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ORIGINAL RESEARCH

Association Between Community- Level 
Violent Crime and Cardiovascular Mortality 
in Chicago: A Longitudinal Analysis
Lauren A. Eberly , MD, MPH; Howard Julien , MD, MPH; Eugenia C. South , MD, MSHP;  
Atheendar Venkataraman , MD, PhD; Ashwin S. Nathan , MD, MS; Emeka C. Anyawu , MD;  
Elias Dayoub, MD; Peter W. Groeneveld , MD, MS; Sameed Ahmed M. Khatana , MD, MPH

BACKGROUND: Violent crime has recently increased in many major metropolitan cities in the United States. Prior studies suggest 
an association between neighborhood crime levels and cardiovascular disease, but many have been limited by cross- sectional 
designs. We investigated whether longitudinal changes in violent crime rates are associated with changes in cardiovascular 
mortality rates at the community level in one large US city- Chicago, IL.

METHODS AND RESULTS: Chicago is composed of 77 community areas. Age- adjusted mortality rates by community area for 
cardiovascular disease, stroke, and coronary artery disease from 2000 to 2014, aggregated at 5- year intervals, were obtained 
from the Illinois Department of Public Health Division of Vital Records. Mean total and violent crime rates by community area 
were obtained from the City of Chicago Police Data Portal. Using a 2- way fixed effects estimator, we assessed the association 
between longitudinal changes in violent crime and cardiovascular mortality rates after accounting for changes in demographic 
and economic variables and secular time trends at the community area level from 2000 to 2014. Between 2000 and 2014, the 
median violent crime rate in Chicago decreased from 3620 per 100 000 (interquartile range [IQR], 2256, 7777) in the 2000 to 
2004 period to 2390 (IQR 1507, 5745) in the 2010 to 2014 period (P=0.005 for trend). In the fixed effects model a 1% decrease 
in community area violent crime rate was associated with a 0.21% (95% CI, 0.09– 0.33) decrease in cardiovascular mortality 
rates (P=<0.001) and a 0.19% (95% CI, 0.04– 0.33) decrease in coronary artery disease mortality rates (P=0.01). There was 
no statistically significant association between change in violent crime and stroke mortality rates (−0.17% [95% CI, −0.42 to 
0.08; P=0.18]).

CONCLUSIONS: From 2000 to 2014, a greater decrease in violent crime at the community area level was associated with a 
greater decrease in cardiovascular and coronary artery disease mortality rates in Chicago. These findings add to the grow-
ing evidence of the impact of the built environment on health and implicate violent crime exposure as a potential social de-
terminant of cardiovascular health. Targeted investment in communities to decrease violent crime may improve community 
cardiovascular health.
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After many years of decline, violent crime has 
been noted to be increasing in cities across the 
United States more recently.1 In 2020, the per- 

capita homicide rate increased by 30% in the largest 
34 cities in the United States, and violent crime rates 
are projected to continue to climb.2 Violent crime is 

largely concentrated in Black urban neighborhoods as 
a result of historic and ongoing racist policies leading 
to racial segregation, community disinvestment, and 
concentrated poverty.3– 5 Residents in these neighbor-
hoods also have a high preexisting burden of chronic 
diseases, especially cardiovascular disease.1,6 There is 
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increasing evidence that neighborhood environment 
contributes to cardiovascular disease risk,7– 10 and ex-
posure to violent crime may be an important social de-
terminant of cardiovascular health, especially among 
racially and ethnically minoritized groups.11

Exposure to violent crime leads to activation of 
physiologic pathways and chronic psychosocial stress, 
which in turn influences biology and behavior in ways 
that contribute to development of cardiovascular dis-
ease.12 Living in a high crime area has been associ-
ated with delays in obtaining needed care,13 as well 
as lower rates of physical activity14,15 and unhealthy 
eating.16 Biological effects, through activation of stress 
response pathways, lead to impaired glucose metab-
olism, chronic inflammation, increased vascular reac-
tivity, and oxidative damage, which play a key role in 
cardiovascular disease development.12,17– 19 Recurrent 
exposure to high rates of violent crime has been shown 
to be independently associated with obesity and ele-
vated blood pressure.20 Neighborhoods with the high-
est rates of violent crime have a higher risk of coronary 
heart disease.21 Spikes in violent crime are associated 
with acute increases in hospital visits and death due to 
acute myocardial infarction.22 However, as many of the 
prior studies have been cross- sectional in design or 
have focused on certain subsets of violent crimes, it is 
unknown whether trends in overall violent crime rates, 
at the community or neighborhood level, are associ-
ated with changes in cardiovascular mortality.

