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Coronary Artery Disease as an Independent Predictor of
Cardiovascular Mortality in COVID-19 Patients
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Abstract

Background: Coronavirus disease 2019 (COVID-19) is associated
with increased risk of cardiovascular mortality. However, little is
known about the combined effect of coronary artery disease (CAD)
and COVID-19 on mortality. We aimed to investigate the incidence
of cardiovascular and all-cause mortality in COVID-19 patients with
CAD.

Methods: This multicenter retrospective study identified 3,336
COVID-19 patients admitted between March and December 2020.
Data points were manually reviewed in the patients’ electronic health
records. Multivariate logistic regression was used to assess whether
CAD and its subtypes were associated with mortality.

Results: This study shows that CAD was not an independent predic-
tor of all-cause mortality (odds ratio (OR): 1.512, 95% confidence
interval (CI): 0.1529 - 14.95, P=0.723). However, there was a signif-
icant increase in cardiovascular mortality in patients with CAD com-
pared to those without (OR: 6.89, 95% CI: 2.706 - 17.53, P < 0.001).
There was no significant difference in all-cause mortality in patients
with left main artery and left anterior descending artery disease (OR:
1.29, 95% CI: 0.80 - 2.08, P = 0.29). However, CAD patients with
a history of interventions (e.g., coronary stenting or coronary artery
bypass graft) showed increased mortality compared to those solely
treated by medical management (OR: 1.93, 95% CI: 1.12 - 3.33, P =
0.017).

Conclusions: CAD is associated with a higher incidence of cardio-
vascular mortality but not all-cause mortality in COVID-19 patients.
Overall, this study will help clinicians identify characteristics of
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Introduction

Cardiovascular disease remains the leading cause of mortality
in the world [1] and is associated with a significant increase
in morbidity and mortality in hospitalized patients with coro-
navirus disease 2019 (COVID-19) [2]. Several studies have
shown that COVID-19 is associated with myocardial injury
[3-5], development of new arrhythmias [6], and elevated in-
cidence of cardiovascular events during hospitalization [7].
Coronary artery disease (CAD), the most common form of
cardiovascular disease, is a known risk factor for mortality in
COVID-19-infected patients [8, 9]. Studies have also shown
that COVID-19 patients with a history of CAD are associated
with higher incidence of intensive care unit admission, need
for mechanical ventilation, and cardiovascular complications
[10-12]. Recent literature suggests that COVID-19 may cause
cardiac vasculature calcification remodeling, subsequently
predisposing patients to future ischemic events [13], endothe-
lial dysfunction [14], or a proinflammatory state directly lead-
ing to myocardial injury [15]. Recognizing the impact of CAD
on COVID-19 progression and recovery has the potential to
guide specific intervention strategies, impact prognosis, and
prevent future COVID-19-related deaths due to cardiovascu-
lar disease. In this study, we aimed to explore whether CAD
confers a higher risk for mortality in COVID-19 patients. Our
objectives were to determine if CAD significantly increases
the risk of all-cause and/or cardiovascular mortality in hospi-
talized COVID-19 patients and to determine if atherosclerosis
in a patient’s cardiac anatomy is also associated with increased
risk of mortality.

Materials and Methods

This multicenter retrospective cohort study included 3,336
unvaccinated adults (> 18 years of age) with PCR-confirmed
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Patients Diagnosed with SARS-CoV-2
(n=3,336)

Patients Diagnosed with SARS-CoV-2 with known CAD
(n=511)
*Total Patients with Left Main and LAD disease
(n =208)

Medical Management
(n=144)

Previous PCI and/or
CABG
(n=382)

Patients Diagnosed with SARS-CoV-2 without known CAD
(n =2,825)

Figure 1. Flow chart of the study’s patient population. CAD: coronary artery disease; LAD: left anterior descending; PCI: percutane-
ous coronary intervention; CABG: coronary artery bypass graft; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

COVID-19 admitted into four hospitals within the Methodist
Health System in Dallas, Texas from March 2020 to December
2020. Patient data were abstracted from the electronic medical
records. All hospitalized patients who tested PCR-positive for
COVID-19 regardless of reason for admission were included
(Fig. 1). All patient data were de-identified before analysis,
and the study was approved by WCG/Aspire IRB (IRB#:
20201424). The study was conducted in compliance with the
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration.

