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ABSTRACT

The World Health Orgamization declared COVID-19 a global pandemic in March 2020. Many
countries and economies were greatly affected, including the United States of America. Many
people were greatly affected causing them to go into critical care resulting m some eventual
fatalities. Some of the factors that could have led to the widespread of infections can be attributed
to the socio-demographic determinants, mcluding gender, race/ethnicity, income, urban-rural

location, access to healthcare and age.

Thus study 1s aimed at exploring and examming patterns of COVID-19 infections by considering
age, gender, health insurance coverage, race/ethnicity and income factors. Data from the Center
for Disease Control (CDC), Department of Health and Human Services (HSS), the COVID

tracking Project, and the U.S_ Census Bureau (USCB) were used m this study.

A Bayesian Conditional Autoregressive (CAR) model was used to explore the association between
COVID-19 infection rates, hospitalizations and deaths, and socio-demographic variables using

Open BUGS for the states of Ohio, Michigan and Kentucky.

At the beginning of March 2020, the number of COVID-19 cases reported by the CDC for the

USA was 123 498 infections.
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CHAPTER 1: INTRODUCTION

Since the announcement by the World Health Orgamization that Coronavirus (COVID-19) 1s a
worldwide pandemuc on March 11, 2020, the whole world came to a standstill leading to many
disruptions. The rates of mfection spread quickly to different regions, causing a strain on many
healthcare systems. Globally, positive cases were on the rise and by the end of March 2020, most
countries had several confirmed cases. In the US, confirmed cases between January 3,2020 and

April 14,2021 increased from 9 to 30,949,496 with 557,415 deaths (WHO, 2021).

1:0 Rational

The burden of the Coronavirus pandemic varies among countries and regions. The spread of
COVID-19 occurs when one 1s physically near (within 6 feet) or have a direct contact with a person
with COVID-19 (CDC, 2020). Usually, when someone with COVID-19 coughs or sneezes, they

produce respiratory droplets which when inhaled causes infection to anyone i proximity.

Several measures were put i place by the CDC. These mcluded: 1) wearing a mask that covers
the nose and mouth, 2) maintaming at least 6 feet from others, 3) avoiding crowds and areas
without proper ventilation, 4) washing hands or samtizing often, 5) cleaning and dismfecting

surfaces more often, and 6) getting vaccinated once the vaccine 1s available.

The disease burden has been attributed to broad environmental, social, and economic factors m
addition to the indrvidual level and behavioral risk factors. Health and 1llness are influenced by a
broad spectrum of variables including environmental, social and economic factors (e g, Evans &
Stoddart,1990: Labonte, 1987) and thus the need to conduct an ecologic-level study of COVID-19

infections, hospitalizations and deaths in Olio, Michigan and Kentucky using a Bayesian



Conditional Autoregression model to examine the pattern of the pandemic and factors that

determine them.

There 1s need to further our understanding in this area to allow for more development of strategic
preventive measures that takes environmental social, economic, healthcare factors into
consideration. The mfection, hospitalization and death rates of COVID-19 will show the

association with population-level indicators measuring socio-economic and healthcare factors.

Since the COVID-19 outbreak in December 2019, there has been significant mmformation
examining various outcomes of COVID-19 across the globe. Mortality, hospitalizations and
infections rates and causes have been explored. The nisk factors associated with COVID-19 have
been identified as age, gender, and underlying conditions. The older age group was found to be of
highest nisk of infection and experiencing the worst outcomes. It has also been examined that
people who need extra precautions include people 1) m rural communities 2) with disabilities 3)
with developmental and behavioral disorders 4) experiencing homelessness 5) in racial and ethnic

minority groups.

The socio-economic, cultural, physical and environmental factors play a pivotal role in the rate of
nfections of mfectious diseases and other chronic health conditions including heart disease,
respiratory diseases, diabetes and mortahty (e g. Kawaki, Kennedy, Lochner & Prothrow 1997

Rosset et al_, 2000; Wilkinson, 1996.