Racial disparities in cardiovascular disease burden 
and outcomes are pervasive.23 New community- level 
interventions are needed to address these dispari-
ties.24 It is unclear whether community- based non- 
police interventions that decrease violent crime, such 
as improvements in neighborhood infrastructure,25 can 
improve cardiovascular health outcomes, particularly 

among racially and ethnically minoritized communities. 
Understanding the relationship between trends in vi-
olent crime and cardiovascular health may therefore 
help inform strategies to improve community cardio-
vascular health and identify areas particularly vulnera-
ble to worsening cardiovascular health outcomes. The 
aim of this study was to investigate whether longitudi-
nal changes in violent crime rates were associated with 
cardiovascular mortality at the community level in one 
large US city, Chicago, Illinois, from 2000 to 2014.

METHODS
Data Sources and Measures
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request. This study was considered exempt from 
review by the University of Pennsylvania Institutional 
Review Board as all data used are routinely collected 
and publicly available. Chicago consists of 77 commu-
nity area with stable boundaries over time that allow for 
longitudinal analyses.26 These community areas, which 
are smaller than ZIP codes, correspond to a neighbor-
hood or several small neighborhoods. Using the Illinois 
Department of Public Health Division of Vital Records, 
we obtained age- adjusted mortality rates by com-
munity area for cardiovascular disease (International 
Classification of Diseases, Tenth Revision [ICD- 10]) 
codes: I00- I09, I11, I13, I20- I51), stroke (ICD- 10 codes: 
I60- I69), and coronary artery disease (ICD- 10 codes: 
I20- I25) deaths from 2000 to 2014 (age>35 years).27 
Community area level mortality rates were available 
aggregated into 5- year time periods: 2000 to 2004, 
2005 to 2009, and 2010 to 2014.

Annual crime data were obtained from the City of 
Chicago Police Data Portal, a publicly available data 
set of all reported incidents of crime to the Chicago 
Police Department, geocoded to the city block of 
crime occurrence.28 Each incident was assigned to the 
community area that the city block where it occurred 
was located in. Violent crime was defined, based on 
the Uniform Crime Reporting Program administered by 
the Federal Bureau of Investigations, as assault, bat-
tery, criminal sexual assault, robbery, and homicide 
based on the Chicago Police Department Crime Type 
Categories.29 All other crimes, were considered non-
violent. Crime data were available for each year from 
2001 to 2014. After calculating the annual, community- 
level, per capita rates of violent and nonviolent crime, 
the mean of these rates over each of the 5- year time 
period that the mortality data were available for was 
calculated. For the first time period (2000– 2004), mean 
annual crime rates from 2001 to 2004 were used.

Additional demographic and economic variables 
at the community area level were obtained from US 

CLINICAL PERSPECTIVE

What Is New?
• Community areas in Chicago with the greatest 

decrease in violent crime rates experienced the 
greatest decline in age- adjusted cardiovascular 
mortality rates, after accounting for changes in 
sociodemographic and economic factors.

• Exposure to violent crime may be an important 
social determinant of cardiovascular health situ-
ated in the broader context of the ways in which 
structural racism harms health.

What Are the Clinical Implications?
• Community investment and non- police inter-

ventions to decrease rates of violent crime may 
help improve community cardiovascular health.
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Census Bureau data. The following community area 
level variables were obtained: median household in-
come (inflation adjusted to 2000), unemployment rate 
(>16 years), less than high school educational attain-
ment rate (age>25 years), housing vacancy rate, and 
proportion of residents by race, and ethnicity of all res-
idents.30– 32 As data were not available for each time 
period at the community area level, data from the 2000 
US Census was assigned to the 2000 to 2004 time 
period, data from the 5- year American Community 
survey for the years 2006 to 2010 were assigned to 
the 2004 to 2009 time period, and data from the 5- 
year American Community survey for the years 2014 
to 2018 were assigned to the 2010 to 2014 time period.

