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Abstract

Background: Coronavirus disease 2019 (COVID-19) infection is as-
sociated with proinflammatory states and adverse health outcomes such
as ST-segment elevation myocardial infarction (STEMI) and cerebro-
vascular accidents (CVA). Limited evidence suggests that COVID-19
vaccination may decrease the adverse impact of COVID-19 infections.
This study was designed to determine if patients who received COV-
ID-19 vaccination had lower mortality from STEMI and CVA.

Methods: This is a retrospective comparative analysis of 3,050 pa-
tients, who were admitted to the hospital and diagnosed with STEMI
or CVA between April 1, 2019, and April 1, 2022. Patients were di-
vided into three different timeframes: pre-COVID (April 1, 2019, to
March 31, 2020), COVID (April 1, 2020 to March 31, 2021), and
post-COVID (April 1, 2021 to March 31, 2022). Chi-square analysis
was completed to analyze associations between STEMI, CVA, and
vaccination status. A multinominal logistic regression was used to de-
termine significant predictors for in-hospital mortality.

Results: A total of 3,050 patients were admitted (1,873 STEMI and
1,177 CVA). STEMI accounted for about 60% of cases in each of the
three time periods. There was no statistical difference in STEMI or
CVA percentages in the three time periods. There was increased mor-
tality in STEMI and CVA patients (odds ratio (OR) = 11.4; P < 0.001),
but patients who received the COVID-19 vaccine were less likely to
die (OR = 0.51, 95% confidence interval (CI): 0.28 - 0.93; P < 0.027)
when compared to those who were unvaccinated. There was increased
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risk of death in patients with atrial fibrillation (AFIB) (OR =2.43; P <
0.001) and chronic heart failure (CHF) (OR = 1.76; P = 0.004). There
was increased mortality risk associated with age (OR =1.03; P=0.001).
Patients with coronary artery disease (CAD) (OR = 0.45; P = 0.014)
and hyperlipidemia (OR = 0.29; P < 0.001) were less likely to die.

Conclusions: Vaccination against COVID-19 was associated with re-
duced mortality rates in patients hospitalized with STEMI and CVA.
Patients with pre-existing cardiovascular comorbidities such as CAD
and hyperlipidemia also had lower mortality.
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Introduction

The global pandemic caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), commonly known as
coronavirus disease 2019 (COVID-19), affected more than 675
million people [1]. There is an increased risk of complications
such as acute myocardial infarction (AMI) and cerebrovascular
accident (CVA) associated with COVID-19 infection [2]. Most
complications happen in patients with comorbidities that af-
fect the cardiovascular and pulmonary system [3]. The hypoth-
esized mechanism of endothelial dysfunction with apoptosis
is direct viral infection of the angiotensin-converting enzyme
2 (ACE2) receptor expressed on endothelial cells, resulting in
activation of the immune system, affecting multiple different
organs [3]. A meta- analysis in 2021 found higher in-hospital
mortality in patients with a STEMI who had COVID-19 infec-
tion versus those with no infection [4]. A meta-analysis from
2020 found that patients with COVID-19 and concurrent car-
diovascular disease, hypertension, diabetes, congestive heart
failure, and chronic kidney disease had a greater risk of mor-
tality compared to patients without these comorbidities [5]. A
systematic review in 2021 found patients with COVID-19 in-
fection and stroke had higher in-hospital mortality [6].

Three vaccines for the prevention of COVID-19 infection
were developed and approved in the United States. More than
13.3 billion COVID vaccines have been administered since
the beginning of the pandemic [7]. With global efforts, 70.6%
of the world’s population has now received at least one dose
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Figure 1. Group allocation and study design. STEMI: ST-segment elevation myocardial infarction; CVA: cerebrovascular acci-

dent; COVID-19: coronavirus disease 2019.

of COVID-19 vaccine [7]. Studies have shown an association
between COVID-19 and proinflammatory states, which leads
to ST-segment elevation myocardial infarction (STEMI) and
CVA; however, there is less evidence that vaccine administra-
tion impacts the outcomes of STEMI and CVA in COVID-19
patients [2]. A study in Korea in 2022 found that full vaccina-
tion was associated with decreased risk of AMI and ischemic
stroke in patients with COVID-19 infection [8]. There are no
prior studies of the influence of vaccination status on hospital
outcomes. Therefore, the purpose of this retrospective study
is to assess the relationship between COVID-19 vaccination
status and mortality and prevalence of STEMI and CVA in pa-
tients with multiple underlying cardiovascular comorbidities.

