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Background: Global and national surveillance efforts have tracked COVID-19
incidence and clinical outcomes, but few studies have compared comorbid
conditions and clinical outcomes across each wave of the pandemic.
We analyzed data from the COVID-19 registry of a large urban healthcare
system to determine the associations between presenting comorbidities and
clinical outcomes during the pandemic.

Methods: We analyzed registry data for all inpatients and outpatients with
COVID-19 from March 2020 through September 2022 (N =44,499). Clinical
outcomes were death, hospitalization, and intensive care unit (ICU) admission.
Demographic and clinical outcomes data were analyzed overall and for each
wave. Unadjusted and multivariable logistic regressions were performed to
explore the associations between age, sex, race, ethnicity, comorbidities, and
mortality.

Results: Waves 2 and 3 (Alpha and Delta variants) were associated with greater
hospitalizations, ICU admissions, and mortality than other variants. Chronic
pulmonary disease was the most common comorbid condition across all age
groups and waves. Mortality rates were higher in older patients but decreased
across all age groups in later waves. In every wave, mortality was associated with
renal disease, congestive heart failure, cerebrovascular disease, diabetes, and
chronic pulmonary disease. Multivariable analysis found that liver disease and
renal disease were significantly associated with mortality, hospitalization, and
ICU admission, and diabetes was significantly associated with hospitalization
and ICU admission.

Conclusion: The COVID-19 registry is a valuable resource to identify risk factors
for clinical outcomes. Our findings may inform risk stratification and care
planning for patients with COVID-19 based on age and comorbid conditions.
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1 Introduction

The COVID-19 pandemic continues, with more than 750 million
individuals infected and more than 7 million deaths reported
worldwide as of June 22, 2023 (1). The pandemic has been marked by
waves of infection, driven by the evolution of the SARS-CoV-2 virus
over time. Global and national surveillance efforts have documented
the incidence of COVID-19 and its clinical outcomes, as well as the
changes in dominant circulating SARS-CoV-2 variants in each wave
(2). Throughout the pandemic, several studies have compared
outcomes between early or late phases or between variant waves, but
few studies have examined outcomes longitudinally across waves of
SARS-Cov-2 variants. Four large studies have reported differences in
inpatient outcomes (3), perinatal outcomes (4), ECMO-related
outcomes (5), and outcomes in children diagnosed with multisystem
inflammatory syndrome (MIS-C) (6) across multiple SARS-CoV-2
waves. A review by Lin et al. (7) found wild-type SARS-CoV-2
infection has less severe outcomes (e.g., intensive care unit [ICU]
admission, hospitalization, and death) compared to other variants
including Alpha, Delta, Gamma, and Beta. Several studies have found
Omicron infection to have less severe outcomes including hospital
admissions, hospital admissions for symptoms, ICU admission,
ventilation, and death, compared to Delta (8-14). Studies are needed
analyze outcomes by variant and risk factors. The primary objective of
this study was to determine the associations between comorbidities in
the Charlson Comorbidity Index (15) and mortality among patients
with COVID-19 seen in an urban healthcare system in the
United States, across all waves and for each wave of the pandemic
from March 2020 to September 2022. As a secondary objective,
we aimed to evaluate these same factors and their association with
hospital admission and ICU admission.

2 Methods

2.1 Study participants and registry
development

In partnership with Abbott Pandemic Defense Coalition (APDC),
Rush University Medical Center (RUMC, Chicago, IL) established a
COVID-19 registry to collect RUMC electronic health record (EHR)
data on infections, patient demographics, and clinical outcomes. The
Abbott Pandemic Defense Coalition (APDC) is a global multisector
scientific and public health partnership whose primary objective is the
early detection and mitigation of infectious disease threats of
pandemic potential (16).

Each patient in the registry is assigned an identification number
to protect privacy and deidentified data from the COVID-19 registry
was analyzed for this study. The COVID-19 registry was developed
utilizing Epic electronic health records data at RUMC. Specific data
elements were first determined to develop the structure of the registry.
SQL was used to conduct data extraction and organization of the data.
The data was mapped to the Observational Medical Outcomes
Partnership Common Data Model (OMOP) Common Data Model'

1 https://ohdsi.github.io/CommonDataModel/cdm531.html
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release 5.3.1 (17). The registry includes variables such as demographic
characteristics, conditions, and COVID-19 testing information and
related outcomes. This study was approved by the Institutional Review
Board of Rush University Medical Center.

We analyzed data in the registry for all inpatients and outpatients
who were under investigation for COVID-19 from March 2020
through September 2022 (N =44,499). Patients were considered under
investigation if they were tested for COVID-19 when they presented
for care at RUMC. COVID-19 positivity was defined as any
documented infection (“Infection of upper respiratory tract caused by
2019 novel coronavirus”> OMOP condition concept ID 37310286)
(17). COVID-19 positivity was defined as any documented infection
(“Infection of upper respiratory tract caused by 2019 novel
coronavirus”: OMOP condition concept ID 37310286) (17). History
of comorbidities using the Charlson Comorbidity Index (CCI) were
identified if the patient ever had a corresponding International
Classification of Diseases (ICD) code for the condition. The clinical
outcomes of death, hospitalization, and intensive care unit (ICU)
admission were recorded. Inpatient deaths were defined as deaths
associated with an inpatient or emergency room visit. Qutpatient
deaths were defined as deaths associated with an outpatient or patient
vehicle encounter, with the date of death identified through the patient
EHR. Other demographic and clinical information were also captured
for each patient.

2.2 Wave definitions

Demographic and clinical outcomes data were analyzed overall
and for each wave of the COVID-19 pandemic. Each wave was
characterized by the predominant circulating SARS-CoV-2 variant in
the Chicago area, based on surveillance sequencing data from the
Abbott Global Viral Surveillance Program, as follows: Wave 1, March
7,2020 to March 20, 2021, Wildtype+D614G; Wave 2: March 21, 2021
to June 19, 2021, Alpha variant; Wave 3: June 20, 2021 to December
11, 2021, Delta variant; Wave 4: December 12, 2021 to March 19, 2022,
Omicron BA.1 variant; Wave 5: March 20, 2022 to June 18, 2022,
Omicron BA.2 variant; and Wave 6: June 19, 2022 to present
(September 30, 2022), Omicron BA.4/BA.5 variant.