Two additional variables were used in secondary 
analyses: the number of residents of a community 
area per physician in each community area for the year 
2008 obtained from the American Medical Association 
DoctorFinder tool (data available in quintiles of com-
munity areas as calculated by the Northwestern 
University Feinberg School of Medicine, Center for 
Healthcare Equity/Institute for Healthcare Studies) and 
the community area level percentage of the adult pop-
ulation with health insurance obtained from the 5- year 
American Community survey for the years 2008 to 
2012.33,34

Outcomes
The primary outcome was the percent change in com-
munity area level age- adjusted cardiovascular mor-
tality rates from 2000 to 2014. Secondary outcomes 
include percent change in age- adjusted mortality rates 
from coronary artery disease and stroke during the 
same time period.

Statistical Analysis
We first calculated population- weighted summary 
measures of each variable for each of the three 3 time 
periods. Mean percent change, over the 3 periods, in 
crime and mortality rates were also calculated. Linear 
trends in each variable over the 3 periods were as-
sessed using a fixed effects model with a linear period 
term (ie, period treated as a linear continuous variable). 
We compared the mean percent change for mortal-
ity rates between tertiles of community areas based 
on change in crime rates using Kruskal- Wallis tests. 
To estimate the association between change in violent 
crime rates and change in cardiovascular mortality, a 
2- way fixed effects model was used. A fixed effects, 
or within, estimator is a longitudinal analysis technique 
that by examining the association between longitudi-
nal change in the predictor and outcome variables for 
each subject (community area in this analysis) can con-
trol for both measured and unmeasured time- invariant 
confounders.35 A 2- way fixed effects estimator also 

includes an indicator for time to account for secular 
time trends in the outcome. To account for other po-
tential community area level time- varying confounders 
that may influence the association between violent 
crime and cardiovascular mortality rates, the following 
time- varying covariates were included in the model: 
proportion of residents who are non- Hispanic Black, 
Hispanic (any race or ethnicity), other race (which in-
cluded Asian, American Indian or Alaska Native, Native 
Hawaiian and Other Pacific Islander, or more races, 
or some other race), inflation- adjusted median house-
hold income, unemployment rate, housing vacancy 
rate, and less than high school educational attain-
ment rate. Mortality and violent crime rates were in-
cluded as log transformed variables in the model. As 
all variables were aggregated at the community area 
level, the model was weighted by the community area 
population.

In secondary analyses, we explored the associ-
ation between change in violent crime rates and the 
secondary outcomes of mortality rates from coronary 
artery disease and stroke, as well as the association 
between change in cardiovascular mortality and total 
crime rates. Additionally, to evaluate the role of health 
care access in the associations noted in the primary 
analysis, quintile of the number of residents per physi-
cian (including primary and specialty care physicians) 
and the proportion of residents with health insurance 
coverage, were included in 1 model. As both additional 
covariates were available only at a single time point, a 
Hausman- Taylor estimator was used,36 which, unlike a 
traditional fixed- effects model, allows for the estima-
tion of coefficients for time- invariant covariates within 
a fixed- effects framework. This secondary model was 
not weighted by the community area population.

Results are presented as means with SD or 95% 
CIs or medians with interquartile range (IQR) as indi-
cated. P values <0.05 were considered statistically sig-
nificant. There was no P value adjustment for multiple 
comparisons. Summary statistics and time trends for 
the primary 2- way fixed effects model were estimated 
using SAS 9.4. The Hausman- Taylor model was esti-
mated using STATA 15. Drs Eberly and Khatana had full 
access to all data and are responsible for its integrity.

RESULTS
Trends in time- varying demographic and economic 
characteristics for all 77 community areas, weighted by 
population, by time period are summarized in Table 1. 
The population- weighted proportion of Black residents 
declined over the 3 time periods from a median of 
17.0% (IQR 3, 85) in the first time period to 8.9% (3.2, 
47.5) in the third time period (P<0.0001 for trend). The 
proportion of Hispanic residents increased over the 3 
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time periods from 16.5% (IQR 4.1, 46.9) to 18.4% (IQR 
5.9, 47.5) (P=0.02). The unemployment rate (P=0.0001) 
and vacant housing rate (P<0.0001) initially increased 
in the second time period, but then declined in the third 
time period (unemployment: 8.3% to 10.6% to 7.7%; 
vacant housing: 6.8% to 12.1% to 10.4%).