Materials and Methods

Subjects

All patients admitted to Northeast Georgia Health System from
April 1,2019, to March 31, 2022, with a diagnosis of STEMI or
CVA were included in this retrospective observational study. The

study used deidentified secondary data. Data acquisition was
completed using ethical data governance to maintain anonym-
ity of the patients involved in the study. This study was granted
exemption from full Institutional Review Board (IRB) review
by the IRB at the Brenau University. The investigation conforms
with the principles outlined in the Declaration of Helsinki.

Design

A retrospective observational study was performed with patients
admitted to one of four hospitals in a medium-sized health sys-
tem between April 1,2019, and March 31, 2022. Patients admit-
ted with a primary diagnosis of STEMI or CVA were included.
Data were collected through chart abstraction from electronic
health records using the Current Procedural Terminology (CPT)
and International Classification of Diseases, 10th Revision
(ICD-10) codes. The date of these encounters was used to divide
patients into three groups to observe the relationship between
COVID-19 and the onset of CVAs and STEMIs. The patients
were divided into times before, during, and after the COVID-19
pandemic (Fig. 1). The control group (pre-COVID) was patients
admitted in the year immediately prior to the beginning of the
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Table 1. Occurrence of STEMI and CVA Events per Group Year

Pre-COVID-19 COVID-19 Post-COVID-19 Total
STEMI 549 (60.9%)? 585 (59.6%)? 739 (63.3%)? 1,873 (61.4%)
CVA 353 (39.1%)? 396 (40.4%)? 428 (36.7%) 1,177 (38.6%)
Total (n = 3,050) 902 981 1,167 3,050

aNot significant associations. PSignificant associations. STEMI: ST-segment elevation myocardial infarction; CVA: cerebrovascular accident; COV-

ID-19: coronavirus disease 2019.

COVID-19 pandemic dated from April 1, 2019, to March 31,
2020. The pre-COVID group functions to record the annual
baseline occurrence of CVAs and STEMIs prior to the COV-
ID-19 pandemic. The second group (COVID) included patients
admitted from April 1, 2020, to March 31, 2021. The third group
was after the introduction of COVID vaccination. The post-
COVID group included patients admitted from April 1, 2021, to
March 31, 2022. Patients were considered “vaccinated” if they
had received two doses of the COVID-19 vaccine, regardless of
the specific vaccine received. Figure 1 outlines the group alloca-
tion. To clarify the role that COVID-19 infection and vaccina-
tion status have on the outcomes of CVA and stroke, additional
data on cardiovascular and metabolic comorbidities - including
coronary artery disease (CAD), atrial fibrillation (AFIB), type 2
diabetes mellitus (T2DM), hyperlipidemia, chronic heart failure
(CHF), along with patient demographics were collected.

Outcomes

The primary outcome was mortality in patients presenting with
STEMI and CVA before, during, and after the COVID-19 pan-
demic. COVID-19 vaccination status was recorded as present
or absent. Patient characteristics and comorbidities were in-
cluded to determine if there were any predictors for mortality
or confounders.

Statistical analysis

Nonparametric data of the prevalence of STEMI and CVAs
and COVID vaccination status by COVID-19 group year was
analyzed using Chi-square to determine COVID group associ-
ations with STEMI and/or CVA. To determine the relationship

between COVID-19 vaccination and mortality, a multinomial
logistic regression analysis was conducted. The model was
used to determine if any variables (CVA or STEMI, COVID
vaccination, COVID-19, age, CAD, AFIB, hyperlipidemia,
CHF, COVID group year, and T2DM) could significantly pre-
dict mortality in patients presenting with a primary diagnosis
of STEMI or CVA. All statistical analyses were performed us-
ing IBM SPSS 28.0 with an alpha level of 0.05 to determine
significance for all statistical tests.

