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Abstract

The incidence rate, global burden, and high degree of mortality associated with Community-Acquired Pneumonia (CAP) and subsequent Myocardial
Infarction (MI), prioritizes primary prevention. Prevention by vaccination against respiratory infections has proven to not only reduce the incidence
of CAP but is also suggested to reduce the incidence of MI and provide cardioprotective benefits. However, the variability of results warrants further
exploration and that is the underlying basis for the current systematic review. A systematic literature search, review, and analysis was completed
using the NCBI database. Notable inclusion criteria were studies published no later than 2012, free full-text articles, and studies published in the En-
glish language. Most articles were of observational study design with a small proponent of randomized controlled trials and one animal-based study.
In total, 21 articles were analyzed in this review. This study showed that vaccination against respiratory infection reduced adverse clinical outcomes
including all-cause death, major adverse cardiac events, stroke, and hospitalization rates in those with comorbidities. Efficacious vaccine matching
during influenza season demonstrated a reduction in adverse clinical outcomes of patients with comorbidities and a subsequent decreased risk of
complications. While cardioprotective mechanisms may be present in vaccine formulations against respiratory pathogens it cannot be demonstrated
within this study, however, preliminary results of ongoing studies are promising. Regardless, vaccination against respiratory pathogens is recom-
mended in elderly populations with comorbidities to reduce the incidence of adverse clinical outcomes.
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Introduction

The World Health Organization identifies cardiopathy as the
leading cause of illness and death worldwide, responsible for ap-
proximately 32% of all global deaths in 2019 [1]. Represented by
the narrowing of coronary vasculature, Coronary Artery Disease
(CAD) is a type of cardiopathy with acute Myocardial Infarction (MI)
denoting its most severe manifestation [2,3]. While progressive im-
provements in acute MI therapies, treatment, and lifestyle modifi-
cations have reduced the global burden of disease, MI remains a
formidable condition, affecting more than 7 million people world-
wide every year and carrying a substantial hospitalization rate and

economic impact [3]. Acute MI is described in the Fourth Univer-
sal Definition of MI as damage to myocardial cells with evidence
of myocardial ischemia, irregular cardiac troponin biomarkers (i.e.,
one result greater than 99% of the upper range limit), and one of
either myocardial ischemic symptoms, alterations demonstrated
on Electrocardiogram (ECG), novel pathogenic Q waves on ECG,
ischemic abnormalities or myocardial cell loss confirmed via imag-
ing, or evidence of coronary thrombus (type 1 MI only, see below)
[4,5]. MI classification distinguishes types 1 through 5 and depends
on differences between pathology, clinical features, prognosis, and
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treatment [5]. MI type 1 occurs in the setting of atherothrombotic
CAD and is commonly triggered by atherosclerotic plaque disrup-
tion, whereas MI type 2 is characterized by a mismatch in myocar-
dial oxygen supply and demand [4,5]. ST-elevated and non-ST-ele-
vated MI are two clinical settings of MI and refer to ECG changes
noted in the setting of type 1 MI and help guide clinical interven-
tion [6]. MI type 3 encompasses individuals suffering cardiac death
with an absence of laboratory-confirmed cardiac biomarkers and
manifestations suggestive of cardiac hypoperfusion, while MI type
4 and 5 are related to cardiac procedures with type 4, and sub-clas-
sifications A-C, occurring in the setting of Percutaneous Coronary
Intervention (PCI), and type 5 in circumstances of Coronary Artery
Bypass Grafting (CABG) [5].

Risk factors for both type 1 and type 2 MI include antecedent
health problems including age, Hypertension (HTN), Diabetes Mel-
litus (DM), Hyperlipidemia (HLD), impaired renal capacity, and a
previous background of CAD, while the strongest predictor of fu-
ture events is a history of previous type 1 or type 2 MI [7]. Saaby,
et al, identified anemia, supraventricular tachyarrhythmias, and
respiratory failure as the leading risk factors for type 2 MI [4]. A
previous study identified MI as among the most prevalent cardio-
vascular problems associated with Community-Acquired Pneumo-
nia (CAP), with other associations of Heart Failure (HF) and atrial
fibrillation suggestive of frequent cardiac injury in the presence
of CAP [8]. Cangemi, et al, demonstrated elevated plasma levels
of high-sensitivity cardiac troponin T in>50% of patients (mean
age>60 years) with CAP at the time of admission [9]. Mortality rates
within 30 days are greater in individuals with CAP that develop car-
diac complications, with most cardiac events occurring within the
first week of diagnosis and a continued risk for cardiovascular dis-
ease extending for several years following serious infection [10,9].
Though there are declining rates of CAP associated with Strepto-
coccus pneumoniae, it remains the most clinically confirmed infec-
tious agent worldwide along with Haemophilus influenzae, while
cases involving influenza and non-influenza viruses are steadily
on the rise [11]. Pathological mechanisms induced by acute respi-
ratory infection include intraplaque inflammatory activity, plaque
disruption, hypercoagulability, endothelial dysfunction, increased
metabolic demand, and ventilation-perfusion deficits [8-10,12-15].

The incidence rate, global burden, and high degree of mor-
tality associated with CAP and subsequent MI prioritize primary
prevention. Clinical emphasis is placed upon lifestyle modification
to establish healthy behavior such as tobacco cessation, balanced
nutritional intake, exercise, body weight reduction, and limited al-
cohol use [16]. Other risk factor mitigation strategies include ex-
ercise-based cardiac rehabilitation, management of psychosocial
factors (e.g., depression, anxiety, stress), reduction in air pollution
and environmental noise, pharmaceutical adherence, and influenza
vaccination [16]. Interestingly, vaccination against respiratory in-
fection has proven to not only reduce the incidence of CAP but is
also suggested to reduce the incidence of MI and provide cardiopro-
tective benefits [10,15]. However, the variability of results warrants
further exploration and will be the underlying basis for this review.
The purpose of this research is to explore the question, “What car-
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dioprotective benefits are provided by respiratory vaccination in
patients with respiratory infection?”. The goal of this study was to
locate original research that discusses cardio protection provided
by vaccination against respiratory infection. Analysis of the stud-
ies found will provide insight into the impact of vaccination against
respiratory infection and its effect on the incidence of MI, thereby
guiding vaccination use as the primary prevention of Ml in the pres-
ence of community-acquired respiratory infection.

Methods
Database

A literature review was completed using the National Centre
for Biotechnology Information (NCBI) database and all articles
were accessed using PubMed.gov. Different terms used for search-
es were, “Myocardial Infarction and Vaccination”, “Cardioprotective
Effects and Vaccination”, “Atherosclerosis and Vaccination”, “Respi-
ratory Infection and Vaccination and Myocardial Infarction”, “Com-
munity-Acquired Pneumonia and Vaccination and Myocardial In-
farction”, and “Vaccination and Acute Coronary Syndrome”.

Inclusion Criteria

Articles published within the last 12 years (i.e.,, 2012-2024) and
article types such as Books and Documents, Case Reports, Classical
Articles, Clinical Studies, Clinical Trials, Controlled Clinical Trials,
Comparative Studies, Corrected and Republished Articles, Guide-
lines, Introductory Journal Article, Multicenter Study, Observation-
al Study, Practice Guideline, Pragmatic Clinical Trial, Randomized
Controlled Trial, Twin Study, and Validation Study. Further inclu-
sion criteria included full free-text articles and publications written
in the English language.

