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Abstract
Background  In Chicago in 2018, the average life expectancy (ALE) for NH Blacks was 71.5 years, 9.1 fewer years than for 
NH Whites (80.6 years). Inasmuch as some causes of death are increasingly recognized products of structural racism, in 
urban areas, such causes may have potential for reducing racial inequities through public health intervention. Our purpose 
is to allocate racial inequities in ALE in Chicago to differentials in cause-specific mortality.
Methods  Using multiple decrement processes and decomposition analysis, we examine cause-specific mortality in Chicago 
to determine the causes of death that contribute to the gap in life expectancy between NH Blacks and NH Whites.
Results  Among females, the racial difference in ALE was 8.21 years; for males, it was 10.53 years. We find that cancer and 
heart disease mortality account for 3.03 years or 36% of the racial gap in average life expectancy among females. Differences 
in homicide and heart disease mortality rates comprised over 45% of the disparity among males.
Conclusions  Strategies for improving inequities in life expectancy should account for differences between males and females 
in cause-specific mortality rates. In urban areas with high levels of segregation, reducing inequities in ALE may be possible 
by dramatically reducing mortality rates from some causes.
Contribution  This paper illustrates the state of inequities in ALE between NH Blacks and NH Whites in Chicago for the 
period just prior to the onset of the COVID-19 pandemic, using a well-established method of decomposing mortality dif-
ferentials for sub-populations.
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Introduction

Fifty years after the passage of the Civil Rights Act of 
1964, racial inequities in life expectancy remain a defin-
ing characteristic of public health in the United States 
(U.S.). In many ways, inequities in average life expectancy 
(ALE) are the critical indicator of systemic inequality, 
oppression, and marginalization. When the COVID-19 
epidemic began in 2019, the difference in ALE between 
non-Hispanic (NH) Blacks and NH Whites was 3.6 years 
[1], where NH Blacks had an ALE of 75.3 years, whereas 
NH Whites’ ALE was 78.9 years.

Importantly, the U.S. public health system infra-
structure is not a comprehensive, universal system 
working on behalf of residents to improve health, lon-
gevity, and quality of life. Rather, it is a patchwork of 
sub-national entities, organizations, and institutions 
with divergent goals, resources, and impact on health 
inequities [2]. Moreover, the largest U.S. cities have 
substantial and variable levels of racial health inequi-
ties related to structural racism.  Often the magnitude 
of these health disparities are hidden when examined 
at the state and national level [3]. Therefore, exami-
nations of racial health inequities in the U.S. are bet-
ter undertaken at the sub-national level. These types 
of analyses have potential to inf luence sub-national 
health policy in ways that improve the health of dis-
advantaged groups in the U.S. [4]. Some of the racial 
gaps in ALE have persisted for decades in Chicago and 
are strongly related to economic hardship, disinvest-
ment, and social conditions [4–8].

In an analysis of the 30 largest U.S. cities, Benjamins 
and De Maio [9] found that racial differences in ALE in 
Washington, DC, San Francisco, Los Angeles, and Chicago 
were double that of the U.S. Conversely, cities such as El 
Paso, Boston, and Jacksonville had much smaller racial 
inequities than the U.S. That research identified several 
causes of death for which mortality rates were higher in 
Chicago than the U.S., including HIV, homicide, and opi-
oid overdose [9], but did not break down the magnitude of 
each cause’s impact on the life expectancy gap in Chicago 
or in any city. The current study expands upon existing 
research to identify which causes of death contribute the 
most to racial inequities in ALE in Chicago. Furthering 
our understanding of the causes that create inequities will 
allow stakeholders such as advocacy groups, community 
leaders, and policy makers to better develop programs and 
interventions that address racially unequal ALE in the city.

We utilize multiple decrement processes and life-table 
analysis to determine the contribution of differential 
cause-specific mortality rates to overall differences in ALE 
in Chicago in 2018–2019. The data used in these analyses 

represent the last “normal” pre-COVID-19 mortality levels 
in Chicago. These data were collected prior to the onset 
of the COVID-19 epidemic, which has produced overall 
declines in life expectancy in the U.S. [10] and shifts in 
cause-specific mortality structures.

