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ABSTRACT
AIM: The aim of this research is to assess the impact of COVID-19 on mortality rates among
people in the United States with comorbid diabetes or cardiovascular disease (CVD)
METHODS: We utilized mortality data published by the Centers for Disease Control and
Prevention for the years 2018-2021. Annual mortality rates were reported, including all-cause
mortality, and mortality rates with COVID-19, diabetes and cardiovascular disease listed as a
primary or underlying cause of death.
RESULT: Compared to 2018, there was a substantial increase in all-cause mortality across 2019,
2020 and 2021 respectively (0.9%, 18.4% and 20.3%). At the same time, we observed increased
rates of CVD mortality (0.9%, 18.4% and 19.8%) and diabetes mortality (2.25% 39.7% and
42.7%).
CONCLUSION: We observed similar increases in the rates of all-cause mortality and CVD
mortality in 2020 and 2021, but a more substantial increase in the rate of deaths among people

with diabetes.
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1 INTRODUCTION
1.1 Background

SARS-CoV-2 is a virus that belongs to the family Coronaviridae, which also includes other
viruses that can cause respiratory illnesses in humans and animals (WHO, 2021). The name
"coronavirus" comes from the crown-like spikes on the surface of the virus particles, which are
visible under a microscope. SARS-CoV-2 was first identified in Wuhan, China, in December 2019,
and quickly spread around the world, causing a global pandemic (WHO, 2021). The virus causes
a respiratory illness known as COVID-19, which can range from mild to severe and can be fatal
in some cases, especially among elderly people (65+) and those with underlying health conditions
(CDC, 2023).

COVID-19 has had a significant impact on public health, economies, and social systems
around the world. As of September 2021, there were over 227 million confirmed cases of COVID-
19 worldwide, with more than 4.6 million deaths attributed to the virus (WHO, 2021). The case
fatality rate (CFR) is the percentage of confirmed cases that result in death. The CFR for COVID-
19 varies by country and region, but it is estimated to be around 2.1% globally. The estimated CFR
in the US is 1.1% (Cao et al., 2021). In addition, asymptomatic persons seem to account for
approximately 40% to 45% of SARS-CoV-2 infections, and they can transmit the virus to others

for an extended period, perhaps longer than 14 days. (Oran & Topol 2020)

1.2 Transmission and Symptoms of the Disease
The virus is primarily spread through respiratory droplets when an infected person coughs,
sneezes, talks, or breathes. It can also be spread by touching a surface contaminated with the virus

and then touching the mouth, nose, or eyes (Huang et al., 2020). The virus can be transmitted by



people who do not show any symptoms, which makes it difficult to control. The symptoms of
COVID-19 vary widely in severity and can range from mild to severe illness. Common symptoms
include fever, cough, fatigue, shortness of breath, loss of smell or taste, and body aches. Some
people may also experience sore throat, headache, or diarrhea. Severe cases can lead to pneumonia,

acute respiratory distress syndrome, and/or death (Zayet et al., 2020)

1.3 Disease Severity and Clinical Manifestation

The severity of the disease can vary depending on various factors, including the presence
of comorbidities. Comorbidities are pre-existing medical conditions that make people infected
with SARS-CoV-2 more susceptible to developing severe COVID-19 disease (Guan et al., 2020).
It is important to note that not everyone with SARS-CoV-2 and these comorbidities will develop
severe COVID-19 illness. Similarly, some people without any known comorbidities may still
develop severe illness. COVID-19 patients with diabetes, chronic obstructive pulmonary disease
(COPD), cardiovascular diseases (CVD), hypertension, malignancies, human immunodeficiency
virus (HIV), and other comorbidities could develop a life-threatening situation (Williamson et al.,
2020).

SARS-CoV-2 utilizes ACE-2 receptors found at the surface of the host cells to infect the
cell. Certain comorbidities are associated with a strong ACE-2 receptor expression and higher
release of proprotein convertase that enhances the viral entry into the host cells. These
comorbidities along with SARS-CoV-2 infection led to an amplified immune response, more
severe disease pathology, and are associated with substantial morbidity and mortality (Hassan et
al., 2020). However, having these underlying conditions may increase the risk of severe illness

and complications. It is important for people with comorbidities to take extra precautions to protect



10

themselves from SARS-CoV-2 infection, such as wearing masks, practicing social distancing, and
getting vaccinated when possible (Ssentongo et al., 2021).

Preventing the spread of COVID-19 requires individual and collective efforts. Measures
such as wearing masks, practicing social distancing, washing hands frequently, and avoiding large
gatherings have been recommended by health experts (Chu et al., 2020). Vaccines have also been
developed to prevent SARS-CoV-2 infection or reduce symptoms of COVID-19 disease, and
vaccine distribution efforts have been ongoing in many countries. Over 5.7 billion doses of
COVID-19 vaccines had been administered worldwide, with around 40% of the global population
having received at least one dose (Polack et al., 2020). However, there are significant disparities
in vaccination rates between different countries and regions. As of May 3", 2023, around 66% of
the population was fully vaccinated against COVID-19, and 78% had received at least one dose
(CDC, 2022). However, vaccination rates varied widely by state and demographic group, with
some areas and populations lagging behind in their vaccination rates. COVID-19 has had a
significant impact on global health, economies, and societies. The pandemic has caused millions
of deaths worldwide and has led to significant economic disruptions, including job losses and
business closures. The pandemic has also highlighted existing social and economic inequalities
and has led to changes in how people work, learn, and interact with each other (Woolf et al., 2020).