Exclusion Criteria

Articles more than 12 years old (i.e., those published before
2012). Meta-analysis, Review, and Systematic Review article types
were excluded as were publications that were not accessible free
of charge through current postsecondary institution registrations.
Publications not written in the English language were also exclud-
ed.

Search Strategy

The initial keyword search was “Myocardial Infarction and Vac-
cination” which produced 622 results. Articles published before
2012 were excluded leaving 471 results. An advanced search added
the article types listed in the inclusion criteria above to the sidebar
that were selected. The article types excluded were Meta-Analysis,
Review, and Systematic Reviews. The application of these filters
produced 112 results. Free full-text articles and English-language
publications were selected, leaving 88 results. The inclusion crite-
ria of English-language publications had no impact on the number
of articles found in this preliminary literature search. Abstracts of
the 88 articles were reviewed. Articles that discussed or investi-
gated a causal or correlational relationship between vaccination
leading to MI, sudden death, or other adverse or thrombotic events,
such as Vaccine-Induced Immune Thrombotic Thrombocytopenia

American Journal of Biomedical Science & Research 534



Am ] Biomed Sci & Res

(VITT), were excluded. Articles discussing study design and ratio-
nale or study protocols that did not include results were also ex-
cluded. Studies investigating comorbidities associated with other
medical conditions (e.g. rheumatoid arthritis), articles not discuss-
ing the role of vaccination in MI risk reduction, or studies that in-
vestigated MI risk associated with infections in the absence of vac-
cination against respiration pathogens were excluded. One article
was excluded due to a discussion of canine vaccination programs
for pre- and post-rhabdovirus exposure. Another study was exclud-
ed as it investigated vaccination and its effects on metastatic cas-
tration-resistant prostate cancer. The number of articles remaining
after inclusion and exclusion criteria totaled 12.

Additional searches were performed using the keywords, inclu-
sion criteria, and exclusion criteria identified above, beginning with
“Cardioprotective Effects and Vaccination”. 35 articles were identi-
fied with 3 articles remaining upon implementation of the selection
criteria. Removal of articles identified in the previous searches and

Table 1: Evidence table with a summary of analyzed data.
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those not relevant to the topic left 2 articles remaining. The fol-
lowing keywords searched were “Atherosclerosis and Vaccination”,
“Respiratory Infection and Vaccination and Myocardial Infarction”,
“Community-Acquired Pneumonia and Vaccination and Myocardial
Infarction”, and “Vaccination and Acute Coronary Syndrome”, which
produced 627, 276, 12, and 169 results respectively. The addition
of the inclusion and exclusion criteria produced 89 additional ar-
ticles applicable for screening. The removal of articles identified in
previous searches and the exclusion of articles not relevant to the
topic resulted in a total of 7 articles between these four keyword
searches.

Data Analysis

For analysis, the articles were initially compiled into an evi-
dence table and organized based on the study design (Table 1), year
of publication, level of evidence (Table 2), and study outcome. The
evidence grading was determined by research design and produced
a rating of 0-4 which is as outlined:

Sl. No. Study Design Level of Evidence Study Population Results References
PPV results in increased
Adults aged 55-60 years with pneumococcal antibodies and a .
1 RCT 1 increased risk of cardiac events | short-lived transient increase in John Attia [33]
anti-OxLDL antibodies
Adl.llts.>/18. years hospitalized MACE is common during IPD )
2 Cohort 3 with invasive pneumococcal . Hector F Africano [19]
. with serotypes 3 and 9n
disease
High mortality rate among elder-
o ly patients admitted to hospital
3 Cohort 3 Adults ;//1?}? ys:fﬂi:);g italized with pneumonia. Suggestive Vincenzo Baldo [25]
p protective effect of PCV13
vaccination
Adults aged 65-89 years with Prevention efforts for CAP are
Medicare Advantage with Pre- less than for MI, stroke, or OF
4 Cohort 3 scription Drug Plan and hospital- | though the burden of hospital- Joshua D. Brown [27]
ized for CAP, M], stroke, or OF ization is higher
. . 10-week-old male GV1001 provided protective
Pre-clinical animal Sprague-Dawley rats exposed . . .
5 0 ; . L effects on induced myocardial Ji-Eun Chang [17]
study to ischemic-reperfusion injury ischemia-reperfusion iniur
post-vaccination with GV1001 p ury
S Decreasing risk of ACS hospital-
6 Cohort 3 Adults >/55 years with diag ization with increasing number Chang-I Chen [24]
nosed CKD -
of vaccinations
7 Case series 3 acute cardiac event within 12 - : . Jennifer A. Davidson [29]
. R cular event in patients of varying
months of influenza vaccination . .
cardiovascular risk
. Influenza vaccine post MI or in
8 RCT 1 Adults >/18 years with STEMI or | 40 Loy elp lowered risk of Ole Frobert [34]
NSTEMI and had undergone PCI
all-cause death or MI
Adults >/18 years hospitalized c (l;l\(;l%a}tllgr;t; ‘;ig;l?;;eods f?:a]
9 Cohort 3 with STEMI and confirmed or P P Santiago Garcia [20]
as compared to unvaccinated
suspected COVID-19. -
patients
Age >/15 with STEMI and Vaccination against influenza is
10 Cohort 3 confirmed plaque on cardiac associated with a reduced risk of | Alberta Garcid-Lledé [18]
catheterization type 1 MI among older patients
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Adults >/18 years diagnosed

Vaccination against CoVID-19 is
associated with reduced risk of

1 Cohort with STEMI 30-day and six-month all-cause Mohit D. Gupta [21]
mortality after STEMI
. Influenza vaccination may be
12 Case-crossover Adults jﬁi;ziir;f‘gggsmj and associated with reduced risk of Ping-Jen Hu [31]
PAOD in patients with CKD
Vaccination against influenza
. during peak periods is associ-
13 RCT Adults >/18 years diagnosed ated with reduced incidence Mark Loeb [35]
with HF . e
of pneumonia, hospitalization,
cardiovascular events, and death
Adults >/40 years admitted to Influenza did not predict acute
14 Case-control cardiology unit with acute M, MI but vaccination was protec- C. Raina Maclintyre [32]
evolving M, or recent MI tive and underused
Influenza vaccination was asso-
ciated with reduced risk of death
15 Cohort Adults_ >/.18 years with HTN from all-causes, cardlovascul.ar Daniel Modin [23]
during influenza season causes, acute MI and stroke in
patients with HTN. Vaccination
might improve outcome in HTN
Influenza vaccination was asso-
ciated with reduced risk of death
16 Cohort Adult_s >/.18 years with DM from all-causes, cardlovascul.ar Daniel Modin [22]
during influenza season causes, acute MI and stroke in
patients with DM. Vaccination
might improve outcome in DM
Adults diagnosed with STEMI . )
17 Cohort and treated with PCI during 3 Mort'aht}./ bEHEﬁ.t conferred by Krishnaraj S. Rathod [28]
. . vaccination against COVID-19
different waves of the pandemic
PPV results in increases in
Adults aged 55-60 years with pneumococcal antibodies and a
18 RCT increased risk of cardiac events | transient increase in anti-OxLDL Shu Ren [36]
antibodies.
Influenza vaccine associated
. with overall cardiovascular
19 Case series l.kdults >/18 years and hospital- benefit most concentrated in Abhijit Sen [30]
ized for acute MI, stroke, or PE X . . .
patients at higher risk of cardio-
vascular disease
Influenza vaccine effective in
. preventing pneumonia and was
20 Cohort Adults >/65 years with ILI cardioprotective during well- Joon Young Song [26]
matched seasons
High-trivalent influenza vaccine
did not significantly reduce
Adults >/65 years and hospital- all-cause mortality or cardio-
21 RCT ized for MI in the past 12 months pulmonary hospitalizations. Orly Vardeny [37]
with additional risk factors Influenza vaccination strongly
recommended in this patient
population.
Table 2: Study design summary.
Level of Evidence Study Type Number of Studies References
Level 0 Pre-clinical animal study 1
Level 1 Randomized control trials 5
Level 2 - R
Level 3 Observational with controls 15
Level 4 Observational without controls -
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a) Level 0: Preclinical studies including experimental studies and
animal models