1.1 Purpose of Study

The purpose of this study 1s to understand and explore socio-economic factors that deternune the
infection, hospitalization, and death from COVID-19 between April 2020 and December 2020 in

the states of Ohio, Michigan, and Kentucky.

Due to the burden of the spread of coronavirus, the CDC introduced mifigation activities that can
be taken by people and communities to slow the spread of the virus. The mtroduction of personal
preventive practices/actions to enable safe operations and healthy places/environments in

workplaces and public facilities were some of the mifipating activities.

Wearing a face mask, handwashing, and samitizing, staymg home when 1ill and practicing social
distancing (6 ft) are some of the examples of how an individual can practice preventive measures.
Other COVID-19 mitigation activities have included stay-at-home orders, busmess and academic
closures and fravel and gathering restrictions. These were mainly aimed at slowmng down the
spread of the virus and muminuzing infection and fatality rates. However, they could also have

some economic, social, and other secondary consequences.

1.2 Background

Social deternunants of health (SDOH) are the conditions in the environment where people are
born, live, learn, work, play, worship, and age that affect a wide range of health, functioning, and
quality-of-hfe outcomes and risks (US Department of health and Human services, Social

determinants of health (SDOH)). These determinants affect peoples’ wellbeing and health and, 1n

this case, could have been the factors that contributed to mfections, hospitalizations and deaths

due to COVID-19.


https://health.gov/healthypeople/objectives-and-data/social-determinants-health
https://health.gov/healthypeople/objectives-and-data/social-determinants-health

1.3 Sigmficance of the Study

Differences m social determinants of health can lead to poor health outcomes. Some of these social
determinants mnclude healthcare coverage, commumity mcome and education. Inequities related to
these social determmants have become more promunent during COVID-19 response, causing more
harm to racial and ethnic mmority groups. Some of the consequences of the nutigation efforts by
the CDC include unemployment, loss of healthcare coverage, stress, social 1solation and stigma
associated with having the COVID-19. These unmtended consequences caused exceptional
hardships in commmmities with limited resources, but especially those where mutigation strategies

are more strictly enforced.

1.4 Termunology

Table 1 m APPENDIX A, gives defimtions of word or phrases used throughout this paper to

maintain consistency.



CHAPTER 2: LITERATURE REVIEW

2.0 Area of Study

A retrospective, population-based, ecological level study to assess spatial patterns of COVID-19
infections, hospitalizations and deaths in Ohio, Michigan and Kentucky and the factors that
determine these patterns was done. Using the census division of counties which corresponds to the
political regions, this analysis allows for nearly complete coverage of the population in the study
area which allow for further work to be conducted i future with regards to policy
recommendations. For important determinants of health to work, there 1s a need for study designs

that work at ecological level (Kawachi et al , 1997: MacIntyre & Ellaway, 2000: Wilkinson, 1996)

There were approximately 11 689 million residents in Ohio, 9.986 million 1n Michigan, and 4. 467
million m Kentucky as of July 2019 (Statistics USA, 2019). Access of healthcare services for the
three states 1s through Medicare, Medicaid, employer insured, self-pay and some are not msured

(US Department of Health and Human services)

The geographical location of the three states can be seen on Figure 1 (APPENDIX A) -Population

Map.
2.1 COVID-19 Service Delivery

The testing and diagnosis of COVID-19 i the US 1s done in several approved locations. COVID-
19 tests are available at no cost nationwide at health centers and select pharmacies. The Families
First Coronavirus Response Act ensures that COVID-19 testing 1s free to anyone in the US|

mncloding the uninsured (US Department of Health and Human Services)



2 2 Determinants of COVID-19

2.2.1 Age Group

According to the CDC (CDC COVID-19 case-level report forms, March 1-November 14, 2020),
the mncidence of COVID-19 was highest among adults aged =80 years in late March to late May
2020, with a spike in incidence in the week beginning April 12, 2020. In June, mncidence increased
in all age groups, with the most rapid rate of increase and highest overall incidence among young
adults aged 18—24 years; the rate in this group continues to be the highest among all age groups.
Incidence steadily mcreased among children and adolescents (aged 0—17 years). The mcidence in
high school-aged persons (aged 1417 years) was markedly higher than that in younger children
by early July, then decreased before increasing in September. During late September—early
October, weekly incidence decreased among young adults aged 18—24 years only, then continued

to steadily mcrease among all age groups through November 14.

