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Abstract

Influenza infection is increasingly recognized as an important cardiovascular risk factor
beyond its traditional role as a respiratory illness. Influenza infection may precipitate my-
ocardial infarction, stroke, heart failure exacerbation, and arrhythmias through systemic
inflammation, endothelial dysfunction, thrombosis, and plaque destabilization. Growing
evidence suggests that influenza vaccination may reduce cardiovascular events and hos-
pitalization in both primary and secondary prevention settings, particularly among older
adults and high-risk cardiovascular populations. Contemporary American and European
guidelines increasingly recognize influenza vaccination as part of preventive cardiology and
secondary cardiovascular prevention. This narrative review summarizes current evidence
regarding influenza vaccination in primary and secondary cardiovascular prevention, with
emphasis on mechanistic pathways, clinical outcomes, and future preventive strategies.

Keywords: influenza vaccination; cardiovascular disease; primary prevention; secondary
prevention; heart failure

1. Introduction

Seasonal influenza causes an estimated 290,000-650,000 respiratory deaths worldwide
annually [1]. While influenza is traditionally considered a respiratory illness, growing
evidence suggests that a substantial proportion of influenza-associated morbidity and
mortality may be attributable to cardiovascular complications, particularly in high-risk
and elderly populations [2,3]. Influenza infection may precipitate acute cardiovascular
events, including myocardial infarction (MI), stroke, heart failure (HF) exacerbation, and
arrhythmias, through mechanisms involving systemic inflammation, endothelial dysfunc-
tion, thrombosis, and plaque destabilization [3,4]. These interactions are especially relevant
given that cardiovascular disease (CVD) remains the leading cause of death globally, ac-
counting for approximately 20.5 million deaths annually, including more than 3 million
deaths each year in Europe alone [5,6]. Consequently, growing attention has focused on
influenza vaccination not only as a strategy to prevent respiratory infection, but also as a
potential measure to reduce cardiovascular risk in vulnerable populations [3,7].

Recognition of the close relationship between influenza infection and cardiovascular
complications has led contemporary American and European cardiovascular guidelines to
increasingly recognize influenza vaccination as part of preventive cardiology and secondary
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cardiovascular prevention [3,7]. Seasonal influenza vaccines may help reduce cardiovascu-
lar events and hospitalizations, particularly in older adults and patients with cardiovascular
disease [3,8,9]. Both standard-dose and enhanced-dose vaccines have been studied for
these potential benefits, including whether enhanced-dose vaccines offer greater cardio-
vascular protection than standard-dose vaccines [8,9]. This narrative review evaluates
current evidence regarding influenza vaccination as a strategy for primary and secondary
cardiovascular prevention, with emphasis on mechanistic insights, clinical outcomes, and
future directions.

2. Methods

This narrative review was conducted using PubMed/MEDLINE, Embase and Google
Scholar to identify studies and guidelines evaluating the relationship between influenza vac-
cination and cardiovascular outcomes. Search terms included combinations of “influenza

e 7o ”oa

cardiovascular disease,” “atherosclerotic cardiovascular disease,” “myocar-

az

vaccination,
dial infarction,” “stroke,” “heart failure,” “older adults,” and “high-dose influenza vaccine.”
The review focused on studies and guidance relevant to the clinical questions addressed in
Sections 1-7: (1) biological and epidemiological links between influenza and cardiovascular
events; (2) primary prevention; (3) secondary prevention, including vaccination after acute
coronary syndrome; (4) comparisons of standard-dose and enhanced vaccine formulations;
(5) guideline recommendations; (6) implementation and uptake; and (7) evidence gaps and
future research. We prioritized randomized clinical trials, prespecified secondary and sub-
group analyses, pooled analyses, major observational studies, and contemporary guidelines
or consensus statements because these designs and documents provide complementary
evidence on efficacy, real-world associations, implementation, and clinical recommenda-
tions. Observational studies were interpreted cautiously because of potential healthy-user
bias, residual confounding, and differences in healthcare-seeking behavior. The search was
conducted according to the authors’ clinical and academic expertise and was not designed
as a systematic review.

