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Presently several evidences support an association between acute myocardial infarc-
tion and influenza infection. The pathophysiology rationale rests on the release of in-
flammation cytokines, rupture of atherosclerotic plaque, and triggering of prothrom-
botic events leading to coronary artery occlusion. Several observational evidences
support a potential role of influenza vaccine in cardiovascular prevention. It is esti-
mated that the efficacy of influenza vaccine in preventing myocardial infarction
could range between 15% and 45%. Notwithstanding the clear recommendation of nu-
merous guidelines concerning patients with cardiovascular diseases, vaccination
rates are still low in the high-risk groups. Influenza vaccine as preventive measure of
cardiovascular disease still awaits support from randomized clinical trials.
Nonetheless, considering the favourable cost-efficacy and safety profile of influenza
vaccination, its use should be encouraged in everyday clinical practice.

Introduction

Although several studies have analysed the association be-
tween various types of infection and acute cardio and cere-
brovascular events, convincing evidence of a stronger
association has emerged for the flu syndrome. The epide-
miological relationship between acute myocardial infarc-
tion (AMI) and flu syndrome was first observed in 1930 with
an increased mortality due to cardiovascular causes in con-
junctionwith the epidemic influenza peak.1 To date, during
influenza epidemics, there is an increased rate of hospitali-
zation and death from cardio- and cerebrovascular dis-
eases, and especially for AMI. In this review, we will,
therefore, examine the possible causal link between influ-
enza infection and AMI. In general, the search for a causal
link is a stimulating but often problematic process. The
nine guiding principles that must be respected to provide

the foundation for a valid argumentation of this process are
the evidence of strength of association, a temporal rela-
tion, consistency, coherence, analogy, and biological plau-
sibility; biological gradient, experimental evidence, and
specificity.2 On the basis of these principles, we can now
hypothesize the existence of a true causal relationship be-
tween flu syndrome and acute coronary syndrome (ACS).
Arguing this causality is, moreover, not an intellectual ex-
ercise for its own sake, since if demonstrated, it would en-
tail important repercussions in the clinical setting as a
means to provide further cardiovascular prevention
through the systematic use of vaccination.

Epidemiological evidence

Several studies have shown the existence of an association
between respiratory infections and the development of
AMI. However, in many of them, the clinical diagnosis of in-
fectious disease was neither sensitive nor specific for the*Corresponding author. Email: raffaele.decaterina@unipi.it
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confirmation of influenza virus infection. In this regard,
Smeeth et al.,3 Who had included 20 486 subjects with a
first myocardial infarction and 19063 subjects with a first
acute cerebrovascular event had shown that the risk for
both events was higher within the first 3 days from an acute
respiratory infection; the incidence ratio for myocardial in-
farction was 4.95 [95% confidence interval (CI): 4.43–5.53]
and the stroke rate of 3.19 (95% CI: 2.81–3.62). More re-
cently, Warren-Gash et al.,4 in a case–control study, ana-
lysed 11208 subjects hospitalized for ACS, of which 3927
with recent acute respiratory infection. They showed a sig-
nificantly higher risk of AMI during the first 3 days of acute
respiratory infection, with an incidence ratio of 4.19 (95%
CI: 3.18–5.53) and a progressive reduction in risk over time.
Among other things, it emerged that infections occurring
during the influenza epidemic and those coded as ‘likely to
be influenza’ were associated with a consistent higher risk
of incidence of AMI.

Several studies have, therefore, tried to demonstrate
the association between influenza and SCA through labora-
tory confirmation of influenza infection; the results, how-
ever, did not always seem convincing. However, these are
evidences deriving from case–control studies which, as
such, are limited by defects (bias) of selection, confound-
ing factors, and reduced sample size. In 1980, Pönkä et al.5