Since the outbreak began, scientists and researchers have been working to understand the
virus and develop effective treatments and vaccines. The exact percentage of people in the U.S.
who have already contracted and recovered from COVID-19 and have natural immunity is difficult
to estimate (Baden et al., 2021). However, as of September 2021, the CDC estimated that about

40% of the U.S. population had been infected with COVID-19 at some point which means there
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is a high percentage of herd immunity. Despite the progress made, the pandemic continues to have
a significant impact on public health, economies, and daily life around the world.

Research on COVID-19 comorbidity is ongoing, and new information is being discovered
regularly. It is essential for individuals with underlying medical conditions to take precautions to
reduce their risk of infection and seek medical attention promptly if they develop symptoms of

COVID-19 (Zheng et al., 2020).

1.4 Cardiovascular Diseases (CVD) and Diabetes Statistics

According to the American Heart Association's 2021 Heart Disease and Stroke Statistics
update, CVD affects approximately 121.5 million adults in the United States, or about 48% of the
adult population. About 655,000 Americans die from heart disease each year, which is about 1 in
every 4 deaths. Coronary heart disease is the most common type of heart disease and accounts for
about 370,000 deaths annually. About 18.2 million adults in the United States have coronary artery
disease (CAD). Every 40 seconds, someone in the United States has a heart attack. Every year,
about 795,000 Americans have a stroke, with about 610,000 being first-time strokes. About 2 in
every 5 adults in the United States have high blood pressure, a major risk factor for CVD. African
Americans have a higher risk of death from heart disease compared to non-Hispanic whites (AHA,
2021).

The percentage of adults aged 18 years or older with diagnosed diabetes in the United
States was 10.5% in 2018. This represents approximately 34.2 million people. Additionally, an
estimated 7.3 million people in the United States have undiagnosed diabetes, which means the

actual prevalence of diabetes is likely higher (Zhu et al., 2021).
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1.5 Purpose of Study

The purpose of this research is to compare the mortality trends of COVID-19 co-
morbidities (diabetes and cardiovascular diseases) from 2018 - 2021, suggest possible
recommendations to prevent high mortality rates among those who are at risk for COVID-19
comorbidity, and show the importance for governments and health systems to plan for future
pandemics. The role of demographics in this study will also be considered to give a more
comprehensive perspective and conclusion on the increased mortality trends for this population at
risk. For future planning, the findings of this research will shed light on possible precautions and
factors that can impact mortality rates. The study focuses on the pre pandemic phase (2018 — 2019)

and the pandemic phase (2020 — 2021).

1.5.1 Research Question #1
Among adults aged 25+ years old in the United States, was there a substantial increase in
mortality rates among people with diabetes and/or cardiovascular disease during the COVID-19

pandemic?

1.5.2 Research Question #2

Among the US population during the pre-pandemic phase and the pandemic phase, what
is the mortality rate distribution across these six race and ethnicity categories: non-Hispanic blacks,
non-Hispanic whites, native Hawaiian or Other Pacific Islander, Asians, American Indian or

Alaska Natives, or more than one race?

1.5.3 Research Question #3
Avre there reliable recommendations to help reduce mortality and morbidity rates of people

who are at risk for COVID-19 comorbidities in the United States?
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2 LITERATURE REVIEW

2.1 SARS-COV-2
COVID-19 is a respiratory disease caused by SARS-CoV-2, which was first identified in
Wuhan, China in December 2019. Since then, it has rapidly spread across the globe and caused a
global pandemic. COVID-19 has affected individuals of all ages, causing mild to severe
symptoms, and has led to significant mortality rates (WHO, 2023). The purpose of this literature
review is to provide an overview of the current knowledge on COVID-19, including its

epidemiology and the several comorbidities associated with it.

2.2 Incidence of COVID-19

COVID-19 has affected people of all ages and has spread rapidly throughout the world.
The virus is primarily transmitted through respiratory droplets when an infected person coughs,
sneezes, or talks. It can also be transmitted by touching surfaces contaminated with the virus and
then touching one's mouth, nose, or eyes (Garg et al., 2020). COVID-19 has affected millions of
people worldwide. As of February 2023, there have been over 427 million confirmed cases and
over 5.9 million deaths globally (WHO, 2023).

According to data from the Centers for Disease Control and Prevention (CDC), as of
September 2021, there were over 40 million confirmed cases of COVID-19 in the United States,
with over 650,000 deaths attributed to the disease. The pandemic has affected different regions of
the United States in varying degrees, with some areas experiencing higher rates of infection and
mortality than others. Factors such as population density, access to healthcare, and adherence to

public health guidelines have all played a role in the prevalence of COVID-19 in different regions.
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It is important to note that the situation with COVID-19 is constantly evolving, and the prevalence
of the disease in the United States has changed significantly (KFF, 2022).