Methods

Decomposing racial differences in ALE to differentials in 
cause-specific mortality by age is a well-established tech-
nique of population analysis. Multiple decrement processes 
(also known as competing risks) have been used to deter-
mine causes underlying group-level differences in life expec-
tancy in a variety of contexts, time periods, and populations 
[10–16]. This methodology, popularized by Arriaga [17] 
“decomposes” group differentials in life expectancy to dif-
ferences in cause and age-specific mortality rates.

Three main assumptions underpin these methods: (1) 
decomposition by age group that the sum of contributions 
from all age groups should equal the total life expectancy 
gap in years; (2) decomposition of cause-specific deaths 
within an age group, where the total contribution of one 
cause of death to the life expectancy gap is equal to the 
sum of cause-specific contributions across all age groups; 
and (3) when summed, differences in proportional contri-
butions from all causes of death should equal the total life 
expectancy gap in years between NH Black and NH White 
residents.

We calculated abridged life tables with 5-year age inter-
vals, using procedures originally proposed by Chiang [18] 
and explained in detail by Preston et al. [19]:
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cause-specific mortality rates, and therefore life expectancy. 
Gender differentials in ALE have been documented previ-
ously [20, 21]; therefore, the decomposition analysis pre-
sented here is stratified by sex.

Data for these analyses come from the 2018 and 2019 
Multiple Cause of Death data files collected by the 
National Vital Statistics System. Death records where the 
city of Chicago was recorded as the place of residence 
were included in the analysis. We extracted underlying 
deaths by sex, race, and age. We followed definitions used 
in previous studies [22, 23] to classify deaths using the 
International Statistical Classification of Diseases and 
Related Health Problems, Tenth Revision (ICD-10) codes 
into thirteen code groupings, as shown in Supplemental 
Table [1].

Deaths were categorized into standard 5-year age groups 
for all analysis. Additionally, deaths among the youngest res-
idents were allocated to either 0–1 year of age or 1–4 years 
of age. Race-, sex-, and age-specific population denomi-
nators were obtained from the US Census Bureau’s 2010 
Decennial Census.

Because our interest is the racial disparity in ALE in a 
hyper-segregated city, our analysis does not consider eth-
nicity in our calculations of ALE. While there are impor-
tant considerations for ethnicity in examinations of ALE, 
we do not consider it here. This is because the intersection 
of race and ethnicity is a complicated one for Black indi-
viduals and the complexity [24] is not always reflected in 
vital data. For example, official census data for Chicago 

reports race and ethnicity separately for NH White, NH 
Black, and Hispanic/Latino residents, but does not parse 
data into Hispanic Black and White residents [25]. The 
analysis we present here focuses on non-Hispanic (NH) 
Black and NH White residents.

Results

Our analysis shows that the racial inequity in ALE was larger 
for males than for females. NH Black males have the shortest 
life expectancy (67.19 years) of the groups we examined, 
10.53 fewer years than NH White males. Figure 1 shows the 
contribution of underlying causes of death to racial inequi-
ties in ALE in Chicago by sex.

During the period 2018–2019, NH White females had 
the longest life expectancy (84.39 years), 17.20 years longer 
than for NH Black males (67.19 years), who had the short-
est. The disadvantage in life expectancy for NH Blacks was 
8.21 years for females and 10.53 years for males. Among 
NH Whites, there was a gap of 6.67 years in ALE between 
females and males. The gap was larger for NH Blacks, where 
female life expectancy was almost 9 years longer than male 
life expectancy.

Over a fifth of the racial inequity in ALE among 
females was attributable to differences in heart disease 
mortality, where NH Black females had 1.75 fewer years 
than NH White females. Additionally, differences in 

Fig. 1   Number of years contributed to the life expectancy gap between non-Hispanic White and non-Hispanic Black populations, by cause of 
death and sex (2018–2019)
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age-specific cancer mortality rates among females con-
tributed over 15% of the differential; NH Black females 
had 1.29 fewer years of life expectancy. Differences in 
influenza, pneumonia, HIV, and other infectious disease 
mortality between NH Black and NH White females 
explained only about 4.9% of the 8.21-year gap in life 
expectancy (0.40 years). About 3% (0.24 years) of racial 
inequities in ALE for females was due to perinatal condi-
tions. Remaining causes of death, which included diabe-
tes, kidney disease, stroke, opioid overdose, accidents, 
chronic lower respiratory disease, and influenza and 
pneumonia, comprised the 39% (3.19 years) of the dif-
ference in ALE between NH Black and NH White females 
over this period.

