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A B S T R A C T   

Introduction: Patients with pre-existing cardiovascular disease may carry a higher risk for mortality from COVID- 
19. This study examined the association between individuals with pre-existing cardiovascular disease admitted 
for COVID-19 and their clinical outcomes. 
Methods: A retrospective cohort study was conducted on patients admitted with COVID-19 to Rush University 
System for Health (RUSH) to identify cardiovascular risk factors associated with increased mortality and major 
adverse cardiovascular events (MACE; a composite of cardiovascular death, stroke, myocardial injury, and heart 
failure exacerbation). Multivariable logistic regression was used to adjust for demographic data and comorbid 
conditions. 
Results: Of the 1682 patients who met inclusion criteria, the median age was 59. Patients were predominantly 
African American (34.4 %) and male (54.5 %). Overall, 202 (12 %) patients suffered 60-day mortality. In the 
multivariable model that assessed risk factors for 60-day mortality, age 60–74 (adjusted odds ratio [aOR] 3.30 
[CI: 1.23–10.62]; p < 0.05) and age 75–100 (aOR 4.52 [CI: 1.46–16.15]; p < 0.05) were significant predictors 
when compared to those aged 19 to 39. This model also showed that those with past medical histories of atrial 
fibrillation (aOR 2.47 [CI: 1.38–4.38]; p < 0.01) and venous thromboembolism (aOR 2.00 [CI: 1.12–3.50]; p <
0.05) were at higher risk of 60-day mortality. 
Conclusion: In this cohort, patients over 60 years old with a pre-existing history of atrial fibrillation and venous 
thromboembolism were at increased risk of mortality from COVID-19.   

1. Introduction 

The coronavirus disease of 2019 (COVID-19) continues to pose major 
public health implications. The COVID-19 disease caused by SARS-CoV- 
2 has infected >335 million and resulted in 6.3 million fatalities as of 
July 2022 [1]. The total cost of the pandemic is estimated at more than 
$16 trillion, or approximately 90 % of the annual gross domestic product 
of the US [2]. Risk factors associated with increased mortality include 
older age, male sex, obesity, myocardial infarction, congestive heart 
failure, dementia, chronic pulmonary disease, renal disease, and solid 
metastatic tumor [3–6]. Regarding cardiovascular-specific risk factors, a 

study by Pareek et al. demonstrated that age and previous ventricular 
arrhythmia were associated with increased mortality [7]. Further, after 
adjusting for confounding variables, atrial fibrillation has been associ
ated with increased mortality [8]. However, data on 60-day outcomes in 
patients with pre-existing cardiovascular conditions are still limited. 

To further elucidate comorbidities associated with poor COVID-19 
prognosis, this retrospective cohort study of 1682 hospitalized COVID- 
19 patients utilized multivariable logistic regression to identify inde
pendent risk factors for 60-day mortality. 
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2. Methods 

This was a retrospective cohort study of patients ≥18 years old with 
COVID-19, confirmed by polymerase chain reaction, March to 
November 2020 who were admitted to Rush University System for 
Health (RUSH), a 664-bed academic medical center and two affiliated 
community hospitals with 411 beds. Data were collected through a 
combination of automatic and manual extraction methods. The medical 
record of each patient included in the study was followed and reviewed 
by physician investigators for a minimum of 60 days from the first day of 
their COVID-19 admission by chart review of both the RUSH system. 
Records from local hospitals that use EPIC electronic medical records 
(EPIC Systems, Verona, WI) were also reviewed. 

Comorbidities were defined with automatically extracted data from 
the International Statistical Classification of Diseases and Related Health 
Problems, 10th revision (ICD-10) codes. 

Patient records were manually reviewed for major complications up 
to 60 days from hospital admission, which included myocardial injury 
defined as cardiac troponin I > 0.09 ng/mL (Troponin I; Roche Di
agnostics™, normal limits 0.0 ng/ml to 0.09 ng/ml), sustained ven
tricular arrhythmia, deep venous thrombosis, symptoms of acute heart 
failure, acute renal failure requiring renal replacement therapy, or 
pulmonary embolism. Readmission and mortality data were also 
collected from the chart review. If there was no mortality documented, 
the patient was counted as alive. Race was self-identified and extracted 
as such from the medical record. Patients of Hispanic and Latino origin 
were categorized as “Other” in the medical records and further 

identified into Hispanic and Latino ethnicity. 
The study's primary outcome was 60-day mortality. The secondary 

outcomes were in-hospital mortality, intubation, and 60-day major 
adverse cardiovascular events (MACE), a composite outcome consisting 
of cardiovascular death, stroke, myocardial injury, and heart failure 
exacerbation (Table 1). 

