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Background: The mortality from COVID-19 alone cannot account for the impact of the pandemic. Cardiovascular
disease (CVD) mortality has increased disproportionately in specific racial/ethnic populations.

Objective: This study aimed to characterize how the COVID-19 pandemic impacted the association between CVD
mortality and social and demographic factors as characterized by the Social Vulnerability Index (SVI).
Methods: Medical Examiner Case Archive of Cook County, Illinois was utilized to identify CVD deaths in 2019
(pre-pandemic) and 2020 (pandemic). Rate ratios (RRs) were used to compare age-adjusted mortality rates
(AAMRs). Addresses of deaths were geocoded to Chicago Community Areas. The Spearman's rank correlation
coefficient (p) test was used to identify the association between SVI and CVD mortality.

Results: AAMRs of CVD deaths significantly increased among non-Hispanic Black individuals (AAMRR, 1.1; 95 %
CI, 1.1-1.2) and Hispanic individuals (AAMRR, 1.8; 95 % CI, 1.5-2.1) from 2019 to 2020. Among non-Hispanic
White individuals, the AAMR did not significantly increase (AAMRR, 1.0; 95 % CI, 0.9-1.1). A significant positive
association was observed between SVI and the percentage of non-Hispanic Black residents (p = 0.45; P < 0.05),
while the inverse was observed with the percentage of non-Hispanic White residents (p = —0.77; P < 0.05). A
significant positive association between SVI and CVD mortality rate increased (p = 0.24 and 0.28; P < 0.05).
Conclusions: Significant association between SVI and CVD mortality was strengthened from 2019 to 2020, and
CVD mortality increased among non-Hispanic Black and Hispanic populations. These findings demonstrate that
the COVID-19 pandemic has led to an exacerbation of health inequities among different racial/ethnic pop-
ulations resulting in increased CVD mortality.

1. Introduction while out-of-hospital cardiac arrests increased, which inform the pan-
demic's impact on CVD management and mortality [4-10].

The Coronavirus Disease 2019 (COVID-19) has resulted in >1 Different racial/ethnic populations have been disproportionately

million deaths in the United States since being declared a global
pandemic by the World Health Organization [1]. However, the mortality
from COVID-19 alone does not account for the impact of the pandemic.
Studies have reported that during the pandemic a proportion of excess
all-cause deaths, ranging from 28 % to 50 %, were secondary to causes
other than COVID-19 [2,3]. Cardiovascular disease was a significant
cause of the excess deaths, and the number of deaths secondary to
ischemic heart disease and hypertension notably increased during the
beginning of the COVID-19 pandemic. During March 2020 to May 2020,
the number of hospitalizations due to cardiovascular disease decreased

affected by COVID-19. A prior study reported that non-Hispanic Black,
Hispanic, and non-Hispanic Asian populations experienced a signifi-
cantly greater increase in heart and cerebrovascular disease deaths
during the COVID-19 pandemic compared with the non-Hispanic White
population [10]. Furthermore, a study reported a reversal of the Latino
mortality paradox in 2020, with Latino individuals experiencing greater
mortality than non-Hispanic Whites during the COVID-19 pandemic
[11-13]. The disproportionate increase of cardiovascular deaths among
specific racial/ethnic populations suggests that the COVID-19 pandemic
has exacerbated preexisting social barriers to care that have
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disproportionately affected these populations [14-19]. Non-Hispanic
Black populations have been at increased risk for CVD and mortality,
and the higher burden of clinical risk factors for CVD (e.g., hypertension
and hyperlipidemia) alone has not accounted for this increased risk
[20].

Prior to the COVID-19 pandemic, structural and social factors, such
as housing and job insecurity or high poverty rates, have affected racial/
ethnic minority populations and contributed to the greater CVD burden
observed in these communities. Effects of the COVID-19 pandemic have
likely exacerbated these social disadvantages, resulting in increased
CVD mortality among specific racial/ethnic populations. This study
aimed to characterize the association between social and demographic
factors and CVD mortality before and during the COVID-19 pandemic.