2.2.2 Gender/ Sex Group

Males are more likely to test positive for COVID-19, more likely to have complications and more
likely to die from the wvirus than females, independent of age. This 1s according to a study by

Farhaan Validy of Houston Methodist Research Institute, US, and colleagues.

As the COVID-19 pandemuc unfolds and evolves across the globe, researchers have identified
population sub-groups with ugher levels of disease vulnerability, such as those with advanced age
or certain pre-existing conditions. Some studies from China and Europe have mdicated that males
tend to expenience higher disease severity compared to females. However, a comprehensive

analysis of COVID-19 gender/sex m a large and diverse metropolitan area i the US has been

lacking.



The authors conclude that there 1s a clear and strong independent association between males and
SARS-CoV-2 susceptibihity, complications, and poor outcomes. They further noted that
understanding gender differences i disease mfection 1s a fundamental step toward improved

disease management and intervention strategies for both men and women.

2.2.3 Race/Ethnic Group

The U.S Department of Health and Human Services pomts out that social determimants of Health
2020 (cited 2020 Jan 20), mcluding health and social inequalities have put many people from racial
and ethnic minority groups at increased risk of getting sick and dying of COVID-19. The term
racial and ethnic minority groups mclude people of color with a wide variety of backgrounds and
experiences. It further identifies the 5 social determunants of health, including 1) economuc stability
2) education 3) social and community context 4) health and healthcare 5) neighborhood and bult
environment. Inequahties in social determunants of health, such as poverty and healthcare access
that affect these groups are interrelated and influence a wide range of health and quality-of life

outcomes and risks.

2.2 4 Income Group

According to Universify of Chicago researchers, the lowest-income group had the highest rate of

job losses between February 1, 2020 and the end of June, while the highest-income workers had
the lowest job loss rate during this period. While the gaps narrowed somewhat by the end of June,
the lowest-ncome group had only 81 percent of the jobs they had on February 1, while the highest-

mcome group had 96 percent of the jobs they had pre-pandemic.


https://bfi.uchicago.edu/wp-content/uploads/HurstBFI_WP_202058_Revision.pdf

2.2.5 Healthcare Insurance Coverage Group

Current Population Survey Annual Social and Economic Supplement (CPS ASEC) and the
Amernican Community Survey (ACS) report that in 2019, 8.0 percent of people, or 26.1 nullion,
did not have health insurance at any pomnt during the year. The percentage of people with health
msurance coverage for all or part of 2019 was 92.0 percent. Most people had Pnivate health
msurance coverage, covering 68.0 and 34.1 percent of the population at some pomt during the
year, respectively. In 2019, 9.2 percent of people, or 29.6 mullion, were not covered by health

msurance at the fime of interview, according to the ACS, up from 8.9 percent and 28.6 nulhon.



CHAPTER 3: METHODOLOGY

3.0 Procedure

The objective of this study was to evaluate how the determuants of COVID-19 affected the
infections, hospitalizations and deaths of populations in Olio, Michigan and Kentucky. To achieve
this, county shapefiles were obtained from the U.S. Census Bureau and mapped usmg the ArcGIS
software. These shapefiles were subsequently jomed with the COVID-19 data from the CDC. The
data was then analyzed statistically with Conditional Autoregression (CAR) Model in Open

BUGS.

3.1 Data Collection and Sources

The data used in this study was obtamned from the American Community Survey (ACS), the CDC,
the US Department of Health and Human Services, Centers for Medicare and Medicaid Services,
US Census Bureau, and the COVID Tracking Project. These data gave fipures for infections,
hospitalizations, discharges and deaths of COVID-19 patients by age, gender, race /ethnicity,
mcome and health care coverage. The data obtamed was from Apnl 2020 to December 2020 for
the three states. All records with a principal discharge diagnosis of COVID-19 were selected. The
2019 Amernican Commumty Survey 5-year estimate (Table S2701) provided data on population

and residency.