All data analysis, including statistical analyses, was performed using 
RStudio version 1.3 (Boston, Massachusetts). Continuous variables were 
compared with t-tests or Wilcoxon rank-sum test, and categorical vari
ables with the Pearson chi-square test. Continuous variables are re
ported with mean and standard deviation for normally distributed 
variables and with median and interquartile range for variables not 
normally distributed. Categorical variables are reported as counts and 
proportions. 

Logistic regression was performed between the comorbidities as 
predictors for 60-day mortality in one model, in-hospital mortality in a 
second model, MACE in a third model, and intubation in a fourth model. 
All covariates present in Tables 2, 3, 4, and 5 were included in a single 
model to predict 60-day mortality, in-hospital mortality, MACE, and 
intubation respectively. Including all the comorbidities into a single 
model for each outcome allows for assessing each covariate indepen
dently by adjusting the other variables in the model. Covariates for each 
model were chosen after review of existing literature describing risk 
factors for adverse outcomes in COVID-19 with preference given to 
variables with previously significant findings. Adjusted odds ratios 
(aOR) with 95 % confidence intervals (CI) are reported for logistic 
regression. The threshold for statistical significance was set to a p-value 
<0.05. 

Due to the significant association between glycemic control and 

Table 1 
Baseline characteristics stratified by 60-day survival versus mortality.   

Survived 60-Day 
Mortality  

n 1480 202  
Age (median [IQR]) 57.00 [45.00, 

69.00] 
67.00 [58.00, 
76.00]  

<0.001 

Male Sex (%) 799 (54.0) 117 (57.9)  0.328 
BMI (median [IQR]) 30.90 [26.37, 

37.02] 
30.30 [26.20, 
36.50]  

0.281 

Race (%)    0.029 
White 382 (25.8) 68 (33.7)  
African American 527 (35.6) 52 (25.7)  
Asian 21 (1.4) 5 (2.5)  
Other 464 (31.4) 63 (31.2)  
Unknown or patient declined 
to provide 

86 (5.8) 14 (6.9)  

Current smoker (%) 71 (5.2) 6 (3.6)  0.474 
Atrial fibrillation (%) 183 (12.4) 71 (35.1)  <0.001 
Coronary artery disease (%) 364 (24.6) 82 (40.6)  <0.001 
Hypertension (%) 927 (62.6) 147 (72.8)  0.006 
COPD (%) 109 (7.4) 27 (13.4)  0.005 
Diabetes mellitus (%) 673 (45.5) 101 (50.0)  0.256 
Asthma (%) 216 (14.6) 19 (9.4)  0.059 
Cancer (%) 182 (12.3) 30 (14.9)  0.361 
Ventricular ARRHYTHMIA (%) 53 (3.6) 26 (12.9)  <0.001 
Stroke (%) 212 (14.3) 35 (17.3)  0.305 
Peripheral artery disease (%) 136 (9.2) 17 (8.4)  0.820 
Myocardial infarction (%) 202 (13.6) 57 (28.2)  <0.001 
Venous thromboembolism (%) 193 (13.0) 52 (25.7)  <0.001 
Life-threatening arrhythmia (%) 16 (1.1) 10 (5.0)  <0.001 
Heart failure (%) 299 (20.2) 69 (34.2)  <0.001 
Hyperlipidemia (%) 696 (47.0) 113 (55.9)  0.021 
Obstructive sleep apnea (%) 231 (15.6) 203 (11.4)  0.142 
Pacemaker or ICD (%) 49 (3.3) 10 (5.0)  0.325 
Interstitial lung disease (%) 29 (2.0) 11 (5.4)  0.005 
HIV (%) 12 (0.8) 1 (0.5)  0.958 
Dementia (%) 119 (8.0) 21 (10.4)  0.317 
Peptic ulcer disease (%) 51 (3.4) 7 (3.5)  1.000 
Cirrhosis (%) 36 (2.4) 15 (7.4)  <0.001 
Pulmonary hypertension (%) 67 (4.5) 18 (8.9)  0.013 
Chronic kidney disease (%) 345 (23.3) 78 (38.6)  <0.001 

Abbreviations: IQR = interquartile range; BMI = body mass index; COPD =
chronic obstructive pulmonary disorder; HIV = human immunodeficiency virus. 