The population weighted median violent crime rate 
in Chicago decreased over the 3 time periods (P<0.001 
for linear time trend). The median violent crime rate 
was 3501.1 per 100 000 (IQR 2164, 7650) in the 2000 
to 2004 period, 2952.7 per 100 000 (IQR 1998.0, 
6573.7) in the 2005 to 2009 period, and 2159.4 (IQR 
1412, 4975) in the 2010 to 2014 period  (P<0.001 for 
linear time trend) (Table 1). The mean percent change 
in violent crime rates across all community areas over 
the study period was −15.8% (SD=9.8%). Among the 
77 community areas, in the tertile with the greatest de-
crease in violent crime rates, the mean percent change 
for violent crime rates over the study period ranged from 
−59.2% (SD=13.7) to −19.0% (SD=15.0) (Figure). In the 
intermediate tertile, it ranged from −18.8% (SD=11.2) 
to −10.5% (SD=11.7). In the tertile of community areas 
with the smallest decrease or increase in violent crime 
rates, the mean percent change ranged from −10.3% 
(SD=15.9) to 2.9% (SD=16.7).

The median age- adjusted cardiovascular mortality 
rate in Chicago was 276.8 per 100 000 (IQR 245.8, 
320.5) in the 2000 to 2004 period, 230.0 per 100 000 
(IQR 195.5, 267.7) in the 2005 to 2009 period, and 197.1 
(IQR 178.0, 246.2) in the 2010 to 2014 period (P<0.0001 
for linear time trend). The mean percent change in car-
diovascular mortality rates across all community areas 

over the 3 periods was −13.1% (SD=4.7%). In the ter-
tile of community areas with the greatest decrease 
in cardiovascular mortality rates, the mean percent 
change for cardiovascular mortality rates ranged from 
−32.5% (SD=5.5) to −15.0% (SD=4.7) (Figure). In the 
intermediate tertile, it ranged from −14.9% (SD=22.8) 
to −11.1% (SD=3.0). In the tertile of community areas 
with the smallest decrease or increase in cardiovascu-
lar mortality rates, the mean percent change ranged 
from −11.1% (SD=1.6) to 6.2% (SD=24.2).

Between 2000 and 2014, the mean percent change 
for age- adjusted cardiovascular mortality rates was 
−14.8% (SD=3.4) in the tertile of community areas 
with the greatest decrease in violent crime rates, 
−13.1% (SD=5.2) in the intermediate tertile, and −11.5% 
(SD=4.8) in the tertile with smallest decrease or in-
crease in violent crime rates (P=0.48 for comparison 
between first and intermediate tertile and P=0.02 for 
comparison between first and third tertile) (Table 2).

In the 2- way fixed effects model, after accounting 
for changes in demographic and economic variables 
and secular time trends, a 1% decrease in community 
area violent crime rates was associated with a 0.21% 
(95% CI, 0.09– 0.33) decrease in cardiovascular mor-
tality rates (P<0.001) (Table 3).

Secondary Analyses
The median age- adjusted coronary artery disease mor-
tality rate in Chicago was 203.0 per 100 000 (IQR 184.9, 
217.4) in the 2000 to 2004 period, 156.8 per 100 000 
(IQR 136.5, 171.1) in the 2005 to 2009 period, and 126.6 

Table 1. Population Weighted Sociodemographic and Economic Variables for All 77 Chicago Community Areas by Time 
Period

Variable

Time period
P value for 
trend2000– 2004 2005– 2009 2010– 2014

Population, median [IQR] 32 275.0 (18 165, 52 723) 31 028 (18 109, 48 743) 29 021 (19 342, 45 271) <0.0001

Proportion of residents in following subgroups:

Non- Hispanic Black, median [IQR] 17.0 (3.0, 85.5) 11.5 (4.0, 72.0) 8.9 (3.2, 47.5) <0.0001

