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Abstract: Background: The COVID-19 pandemic further exposed the prevalence of existing health
disparities in Black communities in the U.S. The current study evaluates COVID-19 data collected
in Gary, Indiana, from June 2020 to June 2021. We hypothesized that the number of COVID-19
cases, hospitalizations, and deaths were influenced by race and income. Methods: In collaboration
with the Gary Health Department (GHD), we analyzed demographic data on COVID-19-positive
cases. Results: Compared to Gary’s non-Black population, age- and population-adjusted rates of
hospitalizations and deaths in the Black population were 3-fold (p < 0.0001) and 2-fold (p < 0.05) higher,
respectively. This is despite a higher infection rate (p < 0.0001) in the non-Black population. The

check for median household income of a zip code was negatively correlated with COVID-19 hospitalizations
updates (R? = 0.6345, p = 0.03), but did not correlate with infections and deaths. Conclusions: The current
Citation: Sabir, M.; Al-Tarshan, Y.; study demonstrates clear health disparities of income and race in the context of COVID-19-related
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infections and outcomes in the city of Gary. Indiana University School of Medicine Northwest
and GHD officials can collaborate to utilize these data for the reallocation of resources and health
education efforts in Gary’s highly populated, low-income, and predominantly Black neighborhoods.

) ) ) It should also prompt further investigation into national health resource allocation.
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Revised: 7 August 2023 The COVID-19 pandemic had a devastating effect on numerous countries across the
Accepted: 4 September 2023 globe. It put a severe strain on health facilities and economies [1] and highlighted racial
Published: 7 September 2023 and socioeconomic health disparities. Marked by uncertainty, attempts at addressing the

outbreak initially led to international lockdowns and large-scale quarantines without clear
end dates. Increased cases of acute trauma or post-traumatic stress disorder during the
B pandemic demonstrate the severe impact of the mortality that ensued, in combination with
economic instability and inevitable long-term lifestyle changes [2]. There is a large body of
compelling evidence supporting the social determinants of health data as a strong predictor
of health outcomes [3,4], and COVID-19 is not an exception. The review of the existing
conditions of the Creative Commons _ Literature clearly shows the presence of COVID-19-related racial disparities in the United
Attribution (CC BY) license (https://  States, specifically in Black and impoverished populations [5,6]. Black individuals account
creativecommons.org/licenses /by / for 12.4% of the American population and 14.3% of deaths by COVID-19 in the U.S. [7,8].
40/). In comparison, White Americans comprise 61.6% of the population and 59.7% of deaths
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by COVID-19. This disparity is multifactorial and includes determinants such as poverty,
access to healthcare, nutrition, and pre-existing co-morbid conditions [6].

Social factors that exist in Black and other minority communities, such as historically
based mistrust of medical professionals, are also crucial to consider [9]. In order to fully
assess the impact of such factors, it is important to understand both their development over
time and their roles in individuals’ present daily lives. Historic experimentation through
unethical and non-consensual means on Black individuals in medical research in the U.S.
include well-known examples, such as the infamous Tuskegee Syphilis Study [10]. The
non-consensual use of tissue samples belonging to Henrietta Lacks and the subsequent lack
of consent demonstrated by the publication of her genome and widespread distribution of
her cell lines is another historic example [11]. For Indigenous communities, research studies
are often based on settler colonial agendas that reinforce harmful stereotypes and serve
as a source of medical mistrust in Native populations [12]. The implications of medical
mistrust remain deeply rooted in the present day. For example, it has been shown that
Black men with more frequent exposure to everyday racism and perceived racism in health
care are more likely to delay preventative health screenings [13]. Vaccine hesitancy and
lower COVID-19 vaccination rates for the Black population in the U.S. are also significant
contributing factors to disparities in COVID-19 impact [14,15]. Access to vaccinations
is only one aspect of this issue, as medical mistrust and misinformation regarding the
vaccine may also contribute to a lower vaccine administration. With a clear role in present-
day attitudes and health behaviors, it is crucial to understand historically based medical
mistrust in Black and minority communities to effectively contextualize active disparities.