b) Level 1: Randomized controlled trials

c) Level 2: Non-randomized controlled trial; pre-planned with
predetermined eligibility criteria and outcome measures.
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d) Level 3: Observational studies with controls.
e) Level 4: Observational studies without controls.

The risk of bias in the included studies was assessed inde-
pendently by the primary reviewer, and then further assessed by
two additional reviewers of supervisory capacity. The risk of bias
assessment was done manually.

Articles removed before
Articles identified from screening:
database (n= 17086) Published before 12 years ago
7| (n=659)
Not free full text (n=494)
Review/Meta-analysis (n =553)
Articles excluded:
Articles screened Not meeting
(n=212) inclusions/not relevant
to analysis (n=191)
Articles included in review
(n=21)
Figure 1: PRISMA guidelines for article selection.

Results
General Overview of Primary Literature

At the end of all keyword searches with applied inclusion and
exclusion criteria, 212 articles remained fit for screening of which
21 were used in the final literature analysis. One study was present-
ed as a molecular medicine report of a preclinical animal study [17].
15 studies were of observational study design, 11 of which were
cohort studies [18-28] two that were self-controlled case-series
[29,30] one that was a case-crossover study [31] and one that was a
case control study [32]. The remaining 5 studies were randomized
controlled trials [33-37] (Table 1).

The preclinical animal study [17] exposed male rats to the
vaccine to detect cardio protection in induced ischemia-reperfu-
sion injury. The majority of the cohort studies involved patients
hospitalized with respiratory infection (e.g., pneumonia, influen-
za-like-illness, COVID-19), invasive infectious disease, acute MI,
stroke, or Chronic Kidney Disease (CKD), and assessed adverse
event outcomes in vaccinated and unvaccinated participants. The
remaining cohort studies assessed associations between vaccina-
tion against influenza and outcome in participants with comor-
bid conditions and risk factors for acute MI such as Hypertension
(HTN) and Diabetes (DM). One self-controlled case series studied
patients hospitalized with acute MI, stroke, or Pulmonary Embo-

lism (PE), and the effects of influenza vaccination on patient out-
come, and the other investigated associations between influenza
immunization and first-time acute cardiovascular events in the
context of individual cardiovascular risk. The case-crossover study
assessed patients with CKD and the effects of the influenza vaccine
on Peripheral Arterial Occlusive Disease (PAOD). The case-control
study assessed patients admitted to hospitals with acute MI during
influenza season and the effects of influenza vaccination on out-
comes. Randomized controlled trials focused on adult patients with
acute MI or MI-associated risk factors and the effects of exposure to
vaccination (see Table 1 for a summary of study analysis).

General Overview of Sample Population

The preclinical animal study employed 10-week-old male Ko-
rean Sprague-Dawley rats, weighing between 300-350g [17]. Most
of the human-based studies contained research on adult study pop-
ulations with acute MI or MI-related comorbidities and compared
the effects of vaccination on patient outcomes. Participants were
aged >/15 years [18], >/18 years [19-23,30,34,35], >/40 years
[32], >/55 years [24], >/65 years [25,26,31,37], or at some age
range therein [27-29,33,36]. Participants were commonly identi-
fied using local registries in the geographical region(s) of interest
which included Madrid [18], Bogota [19], England [29], North India
[21], Sweden/Denmark/Norway/Latvia/United Kingdom/Czech
Republic/Bangladesh/Australia [34], India/Philippines/Nigeria/

American Journal of Biomedical Science & Research 537



Am ] Biomed Sci & Res

China/Zambia/Mozambique/Saudi Arabia/Kenya/Uganda/United
Arab Emirates [35], North America [20,27], Denmark [22,23], Nor-
way [30], Sydney [32], Taiwan [24,31], Italy [25], Korea [26], United
Kingdom [28], United States [9] and Australia [33,36]. (See Table 1
for a summary of study participants).

Synthesized Results
Evidence Level 0: Pre-clinical Animal Study

The animal study performed by Chang, et al, analyzed the
cardio protection offered through exposure to vaccination with
GV1001, prior to induced myocardial ischemic injury in 105 male
rats. The rats were anesthetized, intubated, and ventilated, con-
trolling for body temperature, then exposed to either normal saline
or 1 of 6 different concentrations of vaccine GV1001. The ischemic
injury was then induced with reperfusion occurring for 10 minutes,
and 40 minutes post-ischemic injury induction. The rats were then
euthanized, their hearts excised and prepared into transverse slices
for histological analysis, and the severity of hemorrhage was com-
pared. Slices were also used to perform tests to detect apoptotic
cells, neutrophil accumulation, and cytokines [17]. Results demon-
strated that rats exposed to vaccine GV1001 at doses 10mg/kg be-
fore ischemic-induced cardiac reperfusion injury showed a signifi-
cant decrease in the percentage of infarct area (i.e., area at risk over
left ventricle area) when compared to controls. GV1001 exposed
groups also displayed a decreased degree of hemorrhage, reduced
counts of apoptotic cells, reduced myeloperoxidase activity and
neutrophil contents in the injury-induced heart, and significantly
decreased inflammatory cytokines TNF-a and IL-6, as compared to
controls [17].