Table 2 
Multivariable model for risk factors of 60-day mortality.   

Adjusted OR (CI) p-value 

Age   
18–39 1 [Ref] – 
40–59 1.42 (0.54–4.47) 0.507 
60–74 3.30 (1.23–10.62) 0.027 
75–100 4.52 (1.46–16.15) 0.013 

Race   
White 1 [Ref] – 
African American 0.60 (0.33–1.09) 0.093 
Asian 0.36 (0.02–2.37) 0.376 
Other 1.14 (0.65–2.04) 0.643    

BMI   
<25 1 [Ref] – 
25–30 0.98 (0.47–2.08) 0.955 
>30 1.37 (0.71–2.79) 0.362 

Comorbidities   
Atrial fibrillation 2.47 (1.38–4.38) 0.002 
CAD 0.87 (0.41–1.77) 0.712 
Hypertension 0.69 (0.38–1.26) 0.225 
COPD 1.00 (0.43–2.21) 0.993 
Asthma 0.63 (0.28–1.30) 0.232 
Ventricular arrhythmia 2.19 (0.97–4.73) 0.050 
Myocardial infarction 1.58 (0.74–3.46) 0.241 
Venous thromboembolism 2.00 (1.12–3.50) 0.017 
Heart failure 0.83 (0.45–1.49) 0.532 
Hyperlipidemia 0.81 (0.48–1.38) 0.444 
Interstitial lung disease 1.51 (0.45–4.46) 0.475 
Cirrhosis 2.68 (0.93–7.13) 0.055 
Pulmonary hypertension 0.84 (0.31–2.09) 0.718 
Chronic kidney disease 0.78 (0.44–1.37) 0.397 

Prior glycemic control   
HbA1c < 6.5 1 [Ref] – 
HbA1c 6.5–7.4 1.95 (1.06–3.58) 0.031 
HbA1c 7.5–8.4 2.01 (0.97–4.07) 0.056 
HbA1c ≥ 8.5 1.15 (0.62–2.10) 0.654 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = body mass 
index; COPD = chronic obstructive pulmonary disorder; DM = diabetes mellitus; 
HbA1c = hemoglobin A1c. 
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cardiovascular disease, glycemic control was assessed regardless of 
diabetes mellitus status with the last hemoglobin A1c within one year 
before patients' COVID-19 admission. To evaluate the relationship 

between glycemic control and the outcomes of this study, HbA1c was 
additionally plotted using univariable local regression with locally 
estimated scatterplot smoothing (LOESS) to graphically display esti
mated outcome probabilities across the range of values. 

3. Results 

A total of 1682 patients were included in our cohort with a median 
age of 59 years old (interquartile range [IQR] 46–71), and BMI was 30.8 
(IQR 26.3–37.0). In terms of race, 579 (34.4 %) were African American, 
450 (26.6 %) White, 26 (1.5 %) Asian, and 527 (31.3 %) patients 
identified as “Other” race. For 100 (5.9 %) patients, race was either 
unknown or the patient declined to answer when asked. There were 77 
(4.6 %) patients who were current smokers. The median length of stay 
was 6 days (IQR 3–11). A total of 153 patients (9.1 %) in the cohort died 
during their index COVID-19 hospitalization. 

In the overall cohort, the incidence of various cardiovascular 
comorbidities included atrial fibrillation in 254 (15.1 %), hypertension 
in 608 (36.1 %), history of ventricular arrhythmias in 79 (4.7 %), history 
of myocardial infarction in 259 (15.4 %), history of heart failure in 368 
(21.9 %), and hyperlipidemia in 809 (48.1 %). In terms of chronic res
piratory disease, chronic obstructive pulmonary disease, asthma, and 
interstitial lung disease were each present in 136 (8.1 %), 235 (14.0 %), 
and 40 (2.4 %) patients, respectively. 

