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Pilot Studies

Introduction

Patients databases are an important part of healthcare.1-3 
Professionals and researchers in healthcare rely on well-
characterized patient samples for the development of new 
research studies and the growth of understanding of illness 
and disease, especially in terms of specific or rare diseases 
and conditions.1-3 For instance, the National Institutes of 
Health (NIH) maintains a noncomprehensive list of almost 
75 active patient registries that facilitate research and dis-
covery in areas such as Alzheimer’s, heart, and kidney dis-
ease, as well as, cancer, infertility, and genetic disorders, to 
name just a few.1

The COVID-19 pandemic has shined a light on just how 
important patient databases can be to the development and 
knowledge of novel diseases. With major knowledge gaps 
regarding COVID-19, it is paramount to medical research 

that adequately characterized patient cohorts are available 
for COVID-19 studies of predictors, outcomes, and treat-
ments to proceed.4 In the 9 months since the onset of 
COVID-19, numerous patient databases have been devel-
oped and utilized to address important research questions. 
For instance, some databases have focused on acquisition of 
patient data on cardiovascular comorbidities,5 while others 
have emphasized comorbid conditions such as diabetes6 
and cancer.7 These are important databases, but they lack 
the data necessary to offer medical researchers the ability to 
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examine multiple comorbid conditions or diseases. The 
present paper describes the development of a well-charac-
terized cohort of COVID-19 patients from the Midwest 
who presented for care to the Mayo Clinic in the earliest 
months of the pandemic.

Method

The retrospective data collection design for this database 
was reviewed by The Mayo Clinic Institutional Review 
Board (IRB) and determined to be exempt under section 45 
CFR 46.101, item 2. During the study, all significant changes 
to study design and procedures were appropriately filed, 
reviewed, and approved by the IRB.

We used the EPIC platform to extract data for this data-
base. The EPIC platform provides a robust real-time plat-
form for Research at Mayo Clinic that combines diverse 
data across multiple databases and presents that data to 
applications as if it were single-sourced. This platform 
enables reproducible and accessible research across the 
enterprise, and it is maintained by institutional resources. 
Any research conducted with this database must be under 
the oversight of our Institutional Review Board and as such 
can only be accessed by investigators within any site or sat-
ellite associated with our Institution. Accessibility to this 
specific Mayo Clinic sub-cohort will be considered by the 
corresponding author at a reasonable request and following 
institutional guidelines.

This COVID-19 cohort database includes 1169 adults 
aged 18 years of age or older who tested positive in Mayo 
Clinic Rochester or the Mayo Clinic Midwest Health 
System. In this paper we describe clinical characteristics of 
the sample of consecutive patients who tested positive 
between January 1 and May 23 of 2020. All patients had a 
COVID-19 positive result on reverse-transcriptase–poly-
merase-chain-reaction (RT-PCR) assays from nasopharyn-
geal swab specimens.

Data abstracted from the electronic medical record 
(EMR) for the above population included demographic data, 
clinical data and comorbidity data. Patient demographic data 
included: age, gender, ethnicity, race, and marital status; 
Patient clinical data included: dates of admission and  
discharge, ICU admission, hospital mortality, COVID-19 
mediations, height, weight, and body mass index, pregnancy 
status, and smoking history; Three separate assessments of 
comorbidity were included in the patient data: (1) Charlson 
Index Score;8,9 (2) The U.S Department of Health and 
Human Services (DHHS) multi-morbidity score8,10; and  
(3) the Mayo Clinic COVID-19 Risk Factors Score. The 
Charlson Comorbidity Index is a severity weighted measure 
of total comorbidity burden which predicts mortality risk 
and includes 17 comorbidities. A score of 0 on the Charlson 
Comorbidity Index translates to a 98% chance of 10-year 

survival, while a score of 7 or greater yields a 0% chance of 
10-year survival. Second, the U.S Department of Health 
and Human Services (DHHS) multi-morbidity score is a 
composite score representing the cumulative increased bur-
den of 20 conditions (see Table 1). International Classification 
of Diseases, 9th Revision (ICD-9) and 10th Revision (ICD-
10) codes were used to define the 20 chronic conditions.11 
Data for patients in this databases were retrieved electroni-
cally from the Rochester Epidemiology Project (REP)12 
within a 5-year capture frame from COVID-19 diagnosis. 
The list of the 20 conditions is provided in Table 1. Third,