COVID-19 has had a significant impact on elderly adults in the United States, who are at
higher risk of severe illness and death from the disease (CDC, 2021). According to data from the
CDC, as of September 2021, people aged 65 years and older accounted for over 80% of COVID-
19 deaths in the United States. This is due in part to the fact that older adults are more likely to
have underlying health conditions that put them at higher risk of severe illness, such as heart
disease, diabetes, and chronic lung disease. The pandemic has also had a significant impact on the
mental health and well-being of older adults, many of whom have been isolated from friends and
family members due to social distancing measures. This isolation can lead to increased feelings of
loneliness and depression, which can have long-term health consequences (Krendl & Perry, 2021).
To protect older adults from COVID-19, it is important to follow public health guidelines, such as
getting vaccinated, wearing masks, practicing social distancing, and washing hands regularly.
Additionally, it is important to prioritize the mental health and well-being of older adults by finding
safe ways to stay connected with loved ones, such as through video calls or outdoor visits

(O'Caoimh et al., 2021).

2.3 Clinical presentation and Diagnosis
COVID-19 can present with a wide range of symptoms, ranging from asymptomatic or
mild illness to severe illness requiring hospitalization. Common symptoms include fever, cough,
shortness of breath, fatigue, muscle or body aches, headache, loss of taste or smell, sore throat,
and congestion or runny nose (Lippi & Plebani, 2021). In severe cases, COVID-19 can lead to
respiratory failure, sepsis, and death. The severity of the disease can vary depending on age,

underlying health conditions, and other factors. Diagnosis of COVID-19 is typically made through
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a laboratory test, such as a PCR test, which detects the virus's genetic material. Antigen tests are
also available, which can provide rapid results but are less sensitive than PCR tests. Chest X-rays
and CT scans may also be used to evaluate the extent of lung involvement in severe cases.

(Kavanagh et al., 2021).

2.3.1 Treatment

Currently, there are several treatment options available for COVID-19, including antiviral
medications, corticosteroids, and monoclonal antibodies. The antiviral medication remdesivir has
been shown to reduce hospitalization time, and corticosteroids have been shown to reduce
mortality in hospitalized patients. Monoclonal antibodies have also been shown to be effective in

reducing hospitalization rates and mortality in high-risk individuals (Beigel et al., 2020).

2.4 Comorbidities

Comorbidities refer to the presence of one or more additional health conditions that exist
alongside a primary condition or disease. Comorbidities can be either pre-existing or acquired
during the course of the primary illness (Salvi et al., 2021). Comorbidities are common in many
chronic diseases, such as diabetes, heart disease, and obesity, and can impact the severity of the
primary condition, increase the risk of complications and reduce the effectiveness of treatment (de
las Heras Gala et al., 2020). For example, a person with diabetes and high blood pressure may be
at greater risk for cardiovascular disease. It is important for healthcare providers to identify and
manage comorbidities to improve patient outcomes and reduce healthcare costs. Strategies for
managing comorbidities may include lifestyle modifications, medication management, and

coordinated care among healthcare providers (Wu et al., 2020).
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In populations aged 65+, comorbidities are quite common and can have a significant impact
on overall health and well-being. Some of the most common comorbidities in elderly people
include hypertension which is a condition characterized by high blood pressure and is a major risk
factor for heart disease and stroke (Poudel et al., 2021). Arthritis is a condition that causes
inflammation in the joints, leading to pain, stiffness, and difficulty moving. Diabetes is a chronic
condition that affects the body's ability to regulate blood sugar levels. It can lead to serious health
problems such as heart disease, kidney failure, and blindness (Zhu et al., 2021). Osteoporosis is a
condition that causes bones to become weak and brittle, increasing the risk of fractures. Chronic
obstructive pulmonary disease (COPD) is a group of lung diseases that make it difficult to breathe.
It can be caused by long-term exposure to cigarette smoke, air pollution, or other irritants
(Williamson et al., 2020). Cardiovascular disease includes a range of conditions that affect the
heart and blood vessels, such as coronary artery disease, heart failure, and arrhythmias. These are
just a few examples of the comorbidities that are commonly seen in elderly people. Managing
these conditions and addressing any potential interactions between them is an important part of

providing effective healthcare for this population (Zhou et al., 2020).

2.4.1 COVID-19 and Cardiovascular Diseases (CVD)

Studies have shown that individuals with underlying CVDs are at a higher risk of
developing severe complications from COVID-19. The reason for this is because the virus can
worsen pre-existing heart conditions, leading to heart attacks, strokes, and other cardiovascular
complications (Chow et al., 2020). Additionally, COVID-19 can also cause inflammation in the
heart muscles, known as myocarditis, which can further exacerbate CVDs. Furthermore, COVID-

19 can also lead to blood clots, which can increase the risk of heart attacks and strokes. This is
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because the virus can trigger the body's immune system to produce excess blood clotting proteins,
leading to the formation of clots that can block blood vessels and cause damage to the heart (Li et
al., 2020). To reduce the risk of COVID-19 and CVDs comorbidity, individuals should adopt
healthy lifestyle habits such as eating a balanced diet, engaging in regular physical activity, and
managing stress levels. It is also recommended that individuals with pre-existing CVDs should
take extra precautions to avoid exposure to COVID-19, such as wearing masks, practicing social
distancing, and getting vaccinated.

