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Abstract—This research provides a thorough analysis of health
disparities in the US based on multiple COVID-19 datasets. We
examine the structural, social, and constructural determinants of
health in the US to assist in ascertaining why disparities occur in
infection and death rates due to COVID-19 pandemic. Extensive
experimental results show the effectiveness of DeepTrace. The
Coronavirus disease 2019 (COVID-19) pandemic has severely
impacted countries around the world with unprecedented mor-
tality and economic devastation and has disproportionately and
negatively impacted different communities—especially racial and
ethnic minorities who are at a particular disadvantage as they
are more likely to be the potential target of COVID-19 infection.
Black Americans have a long-standing history of disadvantage
(e.g., long-standing disparities in health outcomes) and are in a
vulnerable position to experience the impact of this pandemic.
Although some prior research indicates high-risk and vulnera-
bility of the elderly and patients with underlying co-morbidities,
little research paid attention to tracing the social and structural
health determinants that yield disparities in this pandemic. The
research provides new strategies for determining these health
determinants to improve health care in the US.

Index Terms—coronavirus, COVID-19, health disparity, race,
ethnicity, minority, health determinants

I. INTRODUCTION

The novel Coronavirus disease 2019 (COVID-19) was de-
clared a pandemic by the World Health Organization (WHO)
on March 11, 2020 [1], and it has severely impacted and
devastated the world. As of July 31, 2020, the virus has
resulted globally in 17,452,358 confirmed cases and more
than 675,000 deaths [2]. COVID-19 pandemic has dispro-
portionally and negatively impacted people. On April 8,
2020, the Center for Disease Control and Prevention (CDC)
published surveillance data of laboratory-confirmed COVID-
19-associated hospitalizations in 14 US states [3]. Among
those with data on race/ethnicity (n = 580), African Amer-
icans account for 33.1%, although 18% of individuals in
the catchment population were African American [3]. The
government statistics from the cities in the US show similar
disparities (racial disparities). African Americans in Chicago
account for only 14.6% of the state’s population (population
of Illinois), but as of April 9, 2020, 51.5% of COVID-positive
patients and 67.3% (n = 132) of those who died were
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African American [4]. According to the 2019 US census,
African Americans in Louisiana only account for 33% of
the state’s population. However, this community accounts for
55% of the COVID-19-related deaths [5]. In Michigan, black
individuals account for 33% of the confirmed COVID-19
cases and 40% of attributed deaths despite making up only
14% of the state’s population [6]. The states such as North
Carolina, Alabama, and the cities St Louis and New York
are other examples of disparities in COVID-19-related deaths
and ethnicity. African Americans reported having higher death
rates than Caucasians [5], [7]-[10]. Figure 1 shows the dis-
parities in COVID-19 infection: different communities were
disproportionately affected by COVID-19; racial and ethnic
minorities, such as Black/African Americans, are more likely
to be the potential target of COVID-19 infection.

Black American history is rooted in racial injustice. Black
people are disproportionately affected by poverty [14], mass
incarceration [15], infant mortality [16], limited healthcare
access [17], and health-related conditions. Some conditions
include heart disease [18], diabetes [19], stroke [20], kidney
disease [21], respiratory illness [22], [23], and human immun-
odeficiency virus (HIV) [24].

Some recent studies indicate the high-risk groups (e.g.,
Black/African Americans) and the vulnerability of the elderly
and patients with underlying co-morbidities of COVID-19.
However, little research paid attention to tracing the social and
structural determinants of health disparities in the COVID-19
pandemic for improving health care.

To address the problem, we investigate health disparities
such as the social, structural, and constructural health
determinants leading to disparities in COVID-19 infections
and deaths. We first provide a thorough analysis of health
disparities based on multiple COVID-19 datasets; then, we
examine the social, structural, and constructural determinants
of health disparities in COVID-19 pandemic for improving
health care. We summarize the contribution of this work below.

o We provide a thorough analysis of US health disparities

based on multiple COVID-19 datasets for deeply examin-
ing determinants of health disparities in COVID-19, and
the analysis results confirm our conjecture.
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Fig. 1: Disparities in COVID-19: Different communities were disproportionately affected by COVID-19 [11]-[13].

o We propose DeepTrace to identify diverse determinants
(including the structural, social, and constructural health
determinants) of health disparities in COVID-19 pan-
demic, which can help to improve pandemic health care.

o We identify a list of factors most likely correlate with
health disparities in COVID-19 pandemic.