2. Methods
2.1. Data

Data on deaths in Cook County, Illinois (including the City of Chi-
cago), were collected from the Medical Examiner Case Archive [13]. The
Medical Examiner Case Archive includes deaths that occur in Cook
County and are under the jurisdiction of the Medical Examiner. The
Medical Examiner Case Archive has been utilized in prior studies to
identify cardiovascular disease deaths and includes data on the causes
and manners of deaths as classified by the International Classification of
Diseases, 10th Revision, and Clinical Modification (ICD-10) codes
[21-24]. Demographic information, including age, sex, race, and
ethnicity, were obtained from death certificates of the Medical Examiner
Case Archive. Deaths related to COVID-19 have been recorded in the
archive dataset since March 16, 2020.

Deaths of persons identified as non-Hispanic White, non-Hispanic
Black, and Hispanic from death certificates were included. Deaths of
persons identified as Other were excluded from analysis. Deaths sec-
ondary to cardiovascular disease were identified using ICD-10 codes
recognizing diseases of the circulatory system: I00-102 (acute rheumatic
fever), 105-109 (chronic rheumatic heart diseases), 110-115 (hypertensive
diseases), 120-125 (ischemic heart diseases), 126-128 (pulmonary heart
disease and diseases of pulmonary circulation), I30-152 (other forms of
heart diseases), 160-169 (cerebrovascular diseases), and 170-179, I180-189,
195-199 (other disorders of the circulatory system). Cardiovascular dis-
ease deaths associated with COVID-19 were excluded from analysis. To
compare cardiovascular disease deaths that occurred before and during
the COVID-19 pandemic, deaths that occurred during January 1, 2019,
to December 31, 2019, and January 1, 2020, to December 31, 2020,
were identified and compared.

The City of Chicago is the third most populous city in the United
States by 2020 US Census Bureau data with 33.3 % of the population
identified as non-Hispanic White, 29.6 % of the population identified as
non-Hispanic Black, and 28.8 % identified as Hispanic. The City of
Chicago is comprised of 77 Chicago Community Areas (CCA) defined by
the geographic boundaries of about 800 census tracts [25]. Incident
addresses for all CVD deaths were geocoded using ArcMap geographic
information system (GIS) software program.

The Chicago Health Atlas was utilized to identify the burden of CVD
mortality risk in each CCA [26]. The Chicago Health Atlas is a collection
of health data that is gathered and published by the Chicago Department
of Public Health. Sources that contribute to the development of the
Chicago Health Atlas include the American Community Survey, the
Centers for Disease Control and Prevention (CDC), Healthy Chicago
Survey, and the Cook County Medical Examiner. The following variables
were utilized to characterize CVD mortality risk: adult hypertension
rates, adult diabetes rates, adult smoking rates, adult obesity rates, and
percentage of residents in families that are in poverty (below the Federal
Poverty Level) [26].

We also utilized the Centers for Disease and Control and Prevention/
Agency for Toxic Substances and Disease Registry (CDC/ATSDR) Social
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Table 1
All-cause deaths and age-adjusted mortality rates by race and ethnicity in 2019
and 2020.

Race and 2019 2020 2020-2019 95 %
ethnicity of A - AAMR ratio CI
. Deaths  AAMR Deaths  AAMR

residents

Non- 2564 233.0 5567 536.8 2.3 2.2,
Hispanic 2.4)
Black

Non- 2504 115.8 5791 267.8 2.3 (2.2,
Hispanic 2.4)
White

Hispanic 709 60.0 2541 328.8 5.5 (5.2,

5.8)

Abbreviations: AAMR, age-adjusted mortality rate. CI, confidence interval.
% AAMR is reported per 100,000 population.

Vulnerability Index (SVI) [27,28]. Social vulnerability refers to the sum
of economic, demographic, and social factors that affect a community's
risk exposure and ability to respond to hazardous events such as natural
disasters. Four themes of vulnerability, comprised of fifteen variables
from the American Community Survey data from 2014 to 2018, are used
to report the social vulnerability index [1]: socioeconomic status [2],
household composition & disability [3], minority status and language,
and [4] housing type and transportation. Each of the fifteen variables is
ranked, and the fifteen variable rankings are summed to calculate the
SVI which is reported as a percentile rank ranging from O to 1 where a
higher value indicates greater vulnerability.