Bonow et al. (2020), conducted a study that discussed the heightened risk for people with
CVD who later contracted COVID-19. The research explained that very little information is known
about this but there is an increasing awareness of unique risks of COVID-19 for those with
underlying cardiovascular disease. Such information is of paramount importance as we now must
begin to consider the potential for direct and indirect adverse effects of COVID-19 on the heart
and especially so in those with already established heart disease.

Tadic et al. (2020), conducted a study that investigated the association between
hypertension, diabetes, and cardiovascular diseases as prevalent comorbidities among patients
with COVID-19. Hypertension has been proven to be more prevalent in patients with an adverse
outcome (admission in intensive care unit, use of mechanical ventilation, or death). There are many
speculations about this coronavirus and its relationship with different risk factors and underlying
diseases. It was also reported that hypertension, cardiovascular disease, and diabetes were more
prevalent among COVID-19 patients who died in comparison with survivors. Although one of the
limitations of this study is that there was a large difference in age and sex distribution between

groups, this means that there is a high probability that age was not adjusted for, and sex might act
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as an effect modifier. In conclusion the study indicated that hypertension alongside diabetes and
obesity are predictors of mortality in COVID-19 patients.

Another study conducted by Savoia et al. (2021), showed that COVID-19 caused by SARS-
CoV-2 associates with a considerably high rate of mortality and represents currently the most
important concern in global health. Initial reports from China, Europe, and United States showed
that arterial hypertension and cardiovascular diseases (CVDs) were associated with increased
COVID-19-related complications.

Pranata et al. (2020) performed a systematic literature review of several databases on
studies that assess hypertension and COVID-19 outcomes. The composite of poor outcome,
comprising of mortality, severe COVID-19, acute respiratory distress syndrome (ARDS), need for
intensive care unit (ICU) care and disease progression were the outcomes of interest. Hypertension
was associated with increased composite poor outcomes (risk ratio [RR] = 2.11, 95% confidence
interval [CI] = 1.85, 2.40), including mortality (RR = 2.21, 95% CI = 1.74, 2.81). The review
concluded that hypertension was associated with increased poor outcomes in patients with
COVID-19 and the association was not affected by age, gender, presence of cardiovascular
disease, diabetes, or COPD. This designates that hypertension may act as one of the potential
prognostic factors for COVID-19 severity. This review provides a strong evidence base that there

are higher death outcomes in populations with co-morbidities of COVID-19 and hypertension.

2.4.2 COVID-19 and Diabetes
Diabetes mellitus is a chronic metabolic disorder characterized by high blood sugar levels
resulting from defects in insulin secretion, insulin action, or both. It affects millions of people

worldwide and is a significant cause of morbidity and mortality (Hussain et al., 2020). In 2019,
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diabetes was the 7th leading cause of death in the United States, with a total of 88,776 deaths
attributed to the disease. The age-adjusted death rate for diabetes was 20.5 per 100,000 population
(CDC 2020).

Diabetes mellitus is a variable of interest in this study due to its impact on various health
outcomes. It is a risk factor for several chronic diseases, such as cardiovascular disease, kidney
disease, and nerve damage (Guo et al., 2020). However, in this study, it is being considered in
relation to the coronavirus. The two primary types of diabetes are type 1 and type 2. Type 1
diabetes is caused by an autoimmune reaction that destroys the insulin-producing cells in the
pancreas, while type 2 diabetes results from insulin resistance and impaired insulin secretion
(Gupta et al., 2020). Several risk factors increase the likelihood of developing diabetes mellitus,
including genetics, obesity, physical inactivity, and poor dietary habits. It is also more prevalent
in certain populations, such as African Americans, Hispanic/Latino Americans, and Native
Americans (Pal et al., 2020). Diabetes mellitus is commonly diagnosed through blood glucose
testing, including fasting glucose and hemoglobin Alc levels. Treatment typically involves
lifestyle modifications, such as increased physical activity and dietary changes, as well as
medications, such as insulin and oral hypoglycemic agents (Ceriello, 2020).

The study of diabetes mellitus as a variable of interest is critical to understanding its impact
on health outcomes, the increase in the mortality trends during the pre-pandemic and the pandemic
phase, COVID-19 comorbidities and identifying strategies to prevent and manage the disease.
Research has shown that people with diabetes are at increased risk of severe illness and
complications from COVID-19. When someone with diabetes contracts COVID-19, they may
experience more severe symptoms and have a higher risk of developing complications, such as

pneumonia and acute respiratory distress syndrome (ARDS) (Singh et al., 2020). Additionally,
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COVID-19 can cause blood glucose levels to fluctuate and become more difficult to manage in
people with diabetes.