3.1. Primary 60-day mortality outcome 

A total of 202 (12.0 %) patients in the cohort died within 60 days of 
their COVID-19 admission. Compared to the age 18–39 group, 60 to 74- 
year-old patients (aOR 3.30 [CI: 1.23–10.62]; p < 0.05) and 75 to 100- 
year-old patients (aOR 4.52 [CI: 1.46–16.15]; p < 0.05) had increased 
60-day mortality (Fig. 1A; Table 2). The probability of mortality was 
plotted across the continuous range of ages using LOESS, demonstrated 

Table 3 
Multivariable model for risk factors of in-hospital mortality.   

Adjusted OR (CI) p-value 

Age   
18–39 1 [Ref] – 
40–59 1.03 (0.41–3.00) 0.946 
60–74 2.46 (0.96–7.24) 0.077 
75–100 1.82 (0.57–6.29) 0.326 

Race   
White 1 [Ref] – 
African American 0.64 (0.33–1.24) 0.187 
Asian 0.38 (0.02–2.61) 0.413 
Other 1.29 (0.71–2.40) 0.408 

BMI   
<25 1 [Ref] – 
25–30 1.00 (0.46–2.25) 0.999 
>30 1.08 (0.53–2.32) 0.838 

Comorbidities   
Atrial fibrillation 2.52 (1.35–4.65) 0.003 
CAD 0.67 (0.28–1.50) 0.345 
Hypertension 0.57 (0.31–1.05) 0.070 
COPD 1.14 (0.45–2.67) 0.776 
Asthma 0.79 (0.34–1.66) 0.554 
Ventricular arrhythmia 1.88 (0.78–4.24) 0.141 
Myocardial infarction 2.02 (0.86–4.99) 0.115 
Venous thromboembolism 2.10 (1.14–3.78) 0.015 
Heart failure 0.85 (0.44–1.60) 0.621 
Cirrhosis 2.13 (0.64–6.03) 0.179 
Chronic kidney disease 0.65 (0.34–1.20) 0.178 

Prior glycemic control   
HbA1c < 6.5 1 [Ref] – 
HbA1c 6.5–7.4 1.54 (0.79–2.94) 0.195 
HbA1c 7.5–8.4 1.66 (0.75–3.53) 0.195 
HbA1c ≥ 8.5 0.87 (0.45–1.64) 0.667 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = body mass 
index; HbA1c = hemoglobin A1c. 

Table 4 
Multivariable model for risk factors of 60-day major adverse cardiovascular 
events.   

Adjusted OR (CI) p-value 

Age   
18–39 1 [Ref] – 
40–59 2.27 (0.55–15.66) 0.315 
60–74 2.50 (0.62–17.16) 0.257 
75–100 2.17 (0.44–16.46) 0.382 

Race   
White 1 [Ref] – 
African American 0.98 (0.44–2.24) 0.961 
Asian 1.36 (0.07–9.37) 0.792 
Other 0.65 (0.25–1.68) 0.377 

BMI   
<25 1 [Ref] – 
25–30 0.79 (0.25–2.63) 0.692 
>30 1.26 (0.47–3.82) 0.661 

Comorbidities   
Atrial fibrillation 0.64 (0.26–1.46) 0.302 
Ventricular arrhythmia 2.19 (0.77–5.65) 0.121 
Myocardial infarction 5.98 (2.95–12.35) < 0.001 
Venous thromboembolism 1.24 (0.57–2.6) 0.573 
Chronic kidney disease 0.73 (0.33–1.56) 0.420 
Heart failure 2.00 (0.96–4.16) 0.062 

Prior glycemic control   
HbA1c < 6.5 1 [Ref] – 
HbA1c 6.5–7.4 1.03 (0.42–2.36) 0.952 
HbA1c 7.5–8.4 1.04 (0.32–2.86) 0.949 
HbA1c ≥ 8.5 0.57 (0.23–1.34) 0.208 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = body mass 
index; HbA1c = hemoglobin A1c. 

Table 5 
Multivariable model for risk factors of intubation.   