2.3 Statistical analysis

Descriptive statistics were used to summarize COVID-19 registry
data on patient demographics (age, sex, race, and ethnicity),
comorbidities, hospitalization, ICU admissions, and deaths across all
waves (overall) and by wave. Categorical variables were represented
by proportion and continuous variables by medians and interquartile
ranges (IQRs). Unadjusted and forward stepwise multivariable logistic
regressions were performed to explore the associations between
demographic variables (age, sex, race, ethnicity), comorbidities (as
defined by the Charlson Comorbidity Index: congestive heart failure,
peripheral vascular disease, cerebrovascular disease, dementia,
chronic pulmonary disease, rheumatic disease, peptic ulcer disease,
mild liver disease, diabetes without chronic complications, diabetes
with chronic complications, hemiplegia or paraplegia, renal disease,
cancer (any malignancy), moderate/severe liver disease, metastatic
solid tumor, AIDS/HIV), and the three outcomes of hospitalization,
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ICU admissions, and deaths. Models reported odds ratios (OR) and
95% confidence intervals (CI) and a p<0.05 was used to identify
statistically significant variables for forward selection. Age-stratified
analyses were conducted to identify differences in demographics and
comorbidities for all COVID-19 patients and those reported as a death
across age groups (18-49 years, 50-69 years, and 70-90 years) overall
and by wave. No imputations were made for missing data and all
analyses were conducted using R4.1.2.

3 Results

3.1 Demographics of registry patients
across all waves of the pandemic

A total of 44,499 patients who tested positive for COVID-19 from
March 2020 to September 2022 were included in this registry analysis
(Table 1). More than 75% (n=34,530) of the population was
18-69 years of age. Patients were majority female (n=25,089, 56.4%),
with a similar proportion of White (n=15,028, 33.8%) and Black or
African American (n=13,258, 29.8%) patients. Approximately
one-third (n=14,866, 33.4%) of patients in the registry did not report
a racial group. The top 5 prevalent comorbidities in the study
population were chronic pulmonary disease (1=5,057, 11.4%),
diabetes without chronic complications (1= 3,529, 7.9%), renal disease
(n=2,263, 5.1%), congestive heart failure (n=2,123, 4.8%), and
diabetes with chronic complications (1 =2089, 4.7%).

3.2 Demographics of patients with
hospitalization, ICU admission, and death
across all waves

3.2.1 Demographics for overall hospitalization

Of the 44,499 COVID-19-positive patients in the registry, 13,454
(30.2%) were reported as hospitalized across all waves of the pandemic
(Table 2). Of patients who were hospitalized, 44.9% (n=6,042) were
18-49years of age, 52.2% (n="7,029) were female, 27.3% (n=3,673)
were White, 42.1% (n=>5,659) were Black or African American, 14.3%
(n=1922) had chronic pulmonary disease, and 11.4% (n=1,539) had
diabetes without chronic complications (Table 3). The highest
hospitalization rate was seen in the oldest age group (>90years; n =162,
62.1%), followed by 70-90years (n=1937, 50.2%) and 50-69 years
(n=3,376, 32.0%). The hospitalization rate was higher in males than
females (33.1% vs. 28.0%) and was highest for Black or African
American patients (42.7%). The next highest hospitalization rates were
for American Indian or Alaska Natives (n=29, 25.7%), followed by
White patients (24.4%). The top 5 most common comorbidities in
hospitalized patients were chronic pulmonary disease, diabetes without
chronic complications, renal disease, congestive heart failure, and
diabetes with chronic complications (Table 3).

3.2.2 Demographics for overall ICU admissions

Of the 44,499 COVID-19-positive patients in the registry, 1890
(4.2%) were reported as ICU admissions across all waves of the
pandemic (Table 2). Of patients who were admitted to the ICU, 42.2%
(n=798) were 50-69 years of age, 58.7% (n=1,110) were male, 30.3%
(n=573) were White, 35.8% (n=676) were Black or African American,
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TABLE 1 Study population demographics (N = 44,499).

n %
Age (years)
<18 5,848 13.1
18-49 23,990 53.9
50-69 10,540 23.7
70-90 3,860 8.7
>90 261 0.6
Sex
Female 25,089 56.4
Male 19,410 43.6
Race
White 15,028 33.8
Black or African American 13,258 29.8
Asian 1,157 2.6
American Indian or Alaska Native 113 0.3
Native Hawaiian or Other Pacific Islander 77 0.2
Undisclosed 14,866 33.4
Comorbidity
Chronic pulmonary disease 5,057 11.4
Diabetes without chronic complications 3,529 7.9
Renal disease 2,263 5.1
Congestive heart failure 2,123 4.8
Diabetes with chronic complications 2089 4.7
Cerebrovascular disease 1849 42
Cancer (any malignancy) 1842 4.1
Peripheral vascular disease 1,599 3.6
Mild liver disease 1,453 33
Myocardial infarction 1,092 2.5
Rheumatic disease 609 1.4
Dementia 560 1.3
Metastatic solid tumor 509 1.1
Peptic ulcer disease 251 0.6
Hemiplegia or paraplegia 218 0.5
Moderate/severe liver disease 200 0.5
AIDS/HIV 143 0.3

22.9% (n=432) had diabetes without chronic complications, and
22.8% (n=430) had renal disease (Table 3). The highest ICU admission
rate was seen in the 70-90 age group (n=>519, 13.4%) followed by the
older than 90 years age group (1 =32, 12.3%) and 50-69 years (n =798,
7.6%). The ICU admission rate was higher in males than females
(5.7% vs. 3.1%) and was highest for Native Hawaiian and Other Pacific
Islander (n=77, 5.2). The next highest ICU admission rates were for
Black or African American patients (5.1%), followed by Asian patients
(n=46, 4.0%). The top 5 most common comorbidities in patients
admitted to the ICU were diabetes without chronic complications,
renal disease, congestive heart failure, chronic pulmonary disease, and
diabetes with chronic complications (Table 3).
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TABLE 2 Characteristics overall and by outcome (N = 44,499).