There are several reasons why people with diabetes may be at increased risk of severe
COVID-19. Firstly, diabetes can weaken the immune system, making it harder for the body to
fight off infections. Secondly, diabetes can cause damage to the blood vessels and increase the risk
of cardiovascular disease, which is also a risk factor for severe COVID-19 (Yang et al., 2020).
Finally, people with diabetes are more likely to have other underlying health conditions, such as
obesity and high blood pressure, which can also increase the risk of severe COVID-19. A report
from China showed that patients with diabetes had a higher prevalence of cardiovascular disease
(32.4% vs. 14.6%), and less fever (59.5% vs. 83.2%) compared with patients without diabetes
(Guo et al., 2020). The study suggested that it is important for people with diabetes to take extra
precautions to protect themselves from COVID-19, washing their hands frequently, and avoiding
large gatherings during the pandemic phase. The study also recommended that this population
should work closely with their healthcare provider to manage their diabetes and monitor their

blood glucose levels closely, especially if they become ill with COVID-19.
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3 METHODS
3.1 Source of Data

The data used for this descriptive study is data from the Centers for Disease Control and
Prevention (CDC). The National Center for Health Statistics is a part of the CDC and is responsible
for producing vital and health statistics for the nation. Mortality information is collected by the
States and territories and provided to the National Vital Statistics System. Data are based on death
certificates for U.S. residents. Each death certificate contains demographic data and cause of death,
including a single underlying cause of death and multiple other causes of death (up to 20). We
obtained the total number of deaths and death rates, by place of residence (United States national,

State, and county when available), age group, race, Hispanic ethnicity, sex, and cause of death.

3.2 Data Collection and Descriptive Analysis

Tools employed in this study were descriptive graphs and charts. The different mortality
rates were calculated using the US census population based on the different years. However, the
numerator differed based on the type of mortality rate being determined. The all-cause mortality
rate was calculated using the total number of deaths caused by all diseases as the numerator and
the US census population as the denominator. The mortality rate for diabetes and CVD were
calculated using the US census population as the denominator. The numerator was the total
mortality count for diabetes mellitus and the absolute number of deaths for cardiovascular diseases.

The rates for this study are being presented as per 100,000 people. For the comparison,
2018 is the reference group and these mortality rates are being compared and presented as a

percentage change across 2019, 2020 and 2021.
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3.3 Population of Interest and Study Eligibility Criteria
The population of interest is the entire U.S. population estimated using the US census
population. The study considered several mortality types: all-cause mortality, CVD mortality and
diabetes mortality. This study will ensure representativeness and generalizability as the data being

used is national data that encompasses the total US population.

3.4 Definition of Key Variables

3.4.1 Diabetes

Diabetes as a variable is defined as diabetes mellitus, which covers type 1 and type 2
conditions. Other variables that were considered during data collection were diabetes population
across all the fifty-two states in the United States. The age group for the diabetes population was
ten-year age groups ranging from 25-34, 35— 44, 45-54, 55-64, 65-74, 75-84 and 85+. Other

demographics such as sex and race were also considered.

3.4.2 Cardiovascular Diseases (CVD)

CVD in this study is defined as all major cardiovascular diseases, the variable encompasses
a wide range of conditions that include coronary heart disease, heart failure, stroke, hypertension,
myocardial infarction, atherosclerotic cardiovascular disease, endocarditis, pericarditis,
myocarditis. The CVD variable considered both male and female gender across ages 25-85+, using
a ten-year age grouping. It also considered CVD population in these different races; non-Hispanic
blacks, non-Hispanic whites, native Hawaiian or Other Pacific Islander, Asians, American Indian

or Alaska Natives, and more than one race.
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3.4.3 Diabetes — COVID19 Comorbidity

This variable of interest for this study was obtained using COVID-19 as the primary cause
of death and diabetes was registered as an underlying condition. The age groups considered were
from 25 — 85+ across four consecutive years: 2018, 2019, 2020 and 2021. The comorbid population
used had six categories of race and ethnicity; non-Hispanic blacks, non-Hispanic whites, native
Hawaiian or Other Pacific Islander, Asians, American Indian or Alaska Natives, and more than

one race.

3.4.4 Cardiovascular Diseases — COVID19 Comorbidity

This variable of interest for this study was obtained using COVID-19 as the primary cause
of death and CVD was listed as an underlying condition. The CVDs considered were coronary
heart disease, heart failure, stroke, hypertension, myocardial infarction, atherosclerotic
cardiovascular disease, endocarditis, pericarditis, myocarditis. This variable of interest was
considered across 2018 to 2021. The reported places of death used to categorize this variable were
medical facilities which included (inpatient, outpatient, dead on arrival, status unknown,),
decedent’s home, hospice facility and nursing home/long term care. The CVD — COVID 19

comorbid population was also grouped in terms of autopsy, no autopsy and unknown.
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4 RESULT
The United States is facing a significant increase in the mortality rate of diabetes and

cardiovascular disease, two of the most common chronic diseases affecting the population.