Hispanic (any race or ethnicity), median [IQR] 16.5 (4.1, 46.9) 16.6 (5.2, 50.6) 18.4 (5.9, 47.5) 0.02

Other race‡, median [IQR] 3.4 (1.3, 7.4) 3.6 (1.3, 9.4) 5.9 (1.9, 12.4) <0.0001

Unemployment rate, median [IQR] 8.3 (6.0, 15.7) 10.6 (7.6, 16.7) 7.7 (4.3, 13.6) 0.0001

Vacant housing rate, median [IQR] 6.8 (4.3, 10.1) 12.1 (8.9, 17.7) 10.4 (8.6, 14.5) <0.0001

Median household income, median [IQR]* 34 639.85 (30 704.00, 
42 861.15)

41 528.22 (330 393.76, 
58 985.61)

38 397.86 (25 649.14, 
55 746.42)

<0.0001

Less than high school education rate, median [IQR] 28.0 (21.2, 39.5) 18.7 (13.2, 30.3) 14.4 (8.0, 21.4) <0.0001

Total crime rate† 12 662.7 (9618.2, 23 032.9) 11299.5 (8622.7, 23 965.0) 8276.9 (6371.0, 16 620.6) <0.0001

Violent crime rate† 3501.1 (2164.1, 7650.4) 2952.7 (1998.0, 6573.7) 2159.4 (1411.9, 4975.1) <0.0001

IQR indicates interquartile range.
*Inflation adjusted to year 2000.
†Crime rate is per 100 000.
‡Other race includes Asian, American Indian or Alaska Native, Native Hawaiian and Other Pacific Islander, 2 or more races, or some other race.
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(IQR 108.8, 136.8) in the 2010 to 2014 period (P<0.0001 
for linear time trend). The mean percent change in coro-
nary artery disease mortality rates across all community 
areas over the 3 periods was −20.8% (SD=5.1%). The 
median age- adjusted stroke mortality rate in Chicago 
was 49.8 per 100 000 (IQR 45.5, 63.0) in the 2000 to 
2004 period, 41.6 per 100 000 (IQR 34.7, 41.6) in the 
2005 to 2009 period, and 35.8 (IQR 30.0, 44.2) in the 
2010 to 2014 period (P<0.0001 for linear time trend). 
The mean percent change in stroke mortality rates 
across all community areas was −13.6% (SD=8.3). In 
the 2- way fixed effects model, a 1% decrease violent 
crime rates was also associated with a 0.19% (95% CI, 

0.04– 0.33) decrease in age- adjusted coronary artery 
disease mortality rates (P=0.01) (Table 3). There was no 
significant association between change in violent crime 
rates and stroke mortality rates (−0.17% [95% CI, −0.42 
to 0.08; P=0.18]) (Table 3).

A 1% decrease in total crime rates over the study 
period was associated with a 0.16% (95% CI, 0.04– 
0.29) decrease in cardiovascular disease mortality 
rates (P=0.009) (Table  4). There was no significant 
association between change in total crime rates and 
mortality rates for coronary artery disease (−0.11% 
[95% CI, −0.26 to 0.04; P=0.15]) or stroke (−0.19% 
[95% CI, −0.44 to 0.07; P=0.15]) (Table  3). In the 
Hausman- Taylor model incorporating time- invariant 
quintile of the number of community area residents 
per physician and health insurance coverage, changes 
in violent crime remained significantly associated with 
changes in cardiovascular mortality, and there was no 
significant association noted between change in car-
diovascular mortality rates and either of the 2 health 
care related variables (Table S1).

DISCUSSION
From 2000 to 2014, Chicago community areas expe-
riencing the greatest decrease in violent crime rates 
had the greatest decline in age- adjusted cardiovascular 

Figure. Mean percent change for age- adjusted cardiovascular mortality and violent crime by community area in Chicago, 
Illinois between 2000 and 2014*.
*Mean of the percent change between each period in each community area.