Previous studies support the idea of a Matthew effect by which pandemic instabil-
ity widens inequality by disproportionately affecting groups that are already disadvan-
taged [16]. In addition, cultural norms in predominantly Black communities that promote
collective engagement through larger and more frequent group gatherings are associ-
ated with increased rates of COVID-19 diagnosis [17]. Environmental and geographic
differences, such as urban environments, are also important to consider. Studies utilizing
Geographic Information System (GIS) have found factors such as population density and
asthma, suggestive of urban areas, to be related to higher rates of death by COVID-19 [18].
Spatial factors in urban environments that influence mobility and air quality have also been
implicated with aggregates of COVID-19 cases [19].

Given the multi-factorial nature of health disparities, it is imperative to assess them
at all levels ranging from local communities to a national scale. Documenting and eval-
uating the racial and economic disparities related to COVID-19 in particular is crucial
for improving healthcare policy, assistive programs, and resource allocation at the local,
state, and federal levels of affected communities. The focus of this study is to analyze the
effects of COVID-19 specifically in the city of Gary, Indiana. Gary serves as a microcosm
for impoverished, majority non-White, and urban communities across America. There is a
large Black population, a high number of residents living below the poverty line, and a high
unemployment rate [20]. The city is one of many in the U.S. that were severely impacted
by deindustrialization. The closure of U.S. steel’s largest manufacturing plant, Gary Works,
in the 1960s left the city to economic collapse. Compounded with discriminatory housing
policies from the remnants of segregation and Jim Crow laws, the population split as White
Americans fled the city to find new jobs [21].

According to the 2020 Census, the total population in Gary is 69,093 people and 78%
of the population is Black, compared to 13% nationally. The mean household income of
Gary residents is USD 34,085, which is well below the national average of USD 69,717 [20].
Both the unemployment rate (44.4%) and the poverty rate (32%) in Gary are well above
their respective national averages [20]. With the multitude of social determinants of
health indices affecting Gary’s population, we sought to elucidate the association of these
factors with the number of COVID-19 infections and the severity of the disease, including
hospitalizations and deaths. We specifically assessed racial and economic disparities by
utilizing an age-adjusted race correlation and a population-adjusted zip code correlation to
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compare race categories and mean household income to COVID-19 infections and severity
outcomes. We hypothesized that the Black population in Gary and zip codes with a lower
mean household income would have a stronger correlation with the number of COVID-19
infections, hospitalizations, and deaths.

2. Methods
2.1. Data Collection

COVID-19 data were collected from the Gary Health Department from 16 June 2020
to 7 June 2021. De-identified data from all 5149 positive cases included demographics
(race, age, and zip code) and indicated disease progression (hospitalizations and deaths).
Demographic data on Gary and its zip codes, including population, age distributions,
racial distribution, and median household income, were collected from the U.S. Census
Bureau [20].

COVID-19 data from GHD were re-binned to match Census age groups. African
Americans in the city of Gary represent 79.8% of the population as compared to the
14.1% non-Hispanic White Americans. Since races other than Black are underrepresented
in Gary, COVID-19 racial data were binned to include Black and non-Black. For the
purpose of this study, non-Black includes Other, White, Multi-Race, Asian, and American
Indian/Alaska Native.

COVID-19 cases with missing race data were omitted for the racial differences analysis.
Omitted data represented 46.7% of cases. This issue is not unique to the current study since
race is underreported in 35% of COVID-19 cases nationally [22].

2.2. Observed/Expected (O/E) Normalization

Observed/Expected (O/E) ratio normalization for the age distribution effects of
COVID-19 prevalence and severity were calculated and adjusted for missing race data
using the following formula:

O/E (observed/expected):

O observed count

E  expected count

cases with known race

expected count =
total cases

Z (population sizeuge group X Tateage group)
age group

O/E ratio effectively adjusts for population size, age distribution, and data with
missing race. The O/E ratio is a commonly used method of data comparisons in the clinical
setting [23].