The remainder of this paper is organized as follows. Section
IT reviews the related work. Section III introduces multiple
COVID-19 datasets. Section IV presents the experimental
analysis based on the multiple COVID-19 datasets and the
tracing of diverse determinants of health disparities. Section
V concludes this paper with remarks on our future work.

II. RELATED WORK

COVID-19 pandemic has disproportionately impacted peo-
ple’s health. Some recent studies reveal the health disparities
in COVID-19. Laurencin et al. [25] presented the earliest
available data in the peer-reviewed literature on the racial and
ethnic distribution of COVID-19-confirmed cases and fatalities
in the state of Connecticut. They sought to explode the myth of
Black immunity to the virus. Finally, they called for a National
Commission on COVID-19 Racial and Ethnic Health Dispar-
ities to further explore and respond to the unique challenges
that the crisis presents for Black and Brown communities.
Chowkwanyun et al. [26] contextualized the COVID-19 data
incorporating the demographic detail, and provided an analysis
of racial health disparities in COVID-19. Hooper et al. [27]
indicated the health disparities and provided some explanation
about the causes of health disparities. Gray et al. [28] exam-
ined social determinants of health and health outcomes during
COVID-19, and they indicated: upstream social determinants
of health (SDOH) are the root causes of health disparities
at the population level; midstream SDOH are the result of
upstream determinants and mediate the effects of upstream
SDOH on downstream health outcomes; downstream health
outcomes describe the health-related end points that result
from upstream and midstream SDOH. Finally, they provided
three key strategies for achieving health equity in the US.

However, the above studies do not provide a thorough analysis
of health disparities and experimentally examine diverse de-
terminants (social, structural and constructural determinants)
of health disparities in COVID-19.

To better show health disparities, some recent studies show
the health disparity by providing some data analysis. Azar et
al. [29] conducted a retrospective cohort analysis of COVID-
19 patients at Sutter Health, a large integrated health system
in northern California, to measure potential disparities. They
observed that compared with non-Hispanic white patients,
non-Hispanic African American patients had 2.7 times the
odds of hospitalization, after adjustment for age, sex, co-
morbidities, and income. They explored possible explanations
for the observation, including societal factors that either result
in barriers to timely access to care or create circumstances in
which patients view delaying care as the most sensible option.
Selden et al. [30] examined historical patterns in health risk,
job characteristics, and household composition in search of
potential explanations for the large disparities being reported in
COVID-19 outcomes. However, their data reflect employment
before the onset of COVID-19, and their study therefore
provides no insights into whether there have been racial/ethnic
dimensions to the COVID-19 employment changes. Also, the
above studies do not provide an in-depth analysis of health
disparities and experimentally examine diverse determinants
(social, structural, and constructural determinants) of health
disparities in COVID-19.

Motivated by the problems in the existing literature, we
propose DeepTrace to identify the diverse determinants of
health disparities in COVID-19 pandemic for improving health
care. We provide a thorough analysis of US health disparities
based on multiple COVID-19 datasets for deeply examining
determinants of health disparities in COVID-19. We also
identify a list of factors most likely correlate with health
disparities in COVID-19 pandemic.
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III. DATA DESCRIPTION

In this section, we provide the description of multiple
COVID-19 datasets.

A. Dataset 1

We collected the representative data for our experimen-
tal analysis from healthdata.gov (https://healthdata.gov/). The
dataset records the distribution of the confirmed cases and
deaths over age periods, gender, race and ethnicity of each day
from January 1, 2020 to July 18, 2020. The confirmed cases
are counted on the date the test specimen was collected. Deaths
are those occurring among confirmed cases based on the day
of death. Demographic data are based on what is reported by
medical providers.

B. Dataset 2
To trace the determinants of health disparities, we
also collected the data from the U.S. Census Bu-

reau and measured the household experience of differ-
ent communities during the COVID-19 pandemic. We
chose the dataset Household Pulse Survey Week 10
(https://www.census.gov/data/tables/2020/demo/hhp/hhp10.ht
ml). The dataset records the experiences of individuals in
terms of employment status, spending patterns, food security,
housing, physical and mental health, access to health care, and
educational disruption during the COVID-19 pandemic.

C. Dataset 3

To further trace the determinants of health disparities,
we also collected the data from the Imperial College
London YouGov Covid 19 Behavior Tracker Data Hub
(https://github.com/YouGov-Data/covid-19-tracker) [31]. The
questions in the dataset, led by the Institute of Global Health
Innovation (IGHI), cover data on testing, symptoms, self-
isolating in response to symptoms and the ability and will-
ingness to self-isolate if needed. It also looks at behaviors,
including going outdoors, working outside the home, contact
with others, hand washing and the extent of compliance with
20 common preventative measures. Contextual data includes:
gender, age, region (within a country), number of people in the
household, children in household, health conditions, working
status and the date of the survey response. In the dataset,
we focused on the data for the United States. We used the
attribute i3_health to identify the people who tested positive
for COVID-19.