Data manually collected included baseline demograph-
ics, symptoms and vital signs on arrival, comorbidities (e.g.,
history of congestive heart failure, stroke, diabetes, hyperten-
sion, chronic obstructive pulmonary disease (COPD), asth-
ma, chronic kidney disease (CKD), end-stage renal disease
(ESRD), hepatic cirrhosis, and human immunodeficiency vi-
rus (HIV)), laboratory measurements, inpatient medications,
and outcomes (i.e., mortality and major adverse cardiovascu-
lar event). Patients were deemed to have a diagnosis of CAD
if there was history of a coronary angiography demonstrating
stenosis, ST-elevation myocardial infarction (STEMI), non-
ST-elevated myocardial infarction (NSTEMI), percutaneous
coronary intervention (PCI), or coronary artery bypass graft-
ing (CABG). When applicable, left main artery and left anteri-
or descending (LAD) artery disease was also delineated. CAD
patients who had acute coronary syndrome (ACS) in addition
to COVID infection were also identified. CAD patients with
ACS were then divided into two subcategories: 1) those who
only received medical management for ACS; and 2) those who
had interventional management (i.e., PCI and/or CABG) for
ACS. Mortality was defined as either in-hospital death or dis-
charge to hospice. Cardiovascular mortality was differentiated
from non-cardiovascular mortality if the discharge paperwork
or death note reported cause of death related to stroke, pulmo-
nary embolism (PE), cardiogenic shock, arrhythmias, STEMI,
or a non-STEMI.

Continuous variables were characterized by mean and
standard deviation or median and interquartile range depend-
ing on whether they were normally distributed. For multiple
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means or medians, one-way analysis of variance (ANOVA)
and/or Kruskal-Wallis’s test was used based on normality. A P-
value < 0.05 was considered significant. Multivariate logistic
regression was used to assess whether CAD was independent-
ly associated with increased incidence of mortality. Multino-
mial logistic regression was used to assess whether CAD was
independently associated with increased incidence of cardio-
vascular mortality. Regression was constructed to adjust for
comorbidities and demographics as noted in baseline data for
each analysis subset. The base regression only included vari-
ables with data available for > 90% of patients. The subsets
included patients with the four subcategories of CAD and left
main artery and LAD artery disease compared to non-left main
artery and LAD artery disease. We did not perform imputation
for missing laboratory values as they were likely non-random.
Statistical analysis was performed in R version 4.1.2 using the
EZR package version 1.55.

Results

Among 3,336 patients with COVID-19, 511 (15.3%) had CAD
and 2,825 (84.7%) did not. In patients with CAD, there were
proportionally more male patients than female (60.9% vs.
39.1%, P < 0.001), and the median age for patients without
CAD was lower than for those with CAD (61 (48 - 80) vs.
71 (63 - 80) years, P < 0.001). Patients with CAD also had
a higher prevalence of CKD (26.4% vs. 12.1%, P < 0.001),
COPD/asthma (20.5% vs. 13.0%, P < 0.001), diabetes (59.3%
vs. 36.2%, P < 0.001), heart failure (36.3% vs. 9.2%, P <
0.001), hypertension (82.8% vs. 58.6%, P < 0.001), and his-
tory of stroke (16.2% vs. 7.9%, P < 0.001). Prior intervention
with PCI and/or CABG and prevalence of left main and LAD
artery disease was also assessed. Of 511 patients with CAD
and COVID, 247 (50.7%) had prior PCI and 135 (27.7%) had a
prior CABG. Also, 208 patients (42.7%) had known left main
and LAD artery disease (Table 1).

In our cohort, there was greater incidence of all-cause
mortality in CAD patients, patients with left main and LAD
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Table 1. Demographics of Study Cohort

Factors Group Without CAD (N = 2,825) With CAD (N = 511) P-value
Age (years; median (IQR)) 61.00 (48.00 - 73.00) 71.00 (63.00 - 80.00) <0.001
Gender (n, %) Male 1,430 (50.6) 311 (60.9) <0.001
Female 1,395 (49.4) 200 (39.1) <0.001
BMI (kg/m?; median (IQR)) 30.10 (25.50 - 35.58) 29.20 (25.10 - 34.20) 0.004
Comorbidities (n, %) CKD No 2,482 (87.9) 376 (73.6) <0.001
Yes 341 (12.1) 135 (26.4)
COPD/asthma No 2,455 (87.0) 406 (79.5) <0.001
Yes 368 (13.0) 105 (20.5)
Diabetes No 1,800 (63.8) 208 (40.7) <0.001
Yes 1,023 (36.2) 303 (59.3)
Heart failure No 2,564 (90.8) 324 (63.4) <0.001
Yes 261 (9.2) 187 (36.6)
Hypertension No 1,169 (41.4) 88 (17.2) <0.001
Yes 1,654 (58.6) 423 (82.8)
History of stroke No 2,601 (92.1) 428 (83.8) <0.001
Yes 222 (7.9) 83 (16.2)
Cirrhosis No 2,757 (97.7) 496 (97.1) 0.434
Yes 66 (2.3) 15 (2.9)
HIV No 2,806 (99.4) 508 (99.4) 1
Yes 16 (0.6) 3(0.6)
Coronary interventions (n, %) CABG No 352 (72.3)
Yes 135 (27.7)
PCI No 240 (49.3)
Yes 247 (50.7)
Coronary disease (n, %) Left main + LAD No 279 (57.3)
Yes 208 (42.7)