Characteristic Hospitalized

n (%)
Age (years)
<18 5,848 (13.1%) 1937 (33.1%) 72 (1.2%) 0 (0%)
18-49 23,990 (53.9%) 6,042 (25.2%) 469 (2.0%) 125 (0.5%)
50-69 10,540 (23.7%) 3,376 (32.0%) 798 (7.6%) 404 (3.8%)
70-90 3,860 (8.7%) 1937 (50.2%) 519 (13.4%) 453 (11.7%)
>90 261 (0.6%) 162 (62.1%) 32 (12.3%) 64 (24.5%)
Gender
Female 25,089 (56.4%) 7,029 (28.0%) 780 (3.1%) 475 (1.9%)
Male 19,410 (43.6%) 6,425 (33.1%) 1,110 (5.7%) 571 (2.9%)
Race
White 15,028 (33.8%) 3,673 (24.4%) 573 (3.8%) 415 (2.8%)
Black or African American 13,258 (29.8%) 5,659 (42.7%) 676 (5.1%) 316 (2.4%)
Asian 1,157 (2.6%) 236 (20.4%) 46 (4.0%) 26 (2.2%)
American Indian or Alaska Native 113 (0.3%) 29 (25.7%) 3(2.7%) 4 (3.5%)
Native Hawaiian or Other Pacific Islander 77 (0.2%) 16 (20.8%) 4(5.2%) 2 (2.6%)
Undisclosed 14,866 (33.4%) 3,841 (25.8%) 588 (4.0%) 283 (1.9%)
Overall 44,499 13,454 (30.2%) 1890 (4.2%) 1,046 (2.4%)

TABLE 3 Frequency of comorbid conditions among patients with hospitalization, ICU admission, or death (N = 44,499).

N (%) Hospitalized ICU n (%) Death n (%)

n (%)

647 (59.2%)

Comorbidity

Myocardial infarction 1,092 (2.5%) 255 (23.4%) 165 (15.1%)

Congestive heart failure 2,123 (4.8%) 1,267 (59.7%) 427 (20.1%) 288 (13.6%)

Peripheral vascular disease 1,599 (3.6%) 863 (54.0%) 254 (15.9%) 187 (11.7%)

Cerebrovascular disease 1849 (4.2%) 1,025 (55.4%) 361 (19.5%) 255 (13.8%)
Dementia 560 (1.3%) 394 (70.4%) 80 (14.3%) 99 (17.7%)
Chronic pulmonary disease 5,057 (11.4%) 1922 (38.0%) 395 (7.8%) 228 (4.5%)
Rheumatic disease 609 (1.4%) 243 (39.9%) 57 (9.4%) 38 (6.2%)

Peptic ulcer disease 251 (0.6%) 132 (52.6%) 38 (15.1%) 32 (12.7%)
Mild liver disease 1,453 (3.3%) 532 (36.6%) 147 (10.1%) 99 (6.8%)
Diabetes without chronic complication 3,529 (7.9%) 1,539 (43.6%) 432 (12.2%) 208 (5.9%)
Diabetes with chronic complication 2089 (4.7%) 1,140 (54.6%) 366 (17.5%) 239 (11.4%)
Hemiplegia or paraplegia 218 (0.5%) 135 (61.9%) 55 (25.2%) 23 (10.6%)
Renal disease 2,263 (5.1%) 1,379 (60.9%) 430 (19.0%) 319 (14.1%)
Malignancy (including lymphoma and leukemia, except malignant neoplasm of skin) 1842 (4.1%) 660 (35.8%) 180 (9.8%) 152 (8.3%)
Moderate or severe liver disease 200 (0.5%) 134 (67%) 48 (24.0%) 45 (22.5%)
Metastatic solid tumor 509 (1.1%) 197 (38.7%) 59 (11.6%) 115 (22.6%)
AIDS/HIV 143 (0.3%) 64 (44.8%) 11 (7.7%) 7 (4.9%)
Overall 44,499 13,454 (30.2%) 1890 (4.2%) 1,046 (2.4%)

3.2.3 Demographics for overall mortality

Of the 44,499 COVID-19-positive patients in the registry, 1,046
(2.4%) were reported as a death across all waves of the pandemic
(Table 2). Deaths were reported for 855 (81.7%) inpatients and 191
(18.3%) outpatients. Of patients who died, 43.3% (n=453) were
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70-90years of age, 54.6% (n=571) were male, 39.7% (n=415) were
White, 30.5% (n=319) had renal disease, and 27.5% (n=288) had
congestive heart failure. The majority (n=620; 59.3%) of decedents
had 2 or more comorbidities reported; 223 (21.3%) had 1 comorbidity
and 203 (19.4%) had no comorbidities. The highest mortality rate was
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seen in the oldest age group (>90years; n =64, 24.5%), followed by
70-90years (n=453, 11.7%), and 50-69years (n=404; 3.8%). The
mortality rate was higher in males than females (2.9% vs. 1.9%) and
was highest for American Indian or Alaska Natives (3.5%), though the
sample size was small (n=4/113). The next highest mortality rates
were for White patients (2.8%), followed by Native Hawaiian or Other
Pacific Islander (n=2, 2.6%). The top 5 most common comorbidities
in patients reported as a death were renal disease, congestive heart
failure, cerebrovascular disease, diabetes with chronic complications,
and chronic pulmonary disease (Table 3).

3.3 Hospitalization, ICU admission, and
death in each wave of the pandemic

3.3.1 Hospitalizations by wave

The highest number of hospitalizations occurred in Wave 1
(n=6,365, 47.3%), followed by Wave 4 (Omicron BA.l variant;
n=2,874, 21.4%) (Table 4). The hospitalization rate ranged from
41.9% in Wave 2 to 27.8% in Wave 1, with similar rates in Waves 4 and
5 (28.3 and 28.5%, respectively). The highest percentage of
hospitalizations occurred in Wave 2, with the Alpha variant (n=928,
41.9%) (Figure 1).

