcome measures included
rates (per 100,000 population) of age-
standardized mortality and YLL. These
rates were based on death registration
data, across all ages, from the WA state
Department of Health Center for Health
Statistics and population data from the
WA state Office of Financial Manage-
ment and were constructed by Dwyer-
Lindgren et al. (2017) (16) using the
method described by Wang et al. (2017)
(13,17). In particular, age-standardized
YLL rates, for each census tract, were
constructed as follows: 1) Multiplication
of the age-specific mortality rate by life
expectancy at the average age of death
in each age-group from the reference
life table of the study of Wang et al.
(17). 2) These age-specific YLL rates were
then age standardized with use of the
U.S. 2010 decennial census population
as the standard (13,16,17). We examined
the data on all-cause deaths and those
caused by diabetes, defined on the basis
of the cause definitions of the Global
Burden of Disease Study 2015 (17).
Details on the exact ICD-9 and ICD-10
codes used to define the cause of death
to be by diabetes can be found in
Supplementary Appendix A.

Exposure Measure

A continuously constructed HOLC score
served as the primary exposure mea-
sure. We constructed this on the census
tract level using the following steps.
First, the proportion of a census tract
contained within a given HOLC neigh-
borhood was computed. Second, HOLC
neighborhood rating was given a nu-
meric classification with A 5 1, B 5 2,
C 5 3, and D 5 4; these letter grades
correspond to historic HOLC grades
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where A designated the “best” areas,
B the “still desirable” areas, C the
“definitely declining” areas, and D the
“hazardous” or redlined areas. Third, for
census tracts that overlap multiple HOLC
neighborhoods, a weighted average cen-
sus tract level redlining score was con-
structed based on the area overlaps (this
weighting allowed for assigning greater
relative weight to HOLC neighborhood
scores of areas that had greater area
overlap with the specific census tract).
The resulting HOLC grade score was thus
a continuous measure between 1 (best)
and 4 (fully redlined).

As a secondary, robustness check
measure, we also used a binary HOLC
grade measure that takes the value of 0
for neighborhoods rated as either A or
B (i.e., those with HOLC grade score be-
tween 1.0 and 2.5) and the value of 1
for neighborhoods rated as either C or
D (those with HOLC grade score be-
tween 2.5 and 4.0).

Statistical Analysis
Spatial autoregressive models were
used to investigate the association of
historic residential redlining practices
with present day age-standardized mor-
tality and YLL rates. The two outcomes
(age-standardized mortality rate and YLL
rate) were assessed separately (with
use of their logarithms), and the two
HOLC grading measures (a continuous
HOLC score between 1 and 4 and a

binary HOLC grade of 0 and 1) were
also assessed separately as the primary
independent variable. These methods
allowed us to account for potential spa-
tial lags within our outcome measure,
and within our HOLC score measure,
across adjacent census tracts. Our main
analyses were stratified across the years
of 1990, 2000, 2010, and 2014; estima-
tion was performed with the general-
ized spatial two-stage least squares
estimator; and the total marginal effects
were reported (i.e., the sum of direct
and indirect effects) (18). Additional
analyses consisted of 1) scatterplot
fitted lines based on the simple (unad-
justed) regression results and 2) report-
ing of temporal trends of the coefficient
of determination (obtained from tem-
porally stratified spatial autoregres-
sive model estimates across each of the
years 1990–2014). Stata MP, version 17,
was used for all analyses.

RESULTS

Descriptive Characteristics Across
HOLC Rating Score and Year
This sample consisted of 109 census
tracts, for the years 1990–2014. Of
these census tracts, 53 were classified
as HOLC grade A or B (on the basis of
numeric HOLC grade between 1.0 and
2.5) and the remaining 56 were classi-
fied as HOLC grade C or D (numeric
HOLC grade between 2.5 and 4.0). Table
1 provides descriptive characteristics

(means and SDs) across low and high
HOLC rating areas (low 5 A or B, high 5
C or D) across the years of 1990, 2000,
2010, and 2014. The descriptive charac-
teristics are provided across mortality
rates (per 100,000) and YLL rates (per
100,000) for each of our four mortality
causes.

Table 1 indicates that mortality and
YLL rates decreased across both low
and high HOLC rating areas for diabe-
tes and all-cause mortality between
1990 and 2014. Disparity gaps per-
sisted across the 25-year period, and
two-way t tests of mean differences
across low and high HOLC rating areas
were significant at P < 0.0001 across
all outcomes, years, and causes. We
also assessed these mean differences
using a spatial autocorrelation model
to allow for spatial correlation across
both the outcome and HOLC rating
measures; this yielded results qualita-
tively similar to those obtained with a
t test (i.e., P < 0.001). Additional esti-
mation result details can be found in
Supplementary Appendix B2.