I'V. EXPERIMENTS AND FINDINGS

In Section III, we introduce multiple COVID-19 datasets.
In this section, we provide the experimental analysis based
on the multiple datasets, and trace the diverse determinants of
health disparities.
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Fig. 2: Distribution of confirmed cases/deaths over age periods and
race/ethnicity.
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Fig. 3: Distribution of daily # of confirmed cases/deaths over
race/ethnicity.

A. Experimental Analysis Based on Dataset 1

1) Distribution of Confirmed Cases/Deaths over Age Pe-
riods, Race/Ethnicity and Gender: Below we analyze the
relationship between the average # of confirmed cases/deaths
and age and the relationship between the average # of con-
firmed cases/deaths and race/ethnicity. Figure 2(a) shows the
average # of confirmed cases and deaths of Chicago residents
in different age periods. In Figure 2(a), we see that the average
# of confirmed cases in age period 18-29 is the highest
among all age periods, however, the average # of deaths in
the age period 80+ is the highest among all age periods
and the average # of deaths increases as the age increases,
suggesting that the elderly are more likely to be killed by
COVID-19. The reason behind this is that the immune system
changes with age, and young people usually have a younger
immune system and older people are not as good at reacting to
microorganisms they have not encountered before [32]-[34].
Figure 2(b) shows the average # of confirmed cases and deaths
of Chicago residents in different communities. In Figure 2(b),
we see that racial and ethnic minorities such as Latinx and
Black Non-Latinx in general have a higher value of average
# of confirmed cases and the average # of deaths in Black
Non-Latinx is the highest among all the communities, and
the average # of deaths in Latinx is the second highest. The
result confirms our conjecture: racial and ethnic minorities are
at a particular disadvantage, and they are more likely to be
the potential target of COVID-19 infection due to the health
disparities.

Figure 3(a) and Figure 3(b) show the daily # of confirmed
cases and the daily # of deaths of Chicago residents in different
communities, respectively. In Figure 2(b), we see that racial
and ethnic minorities such as Latinx and Black Non-Latinx in
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gender.
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general have a higher value of daily # of confirmed cases and
the daily # of deaths in Black Non-Latinx in general is the
highest among all the communities, and the daily # of deaths
in Latinx in general is the second highest. The results also
confirm our conjecture.

Figure 4 shows the distribution of the average # of con-
firmed cases and deaths of the Chicago residents over gender.
In Figure 4, we see that the average # of confirmed cases in
Males is almost the same as that in Females, but the average #
of deaths in Males is higher than that of Females, suggesting
the health disparities caused by gender. The possible reason
behind this is that men tend to engage in more risky behavior
such as ignoring physical distancing, and they do not take
symptoms as seriously. Also, high blood pressure and liver
disease are more prevalent in men and these all contribute
to more negative outcomes with COVID-19 [35]-[38]. In
addition, behaviors that impact lung health, such as smoking,
also may play a role in the disease’s deadly impact on
men [39]-[41]. Male behavior during the pandemic also could
be increasing their exposure to COVID-19.

B. Experimental Analysis Based on Dataset 2

1) Examining Household Experience of Different Commu-
nities During the COVID-19 Pandemic: Below we examine
the household experience of different communities during the
COVID-19 pandemic. Figure 5(a) shows the rate of experi-
enced loss of employment income in different communities
in the US since March 13, 2020. In Figure 5(a), we see
that the racial/ethnic minorities such as Hispanic or Latino
and Black alone have a higher rate of experienced loss of
employment income since March 13, 2020. Figure 5(b) shows
the rate of experienced loss of employment income in different
communities in the US in the next four weeks. Similarly,
we see that the racial/ethnic minorities such as Hispanic or
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Latino and Black alone have a higher rate of experienced loss
of employment income in the next four weeks. The results
are consistent with the result that we observed above: the
racial/ethnic minorities such as Black alone and Hispanic and
Latino are more likely to be affected by COVID-19.

