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ABSTRACT

Background: The emergence of COVID-19 as a global pandemic has provided yet another example of how racial and
social factors can exacerbate health disparities and disproportionately affect minority populations. The goal of the
current study was to understand how some of these factors impacted survival in patients hospitalized with COVID-19 in
Northwest Ohio during the first year of the pandemic.

Methods: This study was a retrospective review of patient data from a single health care system. Electronic
medical records were queried to obtain information on patients who were admitted to the hospital and had a laboratory-
confirmed COVID-19 infection during their admission. Different predictors were included in the final Cox proportional
hazard regression model.

Results: There were 3468 patients included in the analyses with an all-cause mortality rate of 18.5%. On average,
White patients were older on admission with higher rates of mortality than patients who were Black or of "Other” races
(19.8% versus 12.5% and 11.0%, respectively, p <.001). Mortality rates varied significantly by insurance status, with

the highest mortality rates observed in the Medicare and "Other” categories (27.1% and 16.5%, respectively). Cox
proportional hazard regression model also found race and insurance status to be associated with survival.

Conclusion: Considering race and preexisting conditions adjusted for age in a cohort of patients with COVID-19
reveals that insurance payor is significantly associated with mortality. Those who did not have commercial or public
insurance had significantly increased risk of mortality compared to those with commercial insurance.

Keywords: All-cause mortality; Medicaid/Medicare; Social determinants of health; Socioeconomic status; Health
disparities

INTRODUCTION ployment assistance, delayed medical care, and had difficulty pay-

ing f tine h hold 2Job 1 d by the COVID-
As of March 10, 2023, the United States (US) has confirmed over ing for routine household expenses.” Job loss caused by the

676 million cases of COVID-19 caused by SARS-CoV-2 and over
6 million deaths.! The COVID-19 pandemic has caused not only

19 pandemic has disrupted health coverage for millions of people.
Preliminary administrative data for the federal Medicaid program
showed enrollment increased by 17 million people (23.9%) be-

physical suffering but other hardships as well. Since the start of
tween February 2020 and April 2022.3

the pandemic, millions of people have lost jobs, applied for unem-
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Even though COVID-19 vaccinations are widely available, people
in the US continue to be affected by the pandemic. The COVID-19
pandemic has exacerbated health disparities and affected minority
populations disproportionately.* For example, the Centers for
Disease Control and Prevention (CDC) reported overrepresenta-
tion of Black patients with COVID-19, as Black individuals make up
18% of the US population but account for 33% of COVID-19-
related hospital admissions.5 It has been suggested that the reason
for the disproportionate impact of COVID-19 on Black populations
is socioeconomic disparities and higher rates of comorbid condi-
tions such as obesity, diabetes mellitus, cardiovascular disease,
and hypertension.* According to the US Census Bureau’s House-
hold Pulse Survey, Black and Hispanic adults have fared worse
than White adults in nearly all survey measures. For example, in
April 2021, 64% of Black and 70% of Hispanic adults reported
difficulty paying household expenses compared to 42% of White
adults, while 14% of Black adults and 16% of Hispanic adults re-
ported household food insecurity compared to 5% of White
adults.6 Furthermore, Black and Hispanic individuals were almost
3 times as likely as White individuals to be hospitalized and 2
times as likely to die due to COVID-19.78 Race, ethnicity, and socio-
economic status are social constructs, often used as proxies for
racism that, along with other factors such as occupational expo-
sure to the SARS-CoV-2 virus and access to health care, influence
health outcomes.?

People of color are also significantly more likely to be uninsured
compared to White individuals, resulting in a group of people who
are more likely to become ill but less likely to seek medical care.10
While social determinants of health disparities existed before the
pandemic, the differences in COVID-19 outcomes have further
exposed these disparities.

This study examined to what extent demographic factors, health
status, and health insurance type predicted the survival of patients
who were hospitalized for any reason and tested positive for
COVID-19 during the early phases of the pandemic in a single
health care system serving mainly Northwest Ohio.

METHODS

This retrospective cohort study was based on data from patients
served by a single health care system serving mainly Northwest Ohio.