3.3.2 ICU admissions by wave

Most ICU admissions occurred in Wave 1 (n=1,086, 57.5%),
followed by Wave 4 (Omicron BA.1 variant; n =288, 15.2%) (Table 4).
The ICU admission rate ranged from 6.4% in Wave 3 to 2.2% in Wave
5. The highest percentage of ICU admissions occurred in Wave 3 with
the Delta variant (n=241, 6.4%) (Figure 1). ICU admission rates
continued to decline during Omicron waves and maintained
similar trajectories.

3.3.3 Mortality by wave

Most deaths occurred in Wave 1 (n=627, 59.9%), followed by
Wave 4 (Omicron BA.1 variant; n=204, 19.5%) (Table 4). The
mortality rate ranged from 3.2% in Wave 3 to 0.8% in Wave 5 and 0.7%

TABLE 4 Outcome by wave.

Wave: predominant
SARS-CoV-2 variant
(date range)

10.3389/fpubh.2024.1323481

in Wave 6, with similar rates in Waves 1, 2, and 4 (2.7, 2.6, and 2.0%,
respectively). In each wave, the majority of deaths occurred among
inpatients (Figure 2A) and those 50-69 and 70-90years of age
(Figure 2B). The mortality rate was consistently highest among those
70-90years of age in each wave (Figure 3A). Deaths were slightly more
frequent in males than females in Waves 1, 3, and 5 (Figure 2C), with
a consistently higher mortality rate among males in each of the 6
waves (Figure 3B). The proportion of deaths in Waves 1 and 2 were
similar for White and Black or African American patients; in Waves
3-6, White patients represented the highest proportion of deaths
(Figure 2D). Mortality rates were slightly higher for White patients
compared to other racial groups in most waves, with the exception of
Wave 1, where the mortality rate was highest among Native Hawaiian
or Other Pacific Islanders and Waves 3 and 4, where the mortality rate
was highest among American Indians or Alaska Natives (Figure 3C).
Note however, that these 2 groups made up a very small proportion of
patients in the registry. In every wave of the pandemic, the most
common comorbid conditions among patients reported as a death
were renal disease, congestive heart failure, cerebrovascular diseases,
diabetes, and chronic pulmonary disease, with similar frequencies in
each wave (Figure 4).

3.4 Age-stratified analyses for deaths
across all waves

Because the mortality rate was higher among older patients and
those with certain comorbidities, we examined the association
between age and comorbid conditions in all COVID-19 positive
patients in the registry and those reported as a death.

3.4.1 Comorbidities by age

The frequency of comorbid conditions increased with increasing
age (Figure 5A). Chronic pulmonary disease was the most common
comorbidity in all three age groups across all waves of the pandemic.
Chronic pulmonary disease was the most common comorbidity in
patients 18-49years of age, while diabetes without chronic

Hospitalized

n (%)

(3/21/21-6/19/2021)

1: Wildtype+D614G 22,920 (51.5%) 6,365 (27.8%) 1,086 (4.7%) 627 (2.7%)
(3/7/2020-3/20/2021)
2: Alpha 2,216 (5.0%) 928 (41.9%) 140 (6.3%) 57 (2.6%)

3: Delta
(6/20/2021-12/11/2021)

3,750 (8.4%)

1,515 (40.4%)

241 (6.4%) 118 (3.1%)

(6/19/2022-9/30/2022)

4: Omicron BA.1 10,155 (22.8%) 2,874 (28.3%) 288 (2.8%) 204 (2.0%)
(12/12/2021-3/19/2022)

5: Omicron BA.2 2,229 (5.0%) 636 (28.5%) 49 (2.2%) 18 (0.8%)
(3/20/2022-6/18/2022)

6: Omicron BA.4/BA.5 3,229 (7.3%) 1,136 (35.2%) 86 (2.7%) 22 (0.7%)

Overall

44,499

13,454 (30.2%)

1890 (4.2%) 1,046 (2.4%)
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FIGURE 1
Percentage of hospitalizations, ICU admissions, and mortality in each pandemic wave. Wave 1: March 7, 2020 to March 20, 2021, Wildtype+D614G;

Wave 2: March 21, 2021 to June 19, 2021, Alpha variant; Wave 3: June 20, 2021 to December 11, 2021, Delta variant; Wave 4: December 12, 2021 to

March 19, 2022, Omicron BA.1 variant; Wave 5: March 20, 2022 to June 18, 2022, Omicron BA.2 variant; and Wave 6: June 19, 2022 to present
(September 30, 2022), Omicron BA.4/BA.5 variant.
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FIGURE 2

Characteristics of patients recorded as death in each pandemic wave, by (A) care setting, (B) age group, (C) sex, and (D) race. Wave 1: March 7, 2020 to
March 20, 2021, Wildtype+D614G; Wave 2: March 21, 2021 to June 19, 2021, Alpha variant; Wave 3: June 20, 2021 to December 11, 2021, Delta variant;
Wave 4: December 12, 2021 to March 19, 2022, Omicron BA.1 variant; Wave 5: March 20, 2022 to June 18, 2022, Omicron BA.2 variant; and Wave 6:
June 19, 2022 to present (September 30, 2022), Omicron BA4/BA.5 variant.

complications was the most common comorbidity for those 3.4.2 Mortality for comorbidities by age
50-69 years of age, and congestive heart failure was the most common Among those patients reported as a death, the frequency of
comorbidity for patients 70-90 years of age. comorbid conditions was similar across age groups, with renal
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FIGURE 3

Mortality rate in each pandemic wave, by (A) age group, (B) sex, and (C) race. Wave 1: March 7, 2020 to March 20, 2021, Wildtype+D614G; Wave 2:
March 21, 2021 to June 19, 2021, Alpha variant; Wave 3: June 20, 2021 to December 11, 2021, Delta variant; Wave 4: December 12, 2021 to March 19,
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disease as the most common comorbidity in all three age groups ~ congestive heart failure was the second most common
(Figure 5B). Cerebrovascular disease was the second most comorbidity for patients 50-69 and  70-90years
common comorbidity for patients 18-49 years of age, whereas  of age.
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FIGURE 4

2022), Omicron BA.4/BA.5 variant.
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3.5 Age-stratified analyses in each wave

3.5.1 Comorbidities by age and by wave

In each wave of the pandemic, chronic pulmonary disease was
consistently the most common comorbid condition in COVID-19-
positive patients 18-49years of age, and diabetes without chronic
complications was the second most common comorbidity (Figure 6).
In Wave 1, patients 50-69 years of age were most likely to have diabetes
without chronic complications or chronic pulmonary disease; in
subsequent waves, several other comorbid conditions were seen with
increased prevalence, notably diabetes with chronic complications,
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renal disease, and any cancer. Patients in the oldest group (70-90 years)
had several comorbidities with similarly high frequencies in each
wave; congestive heart failure, chronic pulmonary disease, renal
disease, and cerebrovascular disease were consistently high in
each wave.