3. Epidemiological and Biological Mechanisms Linking Influenza
Infection and Cardiovascular Events

Population-based studies have demonstrated higher rates of cardiovascular hospitaliza-
tion and cardiovascular mortality during peak influenza seasons, particularly among older
adults and patients with preexisting cardiovascular disease [2,3]. These observations have
increased interest in whether prevention of influenza infection through vaccination could
reduce cardiovascular events in high-risk populations. Influenza infection may precipitate
acute cardiovascular events through several interrelated pathophysiological mechanisms
involving systemic inflammation, endothelial dysfunction, thrombosis, sympathetic acti-
vation, and hemodynamic stress [3,10]. Viral infection induces a marked inflammatory
response characterized by increased circulating cytokines, including interleukin-6, tumor
necrosis factor-a, and C-reactive protein, which may contribute to destabilization of vul-
nerable atherosclerotic plaques and trigger plaque rupture [3,10]. Influenza infection also
promotes a prothrombotic state through increased platelet activation, enhanced coagulation
activity, and impaired fibrinolysis, potentially increasing the risk of coronary thrombosis
and ischemic stroke [3,4]. In addition, tachycardia, hypoxemia, and increased metabolic
demand during acute infection may result in myocardial oxygen supply-demand mismatch
and precipitate ischemia in patients with underlying coronary artery disease [10].

Respiratory viral infections may further exacerbate heart failure through systemic
inflammation, pulmonary injury, increased pulmonary vascular permeability leading to
pulmonary edema, and increased cardiac workload, thereby promoting decompensation

https://doi.org/10.3390/jgg74040043


https://doi.org/10.3390/jgg74040043

J. Gerontol. Geriatr. 2026, 74,43

30f13

in susceptible patients. Influenza-associated myocarditis and arrhythmogenic effects have
also been reported, likely related to inflammatory myocardial injury and autonomic imbal-
ance [3]. Influenza vaccination may attenuate these mechanisms by preventing infection-
triggered inflammatory and thrombotic cascades, thereby potentially reducing plaque
destabilization, cardiovascular hospitalization, and recurrent cardiovascular events in sus-
ceptible individuals [3,7].

Influenza vaccines can cause mild, temporary inflammation, such as pain, redness, or
swelling at the injection site. Fever and myalgia may also occur and generally resolve within
a few days [11]. These short-lived reactions differ from the systemic inflammatory response
associated with influenza infection. Serious cardiac complications following vaccination
are rare, and current evidence does not suggest an overall increase in cardiovascular risk
after influenza vaccination [12]. The proposed pathways linking influenza infection to
cardiovascular complications, together with factors that may increase susceptibility, are
summarized in Figure 1.

Influenza infection

Respiratory infection and activation of the immune system

+

Systemic inflammation

Increased inflammatory cytokines and acute-phase responses

+
Vascular and cardiac effects

Endothelial dysfunction, platelet activation, increased coagulation and

possible plaque destabilization
+

Cardiovascular complications

Coronary thrombosis, myocardial infarction, stroke, heart failure and

cardiovascular hospitalization

Factors increasing susceptibility

Older age. Pre-existing cardiovascular disease. Diabetes. Frailty

Figure 1. Proposed mechanisms linking influenza infection to cardiovascular complications. Influenza
infection activates the immune system and triggers systemic inflammation, which may contribute
to endothelial dysfunction, platelet activation, increased coagulation, and atherosclerotic plaque
destabilization. These processes may increase the risk of cardiovascular complications, including
myocardial infarction, stroke, heart failure, and cardiovascular hospitalization. Older age, pre-existing
cardiovascular disease, diabetes, and frailty may increase susceptibility to these complications. The
pathways shown represent proposed mechanisms and should not be interpreted as establishing
causality in every patient.
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4. Influenza Vaccination for Primary Prevention of
Cardiovascular Disease