2.3. Statistical Analysis

In the analysis of racial disparities, Pearson’s chi-squared test was used to determine
statistical significance, defined as a two-sided p-value of 0.05 or less. In this analysis, the
expected values were calculated using the same formula for the expected count used in
Section 2.2:

cases with known race

expected values = X Z (population size,,, 41pu, X Tateage group)
total cases age'group 8¢ group

In the analysis of the zip code distribution data, linear regression was used to model
differences in COVID-19 severity and zip code-related variables. Linear regression analysis
was used to determine the significance of differences in the population. Since these zip
codes are adjacent to each other, the Pearson correlation coefficient was used instead of R?
to describe covariance in order to avoid issues with the model assumptions.

Exponential linear regression analysis was used to determine the significance of
income distribution by the zip codes on COVID-19 outcomes. O/E ratios were converted
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to alog scale, and then linear regression was performed on logged O/E ratios. Since these
zip codes are adjacent to each other, the Pearson correlation coefficient was used instead of
R? to describe covariance in order to avoid issues with the model assumptions.

3. Results
3.1. Evaluation of the Number of Infections, Hospitalizations, and Deaths in the City of Gary
The analysis of the number of positive cases showed that there was a higher number

of infections in the non-Black population compared to the Black population (1.19 vs. 0.93,
p <0.0001; Figure 1A).
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Figure 1. Age-group-adjusted O/E ratio of the number of infections, hospitalizations, and deaths in
the city of Gary. Comparisons for the number of positive cases (A), hospitalizations (B), and deaths
(C) for Black and non-Black populations are presented. Significance was determined by a Pearson’s
chi-squared test. Asterisks represent statistically significant differences (* p < 0.05, ** p < 0.001).
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Despite lower infections, there was a statistically significantly higher number of
COVID-19-related hospitalizations for the Black population compared to the non-Black
population. After O/E normalization, there was a 3-fold higher number of COVID-19 hospi-
talizations in the Black versus the non-Black population (1.26 to 0.38, p < 0.0001; Figure 1B).

There also was a significantly higher number of age-adjusted deaths in the Black
versus the non-Black population. After O/E normalization, there was a 2-fold higher
number of COVID-19 hospitalizations in the Black versus the non-Black population (1.19 to
0.58, p < 0.02; Figure 1C).

3.2. Evaluation of the Effect of Zip Code Income on Infections, Hospitalizations, and Deaths in the
City of Gary
Age-group-adjusted COVID-19 hospitalizations versus median household income of

zip codes in Gary, Indiana, are presented in Figure 2. As the median household income of a
zip code decreases, the number of hospitalizations increases.
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Figure 2. Age-group-adjusted COVID-19 hospitalizations versus median household income in Gary,
Indiana, by a zip code. Age-group-adjusted hospitalizations (hospitalizations O/E ratio) of seven
different zip codes (46402, 46403,46404, 46406, 46407, 46408, and 46409) in the city of Gary were plotted
against median household income by the zip code (red square, USD/year). Trendline represents the
linear regression (R? = 0.63, p = 0.03). Significance was determined using a linear regression analysis.

There were no correlations between zip code median household income and the
number of positive cases or deaths (Figure 3A,B).

3.3. Infection Rates Correlate with the Zip Code Population Size

As a zip code population size increased, the number of detected COVID-19 infections
in that zip code also increased (Figure 4). This correlation was expected assuming that
people in each zip code area had similar infection rates and COVID-19 testing availability.
If any zip code area differed in either the availability of COVID-19 tests or infection rates,
this would be reflected by a lack of correlation between the zip code population size and
the number of COVID-19 infections.
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Figure 3. Age-group-adjusted COVID-19 number of positive cases and deaths versus median house-
hold income in Gary, Indiana, by zip code. Age-group-adjusted number of positive cases (A) and
deaths (B) of seven different zip codes (46402, 46403,46404, 46406, 46407, 46408, and 46409) in the
city of Gary were plotted against median household income by the zip code (red square, USD/year).
Trendline represents the linear regression (A: R? = 0.25, p = 0.25; B: R? = 0.06, p = 0.57). Significance
was determined using a linear regression analysis.
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Figure 4. Number of COVID-19-positive cases correlates with the population size in Gary, Indiana,
by zip code. Positive cases (number) of seven different zip codes (46402, 46403, 46404, 46406, 46407,
46408, and 46409) in the city of Gary were plotted against population size of the zip code (red
circles, number of positive cases). Trendline represents the linear regression (p = 0.9436, p = 0.003).
Significance was determined using a linear regression analysis.