Table 2. Changes in Age- Adjusted Cardiovascular 
Mortality by Community Area Tertiles of Change in Violent 
Crime Rates

Community area tertiles 
based on change in 
violent crime rate*

Mean percent change 
for age- adjusted 
cardiovascular 
morality rate (SD)†

P value for 
difference 
compared with 
first tertile†

First tertile (smallest change) 11.5 (4.8) …

Second tertile −13.1 (5.2) 0.48

Third tertile (largest change) −14.8 (3.4) 0.02

*Tertiles of change in violent crime rate based on mean percent change in violent 
crime rates between each period in each community area. first tertile: −59.2% to 
−19.0%, second tertile: −18.8% to −10.5%, third tertile: −10.3% to 2.9%.

†Mean of the percent change in age- adjusted cardiovascular mortality 
rates between each period in each community area.
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mortality rates whereas community areas with the small-
est decrease in crime had a significantly smaller decline 
in mortality rates. After controlling for time- invariant 
differences between communities, secular trends in 
mortality, and changes in important time- varying so-
ciodemographic and economic factors, a decrease in 
community area level violent crime rates in Chicago 
was significantly associated with a decrease in mortality 
rates from cardiovascular and coronary artery disease.

The pathophysiologic mechanisms that may explain 
the association between violent crime and adverse 
cardiovascular outcomes are likely multifactorial. The 
psychosocial stress triggered by exposure to violent 
crime is associated with lower consumption of healthy 
foods and higher rates of substance use.16 Safety 
concerns preclude opportunities for healthy physical 
activity.14,37 Chronic psychologic stress, triggered by 
crime exposure, is associated with chronic activation 
of physiologic stress pathways, which induce insu-
lin resistance, atherosclerosis, and vascular reactiv-
ity.17,19,38,39 Recurrent exposure to high rates of violent 
crime is associated with higher body mass index, el-
evated blood pressure, and other cardiovascular dis-
ease risk factors.20,21,40,41 Exposure to violent crime is 
also associated with delays in prescription fills, missing 
outpatient appointments, and increases in cardiovas-
cular disease- related hospital admissions.13,41

In our analysis, although crime rates fell, on aver-
age, in nearly all community areas, there were signifi-
cant differences in the rate of this decline. Community 
areas that experienced the smallest decline in crime 
also experienced the smallest improvements in cardio-
vascular mortality, thus exacerbating preexisting dis-
parities between neighborhoods in the city. With the 
recent rise in crime rates in the United States,2 our re-
sults suggest that these disparities may become even 
more pronounced over time.

Given the relationship we found between violent 
crime and cardiovascular outcomes, it is important 
to consider the root causes of violence. Structural 
racism— both in historical government policies such 
as redlining and ongoing discriminatory practices 
within the real estate and banking industries— has re-
sulted in many Black neighborhoods that have dealt 
with sustained and intentional disinvestment, includ-
ing concentrated poverty, failing schools, and lack of 
economic opportunities.3– 5,42– 44 One salient result are 
neighborhood conditions marked by deterioration— 
crumbling housing stock, blighted vacant land, and a 
lack of greenspace. These neighborhood conditions 
have been associated with both violent crime and poor 
cardiovascular outcomes.7,8,21,45,46 Given the demon-
strated association between violent crime and cardio-
vascular outcomes, independent of other economic 
factors, our results implicate violent crime as a poten-
tial social determinant of cardiovascular health situated Ta
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in the broader context of the ways in which structural 
racism harms health.

These findings add to the growing evidence of the 
impact of the built environment on health and have 
important public health considerations. Economic 
prosperity has been previously demonstrated to be as-
sociated with cardiovascular mortality.47 Communities 
with high crime rates receive less economic invest-
ment, thus perpetuating a cycle of poverty that has 
long- lasting impacts on health.48 Targeted and sus-
tained investment to break the link between long- 
standing community disinvestment and subsequent 
poor health outcomes is needed, particularly in Black 
neighborhoods.49 How evidence- based non- police 
neighborhood interventions associated with crime re-
duction, such as housing and blight remediation, pro-
vision of subsidized affordable housing units, greening 
vacant land, and structural housing repairs,24,25,49– 52 
affect cardiovascular health warrants further attention. 
In addition, we must acknowledge the legacy of racist 
policies and practices that have led to concentrated 
disadvantage and crime in Black and other racially and 
ethnically minoritized neighborhoods. Policies must be 
implemented to address the health consequences of 
structural racism and racial segregation. Community 
partnerships are essential to further expand our knowl-
edge of the impact of violent crime on cardiovascular 
health and the impact of community- driven interven-
tions on violence- related cardiovascular outcomes.24

