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Vaccines clearly reduce infection-related hospitalizations in older adults.
Their direct e�ect on preventing cardiovascular events is still unclear and warrants dedicated studies.
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DANFLU-2 trial

>330,000 adults ≥65 randomized to high- vs 
standard-dose in�uenza vaccines
High-dose vaccine lowered respiratory hospitalizations 
but showed no additional cardiovascular protection 
compared with standard dose
Patients with ASCVD had higher absolute risks, but 
relative vaccine e�ectiveness was similar across groups

DAN-RSV trial
130,000 adults ≥60 randomized to RSVpreF vaccine vs 
no vaccine
Vaccine strongly reduced RSV-related hospitalizations 
Cardiovascular protection was modest and 
non-signi�cant overall, but a signal for stroke reduction 
in ASCVD patients warrants further study
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Cardiovascular outcomes after influenza and RSV vaccination in Denmark: Two nationwide registry-based study.
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Influenza virus and respiratory syncytial virus (RSV) have long been re
garded primarily as respiratory pathogens. However, a growing body of 
evidence reveals their substantial impact on cardiovascular health, par
ticularly among vulnerable populations, including older adults and those 
with atherosclerotic cardiovascular disease (ASCVD).1–4 Indeed, acute 
viral infections are potent triggers of major cardiovascular events 
(MACE) such as myocardial infarction, stroke, and heart failure, as 
the COVID-19 pandemic has revealed on a broad scale.5–8

Preventive strategies that mitigate infection-related pathways thus 
hold great promise in reducing cardiovascular events.2,9–11 In a recent 
European Society of Cardiology consensus document, we have empha
sized vaccination as an emerging pillar of cardiovascular prevention.1

Increasing evidence suggests that vaccination will become an import
ant cornerstone of prevention of cardiovascular disease.2,9–12 As a re
sult, a critical unanswered question has lingered: Do novel influenza 
vaccines or newly developed RSV vaccines provide cardiovascular pro
tection in high-risk patients beyond their benefits of reducing the risk 
for respiratory infections? Two major pragmatic, nationwide rando
mized trials from Denmark—the DANFLU-213 and DAN-RSV14— 
published in this issue of the European Heart Journal, address this im
portant clinical question.

A distinctive strength of both DANFLU-2 and DAN-RSV lies in their 
unprecedented design and scale. Leveraging Denmark’s nationwide health 
registries and centralized vaccination infrastructure, virtually the entire eli
gible population ≥60 years was reached. Participants were primarily re
cruited using electronic invitation letters sent through the Danish 
governmental digital mailing system. This pragmatic, registry-based design 
minimized loss to follow-up and made these the largest randomized vac
cine trials ever conducted in older adults for influenza and RSV (Graphical 
Abstract).

In DANFLU-2, >330 000 adults aged ≥65 years were randomized to 
receive either high- or standard-dose influenza vaccination over three 
consecutive influenza seasons, in order to assess potential differences 
in vaccine effectiveness. The primary outcome was hospitalization for 
influenza or pneumonia. In addition, the study compared vaccine effect
iveness in patients with and without ASCVD in a pre-specified explora
tory analysis.

Consistent with prior literature, patients with ASCVD experienced 
markedly higher absolute rates of respiratory hospitalizations and 
MACE. Yet, the relative vaccine effectiveness (rVE) of high-dose vs 
standard-dose vaccination for the primary outcome, i.e. hospitalization 
for influenza or pneumonia, was similar in both groups, with ∼7% in 
those without ASCVD and ∼5% in those with (no significant 
interaction).

Subgroup analyses revealed that the rates of both hospitalization for 
influenza and laboratory-confirmed influenza were lower in the high- 
dose influenza vaccine group than in the standard-dose inactivated 
influenza group. Therefore, in summary, older adults with ASCVD 
carried higher risk and thus higher absolute MACE rates, but high-dose 
influenza vaccine did not appear to provide incremental cardiovascular 
benefit beyond standard-dose vaccination in the current study.

While influenza has long been implicated in cardiovascular risk, RSV is 
a relative newcomer in that discussion. Indeed, RSV infection has 
emerged as an under-recognized trigger for hospitalization and adverse 
outcomes in older adults. The DAN-RSV trial randomized >130 000 
adults ≥60 years to receive either a bivalent RSV prefusion F protein- 
based vaccine (RSVpreF) or no vaccine.