Adjusted OR (CI) p-value 

Age   
18–39 1 [Ref] – 
40–59 1.12 (0.59–2.20) 0.728 
60–74 1.30 (0.65–2.65) 0.463 
75–100 0.46 (0.19–1.11) 0.085 

Race   
White 1 [Ref] – 
African American 0.87 (0.52–1.43) 0.572 
Asian 1.52 (0.36–6.11) 0.557 
Other 2.38 (1.47–3.92) 0.001 

BMI    
< 25 1 [Ref] – 

25–30 1.57 (0.84–3.02) 0.165  
> 30 1.88 (1.07–3.43) 0.034 

Comorbidities   
Atrial fibrillation 1.96 (1.17–3.29) 0.011 
CAD 0.85 (0.45–1.55) 0.606 
Hypertension 1.11 (0.70–1.76) 0.652 
COPD 1.23 (0.61–2.45) 0.554 
Asthma 1.17 (0.66–2.04) 0.586 
Ventricular arrhythmia 2.17 (0.99–4.79) 0.053 
Myocardial infarction 4.80 (2.55–9.29) <0.001 
Venous thromboembolism 4.42 (2.73–7.23) <0.001 
Heart failure 0.96 (0.58–1.55) 0.860 
Cirrhosis 1.37 (0.52–3.50) 0.519 
Chronic kidney disease 0.89 (0.55–1.41) 0.607 

Prior glycemic control   
HbA1c < 6.5 1 [Ref] – 
HbA1c 6.5–7.4 1.83 (1.10–3.04) 0.020 
HbA1c 7.5–8.4 1.23 (0.66–2.27) 0.507 
HbA1c ≥ 8.5 0.69 (0.44–1.10) 0.120 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = body mass 
index; HbA1c = hemoglobin A1c. 
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in Fig. 2A. Race and body mass index were not significant predictors. 
Compared to patients without each individual cardiovascular co

morbidity, those with a history of atrial fibrillation (aOR 2.47 [CI: 
1.38–4.38]; p < 0.01) and venous thromboembolism (aOR 2.00 [CI: 
1.12–3.50]; p < 0.05) were associated with increased 60-day mortality. 
A statistically trending effect was found for those with a history of 
cirrhosis (aOR 2.68 [CI: 0.93–7.13]; p = 0.06) and ventricular 
arrhythmia (aOR 2.19 [CI: 0.97–4.73]; p = 0.05). The other comorbid
ities in the model, including coronary artery disease (CAD), chronic 
obstructive pulmonary disease, prior myocardial infarction, and chronic 
kidney disease, were not significant predictors. 

In our cohort, 751 (44.6 %) patients had HbA1c measurements 
within one year of hospitalization. The median HbA1c value was 6.9 
(IQR 6.00–9.00) with a range of 4.20 to 14.71. These patients were 
clustered by HbA1c into the following groups: <6.5 (299 patients, 39.8 
%), 6.5–7.4 (131 patients, 17.4 %), 7.5–8.4 (82 patients, 10.9 %), and 
≥8.5 (239 patients, 31.8 %). 

When compared to patients with a HbA1c < 6.5, a HbA1c of 6.5–7.4 
was a significant predictor of 60-day mortality (aOR 1.95 [CI: 
1.06–3.58]; p < 0.05). A statistically trending effect was found for those 
with a HbA1c of 7.5–8.4 (aOR 2.01 [CI: 0.97–4.07]; p = 0.06), and no 
predictive value was identified in those with an HbA1c ≥ 8.5 (aOR 1.15 
[CI: 0.62–2.10]; p = 0.65). The probability of mortality was plotted 
across the continuous range of HbA1c levels using LOESS, demonstrated 
in Fig. 3A. 

3.2. Secondary in-hospital mortality outcome 

A total of 153 patients (9.1 %) suffered in-hospital mortality during 
their admission. There were no significant differences in the risk of in- 
hospital mortality across age or BMI groups and race (Table 3, 
Fig. 1B). The probability of mortality was plotted across the continuous 
range of ages using LOESS, demonstrated in Fig. 2B. Those with a pre- 
existing history of atrial fibrillation (aOR 2.52 [CI: 1.35–4.65]; p <
0.05) and venous thromboembolism (aOR 2.10 [CI: 1.14–3.78]; p <
0.05) were at increased risk for in-hospital mortality compared to pa
tients without each comorbidity. 

When examining the degree of glycemic control among patients with 
DM, no significantly increased risk was present for each HbA1c when 
compared to diabetic patients with an HbA1c < 6.5. The probability of 
in-hospital mortality was plotted across the continuous range of HbA1c 
levels using LOESS, demonstrated in Fig. 3B. 