conducted a case–control study including a total of 49
patients with myocardial infarction (MI) subjected to the
determination of the antibody titter for 22 viruses includ-
ing that for Influenza A. From the results of the study, there
were no significant differences in the antibody titter be-
tween patients with AMI and controls. Therefore, this lim-
ited series of cases did not confirm the hypothesis that a
viral infection, including that with Influenza A virus, was
associated with AMI. Macintyre et al.6 then designed a
case–control study in which the cases were represented by
subjects with AMI, while the controls were ambulatory sub-
jects without AMI. The primary outcomemeasure was labo-
ratory evidence of influenza infection. Of 559 participants,
34/275 cases and 19/284 controls were positive for labora-
tory virus determination for influenza virus [odds ratio (OR)
1.97; 95% CI: 1.09–3.54]; for statistical analysis; however,
the flu infection was not a significant predictor for AMI. A
case–control study conducted in China in 2012 showed in-
stead that patients with AMI had, compared to controls, an
OR for the determination of antibodies for Influenza A and
B, respectively of 5.5 (95% CI: 1.3–23.0) and 20.3 (95% CI:
5.6–40.8). Although this study demonstrates the existence
of a strong association between influenza infection and
AMI, it is limited by the fact that the results derived from
serological tests are less robust than those derived from
the influenza virus laboratory research.7 In this regard, a
very recent study, published in the New England Journal of
Medicine in January 2018, evaluated the association be-
tween laboratory-confirmed influenza infection with
highly specific methods and hospitalization for IMA. In it,
Kwong et al. identified 364 hospitalizations for AMI from a
year before to a year after the laboratory test positive re-
sult for influenza. Winds of these hospitalizations occurred
during the defined ‘risk’ interval, that is in the first 7 days
from the date of detection of the flu; the remaining 344
fell in the period defined as the ‘control interval’, that is,

from the year prior to the following year the risk interval.
The researchers pointed out that the incidence of admis-
sion due to AMI was six times higher in the first 7 days after
laboratory confirmation of the influenza infection com-
pared to the control interval, and no increase in incidence
was observed after the seventh day (the admission inci-
dence ratio for IMA during the risk interval was 6.05; 95%
CI: 3.86–9.5). Furthermore, a subgroup analysis showed
that the incidence ratiowas higher for more adult subjects,
for Type B influenza and for patients affected by a first
myocardial infarction; however, these subgroup analyses
did not have sufficient statistical power to demonstrate
the existence of significant differences.
The incidence of AMI was still high even after infection

with non-influenza respiratory virus, although minor com-
pared to the secondary forms of influenza infection.
Specifically, an incidence ratio for AMI emerged for Type B
influenza (95% CI: 4.37–23.38), 5.17 for Type A influenza
(95% CI: 3.02–8.84), 3.51 for respiratory syncytial virus
(95% CI: 1.11–11.12), and 2.77 for other viruses (95% CI:
1.23–6.24).8 According to these most recent results, there-
fore acute respiratory infections, and in particular—but not
only—the flu, would seem to act as triggers for AMI.

Pathophysiological rational assumptions

The crucial role of inflammation in the development of
acute coronary syndrome (ACS) is now well known; in this
sense, it would not be surprising how an acute infection,
with all its inflammatory potential, can contribute to the
development of myocardial infarction.9 The physiopatho-
logical characteristics of AMI are heterogeneous; while
Type 1 myocardial infarction is secondary to thrombosis
due to rupture and/or plaque ulceration, Type 2 myocar-
dial infarction is defined as a myocardial necrosis second-
ary to a discrepancy between oxygen supply and
demand.10 Influenza can be clearly related to Type 2 myo-
cardial infarction due to tachycardia, fever, hypoxia, and
changes in vessel tone; and in this case, it is the septic
state, rather than coronary thrombosis, the underlying
cause of the flu-related myocardial necrosis. However, it
has been hypothesized that the influenza through multiple
mechanisms can induce or facilitate occlusive phenomena
on pre-existing subcritical atherosclerotic plaques.
Following the release of inflammatory cytokines, the flu
syndrome can favour the triggering of a prothrombotic
state, facilitating platelet activation and endothelial dys-
function.11,12 Simultaneously, the sympathetic activation
and the increased concentration of endogenous catechol-
amines determine a hyperdynamic cardiovascular response
and changes in systemic and coronary vasal tone, with con-
sequent vasoconstriction. Coronary vasoconstriction
causes narrowing of the vasal lumen and, due to increased
frictional stress (shear stress), further platelet activa-
tion.13 Added to this are changes in the volume status, such
as hypovolaemia or hypervolaemia. All these factors at the
same time are responsible for an increased biomechanical
stress on pre-existing atherosclerotic coronary plaques
which facilitate their rupture.14

Influenza infection and risk of AMI E69



Influenza infection, in addition to inducing a systemic in-
flammatory response, would appear to have a direct in-
flammatory effect on atherosclerotic plaque and coronary
arteries, as evidenced experimentally in murine models.
Specifically, it was observed that in apo-lipoprotein E-
knockout mice, an animal model used for the study of ath-
erosclerosis, infection with influenza virus induces acute
inflammation, proliferation of smooth muscle cells, and fi-
brin deposition in pre-existing atherosclerotic plaques,
showing an ‘histopathological evolution similar to that of
culprit lesions of an ACS15 (Figure 1).