3.2 ArcGIS

The total number of counties for the three states 1s 291: 88 m Ohio, 83 m Michigan and 120 n

Kentucky. For this study, the county was used as the umit for analysis.

To map county datasets for the 3 states, polygon shapefile obtamed from the U.S. Census Bureau
were mapped using ArcGIS Pro. Data from COVID-19 cases from July 2020 to December 2020
all aged 15 and over were obtained from the Center for Disease Control (CDC) website and joined
with the polygon shapefiles representing different counties. A total of 291 counties were mcluded

1n the analysis.

3.3 Conditional Autoregression Model

The Spatial analyses of COVID-19 were conducted in two phases. First, county boundaries were
geo-referenced and linked to the county COVID-19 infection rates for April 2020 to December

2020 and maps were developed for visualization.

3.4 Analysis of Research Questions

3.4.0 Problem Description

The infections, hospitalizations and deaths due to COVID-19 in the 3 states was dependent on
several factors which, according to the CDC are called determuinants of health. These determinants
bring about the inequities and mequalities that different groups experienced. The question
therefore 1s, how can we identify the most prominent factors? Which group 1s mostly affected?

The analysis that follows will attempt to answer these questions.



3.4.1 Impact Analysis of Covid-19 on Different Age Groups?

The age groups to consider are 0-17 years, 18-49 years, 50-64 years, and 65+ years. Individuals

of 65+ were more vulnerable to infections and deaths primarily due to several underlymg health

1ssues as indicated by the CDC. However, from the analysis, those more affected were those

between 18-49 years.

Infections | SD LCL UCL Min Max
0-17 years 180.95 163.99 103.6 258.29 11 1250
18 - 49 years 1236.56 962.18 | 1162.05| 1311.06 127 5974
50 - 64 years 493.59 348.78 419.09 568.09 22 2035
65+ years 441.45 29968 | 366.755 516.14 54 1731

3.4.2 Impact analysis of Covid-19 on Different Gender/Sex

Females and males responded differently to COVID-19 makimng the males more vulnerable to

infections and deaths.
MI Mean sD Median Start Sample
M 1.11875 252.75 04805 ] 10001 3000
F -1.5765 248.275 -5.24751 10001 3000
KY Mean sD Median Start Sample
M 1.491667 337 0.6406667 | 10001 3000
F -2.102 | 331.0333333 | -6.996667 | 10001 3000
OH Mean sD Median Start Sample
M 0.92775 2535 1.8685| 10001 4000
F -3.93 249251 -086225| 10001 4000

3.4 3 Impact Analysis of Covid-19 on Different Races/Ethmic Groups

11



Individuals have been categorized as either of white race or non-white race (Black, Hispanic,
Asian and Others)

From our results, indrniduals of a white race were less infected with COVID-19 as compared
with non-winte race.

OH Mean SD Median Start Sample
M -4315| 0.1427 -4.315 1 3000
T -0.7161 102.1 1.239 1 3000

MI Mean SD Median Start Sample
M -4.113 0.1044 4112 1| 3000
T -0.1776 101.6 -1.01 1| 3000

KY Mean SD Median Start Sample
M -4.361 | 0.1537 -4.362 3000
T 1.862 100.8 1.698 3000

From our results, mdividuals of a white race had lower number of deaths due to COVID 19 as

compared with non-white race.
OH Mean SD Median Start Sample
M -7.912 | 0.08853 -7913 1 3000
T -1.234 991 -0.5128 1 3000
MI Mean SD Median Start Sample
M -7.171 | 0.05094 -7.171 3000
T -1.945 97.74 -2.559 3000
KY Mean SD Median Start Sample
M -8.3 | 0.09354 -8.297 | 10001 3000
T 1.948 102 1.172 | 10001 3000

3.4 4 Impact of Covid-19 on Different Income Groups




Individuals from low-mcome (L) commmnities were more vulnerable to infection and death than

those from median income (M) communities.