Only de-identified and publicly available data were used in this
study, and thus institutional review board approval of the University of
Illinois at Chicago was not needed.

2.2. Analysis

To calculate the age-adjusted mortality rates (AAMRs) (per 100,000
population), age-specific death rates were directly standardized using
the 2019 non-Hispanic White, Cook County, Illinois population as re-
ported by the United Census Bureau [29]. Rate ratios and 95 % CIs were
calculated using a Poisson distribution to compare AAMRs between
2019 (pre-pandemic year) and 2020 (pandemic year). Statistical anal-
ysis was performed using RStudio (Version 1.4.1717, RStudio).

The SVI of the CCAs was aggregated from the mean SVI of the census
tracts in each CCA. ArcMap was utilized to map CVD mortality risk
factors, SVI, and CVD mortality rates to each CCA. We used the Spear-
man's rank correlation coefficient (p) test to identify associations among
the three groups of indicators. Statistical analyses were performed using
ArcMAP and STATA/IC (Version 15.1, Statacorp).

3. Results

In 2020, a total of 13,899 deaths were documented by the Medical
Examiner in Cook County, Illinois, and 5777 deaths were documented in
2019. In 2019, the AAMR of all-cause deaths (per 100,000 population)
was greatest among the non-Hispanic Black population compared to the
non-Hispanic White or Hispanic populations (233.0 deaths, 115.8
deaths, and 60.0 deaths per 100,000, respectively). Hispanic individuals
had a lower AAMR compared to non-Hispanic White individuals in 2019
(60.0 deaths vs. 115.8 deaths per 100,000, respectively). However, in
2020 the AAMR of Hispanic individuals was greater than non-Hispanic
White individuals (328.8 deaths vs. 267.8 deaths per 100,000, respec-
tively). From 2019 to 2020, the AAMR significantly increased among
non-Hispanic Black individuals (AAMR ratio, 2.3; 95 % CI, 2.2-2.4),
non-Hispanic White individuals (AAMR ratio, 2.3; 95 % CI, 2.2-2.4),
and Hispanic individuals (AAMR ratio, 5.5; 95 % CI 5.2-5.8) (Table 1).

The number of deaths from CVD increased from 2019 to 2020 (1793
deaths vs. 1974 deaths, respectively). The AAMR of CVD deaths was
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Table 2
Cardiovascular disease deaths and age-adjusted mortality rates by race and
ethnicity in 2019 and 2020.

Race and 2019 2020 2020-2019 95 %
ethnicity of N - AAMR ratio CI
. Deaths AAMR Deaths AAMR

residents

Non- 783 76.8 891 88.0 1.1 1.1,
Hispanic 1.2)
Black

Non- 888 41.1 921 42.6 1.0 (0.9,
Hispanic 1.1)
White

Hispanic 122 11.9 162 21.2 1.8 1.5,

2.1)

Abbreviation: AAMR, age-adjusted mortality rate. CI, confidence interval.
2 AAMR is reported per 100,000 population.

greatest among the non-Hispanic Black population in 2019 and 2020
(76.8 deaths and 88.0 deaths per 100,000, respectively). From 2019 to
2020, the AAMR of CVD deaths significantly increased among non-
Hispanic Black individuals (AAMR ratio, 1.1; 95 % CI, 1.1-1.2) and
Hispanic individuals (AAMR ratio, 1.8; 95 % CI 1.5-2.1). However,
among White individuals, the AAMR of CVD deaths did not significantly
increase from 2019 to 2020 (AAMR ratio, 1.0; 95 % CI 0.9-1.1)
(Table 2).