Results

Prevalence of STEMI and CVA

During the study time period, a total of 3,050 patients were
admitted (1,873 with a STEMI and 1,177 with a CVA). STEMI
accounted for about 60% of cases in each time period. In con-
trast, stroke constituted approximately 40% of cases across the
three COVID groups. Neither CVAs nor STEMIs were statisti-
cally associated with COVID-related time frames, but there
were increases in both STEMIs and CVAs in the post-COV-
ID-19 group compared to both pre-COVID-19 and COVID-19
groups (Table 1).

COVID-19 vaccination rates

There was a significant association between the COVID groups
and vaccination rates. COVID-19 vaccination became avail-
able in December of 2021. Seventeen patients in the COVID
timeframe were vaccinated. In the post-COVID group, slightly
over four in 10 patients (44.9%) received a COVID vaccine
(Table 2).

Table 2. Vaccination Rates of Patients Admitted With STEMI or CVA

Pre-COVID-19 COVID-19

Post-COVID-19 Total

Not vaccinated 902 (100%)?

STEMI 549 578

CVA 353 386
Vaccinated 0 (0%)? 17 (1.7%)°

STEMI 0 7

CVA 0 10

964 (98.3%)"

643 (55.1%)®
261
382
524 (44.9%)b
167
357

2,509 (82.3%)

541 (17.7%)

aV/alues do not show significant associations, and Pvalues show significant associations between receiving COVID-19 vaccination and the COVID-19
group year. STEMI: ST-segment elevation myocardial infarction; CVA: cerebrovascular accident; COVID-19: coronavirus disease 2019.
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Table 3. Predictors for In-Hospital Mortality

95% CI for OR

Variable OR P value
Lower Upper
STEMI and CVA®? 11.441 6.085 21.512 <0.001
COVID-19 vaccination® 0.509 0.28 0.926 0.027
COVID-19 infection® 2.622 1.276 5.385 0.009
Age? 1.033 1.017 1.049 <0.001
Coronary artery disease (CAD)? 0.445 0.233 0.847 0.014
Atrial fibrillation® 2.428 1.632 3.611 <0.001
Hyperlipidemia? 0.288 0.192 0.434 <0.001
Chronic heart failure (CHF)? 1.763 1.195 2.601 0.004
COVID-19 group year 0.052
COVID-19 0.982 0.611 1.576 0.939
Post-COVID-192 1.658 1.017 2.705 0.043
T2DM 1.401 0.962 2.041 0.078

aSignificant predictor for in-hospital mortality. STEMI: ST-segment elevation myocardial infarction; CVA: cerebrovascular accident; T2DM: type 2
diabetes mellitus; OR: odds ratio; Cl: confidence interval; COVID-19: coronavirus disease 2019.

Prediction for in-hospital mortality

STEMI and CVA patients have an increased risk of death (odds
ratio (OR) = 11.4, 95% confidence interval (CI): 6.1 - 21.5; P <
0.001). Patients who received COVID vaccine were less likely
to die (OR = 0.51, 95% CI: 0.28 - 0.93; P < 0.027). Patients
with CAD (OR = 0.45, 95% CI: 0.233 - 0.847; P=0.014) and
hyperlipidemia (OR = 0.29, 95% CI: 0.192 - 0.434; P < 0.001)
were also less likely to die. There was increased risk of death
in patients with AFIB (OR =2.43, 95% CI: 1.632 - 3.611; P <
0.001) and CHF (OR = 1.76; 95% CI: 1.195 - 2.60; P =0.004).
There was an increased mortality risk associated with age (OR
=1.03, 95% CI: 1.017 - 1.049). T2DM was not a significant
predictor for mortality but remains in the model (Table 3).

Discussion

Pre-existing cardiovascular, pulmonary, and metabolic diseas-
es are consistently associated with severe COVID-19 infec-
tion and worse long-term outcomes. COVID-19 vaccination
was introduced to decrease the spread of COVID infection and
was found to decrease the severity of illness. The purpose of
this study was to determine if there was a relationship between
COVID-19 vaccination and outcomes of hospitalizations relat-
ing to STEMI or CVA. This study found that patients who were
diagnosed with COVID-19 infection had increased mortal-
ity from STEMI and CVA; however, those who received two
doses of the COVID-19 vaccination had a decreased mortal-
ity risk. STEMI and CVA prevalence were not associated with
COVID-related timeframes.