3.3. Secondary 60-day MACE outcome 

A total of 124 (7.3 %) patients in the cohort suffered MACE within 
60-days of hospitalization. When the individual components of the 
composite MACE outcome were assessed, heart failure exacerbation was 
the most common individual outcome (49 events, 2.9 % incidence rate 
in the cohort) followed by myocardial injury (44, 2.6 %; Supplemental 
Table 1). Of note, nonfatal stroke only occurred four times (0.2 %) in the 
cohort. 

In a multivariable model to assess predictors for 60-day MACE, age, 

Fig. 1. Forest plots depicting adjusted odds ratios and 95 % confidence intervals for (A) 60-day mortality, (B) in-hospital mortality, (C) major adverse cardiac events, 
and (D) intubation. 
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BMI, and race were not statistically significant (Fig. 1c; Table 4). The 
probability of mortality was plotted across the continuous range of ages 
using LOESS, demonstrated in Fig. 2C. 

Of the comorbidities included in the model, prior myocardial 
infarction (aOR 5.98 [CI: 2.95–12.35]; p < 0.001) was a statistically 
significant predictor of 60-day MACE when compared to those without a 
prior myocardial infarction. A statistically trending effect was present in 
patients with a history of heart failure (aOR 2.00 [CI: 0.96–4.16]; p =
0.06). 

No significant difference was present across the HbA1c groups. The 
probability of 60-day MACE was plotted across the continuous range of 
HbA1c levels using LOESS as shown in Fig. 3C. 

3.4. Secondary intubation outcome 

A total of 352 patients (20.9 %) required intubation and mechanical 
ventilation during their admission. There were no significant differences 
in the risk of intubation across ages (Table 5, Fig. 1D). The probability of 
intubation was plotted across the continuous range of ages using LOESS, 
demonstrated in Fig. 2D. Compared the White patients, the category of 
“other” races was more likely to require intubation (aOR 2.38 [CI: 
1.47–3.92]; p < 0.01). Those with a history of atrial fibrillation (aOR 
1.96 [CI: 1.17–3.29]; p < 0.05), myocardial infarction (aOR 4.80 [CI: 
2.55–9.29]; p < 0.001), and venous thromboembolism (aOR 4.42 [CI: 

2.73–7.23]; p < 0.001) were at higher risk for intubation compared to 
those without each comorbidity. 

Those with a HbA1c of 6.5–7.4 were at increased risk for intubation 
when compared to those with a HbA1c < 6.5 (aOR 1.83 [CI: 1.10–3.04]; 
p < 0.01). No statistically significant differences were present in the 
other glycemic control groups. The probability of intubation was plotted 
across the continuous range of HbA1c levels using LOESS, demonstrated 
in Fig. 3D. 

4. Discussion 

In this retrospective study of patients admitted with COVID-19, age 
> 60 years old, prior history of atrial fibrillation, venous thromboem
bolism, and pre-admission HbA1c value of 6.5–7.4 were each indepen
dent risk factors for 60-day mortality. Other pre-existing cardiovascular 
conditions such as CAD, hypertension, prior myocardial infarction, pre- 
existing heart failure and hyperlipidemia were not associated with 
increased mortality. When MACE was used as the outcome, prior history 
of myocardial infarction was an independent risk factor. Risk factors for 
intubations included patients with a history of atrial fibrillation, 
myocardial infarction, venous thromboembolism, and diabetes with a 
HbA1c of 6.5–7.4. 

This observational cohort study of COVID-19 hospitalized patients 
showed 9.1 % in-hospital mortality and 12 % 60-day mortality at the 

Fig. 2. LOESS curve (blue) demonstrating the probability of (A) 60-day mortality, (B) in-hospital mortality, (C) major adverse cardiovascular events, and (D) 
intubation by age. Gray shading indicates 95 % confidence intervals. Each point represents an individual patient within the dataset. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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pandemic onset. This mortality rate was similar to other studies in the 
literature with in-hospital mortality rates ranging from 10.6 % in March 
2020, increasing to 19.7 % in April 2020 and decreasing to 9.3 % in 
November 2020 [9]. Mortality at 60 days has been reported to be 29.2 % 
for the months of March to July 2020 [10]. 