4. Discussion

It has been documented in previous studies that COVID-19 disproportionality affects
individuals of specific racial and economic demographics. The existing data demonstrate
racial disparities in the impact of COVID-19, specifically in Black and impoverished popula-
tions in the United States [6,24]. This disparity is multifactorial and includes determinants
such as poverty, access to healthcare, nutrition, and pre-existing co-morbid conditions.

The current study evaluated whether Black and non-Black populations in Gary, In-
diana, were impacted differently by COVID-19. The effects of income differences on
COVID-19 infections and outcomes between zip codes in Gary were also evaluated. Three
demographic variables from the U.S. Census data were significantly correlated to COVID-
19 prevalence and severity. First, population size impacted the number of positive tests.
Second, racial disparities exist in the number of infections, hospitalizations, and deaths of
the Black population versus the non-Black population in Gary. Third, COVID-19 hospital-
izations are significantly and negatively associated with zip code income.
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In this study, population size positively correlated with the number of COVID-19 cases,
such that zip codes with greater populations had a higher number of infections. COVID-19
is transmitted from person to person by the direct inhalation of contaminated droplets or
by close contact with an infected person [25]. In zip codes with larger populations, it is
more difficult to practice social distancing and avoid close contact, increasing the likelihood
of spreading COVID-19. Therefore, it is not surprising to find a higher number of positive
cases in the more densely populated zip codes of Gary.

The current study demonstrated a racial disparity in the number of positive COVID-19
cases in Gary, Indiana. A statistically significant difference was identified in the number of
COVID-19 infections between the Black and non-Black populations, with the non-Black
population having a higher number of infections. This finding is unexpected and differs
from what has been reported in some previous studies. For example, Black individuals in
Indiana’s Marion County were four times more likely to test positive for COVID-19 than
non-Black individuals. Counties with a higher Black population also had an increased
number of positive COVID-19 cases [26]. One explanation for the dissimilarities between
the current study and data reported by Hanson and colleagues [26] is that many testing
centers in Gary became vaccination centers between the end of 2020 and the beginning
of 2021. With fewer people seeking tests at the facilities, many were not tested until
hospitalization when they became critically ill. This may explain the finding of the current
study that the Black population has a lower infection rate, but a much higher hospitalization
rate compared with the non-Black population.

A second plausible explanation as to why the non-Black population in Gary had a
higher infection rate than the Black population is differences in resource availability. This
difference in resources can be quantified by comparing the median household incomes
for the two groups. As of 2020, the median household income for the Black population in
the United States was USD 45,870, while the median household income for Hispanics and
white non-Hispanics was USD 55,321 and USD 74,912, respectively [7]. Income inequality
has been further exacerbated by the COVID-19 pandemic. Black adults were found to be
over three times as likely as White adults to report food insecurity, being laid off, or being
unemployed [16]. A lower median household income and the greater likelihood of losing
employment are additional barriers to obtaining COVID-19 testing for the Black population
compared to the non-Black population. When comparing the unemployment rates, the Gary
zip code 46402 with one of the highest hospitalization values had the unemployment rate
of 21.7%. The zip code 46408 with the lowest hospitalization values had the unemployment
rate of 14.7%. The assumption that the non-Black population was obtaining tests at a much
higher rate than the Black population in Gary would explain the higher infection rate that
differs from the previous studies. This is also supported by a study conducted in Illinois,
which reported the total number of confirmed cases among Black and White individuals
as almost even, despite 220,968 White individuals being tested compared to only 78,650
Black individuals [6]. Based on these, it is possible that many positive cases in the Black
population were undocumented.