Influenza vaccination for secondary
prevention of coronary heart disease

‘Indirect’ evidence of a possible association between influ-
enza and AMI derives from studies showing that influenza
vaccination is effective in the prevention of ischaemic
heart disease. This, in addition to strengthening the causal-
ity between the two factors, would highlight the important
clinical repercussion from the association. The results of
some observational studies show that the protective effi-
cacy of influenza vaccination from new coronary events in
secondary prevention is between 19% and 45%.6 This is a
range of effectiveness substantially similar to that
obtained with other cardiovascular prevention measures
widely accepted in clinical practice, including the cessa-
tion of smoking (range of efficacy estimated at 32–43%),
anti-hypertensive therapy (range efficacy from 17% to 25%)
and the use of statins (efficacy range from 19% to 30%).16 In
a meta-analysis of case–control studies published in 2015,
Barnes et al.17 estimated the association between

influenza vaccination and occurrence of AMI. A total of
eight studies were identified in which the cases were sub-
jects with first MI or recurrent MI. The results showed a
protective efficacy of influenza vaccination against AMI
equal to 29% (95% CI: 9–44%). However, only two small ran-
domized clinical trials have evaluated the protection pro-
vided by the influenza vaccine against cardiac events in
subjects with pre-existing cardiovascular disease, the FLU
vaccination in ACSs and planned percutaneous coronary
interventions (FLUVACS)18 and the influence vaccination
study in secondary prevention from coronary ischaemic
events in coronary artery disease (FLUCAD).19

The FLUVACS, published in 2003, was a randomized, pro-
spective, parallel-group, placebo-controlled trial con-
ducted in hospitalized patients whose goal was to test the
potential beneficial effect of influenza vaccination in sec-
ondary prevention. Two hundred patients hospitalized for
myocardial infarction were enrolled within 72h of the
event and 101 patients to be subjected to elective coro-
nary angioplasty. Subjects were randomized to receive in-
fluenza or placebo vaccination. In the intention to treat
analysis, the primary outcome measure, i.e. the incidence
of cardiovascular death at 1 year, was significantly lower
among patients receiving vaccination than in the control
group (6% and 17%, respectively; 95% CI: 0.17–0.71;
P¼ 0.002).18 However, the results of the subsequent
FLUCAD trial, a double-blind placebo-controlled trial in
which 658 patients were already in optimal medical ther-
apy for cardiovascular disease were contrasting. In it, 325
subjects received influenza vaccine and 333 received pla-
cebo. The average follow-up was 298days. With regard to
the primary outcomemeasure of cardiovascular death, the
results showed no statistically significant differences
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Figure 1 The multiple pathways that can lead from a flu syndrome to an acute coronary syndrome. It has been hypothesized that the flu infection leads
to acute myocardial infarction through the development of thrombosis on pre-existing atherosclerotic plaques. The increased systemic and coronary in-
flammatory state and the increased biomechanical stress facilitate the rupture of pre-existing atherosclerotic plaques, with exposure of the underlying
thrombogenic material. Add to this, the increased platelet activation, phenomena of endothelial dysfunction and the imbalance of the blood coagulation
system in favour of procoagulant factors with consequent formation of occlusive or subocclusive thrombus. Furthermore, the acute infection causes
tachycardia, hypoxia, fever, and changes in the volume status. This contributes to the evolution of acute coronary syndrome as it increases metabolic de-
mand and accentuates the discrepancy between oxygen demand and supply. ACS, acute coronary syndrome.
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between the two treatment groups (the cumulative inci-
dence of events was 0.63% in the vaccine group and 0.76%
in the control group; 95% CI: 0.15–7.56, P¼ 0.95).
However, the authors showed a tendency to the lower inci-
dence of the composite outcome measure of cardiovascu-
lar death, myocardial infarction, and coronary
revascularization (major adverse cardiac event, MACE) al-
though not statistically significant. However, influenza vac-
cination statistically significantly reduced the composite
outcome measure of MACE occurrence or hospitalizations
due to ischaemia compared to the placebo group.19 In a
meta-analysis of these randomized trials, Warren-Gash et
al.4,17 showed that influenza vaccination was protective
against IMA, although a statistical analysis of grouping on a
random-effects model did not show statistically significant
differences (relative risk 0.85, 95% CI: 0.44–1.64).