Age > 60 years old was associated with a higher risk of 60-day 
mortality, as illustrated in Fig. 2A. This is consistent with prior studies 
demonstrating increased mortality with increasing age compared to 
younger individuals. [11,12]. Several hypotheses have been proposed to 
explain the increase in mortality, including frailty, decreased immune 
response, age-related decline in respiratory function, and multiple 
comorbidities [13,14]. Risk factors such as high systolic pressure, low 
forced expiratory volume in 1 s, and multiple long-term conditions could 
partially explain the higher mortality. Nonetheless, older age was an 
independent risk factor for mortality [15]. Preventive measures should 
focus on targeting older adults. 

Our findings support prior studies that have identified a previous 
history of atrial fibrillation as a risk factor for increased COVID-19 
mortality and morbidity [16–18]. The etiology of atrial arrhythmia is 
multifactorial, including inflammatory response secondary to viral 
injury, intravascular volume depletion, metabolic derangements, and 
use of vasopressors [16]. Similar to the sepsis literature, atrial fibrilla
tion is an independent risk factor for mortality for patients admitted to 

the hospital with COVID-19 [19,20]. The mechanism by which atrial 
fibrillation contributes to increased mortality is unclear and beyond the 
scope of this study but could be due to hemodynamic instability from 
loss of atrial kick or rapid ventricular response [21]. 

In addition, our study confirms that patients with venous thrombo
embolic (VTE) disease have a higher risk of 60-day mortality, as shown 
in previous studies [22]. This could be due to direct endothelial injury by 
viral particles, stasis from immobilization, and elevated prothrombotic 
factors [23–25] Increased mortality could also be secondary to the sig
nificant increased microvascular and macrovascular thrombotic burden 
in nearly every organ, as evidenced by autopsy reports [26–28]. 

While other studies have described diabetes mellitus as an inde
pendent risk factor for mortality for COVID-19 [30–32], our study went 
one step further by exploring the effect of pre-admission glycemic con
trol of diabetic patients on COVID-19 outcomes. When adjusting for 
HbA1c, only patients with A1C of 6.5 to 7.4 % had an increased risk of 
60-day mortality. This could be because there is a strong association 
between acute phase reactants and A1C [33]; not reflecting accurate 
glycemic control in this patient population. 

The study's major limitations include using an electronic health 
system that has inherent sources for error. The diagnosis of cardiac 
conditions was made using ICD-10 codes, which are specific but not 
sensitive [34]. The diagnosis of COVID-19 was based on either positive 

Fig. 3. LOESS curve (blue) demonstrating the probability of (A) 60-day mortality, (B) in-hospital mortality, (C) major adverse cardiovascular events, and (D) 
intubation by pre-hospitalization hemoglobin A1c level. Gray shading indicates 95 % confidence intervals. Each point represents an individual patient within the 
dataset. 
Abbreviations: MACE = major adverse cardiovascular events. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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polymerase chain reaction (PCR) or point of care rapid testing with a 
sensitivity of 71 % and specificity of 100 % [35]. The dataset captured 
60-day events for patients who had a subsequent hospitalization to a 
health care system in or around Chicago using the EPIC electronic 
medical record (EPIC Systems, Verona, WI). The HbA1c analysis could 
have been subjected to bias as patients who had A1C tested could have 
been more critically ill. In addition, 55.4 % of patients did not have A1C 
recorded within one year of hospitalization or could have obtained 
HbA1C outside of the RUSH system. Lastly, 31.3 % of patients were 
categorized in “Other” race. The large percentage of this “Other” race 
could be because patients of Hispanic and Latino origin were categorized 
as “Other” in the electronic medical record and further classified into 
Hispanic and Latino ethnicity. However, this does not exclude the pos
sibility that races besides Hispanic and Latino origins were included in 
this category. This represents a limitation in interpreting the outcomes 
of COVID-19 and race. 

5. Conclusion 

This study demonstrates that factors associated with increased 
mortality in COVID-19 were age > 60 years old, pre-existing atrial 
fibrillation and venous thromboembolism. MACE was significantly 
associated with increased mortality rates. We found that patients with 
other pre-existing cardiovascular conditions were not at increased risk 
of adverse outcomes from COVID-19. Furthermore, these observations 
were at the beginning of the COVID-19 pandemic and may not represent 
more recently hospitalized patients with COVID-19. More studies are 
needed to further elucidate the mechanism of these factors' association 
with COVID-19 mortality. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ahjo.2022.100189. 
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