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Abstract

cause mortality was 0.73 (0.69 - 0.76), similar to those of the CCI’s
(0.72) and ECI’s (0.71, P = 0.0513).

Background: Patients with coronavirus disease 2019 (COVID-19)
have shown a range of clinical outcomes. Previous studies have reported that patient comorbidities are predictive of worse clinical outcomes, especially when patients have multiple chronic diseases. We
aim to: 1) derive a simplified comorbidity evaluation and determine
its accuracy of predicting clinical outcomes (i.e., hospital admission,
intensive care unit (ICU) admission, ventilation, and in-hospital mortality); and 2) determine its performance accuracy in comparison to
well-established comorbidity indexes.
Methods: This was a single-center retrospective observational study.
We enrolled all emergency department (ED) patients with COVID-19
from March 1, 2020, to December 31, 2020. A simplified comorbidity
evaluation (COVID-related high-risk chronic condition (CCC)) was
derived to predict different clinical outcomes using multivariate logistic regressions. In addition, chronic diseases included in the Charlson Comorbidity Index (CCI) and Elixhauser Comorbidity Index
(ECI) were scored, and its accuracy of predicting COVID-19 clinical
outcomes was also compared with the CCC.
Results: Data were retrieved from 90,549 ED patient visits during the
study period, among which 3,864 patients were COVID-19 positive.
Forty-seven point nine percent (1,851/3,864) were admitted to the
hospital, 9.4% (364) patients were admitted to the ICU, 6.2% (238)
received invasive mechanical ventilation, and 4.6% (177) patients
died in the hospital. The CCC evaluation correlated well with the four
studied clinical outcomes. The adjusted odds ratios of predicting inhospital death from CCC was 2.84 (95% confidence interval (CI):
1.81 - 4.45, P < 0.001). C-statistics of CCC predicting in-hospital allManuscript submitted March 12, 2021, accepted March 26, 2021
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Conclusions: CCC can accurately predict clinical outcomes among
patients with COVID-19. Its performance accuracies for such predictions are not inferior to those of the CCI or ECI’s.
Keywords: Clinical outcome; Comorbidity; COVID-19

Introduction
Currently, even with the efforts of social distancing, public
masking policies, and appropriate disease management, coronavirus disease 2019 (COVID-19) has still spread widely in
communities across the USA. By the end of 2020, in the USA
alone, there were over 20 million COVID-19 patients with
340,000+ associated deaths. COVID-19 has shown a variety
of clinical outcomes including asymptomatic with no special
treatment, symptomatic requiring hospitalization, intensive
care unit (ICU) admissions requiring invasive mechanical ventilations (IMVs), and death [1-3]. Several risk factors predicting worse clinical outcomes have been reported and validated
in many studies [4-6]. These risks include elderly, male, low
socioeconomic status (SES), and comorbidities [7-10].
Previous studies have shown that comorbidities are predictive of worse clinical outcomes [11]. However, the comorbidities studied vary across studies with inconsistent findings [12, 13]. At present, the most common COVID-related
high-risk chronic conditions (CCCs) reported from different
studies include hypertension, diabetes, chronic obstructive
pulmonary disease (COPD), cancer, liver disease, chronic renal disease, and obesity [4, 14-16], among others. Given the
fact that COVID-19 patients may have multiple comorbidities, it is important to understand the patterns of such comorbidities (e.g., number of comorbidities) in relation to clinical
outcomes. Unfortunately, very few published studies have included such reports.
Apart from these individual studies, meta-analysis studies
have also assigned different levels of risk (e.g., high, moderate,
versus low) to comorbidities, leading to variation in the predicted clinical outcomes (e.g., ICU admission, hospital mortal-

Articles © The authors | Journal compilation © J Clin Med Res and Elmer Press Inc™ | www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