BMI: body mass index; CABG: coronary artery bypass graft; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; HIV: hu-
man immunodeficiency virus; IQR: interquartile range; LAD: left anterior descending; PCI: percutaneous coronary intervention.

artery disease, and also patients who were on interventional
management compared to patients without CAD and those
solely on medical management (Fig. 2). However, after adjust-
ing for confounding variables, the adjusted odds ratio (OR)
of all-cause mortality of CAD patients was not significantly
higher than that of non-CAD patients (OR: 1.512, 95% confi-
dence interval (CI): 0.1529 - 14.95, P = 0.723) (Table 2). Fur-
thermore, adjusted odds of all-cause mortality in patients with
CAD specific to the left main and LAD artery disease was not
significantly higher than CAD patients without left main and
LAD artery disease (OR: 1.29, 95% CI: 0.80 - 2.08, P =0.29).
Amongst evaluation of risk factors, age demonstrated signifi-
cantly higher adjusted odds of all-cause mortality while obe-
sity and other comorbidities were not significant for all-cause
mortality (Table 2). Lastly, when comparing patients who were
solely on medical management to those on interventional man-
agement, the medical management group had a lower likeli-
hood of adjusted all-cause mortality than those on interven-
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tional management (OR: 1.93,95% CI: 1.12 - 3.33, P=0.017).

Incidence of cardiovascular mortality was higher in pa-
tients with CAD and in patients with left main and LAD artery
disease than those without CAD (Fig. 3). After adjusting for
confounding variables, there was a significant increase in car-
diovascular mortality in CAD patients compared to non-CAD
patients (OR: 6.89, 95% CI: 2.706 - 17.53, P<0.001) (Table 3).
STEMI and cardiogenic shock represented the most common
causes of cardiovascular mortality, while other cardiovascular
causes, including endocarditis, supraventricular tachycardia,
and ventricular tachycardia did not have enough event rates to
assess significance (Table 4). Similar to the adjusted all-cause
mortality analysis, there was no difference in cardiovascular
mortality in CAD patients with left main artery disease and
LAD artery disease compared to those without (OR: 1.44,95%
CI: 0.413 - 5.01, P = 0.568). While age demonstrated signifi-
cant all-cause mortality, it did not demonstrate significance in
cardiovascular mortality; however, obesity did demonstrate
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Figure 2. All-cause mortality incidence by coronary artery disease classification. Bars illustrate mean + SD. CAD: coronary artery

disease; LAD: left anterior descending; SD: standard deviation.

significant adjusted cardiovascular mortality (Table 3). Unlike
the all-cause mortality analysis, CAD patients with history of
interventional management did not have higher odds of cardio-
vascular mortality compared to those with sole medical man-
agement (OR: 1.49, 95% CI: 0.294 - 7.58, P = 0.63).

Discussion

We analyzed the outcomes of patients hospitalized with
COVID-19 across four hospitals in Dallas, Texas. Here, we
demonstrated that CAD was an individual predictor for cardio-
vascular mortality but not all-cause mortality. We also found
that CAD patients who were managed medically were at a sig-
nificantly lower risk of all-cause mortality compared to CAD
patients who were managed with PCI or CABG. Furthermore,
left main and LAD artery disease did not increase the risk of
mortality in COVID-19 patients.

To our knowledge, this is the first study involving a large
cohort of patients to address the effect of CAD in patients hospi-
talized with COVID-19. Prior studies investigating the associa-
tion between CAD and COVID-19 suggested the presence of
increased mortality in COVID-19 patients with CAD; however,
cause of mortality, anatomy of CAD, and types of intervention
were not assessed [8]. Guo et al reported similar findings to our
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Table 2. Logistic Regression Analysis of Coronary Artery Dis-
ease and Incidence of All-Cause Mortality

Factor Odds ratio (95% CI) P-value
Age 1.05 (1.03 - 1.08) <0.001
BMI 0.98 (0.95 - 1.02) 0.345
Female gender 0.51 (0.30 - 0.86) 0.011
Comorbidity
CAD 1.51(0.15 - 15) 0.723
Cirrhosis 1.71 (0.97 - 3.01) 0.065
CKD/ESRD 1.33 (0.77 - 2.28) 0.307
COPD/asthma 1.08 (0.81 - 1.44) 0.61
Diabetes 1.15(0.92 - 1.44) 0.21
Heart failure 1.00 (0.60 - 1.67) 0.997
HIV 0.52 (0.07 - 4.06) 0.53
Hypertension 1.03 (0.55 - 1.93) 0.929
History of stroke 1.03 (0.54 - 1.96) 0.925

BMI: body mass index; CAD: coronary artery disease; Cl: confidence
interval; CKD: chronic kidney disease; COPD: chronic obstructive pul-
monary disease; ESRD: end-stage renal disease; HIV: human immu-
nodeficiency virus.

www.cardiologyres.org



Soney et al

Cardiol Res.2023;14(3):221-227

p=0.027

p=1

(3]
f

p < 0.001

=N
L

w
N

N
L

Cardiovascular Death Incidence (%)

o
I

CAD Type

Figure 3. Cardiovascular mortality incidence by coronary artery disease classification. Bars illustrate mean + SD. CAD: coronary
artery disease; LAD: left anterior descending; SD: standard deviation.