Emerging evidence suggests that influenza vaccination may contribute to a reduction in
incident cardiovascular events even among individuals without established atherosclerotic
cardiovascular disease (ASCVD), supporting a potential role in primary cardiovascular
prevention [3,13]. These protective effects are thought to result partly from attenuating
systemic inflammation and infection-triggered endothelial dysfunction, mechanisms that
may reduce progression of atherosclerosis and lower the risk of first cardiovascular events
in susceptible individuals [3]. Consistent with these observations, population-based studies
have demonstrated lower rates of cardiovascular hospitalization and all-cause mortality
among vaccinated adults compared with unvaccinated populations, even in the absence of
known cardiovascular disease [3,13]. More recent randomized evidence has strengthened
this concept. In a prespecified secondary analysis of the DANFLU-2 randomized clinical
trial, high-dose influenza vaccination reduced cardiovascular and cardiorespiratory hos-
pitalization among older adults, supporting the role of influenza prevention in reducing
downstream cardiovascular complications [8].

In parallel, the nationwide NUDGE-FLU implementation trials demonstrated that
increasing influenza vaccination uptake through simple electronic behavioral interventions
was associated with improvements in clinical outcomes, including reductions in heart failure
and cardiorespiratory events among high-risk populations, further supporting influenza
vaccination as a scalable population-level cardiovascular prevention strategy [14-16].

Collectively, these findings suggest that influenza vaccination may represent a scalable
and low-cost preventive strategy that could complement traditional cardiovascular risk
reduction measures in aging populations (Table 1) [3,7].

Table 1. Influenza vaccination in primary and secondary cardiovascular prevention.

Prevention Tareet Population Influenza Vaccination Main Cardiovascular Kev Studies
Category 8 P Strategy Benefit y
Annual vaccination; Reduced influenza-triggered =~ Kwong et al. (2018) [4];
Older adults consideration of high-dose M1, stroke, cardiovascular Johansen et al.
without CVD (vs. standard-dose) vaccine hospitalization, and (2026) [9]; Heidecker
Primary in elderly adults all-cause mortality etal. (2025) 3]
Prevention Annual vaccination: Reduced heart failure Modin et al.
High-risk metabolic ) ! hospitalization, (2020) [13]; Nielsen
. enhanced/high-dose .
populations o cardiovascular etal. (2026) [17];
' formulations in vulnerable o . .
(diabetes, CKD) atients (vs. standard-dose) hospitalization, and Heidenreich et al.
p ’ cardiovascular mortality (2025) [7]
Routlniiarﬁjgglsza(icsmatlon; Reduced HF exacerbation, Johansen et al.
HF patients & o hospitalization, and (2026) [9]; Johansen
standard-dose) vaccination cardiovascular events etal. (2025) [8]
in older HF patients '
: Frobert et al.
Secondary Patients with Early post-MI vaccination c;i”fiilgsgiﬁzill‘o;vz(:\::fr?d (2021) [18];
Prevention prior MI yPp cardiovascular mortali Heidenreich et al.
ty (2025) [7]
High-dose (vs. Greater absolute reduction
standard-dose) vaccination in cardiovascular Pareek et al.
ASCVD patients (2026) [19]; Heidecker

integrated into
secondary prevention

hospitalization and
recurrent events

etal. (2025) [3]

Abbreviations: ASCVD = atherosclerotic cardiovascular disease; CKD = chronic kidney disease;
CVD = cardiovascular disease; HF = heart failure; MI = myocardial infarction.
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5. Influenza Vaccination for Secondary Prevention of
Cardiovascular Disease

Patients with baseline CVD are especially vulnerable to influenza-related complications
because viral infection promotes systemic inflammation, plaque destabilization, thrombosis,
and increased myocardial oxygen demand [3]. This heightened inflammatory and prothrom-
botic state may precipitate recurrent cardiovascular events, heart failure decompensation,
and cardiovascular hospitalization in high-risk patients [3]. Accordingly, growing evidence
supports influenza vaccination as an important component of secondary cardiovascular
prevention (Table 1).