The COVID-19 risk score was designed to be a Mayo 
specific modification to an Epic generated COVID score. It 
was created by Infectious diseases as a clinical tool to assist 
clinicians with the timely triage and care of patients who 
tested positive for COVID-19 in the Mayo Clinic and Mayo 
Clinic Health System. The goal was to identity patients with 
a positive test who may require a higher level of care and 
triage them appropriately to prevent or mitigate an adverse 
outcome. The score took into consideration pertinent 
comorbidities (hypertension, heart disease, chronic lung 
conditions including COPD and asthma, chronic liver or 
kidney disease, diabetes, immune-compromising states, and 
nursing home residency) in addition to age, gender, and 
pregnancy. Score of 0 to 2 was considered low risk, score of 
3 to 5 was considered moderate risk and score over 6 was 
considered high risk. The validation of this COVID-19 Risk 
Index Score is currently in submission.13 Patient baseline 
clinical characteristics (including those that comprise 
reported risk scores), vital signs and laboratory values were 
retrieved electronically using the EPIC platform, within 
30 days of the COVID-19 diagnosis. Clinical diagnosis and 
the Charlson comorbidity index were determined based  
on administrative billing data using the International 
Classification of Diseases 9th to 10th revision. In order to 
decrease false positive results, 2 occurrences of a code 
(either the same code or 2 different codes within the code 
set for a given disease) separated by more than 30 days and 
occurring within 5 years before the index date were required 
for diagnosis, an approach that has been extensively vali-
dated in the past.14,15 This information was reviewed for 
internal validation in duplicate by 2 independent investiga-
tors (AC and JMI) who were blinded to the patients other 
characteristics.

Baseline patient characteristics are summarized using 
mean ± standard deviation, median and range for continu-
ous variables and frequencies counts and percentages for 
categorical variables.

Results

COVID-19 patients included in this sample totaled 1169. 
Descriptive characteristics of this patient databases are 
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included in Table 2. Patients were 18 to 99 years of age 
(M = 43.9, SD = 17.5). The sex distribution was 50.7% 
female and 49.2% male. The largest racial group was Whites 
(69.0%) followed by Blacks (23.4%) and Asian Americans 
(5.8%), and Native Americans, Native Hawaiians, and non-
disclosing each represented less than 1% of the patient sam-
ple. Most patients were non-Hispanic (77.0%), with the 
balance being Hispanic (16.3%) and non-disclosing patients 
(6.7%). Just under half (48.4%) were married, less than 2% 
were pregnant, and the majority had never smoked (72.3%). 
At the time of this database creation, few Americans were 
able to access therapeutic medications for Covid-19 and 
this is reflected in that with less than 1% of patients actively 
using Hydroxychloroquine, Remdesivir, or Tocilizumab. 
Among the 41.5% patients classified as obese (body mass 
index (BMI) equal or greater than 30 kg/m2) 48.9% were 
classified as severely obese (BMI equal to or greater than 
40 kg/m2). In terms of comorbid conditions, a total of 14 
conditions are present in the database. Just over a 4th of the 
sample (25.1%) had a cardiovascular condition, and dyslip-
idemia (16.0%) and diabetes mellitus (11.2%) were also 
common as were chronic obstructive pulmonary disease 
(6.6%), asthma (7.5%), and cancer (5.1%). All other comor-
bid conditions were less the 5% in prevalence. Comorbidity 
indices showed the full range of observed scores. On the 
DHHS Multi-Morbidity Score 19.1% of the samples had 3 
or more comorbidities, on the Charlson Comorbidity Index 
the average was 0 (observed range = 0-13) (The age-adjusted 

Charlson comorbidity index observed range was 0-16), and 
on the Mayo Clinic COVID-19 Risk Factors Score the aver-
age was 1 (observed range = 0-9).

Discussion

The purpose of the present work was to create a COVID-19 
patient cohort database that could be used to investigate ques-
tions pertaining to risk factors for adverse COVID-19 out-
comes, especially as risk pertains to comorbid conditions. 
COVID-19 patient cohorts remain highly relevant to under-
standing the development, progression, and outcomes of 
COVID-19, and importantly, to identifying those at highest 
risk of adverse outcomes.5-7As the COVID-19 pandemic 
rages on and it once again becomes the leading cause of death 
in older Americans,16 and even adds considerably to excess 
death in younger Americans17 the need to identify those most 
vulnerable so we can do everything in our power to protect 
them from adverse outcomes is ever more important.