Table 1 shows the mortality rates for all-cause, diabetes and CVD across 2018 — 2021. The
reference for this study was 2018 which highlights pre pandemic phase compared with 2019, 2020,
and 2021. The percentage increase in all-cause mortality from 2018 to 2019 was approximately
0%. This was because the mortality rates for all-cause in 2018 was 867.8 while 2019 was 869.8. It
was a very minimal difference.

The rate of CVD deaths increased 0.9% from 2018 to 2019, which was during the pre-
pandemic phase. However, there was an evident increase in these rates in 2020 with an 18.4%
increase. The diabetic population recorded a 39.7% increase in the mortality rates in 2020 as

compared to 2.25% in 2019.
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Table 1: Mortality rates per 100,000 for all-cause, diabetes and CVD across 2018 — 2021
grouped by gender

All-Cause Mortality CVD Diabetes

Rate % Change | Rate % Change | Rate % Change
Total
2018 867.8 Reference | 471.3 Reference | 84.3 Reference
2019 869.8 0.0 4754 0.87 86.2 2.25
2020 1027.0 18.35 558.0 18.4 117.8 39.74
2021 1043.8 20.28 564.5 19.78 120.3 42.7
Men
2018 905.2 Reference | 490.9 Reference | 95.0 Reference
2019 911.7 5.06 498.2 1.49 97.6 2.74
2020 1090.8 257 592.1 20.62 134.4 41.47
2021 1118.2 28.85 602.4 22.71 137.1 44,32
Women
2018 831.6 Reference | 452.2 Reference | 73.9 Reference
2019 829.0 -0.31 453.3 0.24 75.0 1,49
2020 965.1 16.04 524.8 16.05 101.7 37.62
2021 970.8 16.74 5274 16.63 103.9 40.6

From Table 2, comparing the reference 2018 to 2019, a lower mortality rate increase of 0.9% and
2.25% in CVD and diabetes mortality rates respectively was observed. There was also a 39.7%
increase in the diabetes mortality rate from 2018 to 2020 and an 18.4% increase in 2020 CVD

mortality rate compared to 2018.

Table 2: Percentage increase in mortality rates per 100,000 for all-cause, diabetes and CVD
across 2018 — 2021 stratified by gender.
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All-Cause Mortality CVD Diabetes
% 2019 2020 2021 2019 2020 2021 2019 2020 2021
Change
Total 0.9 18.35 20.28 0.87 18.4 19.78 2.25 39.74 42.7
Sex
Male 5.06 25.7 28.85 1.49 20.62 22.71 2.74 41.47 44.32
Female 0 16.04 16.74 0.24 16.05 16.63 1.49 37.62 40.6

Table 3: Mortality rates per 100,000 for all-cause, diabetes and CVD across 2018 — 2021
stratified by gender and race/ethnicity.

CVD COVID Comorbidity Mortality Rates | Diabetes COVID Comorbidity Mortality Rates
2020 2021 2020 2021
Total 47.5 52.2 17.2 17.8
Sex
Male 54.0 60.8 20.3 20.9
Female 41.2 43.6 14.1 14.7
Race
American Indian or Alaska | 41.3 43.6 24.9 30.5
native
Asian 30.9 §! 12.1 11.5
Black/ African American 61.2 55.3 26.0 20.6
Native Hawaiian/Pacific | 39.1 59.7 6.15 25.75
Islander
White 48.1 55.2 16.4 18.1
More than one race 6.5 9.7 2.7 4.3

Table 3 shows the racial disparities across these six racial groups. In 2020, Asians recorded the
lowest mortality rates for both diabetes and CVD COVID-19 comorbidities. Non-Hispanic black
Americans had the highest CVD comorbidity mortality rate as compared to the other races.
Native Hawaiian had the highest diabetes comorbidity mortality rate. Comparing 2020 to 2021 in

the six races, most of the mortality rates slightly increased. Although there are no statistics yet
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for the post pandemic phase (2023), vaccination introduction may have likely impacted the

mortality rates for 2023.

In Figures 1 and 2, we observed a substantial increase in all-cause mortality in 2020. There was
also a 39.7% increase in the diabetes mortality rate between these dates and an 18.4% increase in
CVD mortality rate compared to 2019 where we observed a lower mortality rate increase of 0.9%

and 2.25% in CVD and diabetes mortality rates respectively.

Figure 1: Column graph showing the mortality rate per 100,000 for all-causes, diabetes and
cardiovascular diseases from 2018-2021
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Figure 2: Line graph showing the mortality rate per 100,000 for all-causes, diabetes and
cardiovascular diseases from 2018-2021
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Figures 3 and 4 show a meaningful increase in the diabetes mortality rate and the comorbidity
mortality rate. In comparison to the reference population, the mortality count had a steady
decline until after the beginning of 2020 where a meaningful increase was observed. The
numbers increased rapidly until 2021 where the increase in diabetes mortality count began to
decline. The diabetes COVID-19 comorbidity count has a similar pattern with the total diabetes

mortality count from 2019 — 2021.