Evidence Level 1: Randomized Controlled Trial (RCT)

The five RCTs reviewed studied the effects of vaccination on
intermediate to high-risk patients with CAD, HF, atherosclerotic
cardiovascular events, overall mortality, or inpatient admission
from cardiac or respiratory causes. Three RCTs exposed patients
to influenza vaccine and were conducted during multiple consec-
utive influenza seasons [34,35,37] and the other two were part of
the same study and exposed patients to pneumococcal vaccine with
follow-up periods of 1 month and 2 years [33,36]. The Influenza
Vaccination After Myocardial Infarction (IAMI) trial conducted by
Frobert, et al, analyzed the effectiveness of vaccination against in-
fluenza in high-risk individuals with CAD post MI or Percutaneous
Coronary Intervention (PCI). Participants were vaccinated against
influenza or administered a placebo within 72 hours of coronary
angiography/PCI. In one location, administration occurred at the
time of hospitalization. Participants were interviewed 12 months
post-vaccine exposure to assess overall mortality, MI, stent occlu-
sion, and cardiovascular death, in addition to several secondary
endpoints including impromptu revascularization, stroke, Tran-
sient Ischemic Attack (TIA), the aggregate of overall mortality, MI,
or stent occlusion, admission to hospital for HF, or arrhythmia.
2532 participants received either an influenza vaccine or a placebo.
Left ventricular ejection fraction was evaluated via transthoracic
echocardiography at the time of discharge [34].

When compared to placebo, participants administered influen-
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za vaccine had statistically significant results for the principal out-
come of overall mortality, M], or stent occlusion (p=0.040). Second-
ary endpoints were also statistically significant for the composite
overall mortality (p=0.010) and death from cardiovascular causes
(p=0.014), though not significant for the secondary endpoint of MI
incidence rate (p=0.57) [34].

The Influenza Vaccine to Effectively Stop Cardio Thoracic
Events and Decompensated Heart Failure (INVESTED) study per-
formed by Vardeny, et al, compared standard-dose to high-dose
influenza vaccine and effects on reduction of overall mortality or
hospital admission from cardiac or respiratory causes throughout
the course of the influenza season. Participants were administered
high-dose trivalent inactivated influenza vaccine (60ug hemag-
glutinin per strain) or standard-dose quadrivalent inactivated in-
fluenza vaccine (15pug hemagglutinin per strain), annually for up
to 3 years. Follow-up periods were 1 week following vaccination,
and the spring and summer seasons following vaccination [37].
Results demonstrated an event rate of 45 per 100 patient-years in
patients administered high-dose influenza vaccine, compared to an
event rate of 42 per 100 patient-years in those administered stan-
dard-dose influenza vaccine. No statistically significant differences
existed between outcomes of participants receiving high-dose or
standard-dose influenza vaccine. P-values varied from 0.21 for the
principal outcome of overall mortality or first admission to hospital
for cardiopulmonary concerns, to >/0.16 for secondary outcomes
[37].

In a study by Loeb, et al,, the efficacy of standard dosage influen-
za vaccine versus placebo in preventing cardiovascular incidents in
patients with confirmed New York Heart Association (NYHA) stage
II-IV HF was compared. Subjects received an annual 0.5mL dose of
inactivated influenza vaccine or placebo for a maximum of three
consecutive influenza seasons. Assessments were conducted ev-
ery six months with primary, co-primary, and secondary outcomes
encompassing initial occurrences of cardiovascular death, non-fa-
tal MI, and non-fatal stroke, recurrent episodes including cardio-
vascular death, non-fatal MI, non-fatal stroke, HF-related hospital
admissions, and all-cause mortality, along with hospital admissions
for any reason, and pneumonia occurrences both during and out-
side peak influenza season [35]. The findings indicated that the
vaccinated cohort experienced a decreased frequency of all-cause
hospitalizations (p=0.013), reduced rates of recurrent all-cause
hospitalizations (p=0.0022), and a diminished occurrence of pneu-
monia (p=0.0006). Examination of incidents during peak influenza
exposure periods revealed a statistically significant decrease in car-
diovascular death, non-fatal MI, and non-fatal stroke (p=0.038), as
well as reductions in overall mortality (p=0.0099), cardiovascular
mortality (p=0.0099), and pneumonia (p=0.0034). Interestingly,
rates of heart failure-related hospital admissions outside of peak
influenza exposure were lower in the vaccinated group (p=0.027)
[35].

The final RCT reviewed titled, “The Australian Study for the
Prevention through Immunization of Cardiovascular Events (AUS-
PICE)” was published in 2022 by Ren, et al, [36] and again with
updates in 2023 by Attia, et al. The study investigated whether
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vaccination with Pneumococcal Polysaccharide VACCINE (PPV)
prevents atherosclerotic cardiovascular events. Participants were
administered either PPV or placebo and were followed for athero-
sclerotic cardiovascular events (e.g., MI, stroke). Baseline measure-
ments of C-Reactive Protein (CRP), Carotid Intima-Media Thickness
(CIMT), and Pulse Wave Velocity (PWV), served as markers of ath-
erosclerosis and were obtained and followed at variable intervals.
Additionally, measurements of anti-pneumococcal antibody levels
and anti-oxidative low-density-lipoprotein antibody levels (an-
ti-OxLDL) were taken at baseline, 1 month, and 2 years of follow-up
[33,36]. Results from Ren, et al, showed statistically significant al-
terations in anti-pneumococcal IgG and IgG2 antibodies, greater
for those exposed to PPV than for controls at both follow-up in-
tervals (P<0.0001). This was also true for anti-pneumococcal IgM
(P<0.0001), though only after the 1st interval (i.e, 1 month) and
then it declined thereafter. Anti-OXLDL IgM antibodies of three
types were increased in relation to the reference group at the
1-month follow up interval but reverted to initial levels at 2 years,
though Anti-OxLDL IgG antibodies demonstrated no growth at any
follow-up interval. A positive correlation was determined between
rises in anti-pneumococcal IgM antibodies and anti-OxLDL IgM an-
tibodies (P=0.03 to <0.001). Markers for atherosclerosis (i.e., C-Re-
active Protein (CRP), Carotid Intima-Media Thickness (CIMT), pulse
Wave Velocity (PWV)) showed no statistically significant variances
between the intervention and control groups [36].

Attia, et al, noted the absence of retainment of anti-OxLDL by
IgG or IgM antibodies highlighted by [36]. As the temporal presence
of anti-OxLDL activity attributed to IgM antibodies observed at the
1-month mark had already been documented, the assays were not
repeated. Similarly to Ren, et al, there were no alterations observed
in atherosclerotic markers at any time point between the interven-
tion and control groups. New findings included levels of anti-pneu-
mococcal IgG and IgM titers that were consistently and significantly
higher in the intervention group compared to the controls at both
the 2-year and 4-year time points (p<0.001) and no difference iden-
tified between the intervention and control groups in the metabolic
markers of glucose, hemoglobin A1C, and insulin at the 4-year time
point [33].

Evidence Level 2: Observational Studies with Controls

15 studies were reviewed and reflected either a cohort,
case-crossover, case-controlled, or self-controlled case series study
design. An attribute of observational study designs is to utilize ex-
isting data to make inferences directed at answering the research
question and proving or disproving the hypothesis. As such, all ob-
servational studies to be discussed below gathered data from data-
bases managed by health authorities and insurance companies in
the geographical region of interest.