237

Comorbidity and COVID-19
ity) [15, 17-19]. Different levels of risk are usually reported as
pooled odds ratios (ORs) or risk ratios (RRs). However, these
pooled OR/RRs were largely different. Nandy et al [20] reported a higher risk of chronic renal diseases than diabetes, higher
risk of pulmonary disease than cardiovascular diseases to predict COVID-19 severity. However, Barek et al [21] reported a
higher risk of diabetes than chronic renal disease, higher risk
of cardiovascular diseases than pulmonary disease to predict
COVID-19 severity. Barek et al [21] also found a higher risk of
cancer than chronic renal disease predicting COVID-19 severity, whereas Ssentongo et al [22] found a higher risk of chronic
renal disease than cancer for COVID-19 severity predictions.
These differences raise the question of whether each CCC
should be equally weighted for outcome predictions. Unfortunately, we were unable to find these answers in the current
literature.
In previous reports, diverse comorbidities have been
weighted differently to form a comorbidity index predicting
disease severity and clinical outcomes (e.g., prolonged hospitalizations, hospital mortality) with Charlson Comorbidity
Index (CCI), and Elixhauser Comorbidity Index (ECI)), and
being used widely [23, 24]. Both CCI and ECI used weighted comorbidities to predict disease severity among patients
with chronic disease conditions. Under such circumstances,
a performance accuracy comparison of weighted versus unweighted comorbidities to predict clinical outcomes could potentially provide answers on comorbidity evaluations among
COVID-19 patients.
It is important to better understand the relationship between comorbidities and disease severity, particularly during the COVID-19 pandemic. Screening COVID-19 patients
with comorbidities associated with unfavorable clinical outcomes could help prioritize disease management among this
cohort, predict disease progress to allow appropriate medical resource allocation, and even help prevent disease by
expediting the vaccination process. Therefore, in this study,
we aim to: 1) determine the patterns of CCCs, especially on
the association between the number of CCCs and four clinic
outcomes (i.e., hospital admissions, ICU admissions, receiving IMV, and in-hospital mortality); and 2) further determine
whether each CCC is equally weighted to predict disease
clinic outcomes.

Materials and Methods
Study design and setting
This was a single-center retrospective observational study. The
study hospital is an urban publicly funded hospital and a tertiary referral center with 573 licensed beds located in North
Texas, USA. The study hospital Emergency Department (ED)
is a level-one trauma center with approximately 120,000 annual patient visits. This study has been approved by the regional Institutional Review Board with waived informed consent (No. 1614030-1), and was conducted in compliance with
the ethical standards of the responsible institution on human
subjects.
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Study participants
From March 1, 2020, to December 31, 2020, we screened all
patients who presented to the study hospital ED. Among all
these patients, we further screened for patients who had laboratory severe acute respiratory syndrome coronavirus 2 (SARSCoV-2)-polymerase chain reaction (PCR) performed in the
study ED or who had recently confirmed SARS-CoV-2-PCR
tests done from outside facilities (within the past 14 days). We
enrolled all patients who had positive SARS-CoV-2-PCR tests
regardless of whether tests were done in the study ED or outside facilities. We excluded patients whose SARS-CoV-2-PCR
tests were: 1) not done in the past 14 days from the index ED
visits; or 2) negative.
Data retrieval
Study data were all retrieved from the electronic medical record (EMR) by two dedicated persons from the Department of
Information Technology, who have received sufficient training on data management and who were initially blinded to this
study (i.e., before the main results were open for all the individuals who participated in this project). We also randomly
selected 20 patient datasets each time for three times from the
entire dataset to manually check and validate the accuracy of
data retrieval.
Outcome measures
Four clinical outcomes are measured including: 1) hospital admissions; 2) ICU admissions; 3) patients who received IMV during the hospitalizations; and 4) in-hospital all-cause mortality.
Variables
The key variables of this study are CCCs. We determined
11 CCCs based on: 1) previous literature reports associating
chronic conditions with the severity of patient clinical outcomes (e.g., ICU admissions, mortalities, etc.) [7-9, 11, 12, 15,
16]; and 2) expert opinions using a modified Delphi’s technique
[25]. These CCCs include: 1) active cancer; 2) human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/
AIDS); 3) chronic pulmonary disorders including COPD and
asthma; 4) diabetes; 5) hypertension; 6) coronary artery diseases including myocardial infarction; 7) cerebrovascular accident (CVA); 8) chronic renal insufficiency/end-stage renal
disease; 9) congestive heart failure; 10) liver cirrhosis; and
11) obesity. Obesity was defined as patient body mass index
(BMI) ≥ 30, and other CCCs were defined by the International
Classification of Disease, 10th version (ICD-10 code) used
in the EMR. Meanwhile, general patient characteristics (age,
gender, race/ethnicity) were also analyzed in this study. We
divided age into four groups: 1) 18 - 54; 2) 55 - 60; 3) 61 - 65;
and 4) 66 and older. Race/ethnicity is categorized based on
the Federal Statistics and Program Administrative reporting of
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Table 1. Comparison of CCC, CCI, and ECI Comorbidity Evaluations
CCC