29

Figure 3: Graph showing the total diabetes mortality count in the United States from 2018 -2021
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Figure 4: Graph comparing the total diabetes count with the diabetes comorbidity count from
2018 — 2021
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Figures 5 and 6 suggest a slow increase in CVD mortality count between 2018 and 2019.
However, the CVD mortality count increased rapidly during the pandemic phase from 870,000
persons to about 925,000 persons. From both figures, we observed a similar trend in the

mortality count increase from 2019 to 2021.

Figure 5: Graph showing the total mortality count for cardiovascular diseases in the US from
2018 -2021
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Figure 6: Graph comparing the total CVD count with the CVD comorbidity count from 2018 —
2021.
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Figures 7 and 8 show that the mortality rates of both comorbidities were higher in males than
females. We also compared all-cause mortality, CVD mortality and diabetes mortality, the rates
for males were higher compared to females. The reasons for this gender difference may be
attributed to several factors. Hormonal differences between males and females may also play a

role in the disparity of COVID-19 comorbidities.

Figure 7: Graph showing the diabetes COVID-19 comorbidity mortality count stratified by
gender from 2018 — 2021.
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Figure 8: Graph showing the CVD COVID-19 comorbidity mortality count stratified by gender
from 2018 — 2021.
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Figures 9 and 10 show a comparison in the different mortalities and the overall mortality trends
for the comorbidities and the single mortalities. The CVD and the diabetes mortality count
increased, however the conclusion observed from the figures suggest that the COVID-19
comorbidities may have made a meaningful impact in causing an increase in the mortality rates
in these populations. Overall, the mortality trends show that CVD mortality rates were rising
steadily compared to diabetes mortality rates which declined from 2018 — 2019. The figures
suggest that diabetes mortality rates started increasing from the inception of the pandemic

(2020).

Figure 9: Column graph showing the overall mortality trends for diabetes and CVD across 2018
—2021.
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Figure 10: Line graph showing the overall mortality trends for diabetes and CVD across 2018 —
2021.
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Figures 11 and 12 show a comparison of the CVVD comorbidities and diabetes comorbidities
across all six races/ethnicity.

In 2020 (Pandemic Phase), non-Hispanic blacks recorded the highest CVD/COVID-19
comorbidity mortality rate, which was 61.2 per 100,000, the non-Hispanic whites were second
with a rate of 48.1 per 100,000. The race with the lowest mortality rate recorded were Asians with
a rate of 30.9 and 30.1 respectively for 2020 and 2021. Native Hawaiian or Other Pacific Islander
recorded the highest diabetes COVID-19 comorbidity mortality rate, which was 26.15 per 100,000,
the American Indian or Alaska Natives were second with a rate of 24.9 per 100,000. The race with

the lowest mortality rate recorded were Asians with a rate of 12.1.
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Figure 11: Graph showing the mortality rates for CVD comorbidity across all races from 2018 -

2021.
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Figure 12: Graph showing the mortality rates for diabetes comorbidity across all races from

2018 - 2021.
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5 DISCUSSION

5.1 Discussion

The main findings suggest that CVD mortality rates were higher than diabetes mortality
rates. Although the rates were higher, there was a higher percentage increase in the diabetes
mortality rate compared to the CVVD mortality rate. The denominator was the whole US population
for the different years (2018, 2019, 2020 and 2021) and the numerator differed depending on the
type of mortality rate being used. There was also a substantial increase in all-cause mortality in
2020. The study suggests that an increase in the mortality rates of diabetes and CVD may have
impacted the all-cause mortality rate in 2020.

Comparing the reference 2018 to 2019, a lower mortality rate increase of 0.9% and 2.25%
in CVD and diabetes mortality rates respectively was observed. There was also a 39.7% increase
in the diabetes mortality rate from 2018 to 2020 and an 18.4% increase in 2020 CVD mortality
rate compared to 2018. This study suggests that the diabetes COVID-19 comorbidity may have
impacted the diabetes mortality rate during the pandemic phase. Fedeli et al (2022) had a similar
conclusion, the author discussed that during the COVID-19 pandemic an increase in mortality from
diabetes has been reported in the US and in a number of European countries. In March-April 2020
in Italy, diabetes mortality showed a large excess; an increase, although more limited, was
observed also in Spain and England. It must be remarked that in England most excess deaths due
to diabetes/cardiovascular diseases occurred during the first half of the first wave of the pandemic
(April to mid-May), with a second, smaller increase from mid-July to August. In Norway, the most
striking finding of mortality analyses was the large and significant growth in deaths from diabetes.
The findings from this descriptive study suggest that there has been a slow increase in the overall

mortality rates for both diabetes and CVD. From 2018 to 2019, the mortality rate for diabetes
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increased from 84.3 to 86.2 per 100,000 population, while the crude rate for CVD increased from
471.3 to 473.4 per 100,000 population. It can be concluded that in 2020, the COVID-19 pandemic
may have led to a more meaningful increase in mortality rates for both diabetes and CVD. The

major findings were assessed based on race and gender.