Figure 6(a) shows the rate of enough of the types of food
wanted in different communities in the US prior to March 13,
2020. In Figure 6(a), we see that the racial/ethnic minority
Black alone has the lowest rate of enough of the types of food
wanted, and Hispanic or Latino has the second lowest rate of
enough of the types of food wanted. Figure 6(b) shows the
rate of often not enough food to eat in different communities
in the US prior to March 13, 2020. Similarly, we see that
the racial/ethnic minority Black alone has the highest rate of
often not enough food to eat, and the racial/ethnic minority
Hispanic or Latino has the second highest rate of often not
enough food to eat. The results indicate that the racial/ethnic
minorities such as Black alone and Hispanic or Latino suffer
from food insufficiency, and thus they are more likely to be
infected with COVID-19.

Figure 7(a) shows the rate of people without health insur-
ance in different communities in the US. In Figure 7(a), we
see that the racial/ethnic minorities such as Hispanic or Latino
and Black alone have a higher rate than the other communities,
suggesting that they have less chance to get health insurance.
Figure 7(b) shows the rate of being unable to get medical care
for something unrelated to COVID-19, but indeed needing the
medical care in different communities in the last 4 weeks. In
Figure 7(b), we see that communities such as Other races and
Black alone have a higher rate, and they have less chance to
get the medical care they need. The results in Figure 7(a) and
Figure 7(b) indicate that different communities receive unequal
healthcare services, and the racial/ethnic minorities have less
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chance to get health care service, and thus they are more likely
to be infected with COVID-19.

Figure 8(a) shows the rate of feeling nervous, anxious, or
on edge over half the days in different communities. From
Figure 8(a), we find that the racial/ethnic minorities such as
Black alone and Hispanic or Latino have a higher chance
of feeling nervous, anxious, or on edge over half the days.
Figure 8(b) shows the rate of not being able to stop or control
worrying over half the days. Similarly, from Figure 8(b),
we also find that the communities Black alone and Other
races have a higher chance of not being able to stop or
control worrying. The result in both figures suggests that the
racial/ethnic minorities have less chance of getting mental
health aid and they are more likely to have a mental health
problem, which makes it easier for them to be infected with
COVID-19 [42].

Figure 9(a) shows the rate of having little interest or pleasure
in doing things over half the days in different communities.
In Figure 9(a), we see that the communities Black alone,
Hispanic or Latino and Other races have a higher chance of
losing interest or pleasure in doing things. Figure 9(b) shows
the rate of feeling down, depressed, or hopeless over half the
days in different communities. Similarly, from Figure 9(b), we
find that the communities Black alone, Hispanic or Latino and
Other races have a higher chance of feeling down, depressed,
or hopeless. The results in Figure 9(a) and Figure 9(b) also
indicate that the racial/ethnic minorities have less chance of
getting mental health aid, which makes it easier for them to
be infected with COVID-19 [42].

Figure 10(a) shows the rate of last month’s payment status
(not paid) for owner-occupied housing units in different com-
munities in the US. In Figure10(a), we see that the community
Black alone has the highest chance of being unable to afford
the last month’s payment, and the communities Hispanic or
Latino and Other races have almost the second highest rate
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of being unable to afford the last month’s payment. The com-
munity White alone has the lowest rate. Figure 10(b) shows
the rate of people whose mortgage payment was deferred. In
Figure 10(b), we observe similar result. The community White
alone has the lowest rate, and the communities Black alone,
Hispanic or Latino and Asian alone have a relatively higher
rate. The results in Figure 10(a) and Figure 10(b) suggest that
communities such as Black alone and Hispanic or Latino have
less chance of being able to afford the payment for owner-
occupied housing units, which can increase the chance for
them to be infected with COVID-19.

Figure 11(a) shows the rate of people occupying housing
units without rent in different communities. In Figure 11(a),
we see that the communities Black alone, Hispanic or Latino
and Asian alone have less chance of occupying housing units
without rent. Figure 11(b) shows the rate of people who
did not pay last month’s rent. In Figure 11(b), we see that
the community Black alone has the highest rate among all
the communities and the community Hispanic or Latino has
the second highest rate. The results in Figure 11(a) and
Figure 11(b) indicate that the communities such as Black alone
and Hispanic or Latino have less chance of occupying housing
units without rent and being able to afford the payment for
renter-occupied housing units, which can increase the chance
for them to be infected with COVID-19.

Figure 12(a) shows the rate of people whose last month’s
rent for renter-occupied housing units was deferred in different
communities. In Figure 12(a), we see that the communities
Black alone and Other races have a higher rate. Figure 12(b)
shows the rate of people whose next month’s payment is (or
will be) deferred. From Figure 12(b), we see that Black alone
and Hispanic or Latino have a higher rate than the other
communities. The results in Figure 12(a) and Figure 12(b)
also indicate that the communities such as Black alone have
less chance of being able to afford the payment, which can
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increase the chance for them to be infected with COVID-19.