Participants

Eligible participants included all patients who were hospitalized
between March 2020 and January 2021 and underwent SARS-CoV-2
polymerase chain reaction (PCR) testing during their admission
with a positive result. Patients were included regardless of reason
for admission; elective surgeries and other admissions with inci-
dental findings of COVID-19 infection were included.

Procedures

The institutional electronic medical records were queried to
gather data, as was the institution’s prospectively maintained
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COVID-19 registry. Patient baseline characteristics were collected
including sex, age, race, ethnicity, BMI, zip code of residence, in-
surance status, admission and discharge date, and discharge dis-
position. Date of admission and discharge were used to calculate
hospital length of stay. Multiple admissions per patient were
observed during the period of interest and were categorized as
all-cause readmissions. Insurance status was further categorized
as Commercial (covered by employer or self-purchased),
Medicaid, Medicare, Other
insurance, and third-party liability payors). The prospectively

or (self-pay, military/veteran
maintained COVID-19 database included information regarding
ventilator use during admission and comorbidities including pre-
vious diagnosis of atrial fibrillation, acute myocardial infarction,
anemia, asthma, chronic kidney disease, chronic obstructive
pulmonary disorder, congestive heart failure, type 2 diabetes,
dementia, depression, hyperlipidemia, hypertension, ischemic
heart disease, malnutrition, obesity, osteoarthritis, and stroke.
Medical records were manually reviewed to collect missing data
when not available in the initial data query. In cases where BMI at
admission was greater than or equal to 30 kg/m? and no diagnosis
of obesity was recorded, patient obesity status was updated.
Comorbid conditions were used with age to calculate a limited
Charlson Comorbidity Index (CCI) score. Since not all conditions
included in that index were available, the limited CCI included age,
acute myocardial infarction, cancer, cerebrovascular disease, con-
gestive heart failure, chronic kidney disease, chronic obstructive
pulmonary disease, dementia, and type 2 diabetes.

Measures

Patient vital status was the main outcome of interest; all-cause
mortality was used for patient status and was not limited to mor-
tality suspected to be related to COVID-19 infection. Status was
ascertained by the electronic medical records and discharge dis-
position. Medical records were examined manually to determine
the last date of contact or known date of vital status. Patient status
was considered “unknown” and censored from analysis unless an
electronic local obituary could be located, matching patient name,
date of birth, and city of residence. The percentage of patients
with “unknown” status was approximately 5%.

Statistical Analysis

Patient characteristics were presented as descriptive statistics
and continuous variables were compared using [Student] t test.
Chi-square tests were used to compare categorical variables. Sur-
vival curves were drawn using Kaplan-Meier estimates. A Cox
proportional hazards regression model adjusting for patient char-
acteristics, limited CCI, comorbidities not included in the CCI
score, race, and insurance payor type was created to investigate
predictors of mortality.

The model initially included all variables that were not collinear,
and Akaike information criterion (AIC) in stepwise regression was
used to create a model that included the best-fitting variables. The
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final model included limited CCI score, race, sex, hyperlipidemia,
obesity, ventilator use, and insurance payor. The variables were
analyzed against the Black race and commercial insurance catego-
ries as references. Age has been excluded from the final model in
order to avoid the effect of collinearity because the limited CCI
includes age.

SAS (Version 9.2, SAS Institute Inc., Cary, NC, USA) and R (Version
4.1.0, The R Foundation for Statistical Computing, Vienna, Austria)
were used for data analysis. In all tests, a 2-tailed p value less than
.05 was considered statistically significant.

Institutional review board approval was obtained prior to data
collection and written informed consent was waived due to the
retrospective nature of the study.

RESULTS

A total of 3468 patients were admitted to 1 of 12 hospitals in the
health care system during the study period. Baseline patient char-
acteristics are shown in Table 1. The average age of those in the
cohort was 65 years and the sex distribution was even with 50.9%
of the cohort being male. The majority of the patient population
was White and not Hispanic/Latino. Most of the cohort had public
insurance (Medicaid or Medicare).