The current study found racial disparities related to COVID-19 outcomes in Gary. A
statistically significant difference was identified in the frequency of both hospitalizations
and deaths between the Black and non-Black communities. There was a three-fold increase
in the number of COVID-19 hospitalizations in the Black versus the non-Black population.
There was also a two-fold increase in the number of COVID-19 deaths in the Black versus
the non-Black population. These findings are consistent with evidence from previous
studies. One study conducted at Montefiore Health System in the Bronx investigated
hospitalizations and mortality rates of their Black and White patients prior to COVID-19
and during the pandemic. The study found that, during the COVID-19 period, the adjusted
odds of death for Black patients were 1.6 times higher than that of White patients [27].
Another study researching racial disparities in COVID-19-related deaths across the entire
United States found that only 20% of U.S. counties are disproportionately Black, despite
accounting for 52% of COVID-19 diagnoses and 58% of COVID-19 deaths [28].
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Pre-existing comorbidities also play an immense role in determining the severity of
COVID-19 disease. Studies have found COVID-19 patients with cardiovascular disease,
diabetes, congestive heart failure, hypertension, chronic kidney disease, and cancer to
have a significantly higher risk of mortality compared to COVID-19 patients without these
pre-existing comorbidities [29]. A higher prevalence of obesity, diabetes, hypertension, and
chronic kidney disease has been shown in Black patients compared with White patients [30].
The Black population also experiences a drastically higher rate of food insecurity in the
U.S. One study reported the rate of food insecurity in Indiana’s Black population after the
COVID-19 pandemic (55%) to be 134% higher than that of the White population and 308%
higher than the rate in Indiana prior to the pandemic (14%) [16]. It is clear that the disparity
in food insecurity already experienced by the Black population became significantly worse
during the pandemic [16]. The increase in food insecurity contributes to difficulties in
lifestyle changes that may lead to the further exacerbation of pre-existing comorbidities.
It can be reasonably suggested that the higher number of COVID-19 deaths in the Black
population in Gary may be related to the greater prevalence of pre-existing comorbidities
and diminished socioeconomic opportunities to adhere to a healthy lifestyle.

Some studies also point to vaccine hesitancy in the Black population contributing to a
lower vaccination rate compared to the non-Black population in the U.S. The prevalence of
COVID-19 vaccination hesitancy for adults in the U.S. was 26.3%, while the prevalence rate
for the Black population was 41.6% [14]. There are multiple factors that could explain this
significant difference in vaccine hesitancy [31,32]. Experience with racial discrimination
and mistreatment in both healthcare and non-healthcare settings contributes to an increased
vaccine hesitancy by patients developing medical mistrust [33]. Misinformation through
mass media and social media is also a major contributor to vaccine hesitancy in minority
communities [15]. Current data on vaccination support vaccination as a means to prevent
contracting COVID-19 infection and significantly reduce the severity of the disease [34]. As
the Black population receives the vaccine at a significantly lower rate, they are more likely
to experience greater severity of symptoms and higher rates of mortality once they contract
COVID-19. Vaccination hesitancy can be improved by providing culturally informed,
consistent education and increasing access by distributing vaccines at local churches and
community centers by trusted community members [15]. Furthermore, messaging to Black
individuals from physicians of the same race has been shown to increase knowledge of
COVID-19 symptoms and prevention methods [35].

The results from this study also found hospitalizations for COVID-19 to be consid-
erably affected by income. A statistically significant correlation was found between the
median household income of a zip code and the number of hospitalizations due to COVID-
19 infection. Individuals in zip codes with a lower median household income in Gary are
more likely to be hospitalized due to COVID-19 infection. Similar to the previous trends,
there are multiple factors contributing to the finding of lower-income zip codes having
more hospitalizations. A higher income offers a greater access to testing facilities and
treatments, allowing patients to receive positive test results earlier and start treatment
sooner [6]. Individuals with a lower income and less access to testing may not know of
their infection until the disease significantly progresses and at which point hospitalization
becomes inevitable. A higher income also offers a greater access to health insurance [36],
preventative healthcare, and newer treatment options. In addition to beginning treatment
relatively early, these patients may have a greater ability to take time off from work and
impede the progression of the disease before hospitalization is required. Previous studies
have found pre-pandemic food insecurity, housing insecurity, and unemployment status
to be associated with most indicators of pandemic-driven economic instability [16]. These
factors are likely to collectively contribute to a more severe disease progression and a
greater likelihood of hospitalizations for individuals with a lower income.