C. Experimental Analysis Based on Dataset 3

1) Examining People’s Behaviors in Response to COVID-
19: The underlying causes of health disparities are complex
and include social and structural determinants of health, racism
and discrimination, economic and educational disadvantages,
health care access and quality, individual behavior, and biol-
ogy [27]. A simulation study of agent-based influenza showed
that small changes in behavior can have a significant effect
on transmission patterns during epidemics [43], [44]. People’s
behaviours could result in non-communicable diseases such as
diabetes, hypertension, etc. when they engage in health-risking
behaviour (e.g., smoking, substance abuse, not exercising
or not eating correctly). People’s behavior can indicate and
affect people’s health [43], [45], [46]. Below we focus on
people’s behaviors in response to COVID-19 and examine the
determinants of health disparities in COVID-19 pandemic.

Figure 13 shows the average level agreement of wearing
masks based on the people who tested positive (for COVID-
19) in the last seven days. The range of the level is from 1 to 7.
In Figure 13, we see that both average levels of agreement are
higher than 4.425, suggesting that people believe that wearing
a mask will protect them and others against COVID-19.

Figure 14(a) shows the average number of people a person
has come into physical contact with (within 2 meters / 6 feet)
and the average number of people a person has come into
physical contact with (within 2 meters / 6 feet) excluding the
people in the person’s house hold. In Figure 14(a), we see that
the people who tested positive did have physically contacted
with (within 2 meters / 6 feet) others, which can increase the
probability of a person being infected with COVID-19. This
suggests that the social distance policy can help to prevent the
spread of COVID-19 and should not be ignored. Figure 14(b)
shows average # of times a person left his/her home yesterday,

n # of times a person left his/her home yesterday
#0f people a person has come into physical contact
with (within 2 meters / 6 feet)
= # of people a person has come into physical contact
with (within 2 meters / 6 feet) excluding the people
in the person’s house hold
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Fig. 14: People’s (people who tested positive) behaviors in physically
contacting others, leaving home, and washing hands or using hand
sanitizer.
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Fig. 15: Status of traveling and touching objects in public (e.g.
elevator buttons or doors).

average # of times a person washed his/her hands with soap or
used hand sanitizer yesterday, and average # of days a person
left his/her house last week. In Figure 14(b), we see that people
who tested positive in general left their home more than 4
times yesterday and left their house more than 3 days last
week, which can increase the probability that they are infected
with COVID-19. We also find that the average # of times a per-
son washed his/her hands with soap or used hand sanitizer is
around 10, which indicates that people who tested positive pay
attention to washing hands with soap or used hand sanitizer
and it has been accepted that washing hands with soap or using
hand sanitizer can help to prevent the spread of COVID-19.
Figure 15(a) shows whether a person traveled to a loca-
tion where coronavirus has been reported 7 days before the
person’s symptoms started. In Figure 15(a), we see that over
71% of the people who tested positive traveled to a location
where coronavirus has been reported, which suggests that
traveling can facilitate the spread of COVID-19 and increase
the probability of a person being infected with COVID-19,
and travel restrictions can be useful for preventing the spread
of COVID-19. Figure 15(b) shows how frequently people who
tested positive avoid touching objects in public (e.g. elevator
buttons or doors). In Figurel5(b), we see that around 50% of
people always avoid touching objects in public (e.g. elevator
buttons or doors), over 26% of the people frequently avoid
touching objects in public (e.g. elevator buttons or doors). This
indicates that most of the people believe that touching objects
in public can increase the risk of being infected with COVID-
19. Therefore avoiding touching objects in public (e.g. elevator
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TABLE I: A list of factors most likely correlate with health disparities in COVID-19.

[ Factors | Description
Age The age of an individual (e.g., a patient)
Gender The gender of an individual
Obesity The status of obesity of an individual

Food sufficiency

Whether the individual’s food is sufficient

Housing unit

The status of an individual’s housing unit

Employment status

The employment status of an individual

Education status

The education status of an individual

Income

The income of an individual

Health insurance availability

The status of health insurance of an individual

Medical care availability

The availability of medical care of an individual

Feeling nervous, anxious, or on edge

The status of feeling nervous, anxious, or on edge

Feeling down, depressed or hopeless

The status of feeling down, depressed or hopeless

Not being able to stop or control worrying

The status of not being able to stop or control worrying

Hypertension

The status of hypertension of an individual

Tobacco use

The status of tobacco use of an individual

Wearing mask

The status of wearing mask of an individual

Washing hands

How frequently a person washes his/her hands

Using hand sanitizer

How frequently a person uses hand sanitizer

Frequently of going outside

How frequently a person going outside

Ignorance of social distance policy

Ignorance (or violation) of social distance policy

Contact_other_covid

The status of contacting some other person infected with COVID-19

Touching objects in public

Touching objects in public (e.g., elevator buttons, doors, etc.)