Fig. 1 depicts the 2020 CVD and COVID-19 mortality rate of 77
Chicago Community Areas, and areas with greater CVD mortality
coincided with areas of greater COVID-19 mortality.
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The percentage of non-Hispanic Black, Hispanic, or non-Hispanic
White residents at the CCA level is shown in Fig. 2. Chicago's South-
ern and Western areas coincided with CCAs with predominantly non-
Hispanic Black residents. The Western areas of Chicago coincided with
CCAs with predominantly Hispanic residents indicating high residential
segregation. In addition, the percentage of residents in families living in
poverty was mapped at the CCA level, and areas with higher poverty
rates coincided with predominantly non-Hispanic Black communities.
Furthermore, CCAs with increased CVD mortality rates in 2020 largely
overlapped with CCAs with predominantly non-Hispanic Black
communities.

In both 2019 and 2020, traditional risk factors associated with car-
diovascular disease such as hypertension (p = 0.38 and 0.33; P < 0.05)
and smoking (p = 0.32 and 0.38; P < 0.05) were positively associated
with cardiovascular disease mortality rates (Table 3). Both the per-
centage of non-Hispanic Black residents (p = 0.55 and 0.57; P < 0.05)
and the percentage of residents living in poverty (p = 0.47 and 0.51; P <
0.05) were significantly associated with CVD mortality rates in 2019 and
2020. Notably, these positive associations strengthened from 2019 to
2020. Significant negative associations were observed between cardio-
vascular disease mortality rate and percentage of non-Hispanic White (p
= —0.38 and —0.46; P < 0.05) and Hispanic residents (p = —0.52 and
—0.49; P < 0.05). Interestingly, while the negative association between
CVD mortality and the percentage of non-Hispanic White residents
strengthened, the negative association between CVD mortality and the
percentage of Hispanic residents weakened from 2019 to 2020.

The social vulnerability index of the 77 CCAs ranged from 0.13 to

s
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CVD death rate, 2020
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Fig. 1. The spatial distribution of mortality rates secondary to COVID-19 and cardiovascular disease by Chicago community areas.
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Fig. 2. The spatial distribution of the percentage of non-Hispanic, African American/Black, Hispanic, and white residents as well as the percentage of residents who

live under the National Poverty Line in Chicago Community.

Table 3
Association of risk for CVD mortality, social vulnerability, and CVD mortality
rates at the community level in 2019 and 2020.

Correlation coefficient (p)*

CVD mortality rate SVI

2019 2020

Percent of non-Hispanic Black residents 0.55 0.57 0.45

Percent of non-Hispanic White residents —0.38 —0.46 —0.77
Percent of Hispanic residents —0.52 —0.49 0.02
Hypertension rate 0.38 0.33 0.23

Diabetes rate 0.12 0.18 0.40

Smoking rate 0.32 0.38 0.44

Obesity rate 0.15 0.21 0.62

Poverty rate 0.47 0.51 0.73

Social vulnerability index 0.24 0.28 Not applicable

Abbreviations: CVD, cardiovascular disease. SVI, social vulnerability index.
Significant association (P < 0.05) are marked in bold.

0.95, with a median SVI of 0.71. SVI was significantly positively asso-
ciated with rates of known CVD risk factors such as hypertension (p =
0.23; P < 0.05), obesity (p = 0.62; P < 0.05), diabetes (p = 0.40; P <
0.05), and smoking (p = 0.44; P < 0.05) within the CCAs (Table 3). SVI
was also significantly positively associated with the percentage of non-
Hispanic Black residents (p = 0.45; P < 0.05), while the inverse asso-
ciation was observed with the percentage of non-Hispanic White resi-
dents (p = —0.77; P < 0.05). The significant positive association
between SVI and CVD mortality rate strengthened from 2019 and 2020
(p = 0.24, 0.28; P < 0.05).

4. Discussion

A significant increase in CVD mortality was observed among non-
Hispanic Black and Hispanic individuals from 2019 to 2020. The per-
centage of non-Hispanic Black residents in the CCAs was positively
associated with CVD mortality. In contrast, the percentage of non-

Hispanic White or Hispanic residents was negatively associated with
CVD mortality. The significant positive association between social
vulnerability and CVD mortality strengthened from 2019 to 2020.