Cohort Studies

11 cohort study designs were used in this review. Africano, et
al, studied relationships between Major Adverse Cardiac Events
(MACE) and pneumococcal serotypes in individuals suffering In-
vasive Pneumococcal Disease (IPD). Pneumococcal samples were
collected, and data was gathered on risk factors for MACE and com-
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pared between pneumococcal serotypes. The principal clinical re-
sult under consideration was the development of MACE during hos-
pital admission [19]. Results showed total prevalence of MACE was
23%, 28% of which presented in those with Community Acquired
Pneumonia (CAP), the primary medical diagnosis related to IPD
(60%). CRP values were higher in patients that developed MACE
(P=0.01) and MI was found as a complication in 29% of the MACE
group, with myocardial injury a complication in 16%. Statistically
significant variables most associated with MACE were age, cardio-
vascular disease, severe pneumonia, and infection with pneumo-
coccal serotypes 3 and 9n, with p-values all </0.04. While only 3%
of all patients (n=310) were vaccinated with either pneumococcal
or influenza vaccine, no vaccinated participant experienced MACE,
though these results were not statistically significant (P >/0.27)
[19].

Baldo, et al, compared pneumonia-related mortality between
those vaccinated with 13-valent Pneumococcal Conjugate Vaccine
(PCV13), 23-valent Pneumococcal Polysaccharide Vaccine (PPV23),
and those unvaccinated with PCV13 or PPV23. Patients were eligi-
ble for influenza immunization if it had been received within the
year prior to hospital admission. Patients were followed for 1 year
for all-cause death and pneumonia [25]. Of the 4030 participants,
70.2% were >/80 years old. 84% were unvaccinated with PCV13
or PPV23, though 73.7% received flu vaccine within the previous
year. The overall all-cause mortality rate was reduced among in-
dividuals who received PCV13 vaccination (49.5%) than among
those who were unvaccinated (57.3%, P<0.05) or received PPV23
vaccination (56.9%, P<0.05). During the first 30 days following dis-
charge, respiratory disease emerged as the leading cause of death,
whereas vascular disease, encompassing 36% cases (n=639), dom-
inated the mortality rate 1 year post discharge (n=639). Among
vascular deaths, 48.6% were attributed to heart disease, 30.8% to
cerebrovascular disease, 13.1% to HTN, and 7.4% to other circu-
latory system diseases [25]. In a retrospective cohort study from
Brown, et al, the focus was on investigating hospitalization burden
and evaluation of preventative measures against CAP as compared
to MI, stroke, and osteoporotic fractures (OF). Vaccination with
influenza or pneumococcus was considered preventative for CAP,
where preventive medication for atherosclerotic disease were an-
tihypertensives, statins, acetylsalicylic acid, anticoagulating agents,
and antiplatelet medication [27]. Results showed CAP had a hospi-
talization rate of 846.7per 100,000 as compared to 405per 100,000
for MI and even lower rates for stroke and OF. Readmission rates
were higher for MI though duration of stay, mortality rate, cost of
hospitalization, and mortality rate were higher for all cases of CAP.
As opposed to MI, where approximately 60% of patients received
preventative measures, 45.31% were immunized against influenza,
and only 7.6% immunized against pneumococcus. Costs associated
with preventative measures totalled approximately $40.2 million
for vaccination and greater than $661 million for MI [27].

Gupta, et al, in their 2023 retrospective cohort study, aimed to
examine the temporal sequence of the incidence of STEMI subse-
quent to COVID-19 vaccination and assess the influence of vacci-
nation on mortality rates among these individuals. The vaccines
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used in this study were the Oxford-AstraZeneca viral vector vac-
cine, branded Covishield, and the Bharat Biotech International Ltd
inactivated vaccine, branded Covaxin. To be categorized as vacci-
nated, participants must have received either one or two doses of
COVID-19 vaccine, whereas the unvaccinated group comprised in-
dividuals who had not received any dose of the vaccine. Variable in-
tervals were utilized to assess potential association between immu-
nization and acute STEMI with the main focus being Major Adverse
Cardiac Events (MACE) both at one and 6-month intervals [21]. Of
the 1068 individuals vaccinated against COVID-19, 92.3% received
Covishield and 7.7% received Covaxin, with the majority (96.4%)
receiving two doses of vaccine. Examination of the temporal pat-
terns of acute MI incidence subsequent to vaccination did not re-
veal a distinct clustering of acute STEMI occurrences following vac-
cination at any specific time. The adjusted odds ratio of occurrence
of acute STEMI and all-cause mortality within 30 days, between
30 days and six months, and within six months, were significantly
lower in the vaccinated group as compared to the non-vaccinated
group (p<0.001) [21].

In another retrospective cohort study, Rathod, et al., compared
baseline characteristics and angiographic, procedural, and clinical
outcomes of COVID-19 positive STEMI patients treated with PCI to
a control group of COVID-19 negative STEMI patients treated with
PCIL. Thrombus burden was assessed by angiographic and proce-
dural characteristics such as rates of multivessel thrombosis, stent
thrombosis, thrombus grade, use of GP IIb/Illa inhibitors, thrombus
aspiration, and weight-adjusted heparin dose to achieve therapeu-
tic activated clotting time. Clinical outcomes assessed included ICU
admission, ventilation, and mortality. COVID-19-positive patients
were categorized into three groups according to the progression of
the pandemic identified as waves one, two, and three [28]. Of the
1269 STEMI patients treated with PCI, 154 were COVID-19 positive;
39 in the first wave, 60 in the second wave, and 55 in the third. Of
these, 100% of patients in wave 1 (39 of 39) were unvaccinated
compared with 31.7% (19 of 60) in wave 2, and 16.4% (9 of 55)
in wave 3. Results demonstrated declining rates of cardiac arrest,
cardiogenic shock, requirement for prehospital intubation, severe
COVID-19 infection, thrombogenicity, multivessel thrombosis, stent
thrombosis, use of GP IIb/Illa inhibitors, aspiration thrombectomy,
heparin dose requirements, and in-hospital mortality from wave 1
to wave 3 of the pandemic in COVID-19 positive patients. ICU admis-
sions peaked during the initial wave in COVID-19 positive patients
but showed comparable rates in other groups, however, COVID-19
positive patients in the first wave were of a higher risk population
with greater incidence of diabetes, HTN, HLD, prior history of MI,
and previous PCI. Overall, worse outcomes were seen in unvacci-
nated COVID-19-positive patients compared with both vaccinat-
ed COVID-19 patients and non-COVID-19 patients. Unvaccinated
COVID-19-positive patients were more likely to suffer cardiogenic
shock (p=0.045), exhibit a higher thrombus burden (p=0.005), ne-
cessitate ICU admission (p=0.044), and experience elevated rates of
in-hospital mortality (p=0.023) [28].