3.5.2 Mortality for comorbidities by age and by
wave

Among patients reported as a death, age-related comorbid
conditions were slightly more frequent in the oldest age group in
Waves 1-4, with consistent patterns of comorbid conditions among
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2022 to present (September 30, 2022), Omicron BA4/BA.5 variant.

Percentage of COVID-19 positive patients with comorbid conditions by age group in each pandemic wave. Wave 1: March 7, 2020 to March 20, 2021,
Wildtype+D614G; Wave 2: March 21, 2021 to June 19, 2021, Alpha variant; Wave 3: June 20, 2021 to December 11, 2021, Delta variant; Wave 4:
December 12, 2021 to March 19, 2022, Omicron BA.1 variant; Wave 5: March 20, 2022 to June 18, 2022, Omicron BA.2 variant; and Wave 6: June 19,

patients 50-69 and 70-90 years of age (Figure 7). Comorbid conditions
within the youngest age group (18-49years) varied widely with each
pandemic wave. By Waves 5 and 6, the most common comorbid
conditions were significantly different in each age group. In Wave 5,
the youngest group of patients reported as a death were most likely to
have renal disease, followed by diabetes with chronic complications,
chronic pulmonary disease, cerebrovascular disease, and congestive
heart failure. In contrast, patients 50-69 years of age were most likely
to have peripheral vascular disease or congestive heart failure in Wave
5, whereas patients 70-90 years of age were most likely to have renal
disease, diabetes with chronic complications, and congestive heart
failure. Patterns of comorbid conditions in Wave 6 were similar for
patients reported as a death in the 2 older age groups, though more
patients 50-69 years of age presented with metastatic solid tumors and
those 70-90years of age most often presented with renal disease and
congestive heart failure.

3.6 Multivariable logistic regression models

Multivariable logistic regression models were used to estimate
the association of key factors with each of the outcomes adjusted
for comorbidities, sex, ethnicity, and age (Figure 8). Liver disease
was significantly associated with all outcomes: increased
hospitalization (OR=3.52, 95% CI 2.59-4.83), ICU admission
(OR=3.34, 95% CI 2.31-4.76), and mortality (OR =5.68, 95% CI
3.84-8.27). Patients with metastatic solid tumors were more likely
to be reported as a death (OR=5.75, 95% CI 4.48-7.34). Dementia,
being Black or African American, hemiplegia or paraplegia, and
renal disease were found to be significantly associated with
hospitalizations. Hemiplegia or paraplegia, renal disease, and
diabetes with and without chronic complications were significantly
associated with ICU admissions. Renal disease, myocardial
infarction, and diabetes with and without chronic complications
were significantly associated with mortality.
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4 Discussion

This study leveraged the rich dataset from the RUMC COVID-19
registry to analyze the association between age-related comorbid
conditions and death across and within each wave of the COVID-19
pandemic since March 2020. While several studies have examined risk
factors associated with hospitalizations, ICU admissions, and death,
few have evaluated differences in these factors across distinct waves of
the pandemic (18-22). The Alpha and Delta variants were associated
with greater hospitalizations, ICU admissions, and mortality
compared to the other variants.

4.1 Overall mortality rates

Our finding of higher mortality rates in older patients, and a
decrease in mortality across all age groups in later waves, is
consistent with national trends (1). The association of mortality with
renal disease, congestive heart failure, cerebrovascular disease,
diabetes, and chronic pulmonary disease is also consistent with
various reports in the US and elsewhere (23-26). These findings
underscore the value of COVID-19 registries. Several studies have
illustrated the advantage of adding COVID-19 data points to existing
registries in specific populations—such as cancer (27), inflammatory
diseases (28), neurological disorders, transplantation (29), and
cardiovascular disease (30)—in order to examine predictors of risk
for COVID-19 outcomes. Further, evaluation of COVID-19 and
comorbidities has been reviewed by several authors and have found
significant associations. Hospitalizations and mortality for other
respiratory infections were significantly decreased during the
pandemic (31). The effect of COVID-19 on STEMI (32) and stoke
(33) outcomes have also been demonstrated, resulting in higher
in-patient mortality, length of stay and cost of hospitalization.
Kapuria et al. found that patients with COVID-19 and cirrhosis had
3 times higher mortality than those without COVID-19 (34) and Pal
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et al. found sex and racial disparities in hospitalizations and in rates
of adverse outcomes (35).

4.2 Mortality rates by wave

In our age-stratified analyses of patients recorded as a death,
we found notable differences in the prevalence of specific comorbid
conditions in each age group that changed with each wave of the
COVID-19 pandemic. For example, younger patients reported as a
death presented with various comorbid conditions in early waves of
the pandemic but were most likely to have renal disease in later
waves. Older patients recorded as a death also presented with
various comorbid conditions in consistent patterns across early

waves of the pandemic, but by Wave 5, those 50-69 years of age
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more often presented with peripheral vascular disease and
congestive heart failure and those 70-90 years of age presented with
The
mechanisms driving these differences in age-related comorbid

renal disease, diabetes, and congestive heart failure.

conditions in patients reported as a death is unknown but may
be related to differences in the predominant variant, previous
infection history, vaccination status, or other patient-related factors,
and may be important factors to consider when developing
interventions (25).