The DANFLU-2 trial and the FLUNITY-HD pooled analysis demonstrated that high-
dose influenza vaccination reduced cardiovascular and cardiorespiratory hospitalization
among older adults compared with standard-dose vaccination, supporting the role of
enhanced influenza vaccination in reducing cardiovascular complications in high-risk popu-
lations [8,9]. Consistent with these findings, prespecified subgroup analyses demonstrated
low numbers needed to vaccinate across multiple high-risk cardiovascular subgroups, in-
cluding patients with ASCVD, heart failure, atrial fibrillation, diabetes mellitus, and chronic
kidney disease, reflecting the greater absolute benefit achieved in these vulnerable popula-
tions [9,17,19-21]. The IAMI trial further strengthened evidence for influenza vaccination
in secondary prevention by demonstrating reductions in major adverse cardiovascular
events and cardiovascular mortality among patients vaccinated shortly after myocardial
infarction [18].

In parallel, the nationwide NUDGE-FLU implementation trials demonstrated that in-
creasing influenza vaccination uptake through simple electronic reminders was associated
with improved clinical outcomes, including reductions in heart failure and cardiorespiratory
events among high-risk populations, highlighting the potential of vaccination programs
to improve cardiovascular outcomes at the population level [14-16]. Together, these find-
ings support incorporation of influenza vaccination into comprehensive cardiovascular
prevention pathways, including post-myocardial infarction care, heart failure clinics, and
outpatient cardiology practice (Table 2) [3,7].

Respiratory viral infections frequently trigger HF decompensation through inflamma-
tory activation and increased metabolic demand [3]. Contemporary studies demonstrated
significant reductions in HF hospitalization among vaccinated patients, suggesting that
influenza vaccination may serve as an important adjunctive therapy within comprehensive
HF management and secondary prevention pathways [8,9].

Frailty and immunosenescence complicate vaccine decisions in older adults with
established CVD. Age-related changes in innate and adaptive immunity may attenuate
immune responses to vaccination, while frailty and multimorbidity increase vulnerability
to influenza-related complications and adverse cardiovascular outcomes [22,23]. Enhanced
vaccine formulations are designed to improve immunogenicity in older adults; however,
higher antibody titers do not necessarily translate into proportionally greater reductions in
cardiovascular events [24,25].
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Table 2. Summary of key studies evaluating influenza vaccination and cardiovascular outcomes.

Population/ Influenza Intervention or Relevant Findings/ Key Interpretive
Study Study Type Sample Size Season(s) Comparison Contribution Limitation
FLUNITY-HD

High-dose vs Examined comparative Subgroup estimates and
Parccketal,  randomised il A7500had 202225 m0peyas,  Sandarddose participanis with  baseline ek and endpoint
2026 [19] ' (DANFLU+GALFLU); preiexisting Spain: l airﬁf)lrlienzaartviii“iaiis established definitions; does not assess

subgroup analysis cardiovascular disease =~ 2023/24-2024/25 wi’?hpAS CVF])Z) atherosclerotic vaccination versus
cardiovascular disease. no vaccination.
Increased precision for Pooled populations and
ohansen oyt ozt Higdosevs SRR requine carefl
etal., 2026 [9] randomized trials 466,320 participants Spain: , standard-dose cardiorespirator interpretation; does not
i pamm: influenza vaccine p Y pretation;
(DANFLU+GALFLU) 2023/24-2024/25 outcome estimates in assess vaccination versus
older adults. no vaccination.
DANFLU-2
High-dose vs Findings should be
Nielsen et al Secondary analysis of a 332,438 participants; Denmark standard-dose VaEc?;?ill:zaet:fici?\zE:;: Elvin tligzzrpgftt:c? ;rffiozcii;lr’zf gﬁd
v pragmatic, open-label, /=00 PATHCIPans, influenza vaccine in : . P P
2026 [17] . . . 43,881 had diabetes 2022/23-2024/25, L . older, high-risk subgroup precision; they
randomized clinical trial participants with ) i
diabetes population. may not generalize to all
people with diabetes.
High-dose vaccine
reduced cardiorespiratory
Prespecified secondary 332,438 adults aged High-dose vs. hospitalization in the Cardiovascular outcomes
Johansen analysis of a pragmatic,  >65 years in Denmark; Denmark standard-dose secondary analysis; the were secondary; no direct

etal, 2025 [8] open-label, randomized

clinical trial

91,026 had a history of
cardiovascular disease

inactivated influenza
vaccine

2022/23-2024/25,

primary endpoint of
influenza or pneumonia
hospitalization was not

significantly reduced.