The population-based cohort study performed by Chen, et al,
investigated the possibility of protective benefits of influenza vacci-
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nation against hospitalization for Acute Coronary Syndrome (ACS)
in individuals with Chronic Kidney Disease (CKD). Patients with
CKD and subsequent healthcare visits over a 9-year period were fol-
lowed until hospitalization for MI or angina. Patients were catego-
rized into 4 groups; the unvaccinated group and vaccinated groups
dependent on the number of vaccinations received (1, 2-3,>/4). Of
the 4406 patients, results demonstrated a higher prevalence of ACS
comorbidities in the unvaccinated group (n=2200) as compared to
the vaccinated group (n=2206). The hospitalization rate was lower
and statistically significant in the vaccinated group (P<0.001) with
similar protective effects noted between gender and all elderly
age groups (>/55 years). Estimates of cumulative ACS event rates
were greater and statistically significant in the unvaccinated group
(P<0.001), while immunization against influenza was discovered
to decrease risk of hospitalization regardless of influenza season-
ality [24]. In their prospective cohort study, Garcia, et al.,, examined
patterns in clinical features, therapies, and results observed in
STEMI patients with COVID-19 infection. Patients with STEMI were
grouped based on COVID-19 testing results (positive, negative,
control group) and were followed for clinical outcome. The proce-
dure was modified to include COVID-19 vaccination status as im-
munization against COVID-19 was introduced in 2021. Statistical-
ly, patients testing positive for COVID-19 were separated into two
groups based on the year of the pandemic (i.e.,, 2020 or 2021) they
presented with STEMI. Upon publication, 11% of patients (n=22)
were vaccinated against COVID-19. Mortality reduced from 33% in
2020 to 23% in 2021 (P=0.008) with an observed decrease in the
incidence of stroke (2.6% in 2020, 0.8% in 2021, P=0.10), though
no such decrease was observed with reinfarction. Length of stay in
hospital and inpatient mortality also decreased in 2021. Patients
vaccinated against COVID-19 were discovered to have a lower like-
lihood of pulmonary symptoms or chest x-ray infiltrates. Moreover,
not one of the immunized individuals died in hospital as opposed to
22% of unimmunized individuals (P=0.009) [20].

Garcid Lledo, et al, analyzed associations between the inci-
dence of influenza and STEMI events in type 1 MI while controlling
for temperature, and explored the impact of influenza immuniza-
tion on the risk of type 1 MI. The incidence of MI in both vaccinated
and unvaccinated individuals was assessed by age group (14-59,
60-64, >/65 years). Results showed the highest incidence of MI
in the >/65 years age group at 1.34 per 100,000. The overall inci-
dence rate of acute MI was higher during influenza season (0.73 per
100,000) as opposed to non-epidemic periods (0.57 per 100,000)
and a linear association was demonstrated between risk of acute MI
and decreasing temperature (i.e., 2.5% per 1°C decrease). During
the 5 influenza seasons, there were 5553 instances of type 1 MI,
with 74.9% (n=4161) occurring in unvaccinated individuals. Addi-
tionally, unvaccinated participants of older age groups had higher
incidence rates of acute MI during influenza season as compared
to vaccinated participants (60-64 years, 1.11 per 100,000, P0<0.1;
>/65 years, 1.48 per 100,000, P=0.001) [18]. Two studies published
by Modin, et al,, 2020 and 2022 studied the influence of influenza
vaccine on mortality rates among individuals with DM and HTN re-
spectively. 9 influenza seasons were considered and patients with
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DM [22] and HTN [23] were identified during this period. Vaccina-
tion status was determined, and patients were monitored for over-
all mortality, cardiovascular morality, and mortality from acute MI
or stroke. In Modin, et al, results revealed vaccination was associ-
ated with reductions in overall mortality (P<0.001), cardiovascular
mortality (P<0.001), and stroke/acute MI (P=0.028). Additionally,
vaccination was linked to decreased risk of inpatient hospital ad-
mission for diabetic complications (P=0.006), influenza, or pneu-
monia (P=0.033). Furthermore, vaccination showed a significant
association with decreased risks of overall mortality and cardio-
vascular mortality in non-diabetic patients (P</0.001), though the
Number Needed to Treat (NNT) to prevent one death was signifi-
cantly higher (NNT=2508, P<0.001) in non-diabetic patients as
opposed to those with diabetes (NNT=1133) [22]. Similarly, in Mo-
din, et al, vaccination demonstrated significant associations with
reductions in overall mortality (P<0.001), cardiovascular mortality
(P<0.001), and stroke/acute MI (P=0.017). Moreover, it was linked
to a lowered risk of overall mortality in both hypertensive and nor-
motensive groups (P<0.001), with a notably lower NNT observed
in the hypertensive group (NNT=977, P<0.001) as compared to
the normotensive group (NNT=2026, P<0.001). In patients >/65
years old, vaccination showed a statistically significant relationship
with a decreased risk of overall mortality and cardiovascular death
(P<0.001) [23].

Finally, Song, et al, investigated the efficacy of influenza and
pneumococcal vaccines in reducing the incidence of worsening
pneumonia and cardiopulmonary disease in elderly patients with
Influenza-Like-Illness (ILI). Patients were enrolled upon visit to the
emergency department within 7 days of symptom onset and a rap-
id influenza detection test was completed. Vaccination status was
verified via registry information and a structured case report form
captured further data [26]. Out of 2119 enrolled cases, 61.4% re-
ceived influenza vaccine, 41.1% received PPV23, and 3.5% received
PCV13. Seasonal influenza vaccine was shown to lower the threat
of pneumonia (35%), exacerbations of cardiopulmonary disease
(51%), admission to hospital (36%), and death at 30 days (62%).
PPV23 did not show these effects. Influenza vaccine assisted in
prevention of chronic heart disease exacerbations and death in a
well-matched efficacious vaccine and subsequent flu season (2015-
2016), though during poor vaccine effective seasons (e.g., 2014-
2015), neither influenza vaccine or PPV23 demonstrated efficacy at
preventing pneumonia or acute exacerbation of cardiopulmonary
disease [26].

Case-Crossover Studies

Hu, etal, studied the effects of influenza vaccination on PAOD se-
niors with CKD. Patients were recruited from 2006-2015, had CKD,
were >/67 years of age, had incidents of PAOD, and were deemed el-
igible to receive complimentary influenza vaccines. Vaccine effects
were measured and followed-up at exposure intervals of 1,2,3, and
4 months respectively. 46,782 seniors with CKD had incidents of
PAOD and the mean age was 77.6 +/- 6.7 years. The odds ratios for
PAOD in the study groups were 0.85 (0.77-0.94), 0.85 (0.79-0.92),
0.84 (0.79-0.90), and 0.85 (0.81-0.90) for the exposure periods of
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1,2,3, and 4 months respectively, suggesting a reduced likelihood of
PAOD within 4 months of vaccination. This pattern remained con-
sistently evident in patients with DM, although it was not noted in
instances of advanced CKD or End Stage Renal Disease (ESRD) [31].