MI Mean sD Median Start Sample
L 4375 1010 1.822 ] 10001 3000
M -6.806 995.1 -1999 | 10001 3000
KY Mean sD Median Start Sample
L 4475 1011 19221 10001 3000
M -6.306 9931 -2099 | 10001 3000
OH Mean sD Median Start Sample
L 3.711 1014 74741 10001 4000
M -15.72 097 -3.449 | 10001 4000

3.4.5 Impact of Covid-19 on Different Healthcare Coverage Groups?

Individuals have been categorized under Insured and Uninsured of different race and ethnic
groups.

Analysis of the data shows that access to healthcare coverage 1s more prominent with mdividuals

of the white race while there 1s a disparity for those from minonty groups.

OH Mean sD Median Start Sample
Hispanic 2128 1001 5.069 | 10001 4000
Black 10.88 1004 -0.5185] 10001 4000
‘White 3486 9953 -12.48 | 10001 4000
MI Mean sD Median Start Sample

13




Hispanic 2921 999 4 20| 10001 3000

Black -11.96 1028 -7.136 | 10001 3000
‘White 10.41 9953 1.187] 10001 3000
KY Mean sD Median Start Sample
Hispanic 2921 999 4 20| 10001 3000
Black -11 .96 1028 -7.136 | 10001 3000
‘White 10.41 9953 1.187] 10001 3000

Analysis of uninsured persons shows that majority of those who had linuted access to healthcare

were of minonty groups.

OH Mean sD Median | Start Sample
Hispanic 0.532 250.25 1.26725| 10001 4000
Black 272 2511 0129625 | 10001 4000
White 08715 248 825 -3.12 1 10001 4000

MI Mean sD Median | Start Sample
Hispanic 7.3025 249 85 51 10001 3000
Black -2.99 257 -1.784 | 10001 3000
White 2.6025 248 825 0.29675 | 10001 3000

KY Mean sD Median Start Sample
Hispanic | 9.736667 | 333.1333333 | 6.6666667 | 10001 3000
Black -3.98667 | 342 6666667 | -2.378667 | 10001 3000
White 347 | 331.7666667 | 0.3956667 | 10001 3000

14



CHAPTER 4: RESULTS
4.0 Analysis

The data collected was used to map using ArcGIS. Shapefiles representing the counties i the three

states were joined with the COVID-19 data.

Model adequacy ensured through various diagnostic tests using burn-in and convergence test. The

statistical analysis was performed using OpenBUGS.

Of the three states, Oluo was most affected by COVID-19. A further analysis would be able to

show why this was so.



CHAPTER 5: DISCUSSION

SDOH plays a vital role in healthcare of mndividuals m a society. The 5 determinants discussed
contributed to the COVID-19 infections and deaths in the 3 states. Although more research needs
to be done to get more data, 1t 15 important to note that other factors could also have caused the

infections and spread of COVID-19.

The practice of wearing a mask and social distancing played a major role in curbing the spread of

COVID-19 m populations (CDC).

Other possible factors include commmumnity practices, housmng, immgration status, underlyng

health issues, smoking, employment and culture. These could be investigated further in more

depth.

16



APPENDIX A
TABLE 1

Terminology

CDC Center of Disease Control
WHO World Health Orgamization
SDOH Social Determunants of Health
ACS American Commumty Survey
OH Ohio
MI Michigan
KY Kentucky
SD Standard Dewviation
TABLE 2
Data Sources
DETERMINANT SOURCE
Age Sex Race The CDC (Center for Disease Control)
Race/Ethnicity Data The COVID Tracking Project
Community Income US Census Bureau
Healthcare Coverage US Department of Health and Human
Services
Population American Commumty Survey
COVID-19 Infections The COVID Tracking Project
COVID-19 Hospitalizations The COVID Tracking Project
COVID-19 Deaths The COVID Tracking Project

17
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