comparison with
unvaccinated participants.

https://doi.org/10.3390/jgg74040043


https://doi.org/10.3390/jgg74040043

J. Gerontol. Geriatr. 2026, 74, 43

70f13

Table 2. Cont.

Population/ Influenza Intervention or Relevant Findings/ Key Interpretive
Study Study Type Sample Size Season(s) Comparison Contribution Limitation
NUDGE-FLU-2
Nationwide, Electronic letters EV ah.lated . The primary focus was
Johansen . . . communication strategies o
registry-based 881,373 Danish adults designed to encourage . - vaccination uptake, not
etal, randomized aged >65 years Denmark 2023/24 vaccination vs to increase vaccination cardiovascular event
2024 [14] implementation trial s usual care . uptake in a subsequent reducti an o
p influenza season. vetion.
NUDGE-FLU
Nationwide, Electronic letters EV algated ) Evaluated implementation
Johansen . . . communication strategies i .
registry-based 964,870 Danish adults designed to encourage . - strategies, not vaccine
etal, randomized aged >65 years Denmark 2022/23 vaccination vs to increase vaccination formulation or biological
2023 [16] . . . gecd =ty ' uptake in a subsequent ) o °8
implementation trial usual care influenza season efficacy in isolation.
IAMI
Sweden, Denmark, Directl luated
2571 participants Norway, Latvia, Influenza vaccine vs. influ 1;eca yeva ui. c P Recruitment stopped early
Randomized, randomized; 2532 United Kingdom, placebo in patients 3 ed z Vaccmat.mn' t(})lr during the COVID-19
Frobert et al., double-blind, included in the Czech Republic, with recent secon. ary preven 10.rt1, € pandemic; findings are
2021 [18] placebo-controlled, modified Bangladesh, myocardial infarction P ; mary Clompots e most directly applicable to
multicenter clinical trial intention-to-treat Australia or high-risk car 1ovalscu a oihcome the studied
analysis October coronary disease Y/iic?r‘l/ze;:cr:up € high-risk population.
2016-March 2020 '
Nationwide Cohort
Influenza vaccination was
Nationwide 241,551 adults Vaccinated vs associated with lower Residual confounding and
Modin et al., observational, with diabetes; Denmark unvaccinated a dﬁlts cardiovascular mortality =~ healthy-user bias cannot be
2020 [13] registry-based (425,318 person-years ~ 2007/08-2015/16 with diabetes and lower mortality from  excluded; association does
cohort stud of follow-up) myocardial infarction not establish causality.
y p y Y-

or stroke.

ASCVD: atherosclerotic cardiovascular disease.
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6. Guideline Evolution of Influenza Vaccination in Cardiovascular
Disease Prevention

Historically, influenza vaccination recommendations were primarily framed within
infectious disease prevention strategies, with emphasis on reducing influenza-related res-
piratory complications, hospitalization, and mortality among older adults and immuno-
compromised individuals. Early recommendations from the Centers for Disease Control
and Prevention (CDC) and World Health Organization (WHO) during the 1990s and early
2000s identified adults aged >65 years and patients with chronic diseases, including CVD,
as priority groups mainly because of their increased risk of severe influenza infection and
secondary complications rather than direct cardiovascular protection [26].