5.2 Findings Stratified by Gender

There was a stratification of this descriptive study based on gender. The risk of more severe
COVID-19 deaths was higher in males but may have also increased due to the presence of these
chronic comorbidities. Ortolan et al., 2020 also had a similar conclusion, the study concluded that
the men's mortality rate was higher compared to women (66.67% vs. 33.33%). There was a
systematic literature review and meta-analysis done by data pooling which resulted in a significant
association between male sex and mortality (OR = 1.81; 95% CI 1.25-2.62). We also compared
all-cause mortality, CVD mortality and diabetes mortality, the rates for males were higher
compared to females. The reasons for this gender difference may be attributed to several factors.
Hormonal differences between males and females may also play a role in the disparity of COVID-
19 comorbidities. Studies have shown that estrogen has a protective effect against viral infections
and inflammation. In contrast, testosterone can suppress the immune system, leading to an
increased risk of developing chronic diseases such as hypertension, other cardiovascular diseases,
and type 2 diabetes. Males are also more likely to be deficient in Vitamin D, which has been shown

to reduce the severity of COVID-19 symptoms (Al-Lami et al., 2018).

5.3 Findings Based on Race
From the result, Asians recorded the lowest mortality for both comorbidities. There is
significant variation in life expectancy among different Asian populations and among different

racial groups in general (Park et al., 2022). However, on average, Asians tend to have a higher life
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expectancy than some other racial groups in the United States, such as Black and Hispanic
populations. It may be as a result of their traditional Asian diets (Ooraikul et al., 2008). It has been
linked to lower rates of heart disease and other chronic illnesses. Another reason could be that
many Asian cultures have lower rates of smoking and alcohol consumption than Western cultures
(Acciai et al., 2015). This reduces the risk of many health problems and lastly certain genetic

factors may contribute to longer life spans among Asians.

5.4 Strengths and Limitations of the Study
This study was useful for providing a broad overview of diabetes comorbidity and CVD
comorbidity with COVID-19. Through this study patterns were identified, trends, and relationships
among CVD COVID-19 comorbidity variable and diabetes COVID-19 comorbidity variable were
seen clearly.
A knowledge gap still remains yet to be filled with regards to the relationship between CVD and
its relation to COVID-19. The study was a descriptive study, so our findings only describe

ecological associations between variables and we could not determine causal mechanisms.

5.5 Interventions and Recommendations for the Population at Risk
Non-Hispanic Blacks recorded the highest CVD COVID-19 Comorbidity rates. Improving
social determinants of health (SDOH) can have a significant impact on reducing mortality rates
particularly in black communities. SDOH refers to the conditions in which people are born, grow,
live, work, and age that can affect their health outcomes. These factors include access to quality
healthcare, safe and affordable housing, nutritious food, education, employment, and social

support networks.
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Improving SDOH factors such as access to healthcare can help detect and treat diseases
earlier, leading to better health outcomes and reduced mortality rates. This can be achieved through
initiatives such as increasing healthcare coverage, improving healthcare quality, and addressing
healthcare disparities.

Improving access to safe and affordable housing can also have a significant impact on
health outcomes. Studies have shown that poor housing conditions, such as overcrowding, are one
of the easiest ways to contract respiratory infectious diseases. By improving access to safe and
affordable housing, individuals can avoid these health risks, leading to improved health outcomes
and reduced mortality rates. Access to nutritious food can also play a significant role in reducing
mortality rates. It can help prevent chronic diseases such as obesity, diabetes, and heart disease.
The COVID-19 virus attaches itself to the ACE-2 receptors which is found on the surface of many
different types of cells in the body. The problem is that people with pre-existing conditions such
as diabetes and hypertension have higher levels of ACE-2 receptors in their lung cells. By blocking
ACE-2, the virus would not be able to enter the cells and cause infection. Further research should
be conducted to get more understanding on how ACE-2 receptors can help reduce the COVID-19
comorbidity mortality rates.

The COVID-19 vaccines and the booster doses have been shown to be safe and effective
in reducing the risk of severe illness, hospitalization, and death from COVID-19. Health promotion
centered around getting the booster doses should be done in clinics where the prevalent diabetes
and CVD populations see their primary care physicians. It could also be done in wellness centers,
fitness centers and pharmacies. The COVID-19 pandemic has taken a toll on mental health, and

individuals with diabetes or CVD may experience additional stress and anxiety. Providing access
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to mental health services and support can help individuals manage their mental health and improve

overall health outcomes.

5.6 Conclusion

Similar increases in the rates of all-cause mortality and CVD mortality in 2020 and 2021
were observed, but there was a more substantial relative increase in the rate of deaths among people
with diabetes. Interventions are needed to decrease the burden of COVID-19 among people with
comorbid CVD and/or diabetes. Other studies suggest that public health measures such as
vaccination and receiving booster doses are vital to protect vulnerable individuals with
comorbidities.

It is important to note that disparities in mortality rates across racial groups are also
attributed to social determinants of health, including access to healthcare, poverty, and
discrimination. Efforts to address these disparities through public health policies and interventions
are crucial to reducing mortality rates for comorbidities like diabetes and CVD as well as COVID-

19.
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