Traveling_covid

The traveling status of an individual

Pregnancy An individual’s status of pregnancy
Diabetes The status of diabetes of an individual
Copd The status of Copd of an individual

Asthma The status of asthma of an nidividual
Renal_chronic The status of renal chronic of an individual
Cardiovascular The status of cardiovascular of an individual

Blood disorder

Whether an individual has blood disorder

buttons or doors) can help to prevent the spread of COVID-19.

In addition to the above experimental results and findings,
we provide a list of factors (determinants) that mostly likely
correlate with health disparities in COVID-19 based on infor-
mation obtained from the COVID-19 data. Table I shows a list
of factors that are likely to be correlated with health disparities
in COVID-19. In our future work, we will consider proposing
a machine learning based approach to experimentally verify
those factors.

V. CONCLUSIONS

The COVID-19 pandemic has disproportionately and nega-
tively impacted different communities. The racial and ethnic
minorities are at a particular disadvantage and are more likely
to be the target of COVID-19 infection. Black Americans are
especially vulnerable to experience the impact of COVID-19
due to the long-standing history of disadvantages. Examining
health determinants (e.g. structural, social and constructural
health) assist in ascertaining why disparities occur with higher
infection and death rates and in turn eventually help to
improve pandemic health care. From a thorough analysis of
health disparities [based on multiple COVID-19 datasets] we
demonstrate that racial and ethnic minorities [such as Black
Americans] have a higher rate of infections and deaths in
comparison to other communities. Our analysis highlights the
fact that race and ethnicity play a pivotal role in determining
how and when care is accessed, and what the outcome might
be. Examining health determinants assist in ascertaining why
disparities occur. Our findings suggest that the determinants

are diverse. Determinants such as age, employment status,
food sufficiency, health insurance status, access to medical
care, symptoms of depression, symptoms of anxiety, payment
status of housing units (or rent) significantly contribute to the
health disparities in this pandemic and hence COVID-19, as
a disease, may potentially have devastating effects on com-
munities of color. The virus itself does not discriminate, but
America’s history of discrimination creates potential longer-
term scenarios. For now we provide new strategies for deter-
mining diverse health determinants, and new findings on health
determinants for understanding health disparities. In the future,
we will consider using machine learning algorithms to exper-
imentally examine diverse health determinants. Also, we will
compare our approach with state-of-the-art to fully verify the
performance of our approach. In addition, we will collect the
health data prior to COVID-19, and compare the experimental
results based on the COVID-19 data and that of the health
data prior to COVID-19 to further verify that the disparities
are showing due to COVID-19. Finally, we will expand the
dataset to further improve the performance of our approach.

ACKNOWLEDGMENT

This research was partially supported by a charitable con-
tribution from Google LLC, COVID-19 Artificial Intelligence
and Data Science for the Social Good Fund to support the
project: Moving from Data Analysis to Practice-MAP.

REFERENCES

[1] Who pandemic announcement. https://www.who.int/dg/speeches/detail/who-

director-general-s-opening-remarks-at-the-media-briefing-on-covid-
19—11-march-2020 [accessed on 31 July 2020].

133



[2]

[3]

[10]

(1]

(12]

[13]

[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

2020 International Conference on Intelligent Data Science Technologies and Applications (IDSTA)

Covid-19 cases and deaths. https://www.who.int/dg/speeches/detail/who-
director-general-s-opening-remarks-at-the-media-briefing-on-covid-
19—11-march-2020 [accessed on 31 July 2020].

S. Garg, L. Kim, M. Whitaker, A. OHalloran, C. Cummings, R. Holstein,
M. Prill, S. Chai, P. Kirley, N. Alden, B. Kawasaki, K. Yousey-Hindes,
L. Niccolai, E. Anderson, K. Openo, A. Weigel, M. Monroe, P. Ryan,
J. Henderson, S. Kim, K. Como-Sabetti, R. Lynfield, D. Sosin, S. Torres,
A. Muse, N. Bennett, L. Billing, M. Sutton, N. West, W. Schaffner,
H. Talbot, C. Aquino, A. George, A. Budd, L. Brammer, G. Langley,
A. Hall, and A. Fry. Hospitalization rates and characteristics of patients
hospitalized with laboratory-confirmed coronavirus disease 2019—covid-
net, 14 states, march 1-30, 2020. Technical report, MMWR Morb Mortal
Wkly Rep. 2020;69:458-464, 2020.