During the 2000s and early 2010s, accumulating epidemiological evidence linking
influenza infection with acute myocardial infarction, heart failure decompensation, and
stroke gradually shifted the perception of influenza vaccination beyond respiratory disease
prevention [10]. Early observational studies reported associations between influenza vacci-
nation and reduced cardiovascular hospitalization among older adults [27]. In 2006, the
American Heart Association (AHA) and American College of Cardiology (ACC) explicitly
recommended annual influenza vaccination as part of secondary prevention in patients
with coronary and other atherosclerotic vascular disease [28]. This recommendation was
reaffirmed in the 2011 AHA/ACC secondary prevention guideline [29]. Subsequent ob-
servational research reported an association between influenza vaccination and lower
cardiovascular mortality among adults with diabetes [13]. In 2021, the randomized IAMI
trial provided further evidence of potential cardiovascular benefit, demonstrating a re-
duction in the composite of all-cause death, myocardial infarction, or stent thrombosis
among patients vaccinated shortly after myocardial infarction [18]. The 2021 European So-
ciety of Cardiology (ESC) guidelines also recommended influenza vaccination for patients
with established cardiovascular disease as part of preventive care [30]. Together, these
developments reflect the growing recognition of influenza vaccination as a component of
cardiovascular prevention.

The conceptual transition accelerated further following publication of contemporary
randomized trials and meta-analyses demonstrating reductions in cardiovascular mortal-
ity and hospitalization among high-risk patients [18]. Consequently, recent guidelines
have adopted a more proactive cardiovascular prevention perspective. The 2025 American
College of Cardiology (ACC) Expert Decision Pathway explicitly recognized influenza
vaccination as part of comprehensive cardiovascular preventive care and encouraged im-
plementation within cardiology clinics and secondary prevention programs [7]. Similarly,
the 2025 European Society of Cardiology (ESC) Clinical Consensus Statement described
vaccination as a “new form of cardiovascular prevention,” positioning influenza vaccina-
tion alongside established preventive interventions such as lipid lowering therapy, blood
pressure control, smoking cessation, and diabetes management [3].

In parallel, guideline recommendations regarding vaccine formulation have also
evolved. Earlier guidelines generally recommended any age-appropriate influenza vaccine
without preference among formulations. High-dose influenza vaccines contain four times
the amount of haemagglutinin antigen per strain compared with standard-dose vaccines
(60 pg vs. 15 pg). In adults aged 65 years and older, high-dose vaccines have been shown to
produce higher antibody titers than standard-dose vaccines. In a randomized trial involving
31,989 older adults, antibody titers and seroprotection rates were significantly higher with
high-dose vaccination. However, stronger antibody responses do not necessarily trans-
late into proportionally greater protection against cardiovascular events [24,31]. However,
following studies demonstrating improved immunogenicity and potential cardiovascular
and cardiorespiratory benefits with enhanced formulations in older adults, more recent
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recommendations increasingly favor high-dose or adjuvanted influenza vaccines for adults
aged >65 years and other high-risk populations [8,9]. The Centers for Disease Control and
Prevention’s (CDC) 2022-2023 and subsequent 2024-2025 recommendations strengthened
this preferential recommendation, reflecting a shift from universal vaccination alone toward
optimization of vaccine efficacy in vulnerable cardiovascular populations (Figure 2) [32].

~
{ .ﬁl Primarily infection prevention
1990—-Early | Influenza vaccination focused on preventing influenza and its complications in older adults and high-risk groups. (29)
Infection 2000s )
prevention
~N
Cardiovascular associations and guideline integration
“O\ Observational evidence linked vaccination with fewer cardiovascular hospitalizations. AHA/ACC guidance incorporated annual
2003-2011 influenza vaccination into secondary prevention for patients with cardiovascular disease.(31,32)
Cardio\.lax.cullr /
associations
~
Clinical trial evidence
Randomized evidence, including the IAMI trial, supported a potential cardiovascular benefit, particularly following myocardial
—— 2012-2021 infarction, although trial limitations endpoint- specific uncertainty remain.(13,18,33)
evidence .
~
g” Broader prevention and vaccine optimization
KQ(@\ Contemporary guidance increasingly frames vaccination as part of cardiovascular prevention. Trials are also evaluating enhanced-
preventionand | 2022-2026 | dose vaccines, while US ACIP preferentially recommends certain enhances vaccines for adults older than 65 years old.(3,7,8)
vaccine optimization =/
AHA: American Heart Association, ACC: American College of Cardiology, IAMI: i 1 After | i , US ACIP: United States Advisory Committee on Immunization Practices