CCI

ECI

Active cancer

1

2

7

HIV/AIDS

1

6

0

Chronic obstructive pulmonary disease (COPD/asthma)

1

3

3

CHF

1

3

9

Hypertension

1

1

0a

Coronary artery disease/myocardial infarction

1

1

(0)

Cerebrovascular accident (CVA)

1

1

5

Diabetes

1

3

0

Obesity

1

(0)

0a

Chronic renal diseases

1

2

6

Liver cirrhosis

1

3

4

CCCs (0 - 11): each chronic condition is equally weighted. CCI: obesity not listed in CCI (0 - 25); ECI (AHRQ algorithm, 0 - 34): coronary artery disease/myocardial infarction not listed in ECI, HIV/AIDS and diabetes with no complication were listed as “0”. aObesity was scored as -5 and hypertension was scored as -1 in the original ECI AHRQ algorithm. However, due to previous report of risks of obesity and hypertension in COVID-19 patients,
to avoid the offset effect of other CCCs, we scored obesity and hypertension as 0 in this study. CCC: COVID-related high-risk chronic condition; CCI:
Charlson Comorbidity Index; ECI: Elixhauser Comorbidity Index; HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome;
CHF: congestive heart failure; AHRQ: Agency for Healthcare Research and Quality; COVID-19: coronavirus disease 2019.

basic racial and ethnic categories. We divided our patients into
four groups: 1) non-Hispanic White (NHW); 2) non-Hispanic
Black (NHB); 3) Hispanic/Latino (Hispanic); and 4) others.
Due to the relatively small sample size of other race/ethnicities (including American Indian, Alaska Native, Asian, Native
Hawaiian, or other Pacific Islanders, unknown, or patient refusal), we categorized these patients into one group.
Study protocol
First, we determined the association between the number of
CCCs and different clinical outcomes. We classified patients
with CCCs into four categories: 1) patients with no CCC; 2)
patients with one CCC; 3) patients with two CCCs; and 4) patients with at least three CCCs. Second, we determined whether clinical outcomes for patients with CCCs of different categories can be predicted using a multivariate logistic regression
model with the adjustment of other variables (i.e., age, gender,
race/ethnicity). Third, to further determine whether each CCC
should be weighted on the prediction of the severity of clinical outcomes, we measured the performance accuracy of CCC
in comparison to those of the two comorbidity indexes. These
two comorbidity indexes are CCI and ECI. Both have been
used previously to predict the severity of disease and patient
in-hospital mortality. Most of the CCCs are also included in
the CCI and ECI. Each chronic condition in CCC is weighted
equally, whereas each chronic condition in CCI and ECI is
weighted differently (Table 1).
Data analysis
Analysis of variance (ANOVA) was used to compare clini-

cal outcomes of different groups (e.g., patients with different
CCCs). We used multivariate logistic regression analyses to
determine patients with different categories of CCCs associated with four clinical outcomes with the adjustment of other
variables (age, gender, race/ethnicity). Adjusted ORs (aORs)
were reported with 95% confidence intervals (CI). Area under
a receiver operating characteristic curve (AUC) was used to
measure the performance accuracy of three different comorbidity evaluations (i.e., CCC, CCI, and ECI) predicting four
clinical outcomes. STATA 16.0 (College Station, TX) was used
for all study statistical analyses with P < 0.05 considered a
statistically significant difference.