The mortality from COVID-19 infection alone cannot account for the
impact of the COVID-19 pandemic. The pandemic limited access to
health care, resulted in job losses and exacerbated housing and food
insecurities for many, and the downstream consequences of this health
crisis may have disrupted cardiovascular disease management. The as-
sociation between social vulnerability and CVD mortality strengthened
from 2019 to 2020, suggesting that preexisting health disparities may
have been exacerbated for those already at high-risk for cardiovascular
disease mortality. Furthermore, we observed a significant increase in the
number of CVD deaths in Cook County, Illinois; findings that have also
been noted on a national scale. A prior study demonstrated that na-
tionally the CVD mortality rate significantly increased from 2019 (pre-
pandemic) to 2020 (pandemic), and the increase in CVD mortality was
observed again when trends from prior to the pandemic (2011-2019)
was compared with the pandemic period (2020) [9,10,30].

Racial and ethnic residential segregation has been pervasive in
Chicago, and 90 % non-Hispanic Black residents reside in the south and
west sides of Chicago (17 of 77 CCAs) [25,26,31,32]. Residential
segregation results in the concentration of poverty, discrimination,
environmental pollution, or housing insecurity. CCAs with a high per-
centage of non-Hispanic Black residents coincided with areas with a
high percentage of residents in poverty and greater social vulnerability
(Fig. 2). We observed that not only was the percentage of non-Hispanic
Black residents significantly associated with CVD mortality, but the as-
sociation also strengthened from 2019 to 2020 during the COVID-19
pandemic, while a significant negative association between CVD mor-
tality and the percentage of non-Hispanic White residents strengthened
from 2019 to 2020. These findings demonstrate that exposure to social
and health risks concentrated in segregated neighborhoods results in
health inequities and CVD mortality, which were exacerbated during the
COVID-19 pandemic.

Prior to the COVID-19 pandemic, the mortality rate among Hispanic
individuals was less than that of non-Hispanic White individuals despite
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an increased rate of poverty among Hispanic individuals. A recent study
demonstrated that the “Latino mortality paradox” was reversed during
the COVID-19 pandemic [13]. In this study, we also observed a reversal
of the Latino mortality paradox. However, we did not observe a signif-
icant association between SVI and the percentage of Hispanic residents.
SVI incorporates factors related to not only socioeconomic status but
also social support, such as household composition. The results of this
study suggest that although the Hispanic population has dispropor-
tionately experienced poverty in comparison to the non-Hispanic White
population, cultural and social factors may lead to protective, improved
health behaviors as has been suggested in prior studies addressing the
“Latino mortality paradox” [11,12].

4.1. Limitations

This study has limitations. First, the results reflect analysis of a single
metropolitan area and may be limited in external validity or generaliz-
ability. However, Chicago and Cook County, Illinois have a diverse
population that may serve as a representative cohort to further examine
the burden of CVD mortality. Second, we analyzed deaths secondary to
CVD as identified by the Medical Examiner, and undiagnosed COVID-19
cases may have contributed to the number of CVD deaths identified
during the pandemic. Third, the pre-pandemic and pandemic time pe-
riods were defined as January 1, 2019, to December 31, 2019, and
January 1, 2020, to December 31, 2020, respectively. As the Medical
Examiner Case Archive recorded deaths secondary to COVID-19 from
March 16, 2020, the defined study periods may have underestimated the
number of deaths secondary to COVID-19 during the pandemic.

5. Conclusions

There was an increase in cardiovascular disease mortality observed
from 2019 to 2020 during the COVID-19 pandemic in Chicago and larger
Cook County, Illinois. Cardiovascular disease mortality significantly
increased among the non-Hispanic Black and Hispanic population,
whereas the mortality rate did not significantly increase among the non-
Hispanic White population. Furthermore, the significant association
between social vulnerability and cardiovascular disease mortality
increased from 2019 to 2020. These findings suggest that the COVID-19
pandemic has exacerbated preexisting health inequities leading to
increased cardiovascular disease mortality among specific racial/ethnic
populations. The results of this study inform the continued need for
public health strategies to both recognize and address health inequities
that continue to result in racial and ethnic inequality in cardiovascular
disease mortality.
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