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‘Dangerous liaisons’ between influenza virus 
and cardiovascular diseases

In 2008, cardiovascular disease (CVD) for the first time be
come the leading cause of mortality in the world, causing 
∼13% of all deaths globally.1 Given the rising burden of cor
onary heart disease (CHD), cardiovascular (CV) prevention 
through the control of traditional risk factors represents a 
healthcare priority. Cigarette smoking, elevated serum 
cholesterol levels, high blood pressure, and diabetes are 
major risk factors for developing CHD and are recognized 
as strategic targets for preventive strategies. Despite ef
fective public health strategies and effective treatments 
in the control of CV risk factors,2 however, the incidence 
of CHD is still dramatically high, suggesting the role of 
other less identified factors such as obesity, physical in
activity, stress, environmental pollution, infections, and 
inflammation. In this latter regard, since the beginning 
of the last century, the association between influenza epi
demics and major cardiovascular events (MACE)3 has been 
repeatedly reported. In this issue of the journal, Caldeira 
and Nogueira-Garcia provide a complete overview of the 
evidence retrieved about the relationships between influ
enza and CVD. Cardiovascular manifestations associated 
with influenza are multiple, though acute coronary syn
drome (ACS) is the most important.4–6 The risk of ACS re
lated to influenza appears to be greatest in the first few 
days after infection, but it remains elevated for many 
weeks.5 Several possible pathophysiological mechanisms 
have been suggested to explain the increase in CV events 
related to influenza. In this issue, Tor Biering-Sorensen 
et al. have addressed this aspect. In synthesis: 

• The influenza virus may prompt acute CV events by 
stimulating a potent acute inflammatory response 
which may trigger acute plaque rupture.7–9

• Influenza infection can destabilize patients with pre- 
existing CVD through increased metabolic demand, 
activation of the sympathetic nervous system, and inad
equate coronary artery blood flow due to fever and 
tachycardia.10

• Influenza infection also predisposes patients to develop 
opportunistic infections like bacterial pneumonia, with 
consequently reduced oxygen supply to the myocardium 
and increased CV risk.

Cardiovascular manifestations of influenza might also 
include myocarditis, pericarditis, heart failure (HF), and 
arrhythmias.11 For these reasons, in recent years, it has 
been developed the concept that influenza vaccination 
can play a preventive action and reduce the development 
of CV events.6

The effect of influenza immunization on 
cardiovascular death and acute coronary 
syndromes

As reported in the paper by Carro in this issue, many ob
servational studies have reported the protective effect of 
the influenza vaccine on MACE and mortality. Previous ran
domized controlled trials (RCTs) evaluating the effect of 
the influenza vaccine on CV outcomes in CHD patients 
had retrieved not uniform results.12–14 These initial RCTs, 
however, included a small population sample size and pro
vided short follow-ups.15 More recent evidence, as sum
marized in the paper by Aliprandi et al. in this issue, has 
confirmed the efficacy of influenza vaccine in preventing 
MACE and mortality in secondary prevention as confirmed 
also by the IAMI (Influenza Vaccination After Myocardial 
Infarction; NCT02831608) trial.16 In this specific study, 
influenza immunization was safely and effectively admi
nistered within 72 h after percutaneous coronary angio
plasty. A subsequent meta-analysis of the available RCTs 
involving 4211 patients found that influenza vaccine sig
nificantly reduced the risk of MACE [relative risk (RR), 
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0.63; 95% confidence interval (CI), 0.51–0.77], all-cause 
mortality (RR, 0.58; 95% CI, 0.4–0.84) and CV mortality 
(RR, 0.53; 95% CI, 0.38–0.74) compared with control 
group, whereas, the risk of myocardial infarction (MI) 
was comparable across the groups, but with a very low- 
grade certainty of the evidence.15 Similarly, another re
cent meta-analysis found that the influenza vaccine was 
not associated with a statistically significant reduction of 
MI (RR, 0.73; 95% CI, 0.49–1.09) compared with control, 
whereas during a median follow-up of 19.5 months, the in
fluenza vaccine was associated with a lower risk of all- 
cause mortality (RR, 0.75; 95% CI, 0.60–0.93), CV mortality 
(RR, 0.82; 95% CI, 0.80–0.84) and MACE (RR, 0.87; 95% CI, 
0.80–0.94) compared with control.17 Also, in this case, it 
should be noted that one of the reasons that could explain 
the lack of benefits of MI could be the low incidence of MI 
in the different RCTs included in the analysis.