The ALE among NH Black males was 67.19 years, 
10.53 years less than NH White males. Over 25% of 
this inequity was due to race differentials in age-spe-
cific homicide mortality rates (2.87  years). Excess 
heart disease mortality among NH Black males contrib-
uted to 18.6% of the racial gap in ALE, and differences 
in age-specific cancer mortality rates accounted for 
1-year gap in ALE among males in Chicago (9.7% of 
the total difference). Differences in age-specific opioid 
overdose mortality rates comprised 7.4% of the differ-
ence in ALE between NH Black and NH White males 
(0.78 years). The contribution of differences in age-
specific infectious disease mortality rates (HIV, infec-
tious disease, influenza, and pneumonia) was similar 
for males as it was for females (4.9% or 0.51 years). 
The remaining causes of death accounted for 1.98 years 
(or 19%) of the racial disparity in ALE between NH 
Black and NH White males.

Discussion

Using life-table analysis of multiple decrement processes, 
we find that the large differences in ALE between NH Black 
and NH White residents in Chicago are attributable to sub-
stantial racial differences in age-adjusted cause-specific 
mortality rates (10.52 years for males and 8.21 years for 
females). Racial differences in heart disease and cancer 
mortality rates contribute substantially to inequities in ALE 
between NH Black and NH White residents in Chicago. 
These findings align with other research showing growing 
racial inequities in life expectancy in U.S. cities. In a study 
of the 30 most populous US cities, Benjamins et al. (2021) 
found that Chicago was one of the six cities that experienced 
a significant increase in racial inequities in all-cause mortal-
ity during the period 2009–2018.

The analysis included here provides evidence for the 
utility of examining inequity in cause-specific mortality 

rates at the sub-national level. While much of the funding 
and priority setting for public health in the U.S. is done 
at the national and state level, we show that within Chi-
cago, there are dramatic race and sex-based differences 
in ALE. These results support the contributing role of 
heart disease and cancer to these inequities. We reveal 
that, of the ten leading causes of death, heart disease 
and cancer contribute the most excess Black deaths in 
Chicago, a finding reflected overall in the U.S. [9] and at 
the state and county level [23, 26–28]. The contribution 
of homicide mortality to disadvantages in life expectancy 
has been documented previously, both in the U.S. overall 
and in Chicago [29].

Notwithstanding individual experiences of racism leading 
to poor health outcomes [30], focusing on structural racism 
compels us to move from individual-level health dynamics 
to broader macro-ecological factors that continue to repro-
duce social stratification and patterns of racial and ethnic 
health inequities [31]. Multiple dimensions of structural rac-
ism impact the health and mortality of minority populations 
in the U.S. broadly [32].

For example, community areas with large concentra-
tions of Black residents are also those in the closest prox-
imity to environmental pollution [33]. Hyper-segregated 
cities with histories of redlining (discriminatory prac-
tices that shaped racial composition of residential areas 
in U.S. cities) are likely characterized by vastly different 
housing stock for Black and NH White residents, particu-
larly those living in gentrified neighborhoods. Because 
gentrification tends to occur in more racially integrated 
neighborhoods [34], it may be that the neighborhoods 
with large concentrations of Black residents are also the 
neighborhoods with older housing stock in need of ren-
ovation to remove toxic substances (like leaded paint). 
Other municipal improvements (like replacing leaded 
water pipes) that require extraordinary financial resources 
are slow to happen in these areas, resulting in high lead 
exposure in the drinking water supply. For example, in 
Chicago, majority of Black and Hispanic neighborhoods 
comprise nine of the top 10 zip codes with the highest 
drinking water lead exposure [35]. Since lead poisoning 
has been linked to hypertension, heart disease, stroke, 
and chronic kidney disease [36], it is possible that city-
level differentials in ALE are driven at least partially by 
the historical legacy of structurally racist policies (like 
redlining).

Indirectly, the historical remnants of redlining, including 
lower levels of social investment and municipal develop-
ment, have produced neighborhoods characterized by higher 
levels of “social disorganization.” Racial segregation exacer-
bates these and combined with greater law enforcement pres-
ence impacts mental health, substance use, and sexual risk 
factors [37]. Essentially, the cumulative effects of structural 
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racism are complex and persistent, operating at multiple lev-
els of influence.