Results
From March 1, 2020, to December 31, 2020, we enrolled all
ED patients who had laboratory confirmed positive SARSCoV-2-PCR tests (Fig. 1). Their general characteristics are
listed in Table 2. We found that Hispanic patients had the
highest positive SARS-CoV-2-PCR test rates (COVID-19
patients). Among all COVID-19 patients, Hispanic patients
tend to be younger with female predominant (P < 0.05),
whereas NHW patients are male predominant. Four clinical
outcomes were compared among different races/ethnicities.
We found no statistically significant differences occurred
(Table 2).
In this study, we focus on the number of CCCs that COVID-19 patients sustained and its relation to four clinical outcomes. In this cohort, nearly 40% of the COVID-19 patients
(1,509/3,864, 39%) did not have CCCs. In contrast, 20% of
COVID-19 patients had one CCC, 14% had two CCCs, and
26% had at least three CCCs (Table 2). More importantly, the
number of these CCCs is correlated to the severity of all four
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Figure 1. Study flow diagram. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; PCR: polymerase chain reaction.

clinical outcomes. The more CCCs patients sustained, the
more severe of these clinical outcomes the patients could have
(P < 0.001, Table 3).
Furthermore, to better determine the relationship between
CCCs and the severity of clinical outcomes, multivariate logistic regression was analyzed with the adjustments of all potential independent risks predicting disease clinical outcomes in
the literature (e.g., age, gender, comorbidities, etc.). We found
age and gender are two independent risks predicting these

four clinical outcomes, whereas race/ethnicity is not (Table
4). Even with the adjustments of all potential confounders, the
number of CCCs still predicts all four clinical outcomes independently (Table 4).
Finally, the AUCs of different comorbidity evaluation
tools were compared to determine their performance accuracy.
We found that similar performance accuracies of predicting
four clinical outcomes among CCC, CCI, and ECI (Fig. 2 and
Table 5). Therefore, it is unnecessary to weigh each CCC for

Table 2. General Characteristics of Study Patient Population
NHW

NHB

Hispanic

Others

Patient visits, n (%)

29,410 (32.5)

30,022 (33.2)

26,109 (28.8)

5,008 (5.5)

   Age (years), median (IQR)

46 (33, 57)

44 (30, 57)

41 (28, 54)

42 (29, 56)

   Gender (male), n (%)

15,777 (53.7)

15,846 (52.8)

12,902 (49.4)

2,501 (49.9)

   Number of COVID-19 tested at ED, n (%)

4,435 (16.8)

4,168 (13.9)

4,116 (15.8)

697 (13.9)

   Number of COVID-19 positive, n (%)*

794 (15.3)

1,103 (24.7)

1,711 (37.5)

256 (33.9)

Among all COVID-19 positive patients, n

794

1,103

1,711

256

   Age (years), median (IQR)*

53 (41, 62)

54 (42, 63)

50 (37, 61)

51 (38, 63)

   Gender (male), n (%)*

463 (58.3)

540 (49.0)

826 (48.3)

127 (49.6)

   Hospital admissions in COVID-19 patients, n (%)

393 (49.5)

519 (47.1)

823 (48.1)

116 (45.3)

   ICU admissions among COVID-19 patients, n (%)

71 (8.9)

107 (9.7)

158 (9.2)

28 (10.9)

   COVID-19 patients receiving ventilations, n (%)

47 (5.9)

65 (5.9)

107 (6.3)

19 (7.4)

   In-hospital all-cause mortality, n (%)

39 (4.9)

54 (4.9)

67 (3.9)

17 (6.6)

*P < 0.05. NHW: non-Hispanic White; NHB: non-Hispanic Black; IQR: interquartile range; COVID-19: coronavirus disease 2019; ED: emergency
department.
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Table 3. Association Between Clinical Outcome and Number of CCCs Among COVID-19 Patients
No CCC

One CCC

Two CCCs

≥ 3 CCCs

P value

Number of patients, n (%)

1,509 (39)

786 (20)

547 (14)

1,022 (26)

Hospital admission, n (%)

559 (37)

373 (47)

275 (50)

644 (63)

< 0.001

Intensive care unit admission, n (%)

63 (4.2)

69 (8.8)

67 (12.3)

165 (16.1)

< 0.001

Receiving mechanical ventilation, n (%)

42 (2.8)

43 (5.5)

45 (8.2)

108 (10.6)

< 0.001

All-cause in-hospital mortality, n (%)

32 (2.1)

29 (3.7)

29 (5.3)

87 (8.5)

< 0.001

COVID-19: coronavirus disease 2019; CCC: COVID-related high-risk chronic condition.

clinical outcome predictions among COVID-19 patients.