Despite the plausibility of a beneficial effect of influenza
vaccination in the prevention of cardiovascular disease,
few studies have been conducted to explain the possible
molecular mechanism of this phenomenon. It is likely that
the flu vaccination may have its protective effect by pre-
venting the activation of the previously described inflam-
matory pathways. On the other hand, in a study published
in 2014, Veljkovic et al.,20 using a virtual spectroscopy
method for the analysis of protein–protein interactions,
showed a cross-reactivity between the antibody induced
by the influenza vaccination and the human bradykinin re-
ceptor (bradykinin B2 receptor, BKB2R). The results of the
study show that the interaction of the antibody with the
BKB2R stimulates the production of nitroxide (NO) and
induces cardio-protection by increase in myocardial perfu-
sion both through NO-mediated vasodilation and through
phenomena of neo-angiogenesis.

Arguing causality

Based on the available evidence, the causal link cannot be
defined as certain but at least highly probable. There is a
strength of association, as some data, although observa-
tional, show that the flu syndrome is associated with an in-
creased risk of ACS; this increase is transient and higher in
the first days after infection; therefore, a temporal rela-
tionship is highlighted. There is a principle of consistency
since many studies, although different because they are
conducted on different populations using different designs
and different methods of statistical analysis, are globally
consistent in results. A principle of coherence is respected:
the possibility that the influenza triggers an ACS agrees
with the current scientific data according to which both
conditions have the same seasonality (winter peak), occur
in people with similar characteristics (subjects at higher
risk), and both show a similar pathophysiology in the im-
mune, coagulation, and vascular systems. There is a princi-
ple of analogy, according to which acute infections can
trigger other vascular events, such as stroke similar to ACS
and, analogously, ACS can be triggered by other situations
or stressful events. There is a strong biological plausibility.
However, although an ideal causal link should consist of a
univocal relationship between a specific factor and a given
outcome (principle of specificity), this criterion is rarely

met also in other already widely accepted causal relation-
ships, such as tobacco consumption and development of
lung tumour. Therefore, in light of the other characteristics
of association, its absence by itself would not be sufficient
to disqualify our argument.9 Furthermore, although there
aremore generic evidences that show the existence of a bi-
ological gradient between type and severity of an infection
and ACS risk, specific data to report to the flu syndrome
are lacking. For example, the risk of myocardial infarction
would be greater after lower respiratory tract infections
rather than after urinary tract infection. Furthermore, in
pneumococcal infections, the more severe the infection
would be, the higher the risk of ACS would result.3 Finally,
there is a lack of solid experimental evidence, since only
two randomized clinical trials have been conducted, the
FLUVACS and the FLUCAD, with conflicting results.

Conclusions

The large number of published papers suggests that various
viral and bacterial infections, acute or chronic, may be as-
sociated with an increased risk of AMI. Why does the influ-
enza remain a potential focus of particular importance? On
the one hand, influenza is one of themost frequent respira-
tory infections, on the other, it is the only respiratory virus
for which it is possible to achieve effective prophylaxis
with vaccination.4 Based on this analysis, we can, there-
fore, deduce that it is highly probable that influenza has a
causal role in triggering ACS. However, in the age of
evidence-based medicine fundamental elements for its ef-
fective demonstration are lacking, i.e. strong data derived
from randomized prospective clinical trials.20 However,
these syndromes are multifactorial, and no factor can be
considered an absolutely necessary and sufficient causal
element. Therefore, acute infection must be seen as a
component of a set of causes in which complex interactions
with other factors determine the development of a coro-
nary event. Although there is evidence to support the role
of influenza vaccination for the prevention of ischaemic
heart disease, vaccination is not considered a priority pre-
ventive measure in the clinical setting. In fact, despite be-
ing recommended by many guidelines in different
categories of patients at risk, vaccination rates remain low.
In this context, while we await strong results, we are still
encouraged to use vaccination as a preventive measure
against ischaemic heart disease, considering its favourable
cost-effectiveness and safety profile. In the clinical set-
ting, this requires awareness so that there is a change in
the paradigm that often sees influenza vaccination as a
simple preventive measure against the infectious situation
only, rather than an additional cardiovascular preventive
strategy.
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