Figure 1 provides information on the
relationship between census tract HOLC
rating and diabetes mortality and YLL
rates for the years of 1990 and 2014.
Looking at the linear fitted lines (red
dashed lines), we note clear trends,
with areas with higher HOLC grades as-
sociated with higher mortality and YLL
rates. Given the 25-year span between

Table 1—Summary statistics for main outcome variables (per 100,000) by year, HOLC grade grouping, and death cause

HOLC grades

Diabetes All cause

Mortality YLL Mortality YLL

Year 1990
A or B 16.41 (4.08) 300.92 (74.61) 914.34 (113.38) 16,048.45 (2,330.08)
C or D 26.78 (10.47) 523.75 (214.45) 1,141.19 (222.61) 23,019.26 (6,387.03)

Year 2000

A or B 17.11 (4.4) 294.78 (76.7) 751.07 (96.00) 12,262.23 (1,795.94)
C or D 28.94 (10.27) 531.95 (199.43) 935.09 (158.61) 17,550.35 (4,119.66)

Year 2010

A or B 12.7 (3.56) 221.51 (63) 577.43 (79.16) 9,556.78 (1,521.81)
C or D 20.91 (7.49) 397.78 (149.98) 721.5 (142.1) 13,640.63 (3,258.12)

Year 2014

A or B 12.68 (3.87) 217.57 (66.79) 547.17 (75.25) 9,033.6 (1,467.63)
C or D 21.47 (8.51) 403.39 (168.13) 695.53 (148.24) 13,089.29 (3,329.08)

Data are means (SD). Two-way t tests indicate that mean differences across A/B and C/D HOLC grade areas are significant at P < 0.001 level
across all years and causes. Mean difference tests performed with use of spatial autoregressive models that allow for spatial correlation
across the outcomes and HOLC grade score measures also resulted in significant mean differences (P < 0.001 for all). (Details on these esti-
mates can be found in Supplementary Appendix B2.) Total number of observations is 109 census tracts; of these, 53 are contained in the A
or B HOLC grade group and 56 in the C or D HOLC grade group.
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the left column figures and the right
column figures (in Fig. 1), it is important
to emphasize that these associations
persisted across this period. In looking
at the YLL plots between 1990 and
2014 the association between YLL and
the HOLC grading strengthened over
this period of time (the coefficient of
variation increased from 0.40 in 1990 to
0.42 in 2014).
For further examination of the tem-

poral persistence of these structural
disparities, Supplementary Fig. 1 show-
cases the coefficient of determination
trajectories across each of the 25 years
of data. Each dot within these figures is
obtained from the year-specific (and
cause-specific) coefficient of variation
from each spatial autoregressive model,
which allowed for spatial correlation
across the outcomes and the HOLC
grade exposure measure. These trajec-
tories indicate great persistence in the
noted associations across time, with
little to no discernable decay between
1990 and 2014. (Results of pooled

regression analyses that further sup-
port this conclusion can be found in
Supplementary Appendix B3.)

Regression Analyses
Table 2 presents the spatial autoregres-
sive model regression results at the
stratified time periods of 1990, 2000,
2010, and 2014. The top section of Ta-
ble 2 presents results for the continuous
HOLC grade score, and the bottom sec-
tion presents results for the binary
HOLC classification. Estimates are pro-
vided for diabetes and all-cause mortali-
ty rates, and these estimates represent
the total marginal change of the mortal-
ity rate associated with a unit change in
the exposure. Given that the outcomes
are measured in logarithms, these results
are reported as percentage changes
within the main text calculated with
the following formula: (exponential(total
marginal effect estimate) � 1). Reporting
results as percentage changes allows for
results to be more interpretable; howev-
er, it also means that there are some

differences between estimates reported
within the main text and those seen
within the Tables 2 and 3, as the latter
report the raw “total marginal effect
estimates.”

Starting with diabetes mortality rates,
within the top section of Table 2, results
show that areas with a 1-unit-higher
HOLC grade (e.g., those with a D rather
than C grade) are associated with a
44.8% (95% CI 33.6–56.8; P < 0.01)
higher rate of diabetes mortality in
1990 and a 53.7% (43.3–64.9; P < 0.01)
higher rate in 2014. Second, for deaths
due to all causes, results show that
areas with a 1-unit-higher HOLC grade
are associated with a 20.9% (13.9–27.1;
P < 0.01) higher mortality rate in 1990
and an 18.5% (12.7–24.6; P < 0.01)
higher mortality rate in 2014.