Figure 2. Evolution of influenza vaccination in cardiovascular prevention. The timeline illustrates
the progression from a primary focus on preventing influenza and its complications in older adults
and high-risk populations to recognition of cardiovascular associations, integration of influenza
vaccination into cardiovascular prevention guidelines, and evaluation of its potential cardiovascular
benefits in clinical trials. More recent developments include broader recognition of vaccination as a
component of cardiovascular prevention and the evaluation of enhanced-dose influenza vaccines in
older adults. The cited evidence reflects evolving recommendations and research; the magnitude of
cardiovascular benefit and the comparative effectiveness of vaccine formulations vary by population
and clinical outcome.

7. Real-World Implementation and Future Perspectives for Influenza
Vaccination in Cardiovascular Prevention

Despite growing evidence and contemporary guideline recommendations, vaccination
uptake among patients with cardiovascular disease remains suboptimal in many healthcare
systems [3,7]. Barriers include limited awareness of cardiovascular benefits, fragmented
implementation between cardiology and primary care services, vaccine hesitancy, and
inconsistent incorporation of vaccination into routine cardiovascular care pathways [7].

Contemporary cardiovascular societies increasingly encourage integration of influenza
vaccination into preventive cardiology practice. The 2025 ACC Expert Consensus Statement
emphasized that vaccination should be considered part of comprehensive cardiovascular
preventive care and encouraged implementation within cardiology clinics, cardiac rehabil-
itation programs, and post-myocardial infarction pathways [7]. Similarly, the 2025 ESC
Clinical Consensus Statement described vaccination as an emerging component of cardio-
vascular prevention and highlighted the role of cardiologists in improving vaccine uptake
among high-risk patients [3].

Hospitalization for acute cardiovascular events may provide an important opportunity
for vaccination. The IAMI trial demonstrated the feasibility and clinical benefit of ad-
ministering influenza vaccination early after myocardial infarction, supporting in-hospital
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vaccination strategies in high-risk patients [18]. Integration of vaccination reminders into
electronic health records, multidisciplinary care pathways, heart failure clinics, cardiac reha-
bilitation programs, and outpatient cardiovascular services may further improve adherence
and long-term cardiovascular outcomes [3,7].

Unlike many conventional cardiovascular therapies, influenza vaccination is inexpen-
sive, widely available, and generally administered once annually, with a well-established
safety profile [3]. Importantly, the absolute cardiovascular benefit appears greatest among
high-risk populations, including older adults, patients with ASCVD, heart failure, diabetes
mellitus, chronic kidney disease, and recent acute coronary syndromes [8,9,18,19].

Although influenza vaccination should not be viewed as a replacement for guideline-
directed medical therapy, its potential cardiovascular benefit may complement established
preventive measures such as lipid-lowering therapy, blood pressure control, smoking cessa-
tion, and cardiac rehabilitation. This broader preventive framework has led recent cardio-
vascular guidelines to increasingly position vaccination alongside traditional cardiovascular
risk reduction strategies [3,7].

Future research should focus on the development of personalized influenza vaccination
strategies tailored to cardiovascular risk profile, frailty, chronic kidney disease, diabetes
mellitus, and heart failure. Older adults with multimorbidity may particularly benefit
from individualized vaccine selection and timing strategies rather than uniform age-based
approaches alone [3]. Future studies should also evaluate newer vaccine technologies
including messenger ribonucleic acid (mRNA) influenza vaccines, universal influenza
vaccines, and combination respiratory vaccines targeting influenza, Coronavirus Disease-19
(COVID-19), and respiratory syncytial virus.