Case-Control Studies

Macintyre, et al, explored whether influenza serves as a sig-
nificant unrecognized risk factor preceding acute ischemic cardiac
events. Cases were patients admitted to a cardiology unit with an
acute MI, recent or evolving MI during the influenza season. Con-
trols were matched for age and exposure to influenza and were re-
cruited over the same period though were admitted to an orthope-
dic or ophthalmic outpatient clinic and were free of acute MI, TIA,
or stroke in the past 12 months. Nasal and pharyngeal swabs were
taken at baseline and again 4-6 weeks post recruitment and eval-
uated for influenza and other pulmonary pathogenic organisms.
Blood samples were also collected at baseline and again 4-6 weeks
later for influenza A and B antibodies. Associations between acute
MI and known risk factors as well as the protective influence of in-
fluenza immunization against both influenza and acute MI were ex-
plored. Influenza vaccination status was verified [32]. A cumulative
559 participants were enlisted during the span of three study years.
49.4% of participants (n=276) were considered vaccinated, 71.7%
of which were >/65 years of age. More controls (64.8%) were vac-
cinated in the year of recruitment (P<0.001) and of these controls,
6.7% were confirmed influenza positive as opposed to cases at
12.4% (P=0.022). Vaccine efficacy against influenza was 83.6%. At
baseline, Acute Respiratory Tract Illness (ARTI) was significantly
associated with acute MI (P=0.008) and was most likely to occur
in smokers than non-smokers (P=0.002). ARTI was noted in 22.2%
of vaccinated and 27.4% of unvaccinated participants, though this
result was not of statistical significance (P=0.3). Other viral patho-
genic organisms were found in 5.7% of subjects with no discernible
difference between cases and controls (P=0.8). Notably, Influenza
vaccination exhibited significant protective effects, with an estimat-
ed efficacy rate of 45% (95% confidence interval 15%-65%) for the
prevention of acute MI [32].

Self-Controlled Case Series

Sen, et al., examined the occurrence of acute MI, stroke, and PE
post influenza vaccination in populations of lower and higher risk
for cardiovascular events. Due to fear of an influenza A pandemic,
authorities recommended the entire Norwegian population under-
go vaccination. Prescribed medication was used as a surrogate for
cardiovascular risk status with no prescriptions to certain drugs
indicating lower risk status. Only those who were vaccinated and
had a cardiovascular event during the study period were included
[30]. Results showed that 5524 individuals experienced an acute
MI of which 495 (9%) were considered low risk for cardiovascular
events. The Relative Risk (RR) for acute MI and stroke was higher
for participants >/65 years old in the both the low-risk and high-
risk groups. Those taking antiplatelet therapy had lower RR for
acute MI and stroke. Vaccination was linked to lower relative car-
diovascular risk in the high-risk group but a higher cardiovascular
risk in the low-risk group [30].
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Davidson, et al, [29] evaluated the association between influ-
enza vaccination and acute cardiovascular events in participants of
varying cardiovascular risk represented by existing hypertension
and a QRISK2 score. Acute cardiovascular events were defined as
M], unstable angina, acute left ventricular HF, stroke, TIA, or acute
limb ischemia. Participants were those having sustained a first-time
acute cardiac event within the same 12-month period as influenza
vaccination. A notable decrease in the season-adjusted occurrence
of initial acute cardiovascular events was noted over the 120-day
risk period, the largest effect during the 15-28 days period follow-
ing influenza vaccination. However, there was a gradual decline in
the extent of risk reduction as time progressed from 28% in the
15-28-day period to 16% in the 91-120-day period. The reduction
of incidence ratio for first acute cardiovascular event was greatest
in individuals aged 40-64 years (p<0.0001), men more than wom-
en (p<0.0001), and those vaccinated on or before November 15th
(p<0.0001).

Discussion

This literature review has explored 21 articles of varying study
design to attempt to substantiate the hypothesis that vaccination
against respiratory infection provides cardioprotective benefits,
thereby reducing the incidence of MI. While review of the current
literature demonstrates positive clinical outcomes associated with
vaccination against respiratory infection, not enough information
exists within the articles studied to assuredly prove that cardio pro-
tection is offered by vaccination against respiratory pathogens, and
reduces the overall incidence of MI. Cardio protection is, however,
suggested in four studies [19,21,26,28], though most of the protec-
tion offered through vaccination was observed for the prevention
of respiratory infection and reduction of subsequent complications,
which included MI in some cases [18,22,23,29,34,35].

Chang, et al, confirmed myocardial protection in an IR animal
model with the vaccine GV1001, a novel vaccine peptide that was
initially developed as an anticancer drug and proven to be effective
for various cancer treatments [17]. GV1001’s reduction of apop-
totic cells, MPO action, and inflammatory cytokines (e.g., TNF-a,
IL-6) demonstrates its anti-inflammatory properties and further
supports its use in IR injury as an agent to reduce inflammation; a
known pathological mechanism induced by infection. The demon-
strably elevated inflammatory marker CRP in patients with IPD
that sustained a cardiac event [3], further supports the presence
of inflammation in infection and its role in cardiac events (e.g., MI).
While GV1001 is not a vaccine for respiratory infection, results are
promising, and it requires further exploration to be determined as
a safe and effective method of cardio protection in human beings.
Additionally, the significance of inflammation in both the initiation
and progression of atherosclerosis is well established [38]. As such,
itis reasonable to postulate that focused reduction of inflammation
will impede the initiation and evolution of atherosclerosis and re-
duce progression of CAD and incidence of MI. There was demon-
strated reduction in the atherosclerotic complications of ACS and
PAOD respectively in patients with early-stage CKD post adminis-
tration of influenza vaccine [24,31]. What is less clear is if vacci-
nation with influenza reduces inflammation associated with CKD
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thereby reducing atherosclerotic complications, or if it reduces
incidence of influenza leading to decreased inflammation and re-
duced atherosclerotic complications. Of note, a study showed no
change in markers for atherosclerosis (i.e., CRP, CIMT, PWV) in pa-
tients treated with PPV [33,36]. This may point to a difference be-
tween mechanism of influenza vaccination versus PPV vaccination
and is of interest for future study. Regardless, vaccination against
influenza is a simple method of prophylaxis against atherosclerotic
complications in elderly patients with early-stage CKD.

Cardio protection has also been discussed in connection with
anti-OxLDL with mechanisms including restricting uptake of oxi-
dized LDL by macrophages and reducing localized and systemic
inflammation [39]. Ren, et al, [36] suggested streptococcus pneu-
moniae shares a molecular mimic of a phosphocholine moiety in
its polysaccharide capsule with oxidized LDL, and that vaccination
with PPV would boost anti-OxLDL thereby causing regression of
atherosclerosis. Preliminary results demonstrated increases in
anti-pneumococcal antibodies and a positive correlation between
rises in anti-pneumococcal IgM and anti-OxLDL IgM, though these
increases were short-lived. This temporal relationship between
anti-pneumococcal IgM and anti-OxLDL IgM antibodies is high-
lighted by Attia, et al, who observed no variances in any surrogate
indicators of cardiovascular disease (i.e., CRP, CIMT, PWV) between
the vaccinated and control cohorts even four years after the initial
assessment, despite a substantial sample size. The discovery that
anti-pneumococcal antibody levels of IgM and IgG persisted at con-
centrations exceeding baseline levels four years post-vaccination
implies the potential for prolonged efficacy of the pneumococcal
vaccine over an extended timeframe. After a follow up of nearly 6
years, final results of the trial are anticipated in 2024 and are need-
ed before further inferences or ultimate determinations can be
made on the cardioprotective nature of PPV [33,36].