The distribution of payor status was investigated by age group
and race in a stratified chi-square test (Table 2). In the youngest
category of patients, the “Other” race category had the highest
proportion of both commercial and other insurance status, while
Black patients had the highest percentage of Medicaid insurance.
In the 35-49 years age group, the White population had the high-
est proportion of commercial insurance, while the Black popula-
tion had the highest proportion of both Medicaid and Medicare.
Similarly, in the 50-64 years age group, the White population had

Table 1. Patient Demographic Information and Clinical Characteristics
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the highest rate of commercial insurance, while the “Other” race
category had the highest percent of commercial insurance in the
65-79 years age group. Unsurprisingly, nearly all individuals in the
80+ years age group, regardless of race, had Medicare.

The prevalence of comorbid conditions on admission was also
investigated by insurance payor status, all of which varied signifi-
cantly by payor. Most comorbidities were more common in those
with Medicare insurance; of the 17 comorbidities investigated,
only asthma, depression, hyperlipidemia, hypertension, and
obesity were more common in another insurance payor type. De-
pression and obesity were least prevalent in those with “Other”
insurance, while hypertension and hyperlipidemia were least
prevalent in those with Medicaid (Table 3).

On chi-square analysis, those with Medicare (27.1%) and “Other”
insurance (16.5%) experienced higher rates of mortality than
those with commercial or Medicaid insurance (p<.001) (Figure
1). The log rank test result for the Kaplan-Meier survival curve
had a p value of less than .0001 (Appendix). White patients had
higher rates of all-cause mortality (19.8%) than Black patients
(12.5%) or those whose race was categorized as “Other” (11.0%, p
<.001) (Figure 1). The log rank test result for the Kaplan-Meier
survival curve had a p value of less than .0001 (Appendix).

All-cause mortality occurred more frequently in males (p=.002)
and those over 65 years of age (p <.001) (Figure 1).

In the final Cox proportional hazard regression model limited CCI,
White race, ventilator use, Medicare insurance, and “Other” insur-
ance were significantly associated with survival (Table 4). The
unadjusted models are presented in the Appendix. The need for a
ventilator was the strongest predictor of all-cause mortality, HR
4.25 (95% CI 3.61-5.0, p<.001). Compared to commercial insur-

Patient Characteristic Mean # Standard Deviation
Age (years) 65.0 £ 17.1
Black 58.7 + 176
White 66.6 + 16.6
Other 59.6 +18.5
BMI (kg/m?) 327 £92
Length of stay (days) 83 £ 8.1
Limited Charlson Comorbidity Index (CCl) 474 + 2.59
Sex Frequency (%)
Female 1702 (49.1)
Male 1766 (50.9)
Race
Black 489 (14.1)
White 2879 (83.0)
Other 100 (2.9)
Ethnicity
Hispanic/Latino 282 (8.1)
Not Hispanic/Latino 3160 (91.1)
Unknown 26 (0.75)
Insurance payor status
Commercial 965 (27.9)
Medicaid 362 (10.5)
Medicare 2022 (58.5)
Other 119 (3.1)
—_
3
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Table 2. Descriptive statistics (chi-square test) Investigating Distribution of Insurance Payor by Race, Stratified by Age Group

Age Group/Race Commercial (%) Medicaid (%) Medicare (%) Other (%) P Value
18-34 years
Black 339 59.7 4.8 1.6
White 57.7 355 37 32 .003?
Other 68.8 18.8 0.0 12.5
35-49 years
Black 41.8 40.7 13.2 44
White 63.5 26.0 7.4 3.2 .020°
Other 46.2 385 77 7.7
50-64 years
Black 42.4 26.7 25.0 5.8
White 62.0 11.8 21.6 47 <.001°
Other 47.4 21.1 26.3 5.3
65-79 years
Black 9.2 5.7 81.6 36
White 6.8 1.0 90.0 2.3 <.001®
Other 17.9 10.7 60.7 10.7
80+ years
Black 0.0 15 98.6 0.0
White 1.3 0.0 97.6 1.1 .040°
Other 0.0 0.0 100.0 0.0

denotes a statistically significant result

ance as the reference group, those with Medicare had higher odds
of all-cause mortality, HR 2.32 (95% CI 1.71-3.13, p <.001) when
controlling for age and comorbid conditions included in the lim-
ited CCI score. Additionally, those with “Other” insurance were
more likely to experience mortality, HR 1.93 (95% CI 1.13-3.29,
p=.020).