Discussion
In this study, we find the number of CCCs is associated with
all four clinical outcomes. Patients with more CCCs (≥ 3) are
associated with more severe COVID-19 clinical outcomes,
which are independent of other risks (e.g., age and gender).
In addition, it is unnecessary to weigh each CCC since their
performance accuracy to predict clinical outcomes is not inferior to those of the CCI and ECI’s. Our findings add extra
evidence on the evaluation of COVID-19 severity among patients with multiple comorbidities. More importantly, it pro-

vides a simple measurement on patients with comorbidities at
risks of COVID-19, which can be used as a basic screening
tool to prioritize disease prevention (e.g., recognizing susceptible patient populations), intervention (e.g., vaccination coverage), and management (e.g., allocating appropriate medical
resources).
Our study had similar findings to previous reports in the
literature [26, 27]. We found clinical outcomes are similar regardless of race/ethnicity though more Hispanic patients were
tested as positive. With the adjustment of age and gender, Hispanic patients had similar clinical outcomes in comparison to
other racial/ethnic patients [28]. In addition, our study validated that age and gender are two independent risks predicting
different clinical outcomes, similar to previous reports [7, 29].

Table 4. The Adjusted Odds Ratios (aOR) of Number of CCCs, Age, Gender, and Racial/Ethnical Predictive of Four Different Clinical Outcomes
Adjusted
variables