The bottom section of Table 2 shows
results based on the binary HOLC grade
measure demonstrating that areas with
a C or D grade (rather than A or B
grade) are associated with a 95.4%
(95% CI 75.1–120.3; P < 0.01) higher

Figure 1—Scatterplots with fitted simple regression lines (red dashed line) indicating the association between HOLC grade scores and diabetes
mortality rates and YLL rates across 1990 and 2014. For 1990 deaths per 100,000 R2 5 0.37; death rate is age standardized. For 2014 deaths
per 100,000 R2 5 0.37; death rate is age standardized. For 1990 YLL per 100,000 R2 5 0.40; YLL rate is age standardized. For 2014 YLL per
100,000 R2 5 0.42; YLL rate is age standardized.
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rate of diabetes mortality in 1990 and a
101.4% (76.8–127.1; P < 0.01) higher
rate in 2014. For deaths due to all causes,
areas with a 1-unit higher HOLC grade
are associated with a 33.6% (24.6–44.8; P
< 0.01) higher mortality rate in 1990 and
a 31.0% (20.9–40.5; P < 0.01) higher
mortality rate in 2014.

Table 3 presents the spatial autore-
gressive model regression results with
YLL used as the outcome measure. The
results from these analyses are qualita-
tively similar. For the top section of Table
3, areas with 1-unit-higher HOLC grades
are associated with 55.3%–66.5% higher
YLL from diabetes rate (depending on
the year), and 33.6%–35.0% higher YLL
from all causes rate, again depending on

the year. All of these association are,
again, significant at a P < 0.01 level.

CONCLUSIONS

Results from this study indicate that an
area’s HOLC redlining score explains be-
tween 45% and 56% of the variation in
the census tract–level age-adjusted dia-
betes mortality rate and between 33%
and 47% of the variation in the census
tract age-adjusted all-cause mortality
rate between the years of 1990 and
2014. These results also show that areas
with a 1-unit-higher HOLC grade (e.g.,
those with a D rather than C grade) are
associated with a 44.8% (P < 0.01)
higher rate of diabetes mortality in
1990 and a 53.7% (P < 0.01) higher

rate in 2014. For deaths due to all
causes, areas with a 1-unit-higher HOLC
grade were associated with a 20.9%
(P < 0.01) higher mortality rate in 1990
and an 18.5% (P < 0.01) higher mortali-
ty rate in 2014. These findings indicate
great persistence between areas’ his-
toric HOLC gradings and more recent
mortality and YLL due to diabetes and
all causes. Estimates were found to be
qualitatively similar across years and
are robust to the use of alternative
exposure measure definitions. In addi-
tion, these associations indicate con-
sistently higher marginal effects of
HOLC redlining exposure on diabetes
mortality rates than on all-cause mor-
tality rates. This finding is important

Table 3—Spatial autoregressive model regression results across cause-specific YLL rates for the years 1990, 2000, 2010, and
2014

Diabetes All cause

1990 2000 2010 2014 1990 2000 2010 2014

Continuous HOLC exposure
HOLC grade (score 1–4) 0.44 (0.36–

0.53)***
0.50 (0.43–
0.57)***

0.49 (0.41–
0.56)***

0.51 (0.43–
0.59)***

0.30 (0.24–
0.37)***

0.30 (0.25–
0.36)***

0.29 (0.24–
0.34)***

0.30 (0.24–
0.35)***

No. of observations 109 109 109 109 109 109 109 109
Pseudo R2 0.53 0.59 0.53 0.51 0.54 0.58 0.52 0.51

Binary HOLC exposure of
A/B vs. C/D

HOLC grade (A/B vs. C/D) 0.75 (0.63–
0.87)***

0.81 (0.69–
0.92)***

0.78 (0.65–
0.90)***

0.81 (0.67–
0.94)***

0.48 (0.39–
0.58)***

0.47 (0.39–
0.56)***

0.45 (0.37–
0.53)***

0.46 (0.37–
0.54)***

No. of observations 109 109 109 109 109 109 109 109
Pseudo R2 0.53 0.55 0.50 0.48 0.49 0.52 0.47 0.45

The outcome measure is age standardized (across all ages) and in logarithms. Robust 95% CIs are reported within the parentheses. Signifi-
cance is denoted as follows: ***P < 0.01.