M. Shah, M. Sachdeva, and R. P. Dodiuk-Gad. Covid-19 and racial
disparities. J Am Acad Dermatol, 83(1):e35, 2020.

Alireza Hamidian Jahromi and Anahid Hamidianjahromi. Why african
americans are a potential target for covid-19 infection in the united
states. J Med Internet Res, 22(6):¢19934, 2020.

C. W. Yancy. Covid-19 and african americans. JAMA, 323(19):1891—
1892, 2020.

Louisiana department of health covid-19. http://ldh.]la.gov/coronavirus/
[accessed on 30 May 2020].

Nyc health covid-19: Data. https://www1.nyc.gov/site/doh/covid/covid-
19-data.page [accessed on 30 May 2020].

F. Echols. The st. louis american all 12  covid-
19  deaths in the «city of st. louis were black.
https://www.stlamerican.com/your_health_matters/covid_19/all-12-
covid-19-deaths-in-the-city-of-st-louis-were-black/article_da7ed56¢-
79d1-11ea-85bc-7b8539¢eaf346.html [accessed on 30 May 2020].
Alabama public health characteristics of
laboratory-confirmed cases of covid-19.
https://www.alabamapublichealth.gov/infectiousdiseases/assets/cov-
al-cases-041220.pdf [accessed on 30 May 2020].

How coronavirus is ravaging black americans: Shocking data re-
veals african americans are nearly twice as likely to die from
the virus. https://www.dailymail.co.uk/news/article-8204823/Shocking-
data-reveals-African-Americans-account-40-COVID-19-deaths.html [ac-
cessed on 19 September 2020].

Black people in nyc are twice as likely to die from
coronavirus as white people, shocking new data reveals.
https://www.dailymail.co.uk/news/article-8231077/Black-people-NYC-
TWICE-likely-die-coronavirus-white-people-data-shows.html [accessed
on 19 September 2020].

A. Magbool. Coronavirus: Why has the virus hit african americans so
hard? https://www.bbc.com/news/world-us-canada-52245690 [accessed
on 19 September 2020].

G. Firebaugh and F. Acciai. For blacks in america, the gap in
neighborhood poverty has declined faster than segregation. Proc Natl
Acad Sci U S A, 113(47):13372-13377, 2016.

B. Western and C. Wildeman. The black family and mass incarceration.
Ann Am Acad Pol Soc Sci, 621(1):221-42, 2009.

J. W. Collins and R. J. David. Racial disparity in low birth weight and
infant mortality. Clin Perinatol, 36(1):63—73, 2009.

V. C. Copeland. African americans: disparities in health care access and
utilization. Heal Soc Work, 30(3):265-270, 2005.

M. Carnethon, J. Pu, G. Howard, M. Albert, C. Anderson, A. Bertoni,
M. Mujahid, L. Palaniappan, H. TaylorJr, M. Willis, and C. Yancy.
Cardiovascular health in african americans: a scientific statement from
the american heart association. Circulation, 136(21):e393-423, 2017.
M. Marshall.  Diabetes in african americans.  Postgrad Med J,
81(962):734-740, 2005.

B. Kissela, A. Schneider, D. Kleindorfer, J. Khoury, R. Miller, K. Alwell,
D. Woo, J. Szaflarski, J. Gebel, C. Moomaw, A. Pancioli, E. Jauch,
R. Shukla, and J. Broderick. Stroke in a biracial population: the excess
burden of stroke among blacks. Stroke, 35(2):426—431, 2004.

M. Laster, J. Shen, and K. Norris. Kidney disease among african
americans: a population perspective. Am J Kidney Dis, 72(5):S3-7,
2018.

K. Barnes, A. Grant, N. Hansel, P. Gao, and G. Dunston. African
americans with asthma: genetic insights. Proc Am Thorac Soc, 4(1):58—
68, 2007.

C. Ejike, M. Dransfield, N. Hansel, N. Putcha, S. Raju, C. Martinez,
and M. Han. Chronic obstructive pulmonary disease in america’s black
population. Am J Respir Crit Care Med, 200(4):423-430, 2019.

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

[33]

[34]

(35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

C. Laurencin, D. Christensen, and E. Taylor. Hiv/aids and the african-
american community: a state of emergency. J Natl Med Assoc,
100(1):35-43, 2008.

C. Laurencin and A. McClinton. The covid-19 pandemic: a call to action
to identify and address racial and ethnic disparities. Journal of Racial
and Ethnic Health Disparities, 7:398-402, 2020.