As preventive cardiology continues to evolve toward multimodal risk reduction ap-
proaches, influenza vaccination may represent a practical and scalable adjunctive inter-
vention capable of reducing cardiovascular morbidity and hospitalization in vulnerable
populations [3]. Despite increasing recognition of influenza vaccination as a component
of cardiovascular prevention, important uncertainties remain regarding the populations
most likely to benefit, the comparative effectiveness of different vaccine formulations, and
the optimal strategies for implementation. Table 3 summarizes the current evidence, major
knowledge gaps, and priorities for future research.

Table 3. Evidence gaps and priorities for future research.

Fields

Current Gap/Uncertainty Priority for Future Research

Primary prevention

Direct randomized evidence for first
cardiovascular events is limited;
observational associations may

be confounded

Large, pragmatic trials or carefully designed
target-trial emulations with prespecified
cardiovascular endpoints

. Comparative cardiovascular effects may Head-to-head trials with clinically
Enhanced vaccine o . . i A
. vary by age, baseline risk, formulation, meaningful endpoints and consistent
formulations . o
and outcome endpoint definitions
. Frailty, functional status, and age-related Measure frailty and functional status;
Frailty and . .
. immune changes are examine treatment effects and absolute
immunosenescence . . . )
inconsistently characterized benefit across strata
Antibody titers are surrogate outcomes and Link immune response measures to
Immunogenicity may not predict cardiovascular influenza infection and adjudicated
benefit directly clinical outcomes
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Table 3. Cont.

Fields Current Gap/Uncertainty Priority for Future Research
-scal i fi ill
Rare cardiac adverse events are difficult to Large-scale active 58 ety surveillance and
Safety L . transparent reporting of temporal and
assess in individual trials
causal assessments
s . Test integrated vaccination pathways in
. Vaccination uptake remains uneven and . , i r
Implementation . . cardiology, primary care, rehabilitation, and
barriers differ across healthcare systems
post-MI care
Equity and Most contemporary evidence comes from Studies in ffhverse heallt h systems and
I L ) populations, including low- and
generalizability high-income settings

middle-income countries

Clinical endpoints

Some trials and subgroup analyses are not Adequately powered trials with
powered for MI, stroke, or prespecified, adjudicated cardiovascular
cardiovascular death outcomes and multiplicity plans

MI: myocardial infarction.

8. Controversies and Limitations

Despite growing evidence supporting influenza vaccination as a cardiovascular preven-
tion strategy, several important limitations remain. Contemporary studies exhibit substantial
heterogeneity in vaccine formulations, including standard-dose, high-dose, recombinant,
and adjuvanted vaccines, making direct comparison between trials difficult [8,9]. Much
of the earlier evidence supporting cardiovascular benefit originated from observational
studies vulnerable to healthy-user bias and residual confounding, whereas randomized
trials sometimes demonstrated more modest effect sizes [3].

Most contemporary trials were conducted in high-income healthcare systems, limiting
generalizability to low- and middle-income countries where influenza burden and health-
care access differ substantially [26]. Additionally, several cardiovascular subgroup analyses
were exploratory and not primarily powered for hard cardiovascular endpoints such as MI,
stroke, or cardiovascular mortality [8,9].

Although seasonal influenza vaccines generally have a favorable safety profile, individ-
ual trials may be underpowered to detect very rare adverse events [11,12]. Future research
should prioritize adequately powered randomized trials, standardized cardiovascular end-
points and prespecified subgroup analyses. Reporting both relative and absolute treatment
effects, alongside continued post-marketing safety surveillance, will be important to clarify
which populations derive the greatest benefit and whether particular vaccine formulations
offer meaningful additional cardiovascular protection.

9. Conclusions

Influenza vaccination is increasingly recognized as a practical adjunctive strategy for
cardiovascular prevention, particularly among older adults and high-risk patients with
established cardiovascular disease. Accumulating mechanistic, epidemiologic, and clinical
evidence suggests that prevention of influenza infection may reduce cardiovascular hospi-
talization and adverse cardiovascular events in both primary and secondary prevention
settings. Integration of influenza vaccination into routine cardiovascular care pathways
may therefore represent a scalable and cost-effective component of contemporary preven-
tive cardiology.
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