While there are a few studies reporting community 
COVID-19 cohorts in early stages of the COVID-19 pan-
demic, there are no reported cohorts in the mid to late stages 
of the pandemic or comparison studies of cohorts before 
and after the COVID-19 vaccine. In a retrospective multi 
center cohort of hospitalized patients with COVID-19 from 
March 1 to April 17, 2020, Imam et al report that advanced 
age and increasing number of comorbidities were indepen-
dent predictors of inpatient modality for COVID-19 

Table 1.  Twenty Chronic Conditions Selected by the U.S. Department of Health and Human Services (DHHS).

  1. Hypertension Hypertension/high blood pressure
2. Congestive heart failure Congestive heart failure
3. Coronary artery disease Coronary artery disease

Coronary heart disease
Ischemic heart disease

4. Cardiac arrhythmias Cardiac arrhythmias
5. Hyperlipidemia Hyperlipidemia
6. Stroke Stroke

Cerebrovascular disease (stroke or transient ischemic attack)
7. Arthritis Arthritis
8. Asthma Asthma
9. Autism spectrum disorder Autism

10. Cancer Cancer (all except non-melanoma skin)
11. Chronic kidney disease Chronic kidney disease
12. Chronic obstructive pulmonary disease Chronic obstructive pulmonary disease
13. Dementia Dementia (including Alzheimer’s and other senile dementias)
14. Depression Depression
15. Diabetes Diabetes (all non-gestational)
16. Hepatitis Hepatitis
17. HIV Human immunodeficiency virus (HIV)
18. Osteoporosis Osteoporosis
19. Schizophrenia Schizophrenia
20. Substance abuse disorders Substance use (drug and alcohol)
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patient’s.18 Of the 1305 patient’s in this study, mean age was 
61 years (compared to 43.9 years in our sample), 53.8% of 
patients were male (compare to 49.2% in our sample), 
66.1% of patients were African American (compared to 
23.4% in our sample). The top 3 comorbidities were hyper-
tension (56.2% in their sample, 17.5% in our sample), fol-
lowed by diabetes mellitus (30.1% in their sample compared 
11.2% in our sample), chronic kidney disease (17.5% in 
their sample compared to 3.8% in our sample). Although 
some of these differences are likely attribute ability to older 
males and African American race, it highlights the signifi-
cance of multi morbidity in COVID-19 patients.

In another study describing the 1st 100 cases of COVID-
19 in a hospital from Madrid with a 2 month follow-up, 
Munoz et al report a high mortality (23%) at 2 month follow 
up mostly attributable to advanced age and presence of 
multi morbidity.19 The top 3 comorbidities in their sample 
were hypertension, heart disease and diabetes mellitus. 
Their adjusted charlson comorbidity index was 2 compared 
to out score of 0 indicating a sicker population that likely 
contributed to the higher mortality.

Although no longitudinal assessments utilizing this 
cohort have been completed to date, we speculate that this 
database could have several uses in the future. For exam-
ple, there is currently a deficit of information on post covid 
syndrome, a condition characterized by fatigue, breathless-
ness, arthralgias, and neuropsychological symptoms.20 One 

Table 2.  Characteristics of Patients.

Demographic information and 
characteristics No. (%) (N = 1169)

Age, mean (SD) [range], years 43.9 (17.6) [18.0-99.0]
Gendera

  Female 593 (50.7)
  Male 575 (49.2)
  Chose not to disclose 1 ( 0.1)
Racea

  American Indian/Alaskan Native 6 (0.5)
  Asian 68 (5.8)
  Black or African American 274 (23.4)
  Native Hawaii/Pacific Islander 3 (0.3)
  White 807 (69.0)
  Choose not to disclose 11 (0.9)
Ethnicity
  Hispanic or Latino 191 (16.3)
  Not Hispanic or Latino 900 (77.0)
  Choose not to disclose 78 (6.7)
Marrieda 565 (48.4)
Currently pregnant 20 (1.7)
Never smoker 845 (72.3)
Active COVID-19 medication
  Hydroxychloroquine 3 (0.3)
  Remdesivir 3 (0.3)
  Tocilizumab 1 (0.1)
Comorbidities at baselineb

Total No. 1169
Hypertension 204 (17.5)
Coronary artery disease 59 (5.0)
Congestive heart failure 30 (2.6)
Dyslipidemia 187 (16.0)
Diabetes mellitus 131 (11.2)
Cerebrovascular disease 17 (1.5)
Chronic obstructive pulmonary disease 77 (6.6)
Asthma 88 (7.5)
Chronic kidney disease 45 (3.8)
Chronic liver disease 44 (3.8)
Cancer 60 (5.1)
HIV 1 (0.1)
Dementia 35 (3.0)
Substance abuse disorderc 14 (1.2)
DHHS multi-morbidity score, median 