Historic restrictions in access to education and digital technologies in minority commu-
nities might significantly contribute to the income inequalities and mistrust in healthcare
professionals as well [37]. Both of these factors greatly influence the outcome of COVID-19
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infection by impeding access to reliable information and technology to make informed
healthcare decisions. A recent retrospective observational study utilizing the COVID-19
Research Database to analyze factors contributing to telehealth inequities showed that
patients with high school education or less were less likely to use telehealth than those
with a bachelor’s degree or higher [38]. This is important to consider in the context of the
COVID-19 pandemic as telehealth visits became an increasingly popular way to access the
healthcare system.

It is evident that numerous factors contribute to the existing racial health inequalities
in Gary that are further highlighted by the COVID-19 pandemic. Overcoming these in-
equalities requires coordinated effort from multiple local, state, and national organizations.
As it was described in previously published studies, clinicians, public health professionals
and researchers can all play a role in the advancement of health equity for Black Americans
and other racial and ethnic minority communities [24]. Further directions for the current
study include investigating which socioeconomic disparities specifically have the greatest
impact on COVID-related health outcomes. We discussed several factors that may have
contributed to the disparities that were found in this study, including limited access to
testing, lack of health insurance and decreased access to healthcare overall, pre-existing
comorbid conditions, vaccine hesitancy, and food insecurity. While these factors collectively
contribute to disparities in COVID-19 impact, elucidating the associations of each factor
would help to form targeted strategies to mitigate their impact. In addition to providing
valuable insights to guide higher-level policy and resource distribution, this information
could help clinicians to risk-stratify patients in their clinical practice. Overall, the current
findings and future directions have the potential to characterize which socioeconomic
factors should be specifically targeted at multiple levels to augment measures aimed at
addressing the existing healthcare disparities.

5. Conclusions

The current study showed that: (1) population size affected the number of positive
cases; (2) racial disparities are present in the number of infections, hospitalizations, and
deaths in the Black population versus the non-Black population in Gary; and (3) COVID-19
hospitalizations have a significant negative association with zip code income. The critical
assessment and evaluation of these results can assist the Gary Health Department in creating
a more targeted COVID-19 response to better address the needs of the Gary community. In
addition to addressing COVID-19 impact, informed measures would also help to prevent
the exacerbation of these disparities by future outbreaks.

It is important to note the stark disparities in COVID-19 impact between the neighbor-
ing zip codes found in this study. Negative differences in health outcomes for neighboring
residents are concerning for factors that can be addressed by local interventions, and zip
code data may serve as a strong starting point to develop these interventions [39]. As
a microcosm for impoverished, majority non-White urban communities across the U.S,,
these findings should prompt further investigation by health departments into local trends
to inform policy and resource allocation. Medical students and medical school faculty
play a unique role in community health, and in collaboration with the local health de-
partments, can promote health education in high-risk areas with strategically accessible
vaccination sites, regular health screenings, and educational initiatives to promote overall
healthy lifestyles. Campaigns to foster trust between medical professionals and community
members would also aid in addressing hesitancy with vaccinations and other preventative
or active treatment options. Connecting with grassroots organizations and community
leaders is another way to build partnerships and promote sustainable change in minority
communities. As research findings of studies on health disparities can be influential in the
redistribution of preventative resources, novel treatments and educational initiatives to
overcome health misinformation and mistrust and identifying and evaluating the causes of
racial and economic disparities in healthcare are critical steps in addressing disparities in
COVID-19 impact.
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