Hospital admission, aOR
(95% CI), P value

ICU admission, aOR
(95% CI), P value

IMV, aOR (95%
CI), P value

In-hospital mortality,
aOR (95% CI), P value

  No

Reference

Reference

Reference

Reference

  One

1.51 (1.26 - 1.81), P< 0.001

2.24 (1.57 - 3.21), P < 0.001

2.04 (1.31 - 3.17), P = 0.002

1.53 (0.91 - 2.58), P = 0.108

  Two

1.60 (1.30 - 1.97), P < 0.001

3.11 (2.14 - 4.51), P < 0.001

3.02 (1.93 - 4.73), P < 0.001

1.94 (1.14 - 3.31), P = 0.014

   ≥ 3

2.56 (2.13 - 3.07), P < 0.001

4.22 (3.04 - 5.84), P < 0.001

3.95 (2.66 - 5.85), P < 0.001

2.84 (1.81 - 4.45), P < 0.001

   18 - 54 years Reference

Reference

Reference

Reference

   55 - 60 years 1.21 (1.00 - 1.46), P = 0.053

1.10 (0.80 - 1.52), P = 0.561

1.18 (0.81 - 1.74), P = 0 .392 1.88 (1.18 - 3.01), P = 0.008

   61 - 65 years 1.31 (1.06 - 1.62), P = 0.013

1.38 (0.99 - 1.92), P = 0.060

1.51 (1.02 - 2.24), P = 0.039

2.16 (1.32 - 3.52), P = 0.002

  66+ years

1.93 (1.59 - 2.35), P < 0.001

1.35 (1.00 - 1.82), P = 0.048

1.31 (0.91 - 1.88), P = 0.148

3.58 (2.38 - 5.37), P < 0.001

  Female

Reference

Reference

Reference

Reference

  Male

1.77 (1.55 - 2.02), P < 0.001

1.86 (1.48 - 2.34), P < 0.001

1.72 (1.31 - 2.27), P < 0.001

1.75 (1.27 - 2.41), P = 0.001

  NHW

Reference

Reference

Reference

Reference

  NHB

0.84 (0.69 - 1.01), P = 0.067

1.00 (0.73 - 1.39), P = 0.979

0.92 (0.62 - 1.36), P = 0.660

0.90 (0.58 - 1.39), P = 0.636

  Hispanic

1.04 (0.87 - 1.24), P = 0.665

1.18 (0.87 - 1.59), P = 0.288

1.21 (0.84 - 1.73), P = 0.307

0.86 (0.57 - 1.31), P = 0.484

  Othersa

0.97 (0.72 - 1.31), P = 0.860

1.60 (0.99 - 2.58), P = 0.054

1.62 (0.92 - 2.86), P = 0.095

1.59 (0.87 - 2.93), P = 0.132

Number of CCCs

Age

Sex

Populations

CI: confidence interval; CCC: COVID-related high risk chronic condition; NHW: non-Hispanic White; NHB: non-Hispanic Black; ICU: intensive care
unit; IMV: invasive mechanical ventilations. aOthers refer to American Indian, Alaska Native, Asian, Native Hawaiian or other Pacific Islanders, unknown, or patient refusal.
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Figure 2. Using AUC to compare the performance accuracy of CCC, CCI, and ECI predictive of four different clinical outcomes.
Panel A: Performance accuracy comparisons of hospital admission. Panel B: Performance accuracy comparisons of ICU. Panel
C: Performance accuracy comparisons of patients receiving invasive mechanical ventilations. Panel D: Performance accuracy
comparisons of in-hospital all-cause mortality. CCC: COVID-related high-risk chronic condition; CCI: Charlson Comorbidity Index; ECI: Elixhauser Comorbidity Index; ROC: receiver operating characteristics; ICU: intensive care unit; AUC: area under a
receiver operating characteristic curve.

The difference of this study was to focus on the comorbidities of COVID-19 patients. While diverse CCCs have been
reported previously [7, 11], we focused on these 11 chronic
conditions due to relatively common occurrence among the
study cohort. Using study CCC screening will help healthcare
providers further prioritize COVID-19 disease prevention,
evaluation, and management. Including too many chronic
conditions would make such screening too complicated and
less efficient. Similarly, screening too few comorbidities
would miss significant amounts of patients with suboptimal
sensitivity. Under this circumstance, we chose these 11 CCCs
for further evaluation.

At present, we are uncertain whether each CCC should
be weighted equally. Therefore, this study was performed to
compare the performance accuracy of CCC, CCI, and ECI.
CCI and ECI are both used widely to predict disease severity,
prolonged hospitalization, and even in-hospital mortality with
different weights on different chronic conditions [30, 31]. CCI
and ECI have both been reported to accurately predict COVID-19 severity [32-34]. Therefore, we can use them as the reference to compare the performance accuracy of the study’s
simplified comorbidity evaluation (i.e., CCC). In addition,
since we only used limited chronic conditions for such comparisons, it is not intended to confirm the superiority of using

Table 5. Using C-Statistics to Compare the Performance Accuracy of CCC, CCI, and ECI Predictive of Four Different Clinical Outcomes
Hospital admissions

CCC

CCI

ECI

P value

0.66 (0.64 - 0.68)

0.66 (0.64 - 0.68)

0.66 (0.64 - 0.68)

0.9366

Intensive care unit admissions

0.69 (0.66 - 0.71)

0.68 (0.66 - 0.71)

0.67 (0.64 - 0.70)

0.0543

Receiving mechanical ventilations

0.69 (0.65 - 0.72)

0.68 (0.65 - 0.71)

0.67 (0.63 - 0.70)

0.0447

In-hospital mortality

0.73 (0.69 - 0.76)

0.72 (0.68 - 0.76)

0.71 (0.68 - 0.75)

0.0513

CCC: COVID-related high-risk chronic condition; CCI: Charlson Comorbidity Index; ECI: Elixhauser Comorbidity Index.
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CCC instead of CCI/ECI for overall accuracy prediction of
disease severity. Our study only proved that equally weighted
CCC function as the same as CCI/ECI for COVID-19 clinical
outcome predictions. A future study is warranted to further
determine the performance accuracy of CCI/ECI predicting
disease severity with all chronic conditions being evaluated.
Our study has its limitations. The first is patient selection bias because incomplete/missing/incorrect data cannot be
avoided due to the nature of retrospective single-center study
design. Second, we only included 11 chronic conditions in this
study. However, other chronic conditions reported to be associated with COVID-19 disease severity are not included. This
may affect the overall accuracy of this model prediction. Third,
we included patients with ≥ 3 CCCs into one category. Using
such a category may affect the power of the study since we
do not know whether the number of comorbidities still correlated well with the disease severity in patients with more than
three comorbidities. However, such patients (≥ 3 comorbidities) might account for very few numbers of patients thus the
performance accuracy of disease severity predictions might be
less affected. Fourth, this study only includes age, gender, and
race/ethnicity as potential independent risks affecting COVID-19 disease severity in the multivariate logistic regression
model, other potential risks predicting disease severity are not
included, which may affect the final aORs of comorbidities.
Therefore, a large-scale prospective multi-center study is warranted for further validations.
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