[range]d
       1 [0-12]

  None comorbidity 566 (48.4)
  ≥3 comorbidities 224 (19.1)
Charlson comorbidity index score, 

median [range]e
       0 [0-13]

COVID-19 risk factor score, median 
[range]f

     1 [0-9]

BMIg, mean (SD) [range], kg/mt2   29.8 (7.3) [15.5-66.8]

(continued)

Demographic information and 
characteristics No. (%) (N = 1169)

Obesity (BMI ≥ 30)g 427 (41.5)
  Severe obesity (BMI ≥35)g 209 (48.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms 
divided by height in meters squared); COVID-19, coronavirus disease 
2019; HIV, human immunodeficiency virus; SD, standard deviation.
aRace, ethnicity and marital status data were collected by self-report in 
pre-specified fixed categories.
bComorbidities listed here are defined as medical diagnoses included in 
medical history by ICD-9 coding. These include, but are not limited to, 
those presented in the table.
cSubstance abuse disorders: drug and alcohol abuse.
dThe DHHS multi-morbidity score reflects the cumulative increase 
burden of 20 conditions proposed by the U.S. Department of Health and 
Human Services (DHHS).
eCharlson Comorbidity Index predicts the 10-year mortality for a 
patient based on age and number of serious comorbid conditions. Scores 
are summed to provide a total score to predict mortality. The lowest 
score of 0 corresponds to a 98% estimated 10-year survival rate.
fCOVID-19 Risk Factors Score by Mayo Clinic asses identify the number 
of risk factors for severe illness in COVID-19 patients. A score of 6 or 
more reflects high risk for severe illness.
gAmong the 1169 cohort patients, 142 patients had missing weight and 
height, therefore, only 1027 were included in the BMI analysis.

Table 2. (continued)
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unique aspect of this dataset is its ability to be linked to the 
electronic medical record. This would allow us to measure 
real time clinical encounters related to post covid syn-
drome and long term outcomes including associated mor-
bidity and disability longitudinally in this patient cohort. 
This is important information as medical institutions glob-
ally prepare to provide clinical care for this little known 
condition. In addition, this database which represents 
patients with COVID-19 earlier on in the pandemic could 
be expanded to include patients in the middle and latter 
part of the pandemic. This would allow for comparative 
studies that provides datas on how therapeutics and vac-
cines altered mortablity and impacted post covid sequelae. 
Additionally the exact mechanism for the association of 
COVID-19 with cardiovascular comorbidities such as 
hypertension, coronary artery disease and diabetes is cur-
rently unknown. A well characterized cohort would allow 
future mechanistic studies related to COVID-19.

Our cohort compilation has several limitations. First, 
our cohort reflects the demographic characteristics of the 
region in which this medical center is located; therefore 
our sample is predominantly Caucasian and our findings 
therefore have limited generalizability to cohorts that are 
more racially and ethnically diverse. This limitation could 
be easily addressed by the inclusion of COVID -19 patients 
from 2 other states (pending IRB approval) where this 
medical center has a presence (AZ and FL) where the pop-
ulation is more racially and ethnically diverse. Second, 
this this database is also limited in that it consists of posi-
tive Covid-19 cases in the first phase of the Covid-19 pan-
demic (March 2020-May 2020) and does not contain 
further follow up past May 2020. This limitation too can 
be addressed, since the database can be added to and long 
term follow up through the patient electronic medical 
record can be obtained. Additionally the database can eas-
ily adapted to include long term follow up and it can be 
compared with positive cases mid to late pandemic (May-
August 2020 and September-December 2020, as well as 
January-June 2021) to detect and trace changes in pan-
demic patient profiles in order to improve our knowledge 
on treatment and prevention.

Conclusion

This paper describes the construction of a well-character-
ized patient cohort established in the earliest phases of the 
pandemic and developed to aid in the investigation of risk 
factors for adverse outcomes of COVID-19. The primary 
advantages of this patient cohort are its early develop-
ment and considerable assessment and prevalence of 
comorbid conditions that will aid in investigating ques-
tions of risk and vulnerability to COVID-19-related 
adverse outcomes. The cohort is large, well-constructed, 

and offers the opportunity to examine important and 
urgent questions regarding outcomes of COVID-19. In 
the future, this cohort would potentially allow for com-
parisons between patients afflicted by COVID-19 in ear-
lier versus middle and later stages of the pandemic.
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