DISCUSSION

By May 11, 2023, the end of the COVID-19 Public Health Emergen-
cy in the US, in the state of Ohio 3 445 294 cases of COVID-19 were
reported along 140 611 hospitalizations and 42 239 deaths.1! This
study’s findings add to the past 3 years of data and evidence-based
literature regarding the impact of comorbid conditions and social
factors on survival in patients hospitalized with COVID-19 in
Northwest Ohio. The results showed that White patients had high-

er rates of mortality than Black patients or those of “Other” races.
It was also observed that mortality rates were significantly differ-
ent by payor status, and that the highest mortality rates were seen
in the Medicare and “Other” categories, whereas the lowest mor-
tality rates were seen in the Medicaid category. The age groups
including individuals aged 65 years and older had higher mortality
than the younger than 65 years age groups. Importantly, Cox re-
gression demonstrated that those who did not have commercial or
public insurance had a significantly increased risk of mortality
compared to those with commercial insurance when controlling
for age and comorbidity index score.

A previously published study investigating social determinants of
health and COVID-19 mortality rates at the county level found that
after considering age, percentage of the population that is unin-
sured in the county, number of days since the county reported 10

Table 3. Descriptive Statistics (chi-square test) Investigating Distribution of Comorbid Conditions by Insurance Payor

Comorbidity Commercial(%) Medicaid (%) Medicare (%) Other (%) P value
Atrial fibrillation 60 (6.2) 26 (7.3) 494 (23.6) 6 (5.5) <.001®
Acute myocardial infarction 27 (2.8) 3(3.6) 146 (7.0) 7 (6.4) <.001®
Anemia 142 (15.2) 2 (23.0) 627 (29.9) 21(19.3) <.001®
Asthma 148 (15.2) 0 (16.8) 161 (7.7) 8(7.3) <.001?
Chronic kidney disease 249 (25.5) 8 (27.5) 1121 (53.5) 42 (38.5) <.0017
Chronic obstructive pulmonary disease 106 (10.9) 63 17.7) 665 (31.8) 13 (11.9) <.001®
Type 2 Diabetes 329 (33.7) 134 (37.5) 986 (47.1) 48 (44.0) <.001®
Dementia 10 (1.0) 11 (3.1) 406 (19.4) 8 (7.3) <.001®
Depression 131 (13.4) 70 (19.6) 356 (17.0) 10 9.2) .004?
Congestive heart failure 62 (6.4) 54 (15.1) 634 (30.3) 3(11.9) <.001®
Hyperlipidemia 391 (40.1) 124 (34.7) 1419 (40.1) 9 (54.1) <.001®
Hypertension 458 (47.0) 113 (31.7) 853 (40.7) 52 (47.7) <.001®
Ischemic heart disease 126 (12.9) 45 (12.6) 788 (37.6) 29 (26.6) <.001°
Malnutrition 37 (3.8) 10 (2.8) 161 (7.7) 7 (6.4) <.001®
Obesity 467 (47.9) 140 (39.2) 651 (31.1) 29 (26.6) <.001°
Osteoarthritis 9(0.9) 4(1.1) 152 (7.3) 1(0.9) <.001®
Stroke 17 (1.7) 8 (2.2) 112 (5.4) 5 (4.6) <.001°
?denotes a statistically significant result
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positive cases, percentage of individuals who use tobacco prod-
ucts in the county, overcrowding, percentage of people living in
rural areas of the county, percentage of child poverty in the coun-
ty, and percentage of Black individuals in the county, the only vari-
ables that were significantly associated with COVID-19 mortality
after a stepwise regression were percentage of uninsured individ-
uals and percentage of Black individuals.l2 However, the individu-
al linear models of the study also suggested that the percentage of
people living in rural areas of the county and the percentage of
individuals over the age of 65 years were key factors.1?2 While the
current study corroborates the importance of health insurance
status and age as contributing factors to COVID-19 mortality, it
was not concluded that Black individuals had the highest mortality
rate as the previously mentioned study that looked at county data
and was perhaps susceptible to ecological fallacy.1? This was an
unexpected finding, as racial and ethnic minorities are overrepre-
sented in the essential workforce, tend to have lower access to
health care, and typically have higher rates of uninsured status.12
However, it is possible that non-White individuals with COVID-19
symptoms were less likely to seek medical care due to other fac-
tors, such as lack of trust in the health care system, during the
initial stages of the pandemic.