This study indicates that STEMI and CVA patients who
were hospitalized at our institution and were considered com-
pletely vaccinated had a lower mortality rate. These findings
are consistent with previous literature showing the cardiopro-
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tective effects of COVID-19 vaccination on cardiovascular
outcomes. A study by Gupta et al found a significant reduc-
tion in all-cause mortality in vaccinated patients with AMI at
30 days and 6-month follow-up [9]. Kim et al found that full
vaccination against COVID-19 was associated with a reduced
risk of AMI and ischemic stroke after COVID-19 infection [8].
Our results confirmed these findings even in consideration of
patients who suffered from pre-existing cardiovascular comor-
bidities, such as CAD and hyperlipidemia. This further em-
phasizes that individuals with pre-existing cardiovascular dis-
ease should be vaccinated in order to improve cardiovascular
outcomes. Data regarding the protective effects of COVID-19
on cardiovascular events are still limited, and further research
should be conducted.

Zahid et al found that STEMI patients with superimposed
COVID-19 infection had worse clinical outcomes, with almost
three times higher in-hospital mortality and a higher rate of
6-month major adverse cardiac events [10]. Other diagnoses that
were predictors for mortality in these patients were AFIB, CHF,
and post-COVID syndrome. COVID-19 vaccination is valuable
for all patients, but patients with these diagnoses should pri-
oritize vaccination. COVID-19 predisposes patients to arterial
and venous thrombosis due to excessive inflammation, plate-
let activation, endothelial dysfunction, and stasis [11, 12]. Fur-
thermore, studies have shown that COVID-19 induces multiple
cytokines and chemokines resulting in vascular inflammation,
plaque instability, and myocardial inflammation [13].

In this study, STEMI and CVA prevalence were not signif-
icantly different pre-COVID versus during and after COVID.
Data from the United States National COVID Cohort Collabo-
rative reported that both full and partial vaccination against
COVID-19 were associated with decreased risk of major ad-
verse cardiac events [14]. In our population, only 44.9% of the
patients had received a COVID vaccination in the post-COV-
ID period. This may be linked to vaccine hesitancy. Jabagi et
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al evaluated patients over 75 years old from France who had
received COVID vaccination. They found no increase in the
risk of stroke, acute M1, and pulmonary embolism in the first
14 days after vaccination [15]. Lin et al reviewed patients from
North Carolina who received COVID vaccination and found
lower risk of subsequent COVID infection, hospitalization,
and death [16].

As a retrospective observational design, this study can-
not establish causation or direct correlation. Additionally, the
small cohort size in this study compared to the general popula-
tion of vaccinated individuals may mask significant findings
and lead to potential confounders. Presentation bias is another
limitation that can be considered, as many patients with car-
diovascular events might have developed a fear of going to
the hospital during the peak of COVID. Furthermore, this
study did not account for the potential effect of long-COVID
syndrome on cardiovascular disease outcomes. Data regard-
ing anticoagulation status were not reported in this study, as it
is known that aspirin has a cardioprotective profile. The role
of thromboprophylaxis after diagnosis of COVID was not in-
vestigated and could have altered outcomes on mortality of
STEMI and CVA patients. This study did not account for the
specific type of vaccination given. Patients were considered
“vaccinated” if they received two doses of the vaccine which
excludes patients with one dose. Finally, we were unable to
account for modification in STEMI and CVA management for
those who were COVID-19 positive, such as delayed percuta-
neous coronary intervention (PCI), thrombectomy, or limited
imaging to decrease staff exposure to COVID-19.

Despite knowing that COVID-19 vaccination is beneficial
in reducing mortality with STEMI and CVA, the exact mecha-
nism as to how COVID-19 vaccination reduces the severity
of these cardiovascular events remains unclear. While COVID
vaccination is strongly encouraged for all populations, patients
that experience specific comorbidities like AFIB and CHF
should prioritize vaccination. Further research needs to be
done to explore the impact of COVID-19 vaccination on these
higher-risk populations and how long-COVID affects cardio-
vascular health. This will help better spread awareness to de-
crease vaccine hesitancy for optimal recovery and prevention
of COVID, and its related consequences.
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