Generally, an incremental benefit of influenza vaccin
ation is noted with the increase of CV risk from primary pre
vention to secondary prevention of ACS. In 2013, Udell et al. 
conducted a meta-analysis of six RCTs comprising only 36.2% 
of patients with CVD assessing the benefit of the influenza 
vaccine in reducing CV events. A treatment interaction 
was detected between participants with and without recent 
ACS, where vaccination was associated with a lower risk of 
MACE among participants with recent ACS compared with 
participants with stable CHD suggesting that acute CV pa
tients with higher risk may benefit the most regarding CV 
risk reduction from a once-annual influenza vaccine.18 In 
view of previous results and of the recent trial IAMI16 it ap
pears confirmed that the patients who would benefit the 
most from this intervention are those at high cardiovascular 
risk, especially patients with a history of CHD.

The effect of influenza immunization on 
cerebrovascular events and heart failure

Less evidence is available in the setting of stroke. A 
meta-analysis considering the occurrence of recurrent 
stroke, thereby reflecting the incidence of stroke in a sec
ondary prevention setting, found that the influenza vac
cine was not associated with a significant reduction in 
the risk of stroke (RR, 0.75; 95% CI, 0.70–1.01).19

Similarly, there still is no conclusive evidence about the 
benefit of influenza vaccination in patients affected by 
HF. Indeed, in the clinical setting of HF, conflicting results 
have been retrieved so far and the overall available evi
dence is graded low. In a meta-analysis by Rodriguez 
et al. of six observational studies in patients with HF, influ
enza vaccination was associated with a significant effect 
on all-cause mortality (HR, 0.83; 95% CI, 0.76, 0.91), but 
the vaccine was not associated with a statistically signifi
cant effect on all-cause hospitalizations and on CV mortal
ity, according to the pooled analysis of two observational 
studies.20 The recent Influenza Vaccine to Prevent 
Adverse Vascular Events (NCT02762851) trial, tested 
whether the standard-dose trivalent inactivated influenza 
vaccine compared with placebo may reduce a composite 
of adverse CV events in adults with New York Heart 
Association functional Classes II–IV HF (118) during three 
consecutive years. The primary outcome, a composite of 
CV death, non-fatal MI, non-fatal stroke, and hospitalizations 
for HF over 6 months was not significantly reduced by the 

influenza vaccine, but there was a significant reduction in 
MACE during periods of peak influenza circulation in the 
vaccinated group compared with placebo.21 A large retro
spective Danish study, conducted in 134 048 patients with 
HF, demonstrated an 18% reduction in mortality linked to 
flu vaccination. It was also highlighted that the protective 
efficacy of vaccination is higher when carried out at the 
beginning of the autumn, probably because of the reduced 
period in which patients are exposed to the risk of conta
gion.22 This mechanism is supported by the fact that the 
reduction in mortality was directly proportional to the 
number of vaccinations to which the patients had been 
subjected during their life. A further study performed on 
59,202 patients with HF demonstrated a reduction in hos
pitalizations for CVD in the flu-vaccinated group compared 
with controls.23

Data retrieved on other specific populations are scarce, 
therefore more efforts are needed to evaluate the effect 
of influenza vaccine in subgroups (hypertension, diabetes, 
peripheral artery disease, cerebrovascular disease, atrial 
fibrillation, or HF). In this issue, Dirk Muller Wieland pro
vides a broad view of the evidence available for diabetic 
patients.

Influenza immunization as a key element for 
cardiovascular prevention during the time of 
COVID-19

Despite these limitations, based on the overall evidence, it 
appears today reasonable that influenza vaccination helps 
decrease mortality, CV mortality, and MACE especially in pa
tients at high CV risk. In a recent meta-analysis, the number 
needed to treat (NNT) with influenza vaccine for MACE and 
all-cause mortality prevention were 19 and 48, respective
ly.15 Since other medications recommended as secondary 
prevention have higher NNT (i.e. NNT for aspirin = 50,24