4.3 Limitations

Although the registry contained pediatric patients, the modeling
of risk factors and mortality focused on an adult population. Several
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limitations should be considered and there are several bias sources to
consider when using EHR data, particularly related to how data is
collected as well as environmental aspects which can influence the
quality of data (36). First, the retrospective design of the study has the
potential for missing data and reporting bias, especially toward more
severe symptoms or outcomes being reported more frequently.
Comorbidities were potentially underreported in the registry, and
one-third of patients reported an undisclosed racial group in the
registry, which limited our ability to draw strong conclusions about
race as a risk factor for mortality across and within individual
pandemic waves. The registry did not collect information about
vaccination status or measure changes to clinical practice in treating
COVID-19 as the pandemic unfolded, although the analysis by wave
is a surrogate measure for both important factors. The registry source
lacked sequencing data to confirm variants; instead, the predominant
variant circulating in Chicago and epidemiological assumptions was
used to define waves. There also exists the potential that patients
attended other healthcare institutions in the Chicagoland area, thus
underreporting death that occurred outside of RUMC. Data in the
EHR are susceptible to data coding errors and the subsequent
mapping to OMOP common data model could compound this.
Comorbid conditions were classified based on any history of the
disease, but it could not be ascertained from the data whether the
patients were still suffering from these conditions. Given that most of
these comorbid conditions are chronic and lifelong, this is a potential
but small bias. Information regarding co-infections with other
respiratory viruses was also not known. Lastly, no single institution
can be generalizable to the general patient population.

5 Conclusion

The findings of this specific COVID-19 registry within a single
localized population were representative of the trends seen in the US;
namely, higher mortality rates in older patients and a decrease in mortality
across all age groups with later variant waves. The association of mortality
with the most at risk populations due to specific comorbidities of renal
disease, congestive heart failure, cerebrovascular disease, diabetes, and
chronic pulmonary disease was also generalizable to the US.

Future research should evaluate and include the impact of
vaccination status and co-infection with other circulating respiratory
viruses, as well as the effect of long-COVID on hospitalization, ICU
admittance and death.

Overall, the RUMC COVID-19 registry provided a valuable
resource for population-based analyses to identify risk factors for death
and other outcomes and to understand the evolution with each wave
of the pandemic. Our findings may have implications for risk
stratification and care planning for patients with COVID-19 based on
age and presenting comorbid conditions for subsequent variant waves.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: data is from Rush University Medical Center. Requests to
access these datasets should be directed to Rush-affiliated authors.

Frontiers in Public Health

11

10.3389/fpubh.2024.1323481

Ethics statement

The studies involving humans were approved by Rush
University Medical Center Institutional Review Board. The
studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin because retrospective
analysis of data. Written informed consent was not obtained from
the individual(s), nor the minor(s)’ legal guardian/next of
kin, for the publication of any potentially identifiable images
or data included in this article because retrospective analysis
of data.

Author contributions

Y-sC:  Formal Methodology,  Validation,

Visualization, Writing - review & editing. SG: Methodology,

analysis,

Project administration, Supervision, Writing - original draft,
Writing - review & editing. PD: Methodology, Project
administration, Supervision, Writing - original draft, Writing -
review & editing. JR: Methodology, Supervision, Writing - review
& editing. HB: Methodology, Writing - review & editing. NT:
Data curation, Formal analysis, Methodology, Writing - review
& editing. RG: Project administration, Resources, Supervision,
Writing - review & editing. SS: Methodology, Project
administration, Writing - review & editing. AO: Funding
acquisition, Project administration, Resources, Supervision,
Writing - original draft. GC: Funding acquisition, Resources,
Supervision, Writing - review & editing. AL: Conceptualization,
Supervision, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank Stacey Tobin for editorial support
in the preparation of this manuscript.

Conflict of interest

This study received funding from Abbott Laboratories. The
funder had the following involvement in the study: study
conceptualization, data curation, methodology, analysis and
writing. Y-sC, SG, RG, SS, AO (retired), and GC were employees
and shareholders in Abbott Laboratories.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1323481
https://www.frontiersin.org

Chen et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. World Health Organization. Coronavirus disease (COVID-19) pandemic (2023).
Available at: https://covid19.who.int/.

2. Centers for Disease Control. SARS-CoV-2 variant classifications and definitions
(2023). Available at: https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-
classifications.html.

3. Robinson ML, Morris CP, Betz JE, Zhang Y, Bollinger R, Wang N, et al. Impact of
severe acute respiratory syndrome coronavirus 2 variants on inpatient clinical outcome.
Clin Infect Dis. (2023) 76:1539-49. doi: 10.1093/cid/ciac957

4. Vousden N, Ramakrishnan R, Bunch K, Morris E, Simpson NAB, Gale C, et al.
Severity of maternal infection and perinatal outcomes during periods of SARS-CoV-2
wildtype, alpha, and delta variant dominance in the UK: prospective cohort study. BMJ
Med. (2022) 1:e000053. doi: 10.1136/bmjmed-2021-000053

5. Schmidt M, Hajage D, Landoll M, Pequignot B, Langouet E, Amalric M, et al.
Comparative outcomes of extracorporeal membrane oxygenation for COVID-19
delivered in experienced European centres during successive SARS-CoV-2 variant
outbreaks (ECMO-SURGES): an international, multicentre, retrospective cohort study.
Lancet Respir Med. (2023) 11:163-75. doi: 10.1016/s2213-2600(22)00438-6

6. Sperotto F, Gutiérrez-Sacristin A, Makwana S, Li X, Rofeberg VN, Cai T, et al.
Clinical phenotypes and outcomes in children with multisystem inflammatory
syndrome across SARS-CoV-2 variant eras: a multinational study from the 4CE
consortium. EClinicalMedicine. (2023) 64:102212. doi: 10.1016/j.eclinm.2023.102212

7. Lin L, Liu Y, Tang X, He D. The disease severity and clinical outcomes of the SARS-
CoV-2 variants of concern. Front Public Health. (2021) 9:775224. doi: 10.3389/
fpubh.2021.775224

8. Lewnard JA, Hong VX, Patel MM, Kahn R, Lipsitch M, Tartof SY. Clinical outcomes
associated with SARS-CoV-2 omicron (B.1.1.529) variant and BA.1/BA.1.1 or BA.2
subvariant infection in Southern California. Nat Med. (2022) 28:1933-43. doi: 10.1038/
$41591-022-01887-z

9. Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri S, Nogal A, et al.
Symptom prevalence, duration, and risk of hospital admission in individuals infected
with SARS-CoV-2 during periods of omicron and delta variant dominance: a prospective
observational study from the ZOE COVID study. Lancet. (2022) 399:1618-24. doi:
10.1016/s0140-6736(22)00327-0

10. Modes ME, Directo MP, Melgar M, Johnson LR, Yang H, Chaudhary P, et al.
Clinical characteristics and outcomes among adults hospitalized with laboratory-
confirmed SARS-CoV-2 infection during periods of B.1.617.2 (Delta) and B.1.1.529
(omicron) variant predominance - one hospital, California, July 15-September 23, 2021,
and December 21, 2021-January 27, 2022. MMWR Morb Mortal Wkly Rep. (2022)
71:217-23. doi: 10.15585/mmwr.mm?7106e2

11. Relan P, Motaze NV, Kothari K, Askie L, Le Polain O, Van Kerkhove MD, et al.
Severity and outcomes of omicron variant of SARS-CoV-2 compared to Delta variant
and severity of omicron sublineages: a systematic review and metanalysis. BMJ Glob
Health. (2023) 8:e012328. doi: 10.1136/bmjgh-2023-012328

12. Sankar K, Modi N, Polyak A, Directo MP, Johnson LR, Kho N, et al. Comparison
of clinical characteristics and outcomes of critically ill adults with SARS-CoV-2 infection
during Delta and omicron variant predominance periods: a single-hospital retrospective
cohort study. BMJ Open Respir Res. (2023) 10:e001274. doi: 10.1136/bmjresp-2022-001274

13. Skarbinski J, Wood MS, Chervo TC, Schapiro JM, Elkin EP, Valice E, et al. Risk of
severe clinical outcomes among persons with SARS-CoV-2 infection with differing
levels of vaccination during widespread omicron (B.1.1.529) and Delta (B.1.617.2)
variant circulation in northern California: a retrospective cohort study. Lancet Reg
Health Am. (2022) 12:100297. doi: 10.1016/j.]ana.2022.100297

14. Tsakok MT, Watson RA, Saujani S], Kong M, Xie C, Peschl H, et al. Reduction in
chest CT severity and improved hospital outcomes in SARS-CoV-2 omicron compared
with Delta variant infection. Radiology. (2023) 306:261-9. doi: 10.1148/radiol.220533

15. Charlson ME, Carrozzino D, Guidi ], Patierno C. Charlson comorbidity index: a
critical review of Clinimetric properties. Psychother Psychosom. (2022) 91:8-35. doi:
10.1159/000521288

16. Averhoff F, Berg M, Rodgers M, Osmanov S, Luo X, Anderson M, et al. The Abbott
pandemic defense coalition: a unique multisector approach adds to global pandemic
preparedness efforts. Int ] Infect Dis. (2022) 117:356-60. doi: 10.1016/j.ijid.2022.02.001

17. Observational Health Data Sciences and Informatics. Standardized data: the OMOP
common data model (2023). Available at: https://www.ohdsi.org/data-standardization/.

18. D'Arminio Monforte A, Tavelli A, Bai F, Tomasoni D, Falcinella C, Castoldi R, et al.
Declining mortality rate of hospitalised patients in the second wave of the COVID-19
epidemics in Italy: risk factors and the age-specific patterns. Life. (2021) 11:979. doi:
10.3390/1ife11090979

Frontiers in Public Health

12

10.3389/fpubh.2024.1323481

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

19. Giacomelli A, Ridolfo AL, Pezzati L, Oreni L, Carrozzo G, Beltrami M, et al.
Mortality rates among COVID-19 patients hospitalised during the first three waves of
the epidemic in Milan, Italy: a prospective observational study. PLoS One. (2022)
17:€0263548. doi: 10.1371/journal.pone.0263548

20. Vagliano I, Schut MC, Abu-Hanna A, Dongelmans DA, de Lange DW, Gommers
D, et al. Assess and validate predictive performance of models for in-hospital mortality
in COVID-19 patients: a retrospective cohort study in the Netherlands comparing the
value of registry data with high-granular electronic health records. Int ] Med Inform.
(2022) 167:104863. doi: 10.1016/j.ijmedinf.2022.104863

21. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature. (2020)
584:430-6. doi: 10.1038/s41586-020-2521-4

22. Wolfisberg S, Gregoriano C, Struja T, Kutz A, Koch D, Bernasconi L, et al.
Comparison of characteristics, predictors and outcomes between the first and second
COVID-19 waves in a tertiary care Centre in Switzerland: an observational analysis.
Swiss Med Wkly. (2021) 151:w20569. doi: 10.4414/smw.2021.20569

23.Bergman J, Ballin M, Nordstrom A, Nordstrom P. Risk factors for COVID-19
diagnosis, hospitalization, and subsequent all-cause mortality in Sweden: a nationwide
study. Eur ] Epidemiol. (2021) 36:287-98. doi: 10.1007/s10654-021-00732-w

24. Ciminelli G, Garcia-Mandic6 S. COVID-19 in Italy: an analysis of death registry
data. J Public Health. (2020) 42:723-30. doi: 10.1093/pubmed/fdaal65

25. Dessie ZG, Zewotir T. Mortality-related risk factors of COVID-19: a systematic
review and meta-analysis of 42 studies and 423,117 patients. BMC Infect Dis. (2021)
21:855. doi: 10.1186/s12879-021-06536-3

26.Kim L, Garg S, O'Halloran A, Whitaker M, Pham H, Anderson EJ, et al. Risk
factors for intensive care unit admission and in-hospital mortality among hospitalized
adults identified through the US coronavirus disease 2019 (COVID-19)-associated
hospitalization surveillance network (COVID-NET). Clin Infect Dis. (2021) 72:e206-14.
doi: 10.1093/cid/ciaal012

27. Ritthrich MM, Giessen-Jung C, Borgmann S, Classen AY, Dolff S, Griiner B, et al.
COVID-19 in cancer patients: clinical characteristics and outcome-an analysis of the
LEOSS registry. Ann Hematol. (2021) 100:383-93. doi: 10.1007/s00277-020-04328-4