Table 2—Spatial autoregressive model regression results across cause-specific mortality rates for the years 1990, 2000, 2010,
and 2014

Diabetes All cause

1990 2000 2010 2014 1990 2000 2010 2014

Continuous HOLC exposure
HOLC grade (score 1–4) 0.37 (0.29–

0.45)***
0.44 (0.37–
0.50)***

0.41 (0.35–
0.48)***

0.43 (0.36–
0.50)***

0.19 (0.13–
0.24)***

0.18 (0.14–
0.23)***

0.17 (0.12–
0.21)***

0.17 (0.12–
0.22)***

No. of observations 109 109 109 109 109 109 109 109
Pseudo R2 0.48 0.55 0.47 0.45 0.40 0.40 0.34 0.32

Binary HOLC exposure of
A/B vs. C/D

HOLC grade (A/B vs. C/D) 0.67 (0.56–
0.79)***

0.73 (0.62–
0.84)***

0.67 (0.56–
0.79)***

0.70 (0.57–
0.82)***

0.29 (0.22–
0.37)***

0.28 (0.21–
0.35)***

0.26 (0.19–
0.33)***

0.27 (0.19–
0.34)***

No. of observations 109 109 109 109 109 109 109 109
Pseudo R2 0.49 0.53 0.44 0.42 0.38 0.38 0.31 0.31

The outcome measure is age standardized (across all ages) and in logarithms. Robust 95% CIs are reported within the parentheses. Signifi-
cance is denoted as follows: ***P < 0.01.
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to highlight, as it suggests that popula-
tions with chronic and elevated medical
burdens, and medical cost burdens, such
as those with a diagnosis of diabetes,
may be at elevated risk of death from
exposure to historic structural racist
policies.
These results highlight the persis-

tent impact of structural racism on
health. Despite the fact that redlin-
ing policies were legally prohibited
in 1968, the impact on mortality and
YLL due to diabetes can be seen in a
major metropolitan area of the U.S.
across the years of 1990–2014. Ad-
ditionally, these gaps represent not
only statistically significant but also
clinically meaningful differences in
mortality rates and YLL. These find-
ings contribute to a body of recent
work where investigators have sought
to use digitized copies of the HOLC
maps to document the persistent neg-
ative impact from redlining on pre-
sent-day factors such as residential
segregation, economic inequity, and
health disparities (19–21), mental health
(9), risk of experiencing a preterm birth
(22), emergency department visits due
to asthma (23), and coronavirus disease
2019 outcomes (24,25). Here, we con-
tribute to the body of evidence with the
results of our study of cause-specific
mortality and YLL pertaining to diabetes
and documentation of a clear persis-
tence of the association between historic
redlining and mortality across the 25-
year period of our data.
The findings documented here pre-

sent an urgent call for further research
into the linkage between structural rac-
ism and health outcomes and for inter-
ventions that can help reduce this
influence. As seen in the persistence of
impact, a lack of policies to intentionally
reverse structural racism results in the
perpetuation and, possibly, in the wid-
ening of disparity gaps across mortality
and YLL based on an individual’s area of
residence. The prevailing approach to
addressing disparity gaps has been fo-
cused on improving social conditions,
such as affordable food and housing, or
increasing access to health care. Howev-
er, as policies initiated the redlining
measured in this study, it is necessary
to target policies that are perpetuating
the impact of historical practices, which
is currently seen in disparities in mortal-
ity and morbidity. This study also

highlights the important role that our
living environment, which may be
shaped by historic racist policies such as
residential redlining, has on population
health and diabetes outcomes.

Study Limitations
For this study we used an observational
study design, and as such, results should
be interpreted as associations and not as
causal effects. Secondly, vital registration
records have been noted to understate
the contribution of diabetes to mortality
(26), and accuracy of characterizing ill-
defined death relies on the proficiency
of the garbage code redistribution meth-
ods used. As such, this study drew on
mortality and YLL data from Dwyer-
Lindgren et al. (16), who used validated
methods (Wang et al. [17]) for the com-
putation of these measures and for the
careful redistribution of garbage codes.
Third, the fact that census tracts do not
perfectly map into historic HOLC redlin-
ing maps presents a problem pertaining
to how to best compute this metric at a
census tract level. To evaluate the sensi-
tivity of our exposure measure we used
two (one continuous and one binary)
measures within our main analyses. Ad-
ditional sensitivity checks that only in-
cluded counties that overlapped with at
most one HOLC area were further found
to yield qualitatively similar results, sug-
gesting a level of robustness for our
measure. (Details on the sensitivity anal-
yses can be found in Supplementary
Appendix C). Lastly, these data sources
represent the state of WA, and findings
may not be generalizable to other states
or regions of the U.S. However, given
the consistent use of HOLC redlining
maps across the U.S., we believe these
results represent a first step in under-
standing the impact of structural racism
through redlining on diabetes-specific
mortality.

Conclusion
Results indicate sizable, and statistically
significant, associations between histor-
ic redlining practices and present day di-
abetes mortality and YLL rates.

In addition, the persistence of these
associations across the 1990–2014 peri-
od highlights a need for targeted action
to undo the impact of historical redlining
on current health. These findings high-
light a tangible influence of structural

racism on health outcomes for adults
with diabetes and call for meaningful ac-
tion to mitigate this impact.
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