NNT for statins = 61,25 NNT for beta-blockers = 48,26 NTT 
for angiotensin-converting enzyme inhibitors = 2027), influ
enza vaccination seems to represent a highly effective inter
vention for reducing adverse events in this population at very 
high CV risk.15 Therefore, clinical guidelines recommend an
nual influenza vaccination for the general population for 
influenza-like illness risk reduction, with more stringent re
commendations for people with CVD. The European Society 
of Cardiology guidelines and the American Heart 
Association and the American College of Cardiology joint 
guidelines suggest a Class I (Level of Evidence B) recommen
dation for influenza vaccination for all patients with 
CVD.28,29 Despite this, the prevalence of vaccination rates 
remains low among individuals with CVD who reside in 
North America11 and it was only 44% in Europe among elderly 
adults (≥65 years) between 2016 and 2017.30 An effort should 
be made by Scientific Societies, health authorities, and med
ical communities, also based on recent evidence, to further 
strengthen the recommendation for influenza immunization 
as a CV preventive measure for people at high risk (Table 1). 
The Italian Society for Cardiovascular Prevention has recent
ly stated in its annual consensus document.31 Expert physi
cians in this field around the world are now called to 
consider the seasonal influenza vaccine an urgent and man
datory indication for patients, especially those affected 
by CVD. Indeed, a key factor in determining vaccine effect
iveness is how well the vaccine antigen formulation matches 
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those of the circulating strains each year. Because each sea
son can see the emergence of a new virulent strain of influ
enza without sufficient prior population immunity, it is 
recommended that every individual receive a new vaccine 
each season.32

Furthermore, a time-dependent increase in ACS follow
ing infection has been found for other respiratory viruses 
such as the syncytial, coronavirus, parainfluenza virus, 
adenovirus, human meta-pneumovirus, and enterovirus in
fections (incidence ratio, 2.77; 95% CI, 1.23–6.24).33 From 
2020, the association between SARS-CoV-2 infection and 
CV morbidity and mortality has been extensively investi
gated. It is now widely accepted that, when suffering 
from COVID-19, people affected by CVD experience worse 
outcomes and increased mortality.34 On the other hand, 
COVID-19 is associated with an increase in acute CV events, 
including ACS. As the paper by Dr Raina McIntyre in this is
sue explains, the interplay of COVID-19 and influenza on 
health, and particularly CV health is multifaceted. Some 
recent studies have postulated the underlying mechanisms 
of COVID-19-related CV injury overlap with influenza infec
tion so that influenza immunization might also improve 
outcomes in COVID-19.35–39 There is also evidence that in
fluenza vaccination is consistently associated with lower 
mortality in patients affected by COVID-19, independently 
of age.32 Therefore, the importance of influenza vaccin
ation seems to be further supported by these observations. 
Thus, during these complex times, national healthcare sys
tems should effectively pursue the flu vaccination cam
paign, which should not be shaded by the drumming mass 
media campaign for SARS-CoV-2 immunization. The indivi
dual’s benefits derived from the combination of the two 
vaccines should be advocated, especially in people at 
high CV risk. In parallel, clinical research should continue 
to provide answers for unsolved issues such as which vac
cine would work best in terms of CV protection. Indeed, 
the INVESTED40 trial (INfluenza Vaccine to Effectively 
Stop cardioThoracic Events and Decompensated heart fail
ure; NCT02787044) recently compared for the first time a 
high-dose trivalent inactivated influenza vaccine to a 
standard-dose quadrivalent influenza vaccine, over four 
influenza seasons, in high-risk CV patients with a recent 

history of MI or hospitalization for HF finding no benefit 
from the high trivalent dose on the primary endpoint 
(time to the first occurrence of all-cause death or cardio
pulmonary hospitalization). In particular, older people 
who usually are at high CV risk, but also at higher risk of suf
fering from side effects of CV medications, might hugely 
benefit from the influenza vaccine as a CV prevention 
measure. Despite this, they can also suffer from 
‘Immunosenescence’, so that immunization could be less 
effective. Moreover, beyond age, there are data showing 
that patients with established CVD, such as ischaemic 
and non-ischaemic HF, have a reduced humoral and altered 
cell-mediated response to standard-dose influenza vac
cine.41–43 This suggests that patients with CVD that are 
particularly at increased risk for influenza-related compli
cations may not derive sufficient protection with a 
standard-dose vaccination.35 Thus, further studies are 
needed in this regard to find the most effective influenza 
immunization. More data on people at increased CV risk 
or affected by specific CV risk factors and CVD other than 
CHD are awaited, which could further reinforce the indica
tion for annual influenza immunization.

In conclusion, influenza vaccination is a relatively cheap, 
safe, and evidence-based public health measure that is 
currently underused in at-risk populations. Influenza vac
cination has been shown to be cost-effective in preventing 
influenza-like illnesses and related bad outcomes, and with 
the evidence available so far, it is now therefore also likely 
that the influenza vaccine is a highly cost-effective means 
of CV prevention, particularly for subjects at high CV risk.
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