Our study has several limitations. Because of the 
observational nature of this study, causal inferences 
cannot be made. As this is an ecological study at the 
community area level, individual level inferences from 
the findings cannot be made.53 Although the 2- way 
fixed effects model accounts for measured or unmea-
sured time- invariant confounders as well as secular 
time trends in the outcome, residual time- varying con-
founding as well as reverse causality are still possible. 
However, we accounted for several important eco-
nomic and demographic time- varying confounders that 
have previously been shown to be associated with car-
diovascular health. Although not all of the time- varying 
covariates used in the model were from the exact pe-
riod for which the mortality rates were available, they do 
allow us to adjust for trends in these potential important 
time- varying confounders. Regarding reverse causality, 
it is theoretically plausible that changes in cardiovas-
cular mortality rates may influence changes in violent 
crime rates in an area rather than vice versa. Our study 
has the benefit of granularity at the community area 
level (rather than census or ZIP code level). However, 
to account for the statistical instability of small- area es-
timates, data were aggregated over multiyear periods 
and we were unable to evaluate changes on a smaller 
time scale (such as annually). Cardiovascular health 
outcomes were tied to a community area of residence Ta
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and corresponding exposure to violent crime in that 
area were determined. Some of the reported crime in-
cidents in a community area may be for nonresidents. 
Data were available only through 2014 and thus do not 
capture more recent years including recent rises in 
crime. These results represent 1 large urban US city 
and may not be generalizable to other cities.

CONCLUSIONS
From 2000 to 2014, decreases in violent crime rates 
were significantly associated with improvements in car-
diovascular mortality in community areas in Chicago. 
The disparity in cardiovascular mortality rates between 
community areas was exacerbated as communities 
with the smallest improvements in violent crime rates 
experienced the smallest improvements in cardio-
vascular mortality. Given recently reported increases 
in violent crime in US cities, further widening of the 
gap in cardiovascular health between communities 
is likely. Therefore, investigating whether non- police 
community- based strategies to decrease violent crime 
may play a role in community cardiovascular health is 
crucial.
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Table S1. Hausman-Taylor estimator – Outcome: Age-adjusted cardiovascular mortality 
rate (log transformed) 

Variable  Estimate 95% Lower 
confidence 
limit 

95% Upper 
confidence 
limit 

p-value

Violent Crime rate* 0.171477† 0.043586 0.299368 0.009 
Proportion of residents non-
Hispanic Black 

0.000104 -0.0023 0.002504 0.933 

Proportion of residents 
Hispanic (any race) 

0.001551 -0.00038 0.003481 0.115 

Proportion of residents other  
race‡ 

-0.00798 -0.0159 -6.5E-05 0.048 

Unemployment rate 0.003555 -0.00063 0.007743 0.096 
Vacant housing rate 3.41E-06 8.15E-07 6.00E-06 0.01 
Median Household Income  0.000908 -0.003 0.004815 0.649 
Less than High School 
Education attainment rate  

-0.00281 -0.0062 0.000593 0.106 

Year 2000-2004 Reference  
Year 2005-2009 -0.23392 -0.28776 -0.18008 <0.001 
Year 2010-2014 -0.272 -0.34178 -0.20222 <0.001 
Time-invariant variables 
Proportion of residents with 
health insurance coverage 
(2008-2012) 

-0.00334 -0.01164 0.004964 0.431 

Quintile of residents per physician (2008) 
Quintile 1 Reference 
Quintile 2 0.114665 -0.03124 0.260574 0.123 
Quintile 3 0.024071 -0.1057 0.15384 0.716 
Quintile 4 0.051928 -0.07966 0.183515 0.439 
Quintile 5 0.029265 -0.11828 0.176811 0.697 

* Included in model as log transformed variable. Rate is per 100,000 residents

† A 1% change in the variable is associated with a percent change in the outcome equal to the 
estimate value.  

‡Other race includes Asian, American Indian or Alaska Native, Native Hawaiian and Other 
Pacific Islander, 2 or more races, or some other race.
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