M. Chowkwanyun and A. Reed. Racial health disparities and covid-19
— caution and context. The New England Journal Of Medicine, May 6
2020.

M. Hooper, A. Népoles, and E. Pérez-Stable. Covid-19 and racial/ethnic
disparities. JAMA, 323(24):2466-2467, 2020.

D. M. Gray, A. Anyane-Yeboa, S. Balzora, R. B. Issaka, and F. P.
May. Covid-19 and the other pandemic: Populations made vulnerable by
systemic inequity. Nat Rev Gastroenterol Hepatol, 17:520-522, 2020.
K. Azar, Z. Shen, R. Romanelli, S. Lockhart, K. Smits, S. Robinson,
S. Brown, and A. Pressman. Disparities in outcomes among covid-19
patients in a large health care system in california. Health Affairs, 39(7),
May 21 2020.

T. M. Selden and T. A. Berdahl. Covid-19 and racial/ethnic disparities
in health risk, employment, and household composition. Health Affairs,
39(9):1624-1632, 2020.

S. P. Jones. Imperial college london yougov covid data hub, v1.0.
Technical report, Imperial College London Big Data Analytical Unit
and YouGov Plc, April 2020.

R. A. Miller. The aging immune system: Primer and prospectus. Science,
273:70-74, 1996.

C. M. Weyand and J. J. Goronzy. Aging of the immune system.
mechanisms and therapeutic targets. Ann Am Thorac Soc, 13 Suppl
S5: S422-S428, 2016.

S. Begley. What explains covid-19’s lethality for the
elderly? scientists look to ’twilight” of the immune system.
https://www.statnews.com/2020/03/30/what-explains-coronavirus-
lethality-for-elderly/ [accessed on 6 August 2020].

J. F. Reckelhoff. Gender differences in the regulation of blood pressure.
Hypertension, 37(5):1199-1208, 2001.

F. Gao, K. I. Zheng, X. B. Wang, H. D. Yan, Q. F. Sun, K. H. Pan, T. Y.
Wang, Y. P. Chen, J. George, and M.H. Zheng. Metabolic associated
fatty liver disease increases covid’19 disease severity in non-diabetic
patients. J. Gastroenterol. Hepatol, 2020.

C Liu, Z. C. Jiang, C. X. Shao, H. G. Zhang, H. M. Yue, and Z. H. Chen
et al. Preliminary study of the relationship between novel coronavirus
pneumonia and liver function damage: a multicenter study. Zhonghua
Gan Zang Bing Za Zhi, 28:148-152, 2020.

People with certain medical conditions.
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-
precautions/people-with-medical-conditions.html  [accessed on 16

September 2020].

L. Arcavi and N. L. Benowitz. Cigarette smoking and infection. Arch
Intern Med, 164(20):2206-2216, 2004.

S. Payne. ’smoke like a man, die like a man’?: a review of the
relationship between gender, sex and lung cancer. Soc Sci Med, 53:1067—
1080, 2001.

Why  covid-19 is  hitting men  harder than  women.
https://www.healthline.com/health-news/men-more-susceptible-to-
serious-covid-19-illnesses [accessed on 16 September 2020].

C. Moreno, T. Wykes, S. Galderisi, M. Nordentoft, N. Crossley, and
N. Jones et al. How mental health care should change as a consequence
of the covid-19 pandemic. Lancet Psychiatry, S2215-0336 (20):1-12,
2020.

B. Yanti, E. Mulyadi, Wahiduddun, R. G. H. Novika, Y. M. D. Ariana,
N. S. Martani, and Nawan. Community knowledge, attitudes, and
behavior towards social distancing policy as prevention transmission of
covid-19 in indonesia. Jurnal Administrasi Kesehatan Indonesia, 8(1):4—
14, 2020.

K. A. Pawelek, C. Salmeron, and S. D. Valle. Connecting within and
between-hosts dynamics in the influenza infection-staged epidemiolog-
ical models with behavior change. J Coupled Syst Multiscale Dyn,
3(3):233-243, 2015.

J. Liu, H. Shen, H. Narman, W. Chung, and Z. Lin. A survey of mobile
crowdsensing techniques: A critical component for the internet of things.
ACM Trans. Cyber-Phys. Syst., 2(3):18:1-18:26, 2018.

J. J. V. Bavel, K. Baicker, P. S. Boggio, V. Capraro, A. Cichocka, and
M. Cikara et al. Using social and behavioural science to support covid-
19 pandemic response. Nature Human Behaviour, 4:460—471, 2020.

134