Another study investigated the association of social determinants
of health with COVID-19 mortality in rural and urban counties and
found that COVID-19 mortality rates per 100000 people were
higher in urban counties than in rural counties (65.43 versus
50.78).13 For both rural and urban counties, percentage of the
Black population, DM rates, and HIV rates were significantly asso-
ciated with higher mortality. In urban counties, unemployment
rate and residential segregation were associated with increased
mortality. The results determined that social determinants of
health play an important role in explaining differences in COVID-
19 mortality rates and support the results of the current study

Ohio Journal of Public Health, Vol. 6, Issue 1 ISSN: 2578-6180 [j

that comorbid conditions affect COVID-19 mortality. Though the
current study did not investigate employment status, employment
itself is an important social determinant of health that warrants
further investigation.

Chronic conditions have been linked to patients with severe
COVID-19 infection, and the Hispanic population is more likely to
have multiple chronic conditions compared to non-Hispanic White
population that may put them at a greater risk of mortality.14 The
Hispanic population also has the lowest rate of health insurance
coverage of all ethnic groups in the US, with a 19.8% uninsured
rate.!5 Lack of insurance can reduce access to COVID-19 testing
and treatment. Language barriers also pose a problem, with 72%
of Hispanic individuals speaking a language other than English at
home and almost 30% stating they are not fluent in English.16
These barriers can reduce access to care and preventive health
measures.

Other research investigating racial and ethnic disparities in
COVID-19 outcomes found that outcomes between Black, Native
American, White, and Hispanic populations exist despite compara-
ble Elixhauser comorbidity indices. Compared to Whites, Black
patients have longer hospital stays, higher rates of ventilator de-
pendence, and a higher mortality rate.l” Also compared to White
patients, Native American populations have higher odds of venti-
lator dependence. In the current study, several chronic conditions
were found to be associated with increased mortality, particularly:
acute myocardial infarction, cancer, cerebrovascular disease, con-
gestive heart failure, chronic kidney disease, chronic obstructive
pulmonary disease, dementia, type 2 diabetes, and obesity
(included in the limited CCI score). The rates of these chronic con-
ditions also varied across insurance status, where the majority
were unsurprisingly highest in the Medicare population. However,
several chronic conditions previously shown to be associated with
poorer COVID-19 outcomes such as type 2 diabetes, hypertension,

Mortality
30
=
25 '
g 20
- -
=15
=
(=1
= 10
5 ' l
0
W e R R CR SIS
» P S o ®F LF§ &
& S S S ©
o N
Figure 1. Mortality by Patient Characteristics
—_
5

ojph.org Ohio Public Health Association


https://English.16
https://mortality.14
https://50.78).13
https://status.12
https://factors.12
https://individuals.12

I RESEARCH ARTICLE

Ohio Journal of Public Health, Vol. 6, Issue 1 ISSN: 2578-6180 U

Table 4. Cox Proportional Hazard Regression Model Investigating Characteristics Associated with Survival in Patients with Confirmed

COVID-19 Infection

Variable Hazard Ratio Estimate 95% Confidence Interval P Value
Limited CCl 132 1.26-1.38 <.001°
Race - Black ref

Race — Other 1.05 0.55-2.00 .880
Race — White 1.54 1.18 - 2.01 .002°
Sex — Female ref

Sex — Male 1.06 0.90-1.24 480
Hyperlipidemia — No ref

Hyperlipidemia — Yes 0.88 0.74 -1.05 170
Obesity - No ref

Obesity - Yes 0.72 0.61-0.84 <.001°
Ventilator Use — No ref

Ventilator Use — Yes 4.25 3.61-5.0 <.001°
Insurance Payor — Commercial ref

Insurance Payor — Medicaid 1.16 0.69-1.96 .580
Insurance Payor — Medicare 2.32 1.71-3.13 <.001°
Insurance Payor — Other 1.93 1.13-3.29 .020°

?denotes a statistically significant result

and ischemic heart disease were higher in patients without com-
mercial or public insurance coverage, particularly compared to
those with commercial insurance.