Again, patients with ASCVD had substantially higher baseline 
event rates. Vaccine effectiveness against the primary outcome— 
RSV-related hospitalization—was robust (80% in those without 

ASCVD, 100% in those with ASCVD, albeit with wide confidence inter
vals due to relatively few events). For cardiovascular outcomes, protec
tion against MACE was modest and non-significant in both groups (9%– 
12%). Importantly, a signal for stroke reduction emerged in the ASCVD 
subgroup, although this was hypothesis-generating given the small num
ber of events and warrants confirmation in future studies. Overall, the 
DAN-RSV trial underscores that RSV vaccination can substantially re
duce respiratory hospitalizations. Further research will be necessary 
to explore its potential benefits in reducing cardiovascular events.

The biological plausibility for vaccination as cardiovascular prevention 
is strong.1,5 Acute respiratory infection induces systemic inflammation, 
prothrombotic activation, endothelial dysfunction, and sympathetic 
surges—all potential triggers for myocardial infarction and stroke. 
There is mounting evidence that viral infections provoke cytokine cas
cades that destabilize vascular plaques and impair myocardial energet
ics.1,5 By preventing infection or attenuating its systemic inflammatory 
consequences, vaccines may indirectly reduce cardiovascular events.1,5

Lessons from DANFLU-2 and DAN-RSV for the practizing cardiolo
gist are:1 risk stratification matters. Patients with ASCVD consistently 
had higher absolute risks for MACE.2 The relative benefits of these vac
cines are not amplified by ASCVD. Both trials found consistent rVE/VE 
across cardiovascular stratification.3 The signals for protection deserve 
further exploration. The trend for fewer respiratory hospitalizations in 
the influenza vaccine group, and the signal in the RSV vaccine group for 
stroke reduction, hint at potential cardiovascular effects that trials with 
longer follow-up may detect.4 The public health impact of vaccination in 
the elderly population is substantial. Even in the absence of direct car
diovascular protection, preventing respiratory hospitalizations in older 
adults has clear implications for healthcare utilization, morbidity, and 
potentially mortality.

Taken together, the data describe the complex relationship between 
viral infection, vaccines, and the heart: vaccination effectively reduces infec
tion; whether it directly prevents cardiovascular events depends on con
text, timing, and host factors, and probably the duration of follow-up.

With regards to limitations, both trials were pragmatic and 
registry based, maximizing generalizability, but with inherent caveats: 
DANFLU-2 did not include a placebo arm, most probably as current 
ESC guidelines recommend vaccination against influenza, pneumo
coccal disease, and other widespread infections such as COVID-19 
for patients with chronic coronary syndromes.15 Similarly, the 
AHA/ACC guidelines for the management of chronic coronary ar
tery disease recommend influenza vaccine.16 Under these circum
stances, withholding vaccination for a placebo group would not 
have been ethically justifiable.

DAN-RSV had overall low event rates and wide confidence intervals, 
as a result limiting statistical power for cardiovascular outcomes. Both 
trials were based on registry definitions of comorbidities and outcomes. 
As in any registry study without central chart review by the investiga
tors or endpoint adjudication committee, coding errors, variations in 
clinical practice, or incomplete capture can occur.

Despite the inherent limitations of registry-based outcome defini
tions and the absence of formal adjudication, the investigators deserve 
recognition for implementing an innovative, large-scale pragmatic ap
proach that enabled the enrolment and follow-up of entire national co
horts. This strategy has yielded uniquely valuable real-world evidence at 
a scale previously unattainable in cardiovascular vaccine research.

The DANFLU-2 and DAN-RSV trials advance our understanding of 
the interplay of infectious disease and cardiovascular disease preven
tion. Although the expectation that high-dose influenza or new RSV 
vaccines might yield disproportionate cardiovascular benefit has not 
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yet been realized, it is important to recognize that these trials were not 
primarily powered to detect reductions in individual cardiovascular 
events following vaccination. Therefore, studies powered to explore 
exactly these endpoints will be needed in the future, in particular 
with the hints at cardiovascular protective effects obtained from these 
data. Future research will serve to refine our strategies, test combined 
approaches, and integrate mechanistic insights into clinical trial design.
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