Methodological Considerations

This analysis was limited to comparisons between NH Black 
and NH White populations. We acknowledge the importance 
of including other racial and ethnic groups in mortality 
analyses related to ALE; however, we made the decision to 
highlight inequities affecting the Black community because 
the experience of this group is historically unique within 
Chicago. Determining the causes that contribute to shorter 
life expectancy for Blacks has the potential to inform the 
development of interventions that address this most funda-
mental inequality in Chicago.

It is also important to acknowledge the absence of other 
key variables in our analysis, such as socioeconomic status, 
that might help explain Black/White disparities in ALE [38]. 
Another limitation is our reliance on ICD-10 classification 
of cause of death. Some causes require knowledge about 
contributing circumstances that may not be captured on 
death certificates, which could influence official causes in 
vital data.

There are  other methodological limitations that 
should be considered here. Our assumptions that (1) 
the sum of contributions from all age groups should 
equal the total gap in ALE, (2) the total contribution 
of one cause of death to the gap in ALE is equal to the 
sum of those cause-specific contributions across all 
age groups; and (3) when summed, differences in pro-
portional contributions from all causes of death should 
equal to the total gap in ALE between NH Black and 
NH White residents may be considered flawed some-
what, because they are not verifiable using these data. 
These assumptions rely on well-known and previously 
established processes and procedures to collect, refine, 
and publish vital registration data, and it is possible 
that deviations from those procedures have resulted 
in a reality that is not ref lected in the findings here. 
Because these assumptions rely so heavily on vital 
data, inaccurate or incomplete registration of key vari-
ables on the death certificate could lead to poor esti-
mates of age-specific mortality rates and distortions in 
estimates of ALE.

These analyses may be limited somewhat by the available 
data for this period. We utilize 2010 census data for these 
analyses because we wanted to examine racial differences in 
perinatal causes that occur during the first year and require 
the age groups 0–1. Utilizing the ACS would have meant we 
were limited to using 5-year age groups, which would have 
restricted our capacity to examine these causes.

Finally, more recent work in this area of sub-national 
estimates of ALE utilizes Bayes regression models [39]. 
These models were considered for the present analysis, 
given the short period of investigation and the sub-national 
nature of our data. However, without evidence of incom-
plete vital registration, we eschewed these models in favor 
of life-table analysis, a traditional method of investigation 
in this area.

We believe our use of a well-developed methodology 
to parse racial differences in ALE to specific causes of 
mortality to be a strength. Additionally, examining the 
causes underlying the dramatic differences in ALE in 
Chicago is a useful exercise as there are other U.S. cities 
with similar historical patterns of redlining and levels of 
segregation, such as Detroit, Newark, Milwaukee, and 
Cleveland [40]. These similarities may underscore the 
need for similar examinations in these cities and to pri-
oritize the health of residents in these cities.

Additionally, these analyses utilize the last cause-spe-
cific mortality data unaffected by the COVID-19 pandemic. 
Furthermore, an assessment of life expectancy prior to 
COVID-19 provides a point of comparison for life expec-
tancy estimates and trends post COVID-19 as cities recover 
and mortality structures return to “normal.”

Racial inequities in health have existed in Chicago for 
some time, long before the COVID-19 epidemic. At their 
core, the inequities we show here originate in disparate 
social conditions and structural racism. When the COVID-
19 epidemic is over, these inequities will persist. Under-
standing how Black/White differences in the distribution of 
causes of death contribute to inequities in life expectancy is 
essential for targeted interventions at the city level.

Interventions to reduce racial disparities in ALE need to address 
differences in cause-specific mortality between Black and White 
populations in Chicago. The city’s level of racial segregation means 
that city-led intervention efforts can be targeted in specific com-
munity areas to decrease race-based differences in ALE. Homicide 
alone contributes nearly one-third of the 10.53-year age difference 
in ALE for males. City and community area-level interventions 
[41–46] that reduce homicide mortality rates have the potential to 
dramatically reduce the inequity between Black and White males.

Conclusion

We utilize a well-developed method of population analysis 
to examine racial inequities in average life expectancy in 
Chicago in 2018–2019. The disadvantage in ALE for NH 
Blacks was 8.21 years for females and 10.53 years for males. 
We find dramatic racial differences in ALE related to cause-
specific mortality structures, where causes comprising the 
largest differentials varied by gender.
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