Past research has also demonstrated that higher COVID-19
all-cause mortality rates are seen in counties with a higher
proportion of Black residents and greater levels of adverse social
determinants of health indicators.18 The results also suggested
that the percentage of uninsured adults, incarceration rate, per-
centage of adults without a high school diploma, and percentage of
households without internet are also linked to increased COVID-
19 mortality, further stressing the influence of social determinants
of health.

The sample included in these analyses is more representative of
the Northwest Ohio population, and therefore this could be anoth-
er explanation of why the research findings are different in regard
to mortality as compared to another study that looked at popula-
tions from surrounding communities with a different demograph-
ic distribution, such as Michigan, and found that the rates of
disease incidence and mortality due to COVID-19 were twice as
high than for Whites for all groups except Native Americans. 19

An important finding refers to the protective effect of obesity ob-
served in this study. Since the authors adjusted in the analyses for
ventilator use and severe disease, younger and healthier obese
patients might be the ones who were discharged alive after the
COVID-19 hospitalization.

The study used the limited age-adjusted CCI that has been shown
to be the best predictor for severe clinical outcome in hospitalized
patients with COVID-19 infection2® as compared to CCI which is
calculated by considering 19 different comorbidities and was de-
veloped in 1987.21

The current study is subject to a number of weaknesses, including
all of those that are applicable to retrospective studies. An im-
portant limitation of this study is the fact that other covariates

with a potential confounding or mediator effect such as having a
primary care physician, area-level access to health care facilities,
social history data or other factors were not collected, and
therefore not included in the analyses. Stepwise regression has
limitations and may lead to model overfitting. However, due to the
limited availability of these potential confounder and mediator
variables, other methodological approaches such as a directed
acyclic graph (DAG) using the minimal adjustment set for con-
founding variables were not used.

The study also did not assess the effect on mortality of other clini-
cal variables such as inflammatory markers, in-hospital manage-
ment, or prehospitalization medication.

PUBLIC HEALTH IMPLICATIONS

While the current study identified social determinants of health
associated with COVID-19 mortality that have already been estab-
lished in published literature, an interesting finding was that,
overall, insurance status was significantly associated with mortali-
ty in the cohort of patients. Particularly, those without public or
commercial insurance had higher odds of mortality within the
study period, even after adjusting for preexisting conditions, age,
and race. Additional research into these associations is warranted.
Another finding warranting additional research is that White indi-
viduals had a higher mortality rate than those of “Other” races, as
this finding was unexpected. Potential explanations for this
finding, considering the composition of the cohort, include White
individuals being older upon hospital admission and White indi-
viduals being more likely to have access to and seek medical care
compared to those of “Other” races.
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Figure. Kaplan-Meier survival curve by type of insurance

Figure. Kaplan-Meier survival curve by race
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Table. Unadjusted Cox proportional hazard regression models investigating characteristics associated with survival in patients with

confirmed COVID-19 infection

Variable Hazard Ratio Estimate ~ 95% Confidence Interval P Value
Race — Black ref

Race — Other 0.70 0.32-1.56 .385
Race — White 1.41 1.05-1.90 .024*
Sex — Female ref

Sex — Male 1.23 1.02-1.48 .032*
Hyperlipidemia — No ref

Hyperlipidemia — Yes 1.09 0.91-1.32 .349
Obesity — No ref

Obesity — Yes 1.19 0.99-1.44 .065
Ventilator Use — No ref

Ventilator Use — Yes 0.68 0.53-0.87 .002*
Insurance Payor — Commercial ref

Insurance Payor — Medicaid 1.01 0.52-1.96 .969
Insurance Payor — Medicare 6.14 430-8.75 <.001*
Insurance Payor — Other 4.64 2.55-842 <.001*
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