Table 3. Logistic Regression for Coronary Artery Disease and
Incidence of Cardiovascular Mortality

Factor Odds ratio (95% CI) P-value
Age 0.99 (0.97 - 1.02) 0.612
BMI 0.92 (0.87 - 0.99) 0.021
Female gender 1.05 (0.47 - 2.35) 0.9
Comorbidity
CAD 6.89 (2.71 - 17.5) <0.001
Cirrhosis 0 (0 - inf) 0.98
CKD/ESRD 0.879 (0.337 - 2.29) 0.791
COPD/asthma 0.512 (0.151 - 1.74) 0.283
Diabetes 1.40 (0.59 - 3.36) 0.444
Heart failure 1.34 (0.484 - 3.73) 0.569
HIV 0 (0 - inf) 0.99
Hypertension 0.458 (0.182 - 1.15) 0.097
History of stroke 0.908 (0.306 - 2.69) 0.861

BMI: body mass index; CAD: coronary artery disease; Cl: confidence
interval; CKD: chronic kidney disease; COPD: chronic obstructive pul-
monary disease; ESRD: end-stage renal disease; HIV: human immu-
nodeficiency virus.
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study among 187 patients in Wuhan, China, but emphasized the
presence of worse outcomes in patients with myocardial injury
regardless of cardiovascular disease history [4].

The strengths unique to this study include: 1) a large di-
verse COVID-19 patient population with known CAD across
four different hospitals; 2) a comprehensive validation of data
with a thorough chart review of each individual parameter; 3)
a direct comparison of all-cause and cardiovascular mortal-
ity in the same patient population with a focused comparison
based on cardiac anatomy and treatment history; and 4) patient
data from a unique point in the history of COVID-19 when all
patients were unimmunized because the vaccine was not yet
widely distributed.

This study has limitations. The time period that the study
encompassed represented an early period in the COVID-19
pandemic in the United States. Since then, a vast amount of
knowledge about the disease has been distilled and interven-
tions implemented. The advent of the vaccine has profoundly
impacted both infection rate and hospitalization outcomes,
which we were not able to evaluate in this study. Not all pa-
tients classified as having CAD had a cardiac catheterization
report, which impeded our group from quantifying the amount
of CAD for each patient. The existence of clinically insignifi-
cant undiagnosed CAD may confound our analysis. This study
was also limited to data collected from patients admitted to the
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Table 4. Distribution of Cardiovascular Causes of Mortality

Factor Group

No CAD (N=244) CAD (N=77) P-value

Cause of mortality (n, %) Non-cardiac
Cardiovascular
Cardiovascular cause of mortality (n, %) Cardiogenic shock
Endocarditis

PE

STEMI

Stroke

Supraventricular tachycardia without P-waves

Ventricular tachycardia

226 (92.6) 60 (77.9) 0.001
18 (7.4) 17 22.1)

5(27.8) 5(29.4) 0.01
1(5.6) 0 (0.0)

1(5.6) 1(5.9)

0 (0.0) 7(41.2)

3(16.7) 3(17.6)

1(5.6) 0 (0.0)

7(38.9) 1(5.9)

CAD: coronary artery disease; PE: pulmonary embolism; STEMI: ST-elevation myocardial infarction.

hospital and hence, the analysis applies only to hospitalized
patients diagnosed with COVID-19. We also demonstrate that
solely medically managed CAD patients show significantly
less risk of mortality compared to patients managed with PCI
or CABG. This finding can be explained by the difference in
severity of CAD among each of these populations as patients
who are solely medically managed likely have less significant
CAD burden than patients undergoing PCI or CABG who like-
ly have more pronounced multivessel disease.

In summary, we showed that CAD is associated with in-
creased likelihood of cardiovascular mortality but not all-cause
mortality. We also showed that CAD patients who were man-
aged medically were at lower risk of mortality than patients
who were managed with either PCI or CABG. Furthermore,
likelihood of mortality did not differ when comparing the pres-
ence or absence of left main and LAD artery disease. We pro-
pose that the results of this study will help clinicians better
understand and treat hospitalized COVID-19 patients with a
history of CAD. By identifying key characteristics, physicians
can better predict outcomes such as mortality to be better pre-
pared to best manage and anticipate complications associated
with this disease.
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