While unable to definitively prove cardioprotective mech-
anisms, multiple studies found vaccination against respira-
tory infection reduced primary outcomes of all-cause death
[20,22,23,25,26,34], cardiovascular death [22,23,29], MI/stroke
[21,22,23,29,28,34], and hospitalization rate in those with co-
morbidities [22,24,35]. Furthermore, multiple studies suggest age
contributes to an increased risk of adverse clinical events when
infected [18,19,21,25,31,38] and demonstrated positive clinical
outcomes in advanced age groups when vaccinated against respira-
tory infection [21-24,29,30,31]. This strongly supports vaccination
against respiratory infection as preventative of undesired clinical
outcomes, particularly among those more at risk of comorbidities
and subsequent adverse events (i.e., elderly). Vaccine efficacy must
also be considered when discussing potential reduction in adverse
clinical events with or without underlying infection. An increased
rate of acute MI was demonstrated during infection with influenza
[18]. Well-matched influenza vaccines have been shown to prevent
chronic heart disease exacerbations and death [26,29,35] as em-
phasized by Loeb, et al, who demonstrated no substantial decreases
in overall or cardiovascular mortality when the primary circulating
influenza strain differed from the strain contained in the influen-
za vaccine, yet reduced rates of all-cause mortality, cardiovascular
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mortality, and pneumonia during peak flu season with adequately
matched influenza vaccine [35]. A previous review study by Lee, et
al, suggested that high-dose influenza vaccine outperformed stan-
dard-dose at reducing unwanted patient outcomes. However, Var-
deny et al, found that high-dose to standard-dose formulations of
influenza vaccine had no effect on all-cause death or hospitalization
from cardiopulmonary causes [37].

As the leader in the etiology of respiratory infection, the effica-
cy of vaccination against streptococcus pneumoniae must also be
considered [11]. Africano, et al, found pneumococcal serotypes 3
and 9n associated with MACE and 9n also specifically with cardiac
damage [19]. It has been suggested to ensure the inclusion of se-
rotype 9n in future vaccine formulation, though serotype 3 should
be prioritized as well to achieve the best vaccine coverage [19]. It
is also important to consider the financial costs associated with re-
spiratory vaccination and the burden of disease on the healthcare
system. Brown, et al, found much lower rates of preventative mea-
sures for CAP (i.e., vaccination) and higher hospitalization rates for
CAP versus MI. The cost of vaccination for the prevention of CAP
is 15 times less than the costs spent for the prevention of MI [27].
These figures suggest a large total savings in healthcare costs with
the implementation of targeted vaccination programs. Finally, the
World Health Organization declared an international health crisis
on March 11, 2020, because of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus [40]. A vaccine developed
by Pfizer-BioNTech was first approved by the Food and Drug Ad-
ministration (FDA) 9 months later, on December 11, 2020 [41]. In
their amended study, Garcia, et al, found that, amidst low vaccina-
tion numbers, STEMI patients vaccinated with COVID-19 were less
likely to have signs and symptoms of coronavirus infection and less
likely to expire in hospital [20]. Likewise, research conducted by
Gupta, et al, and Rathod, et al, reveals cardiovascular advantages
in individuals immunized against COVID-19. The former proposes
a potential mechanism involving the influenza vaccine, suggesting
that vaccine-induced antibodies may cross-react with the bradyki-
nin receptor, leading to enhanced nitric oxide production and vaso-
dilation [21]. The latter suggests that positive outcomes may result
from a combination of vaccine-induced immunity, hospital-based
treatment with steroids and antiviral medications, or alterations in
virulence due to mutations [28]. Continued research is needed on
mechanisms of vaccine-conferred protection and positive clinical
outcomes associated with COVID-19 vaccination, as early results
have been hopeful.

Besides identifying interesting facts, there are a few limitations
in the process of conducting this review research. Most of the in-
cluded studies had small sample sizes and were often conducted
on specific patient populations which reduces the generalizability
of results. Second, the majority of studies utilized databases and
registries to access and compile data. Software programs are prone
to errors and omissions. Information is often entered as short dig-
it codes which are easily mistaken for one another, which raises
questions about accuracy and completeness. Third, a large propo-
nent of studies occurred in hospitalized patients which introduc-
es selection bias and misses less severe presentations of disease.
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Lastly, this review was limited to include free full-text articles, and
articles published within the last 12 years only. The above time-
line of the study publications was selected to encourage including
new research data. Some studies fell outside of the 12-year win-
dow that were otherwise relevant and appropriate for use in this
review. There were abstracts found of studies highly relevant to
this topic, though inaccessible through current post-secondary reg-
istration. Review-based materials are widely regarded as succinct
sources of information and can be referenced in evidence-based
decision-making and establishing best practice guidelines. Future
studies on vaccination are inevitable and important in the primary
prevention of disease to decrease the physical and financial burden
associated with preventable illness. More studies of randomized
controlled trial design are needed to expand upon the groundwork
of the current observational study. These studies would be best to
include large sample sizes in multiple countries, spanning a rele-
vant timeframe with diligent follow-up. Results of the AUSPICE
study are of particular interest in this review [33,36] as preliminary
results were favorable for positive patient outcomes. It is of interest
to see what information will be presented upon the conclusion of
the follow-up period and its potential impact on cardio protection
offered by PPV against respiratory infection [42].

Conclusion

The use of vaccination in infection and disease prevention is
commonplace, perhaps more now than ever with the arrival of
COVID-19 and the global need to address a global problem over a
short time. Existing research, including that presented in this pa-
per, suggests vaccination can induce mechanisms that would serve
as primary prevention in the reduction of major clinical events,
though more research is needed. As new vaccines are developed
and assessed for their efficacy in disease prophylaxis, it remains
vital to seek to understand all potential risks and benefits. As explo-
ration continues and our understanding of vaccination grows, it re-
mains widely accepted that vaccination reduces the overall burden
of disease and use should be regularly considered by physicians for
populations most at risk. In the context of respiratory disease and
supported by evidence within this review, groups most at risk and
with the highest probability of comorbidity and subsequent ad-
verse events from respiratory infection are individuals of advanced
age. Vaccination against respiratory pathogens should be consid-
ered in all elderly patients to minimize their risk of preventable ad-
verse clinical events and complications from respiratory infection.

Highlights

a) Theincidence rate, global burden, and high degree of mortality
associated with Community-Acquired Pneumonia (CAP) and
subsequent Myocardial Infarction (MI), prioritizes primary
prevention.

b) Prevention by vaccination against respiratory infections has
proven to not only reduce the incidence of community-ac-
quired pneumonia but is also suggested to reduce the inci-
dence of myocardial infarction and provide cardioprotective
benefits. However, the variability of results warrants further
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exploration and that is the underlying basis for the current sys-
tematic review.

c) This systematic review research highlighted the importance of
vaccination against respiratory infection that reduced adverse
clinical outcomes including all-cause death, major adverse
cardiac events, stroke, and hospitalization rates in those with
comorbidities.

d) Efficacious vaccine matching during influenza season demon-
strated a reduction in adverse clinical outcomes of patients
with comorbidities and a subsequent decreased risk of com-
plications.

e) While cardioprotective mechanisms may be present in vac-
cine formulations against respiratory pathogens it cannot be
demonstrated within this study, however, preliminary results
of ongoing studies are promising.

f) Regardless, vaccination against respiratory pathogens is rec-
ommended in elderly populations with comorbidities to re-
duce the incidence of adverse clinical outcomes.
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