28. Mahil SK, Dand N, Mason K], Yiu ZZN, Tsakok T, Meynell E et al. Factors
associated with adverse COVID-19 outcomes in patients with psoriasis-insights from a
global registry-based study. J Allergy Clin Immunol. (2021) 147:60-71. doi: 10.1016/j.
jaci.2020.10.007

29. Caillard S, Chavarot N, Francois H, Matignon M, Greze C, Kamar N, et al. Is
COVID-19 infection more severe in kidney transplant recipients? Am J Transplant.
(2021) 21:1295-303. doi: 10.1111/ajt.16424

30. Hendren NS, de Lemos JA, Ayers C, Das SR, Rao A, Carter S, et al. Association of
Body Mass Index and age with Morbidity and mortality in patients hospitalized with
COVID-19: results from the American Heart Association COVID-19 cardiovascular
disease registry. Circulation. (2021) 143:135-44. doi: 10.1161/circulationaha.120.051936

31. Nasrullah A, Gangu K, Garg I, Javed A, Shuja H, Chourasia P, et al. Trends in
hospitalization and mortality for influenza and other respiratory viruses during the
COVID-19 pandemic in the United States. Vaccine. (2023) 11:412. doi: 10.3390/
vaccines11020412

32. Majeed H, Gangu K, Shekhar R, Sagheer S, Garg I, Shuja H, et al. Impact of
COVID-19 on patients hospitalized with ST-segment elevation myocardial infarction
in the United States during the early pandemic: an analysis of outcomes, care delivery,
and racial disparities in mortality. Infect Dis Rep. (2023) 15:55-65. doi: 10.3390/
idr15010006

33. Davis MG, Gangu K, Suriya S, Maringanti BS, Chourasia P, Bobba A, et al.
COVID-19 and acute ischemic stroke mortality and clinical outcomes among
hospitalized patients in the United States: insight from national inpatient sample. J Clin
Med. (2023) 12:1340. doi: 10.3390/jcm12041340

34. Kapuria D, Gangu K, Chourasia P, Boba A, Nguyen A, Ryu M, et al. COVID-19
alcoholic cirrhosis and non-alcoholic steatohepatitis cirrhosis outcomes among
hospitalized patients in the United States: Insight from National Inpatient Sample
Database. Trop Med Infect Dis. (2022) 7:421. doi: 10.3390/tropicalmed7120421

35. Pal S, Gangu K, Garg I, Shuja H, Bobba A, Chourasia P, et al. Gender and race-
based health disparities in COVID-19 outcomes among hospitalized patients in the
United States: a retrospective analysis of a national sample. Vaccine. (2022) 10:2036. doi:
10.3390/vaccines10122036

36. Verheij RA, Curcin V, Delaney BC, McGilchrist MM. Possible sources of Bias in
primary care electronic health record data use and reuse. ] Med Internet Res. (2018)
20:e185. doi: 10.2196/jmir.9134

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1323481
https://www.frontiersin.org
https://covid19.who.int/
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html
https://doi.org/10.1093/cid/ciac957
https://doi.org/10.1136/bmjmed-2021-000053
https://doi.org/10.1016/s2213-2600(22)00438-6
https://doi.org/10.1016/j.eclinm.2023.102212
https://doi.org/10.3389/fpubh.2021.775224
https://doi.org/10.3389/fpubh.2021.775224
https://doi.org/10.1038/s41591-022-01887-z
https://doi.org/10.1038/s41591-022-01887-z
https://doi.org/10.1016/s0140-6736(22)00327-0
https://doi.org/10.15585/mmwr.mm7106e2
https://doi.org/10.1136/bmjgh-2023-012328
https://doi.org/10.1136/bmjresp-2022-001274
https://doi.org/10.1016/j.lana.2022.100297
https://doi.org/10.1148/radiol.220533
https://doi.org/10.1159/000521288
https://doi.org/10.1016/j.ijid.2022.02.001
https://www.ohdsi.org/data-standardization/
https://doi.org/10.3390/life11090979
https://doi.org/10.1371/journal.pone.0263548
https://doi.org/10.1016/j.ijmedinf.2022.104863
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.4414/smw.2021.20569
https://doi.org/10.1007/s10654-021-00732-w
https://doi.org/10.1093/pubmed/fdaa165
https://doi.org/10.1186/s12879-021-06536-3
https://doi.org/10.1093/cid/ciaa1012
https://doi.org/10.1007/s00277-020-04328-4
https://doi.org/10.1016/j.jaci.2020.10.007
https://doi.org/10.1016/j.jaci.2020.10.007
https://doi.org/10.1111/ajt.16424
https://doi.org/10.1161/circulationaha.120.051936
https://doi.org/10.3390/vaccines11020412
https://doi.org/10.3390/vaccines11020412
https://doi.org/10.3390/idr15010006
https://doi.org/10.3390/idr15010006
https://doi.org/10.3390/jcm12041340
https://doi.org/10.3390/tropicalmed7120421
https://doi.org/10.3390/vaccines10122036
https://doi.org/10.2196/jmir.9134

	COVID-19 waves in an urban setting 2020–2022: an electronic medical record analysis
	1 Introduction
	2 Methods
	2.1 Study participants and registry development
	2.2 Wave definitions
	2.3 Statistical analysis

	3 Results
	3.1 Demographics of registry patients across all waves of the pandemic
	3.2 Demographics of patients with hospitalization, ICU admission, and death across all waves
	3.2.1 Demographics for overall hospitalization
	3.2.2 Demographics for overall ICU admissions
	3.2.3 Demographics for overall mortality
	3.3 Hospitalization, ICU admission, and death in each wave of the pandemic
	3.3.1 Hospitalizations by wave
	3.3.2 ICU admissions by wave
	3.3.3 Mortality by wave
	3.4 Age-stratified analyses for deaths across all waves
	3.4.1 Comorbidities by age
	3.4.2 Mortality for comorbidities by age
	3.5 Age-stratified analyses in each wave
	3.5.1 Comorbidities by age and by wave
	3.5.2 Mortality for comorbidities by age and by wave
	3.6 Multivariable logistic regression models

	4 Discussion
	4.1 Overall mortality rates
	4.2 Mortality rates by wave
	4.3 Limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

