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Abstract

Prevention of the consequences of atherosclerotic disease has traditionally focused on controlling individual risk factors such as dyslip-
idaemia, hypertension and diabetes. In recent years, the term residual risk has been used to describe the persistence of cardiovascular
events despite the optimal management of these classical risk factors, with particular attention given to inflammation. Far less attention,
however, has been paid to environmental risk factors, which affect entire populations and may account for a substantial proportion of
temporal variations in event incidence, as well as the marked seasonal fluctuations in hospital admissions for cardiovascular disease
that periodically place considerable pressure on healthcare systems. Temperature, air pollution and infectious diseases—particularly
respiratory infections—may help explain why an individual with a given baseline risk experiences an event in one month rather than
another. Some environmental factors may promote the development of classical risk factors, whereas others may contribute directly to
atherosclerosis. All of them may act either as triggers for acute ischemic events or as destabilising factors in previously stable patients,
for example those with heart failure. Infections, especially those of respiratory tract, play a key role in the natural history of cardiovas-
cular disease. Growing evidence indicates that preventing infections through vaccination can reduce the risk of acute ischemic events,
hospitalisation and death. Nevertheless, vaccination coverage for many infections, including influenza and Coronavirus disease 2019
(COVID-19), remains low. In addition, pseudo-scientific campaigns continue to spread misinformation about vaccines, thereby reducing
patient adherence. Leading cardiology societies now recognise vaccination against certain infections as an evidence-based strategy for
cardiovascular prevention. It is therefore essential that this information be widely disseminated among healthcare professionals, patients
and the general public. Of all the available measures to control environmental risk factors, vaccination is the only intervention that
clinicians can directly implement in routine clinical practice. Vaccination recommendations should therefore be regarded with the same
importance as advice on diet, exercise and smoking cessation.

Keywords: myocardial infarction; acute coronary syndrome; myocardial ischemia; infections; vaccines; influenza, human; Streptococ-
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1. Introduction: the Concept of
Environmental Risk

concept of ‘winter mortality’ [3,4] (Fig. 1, Ref. [4]) has
its counterpart in the epidemiology of acute coronary syn-
drome (ACS), whose incidence rises sharply during cold
periods [5] in countries with cold and temperate climates, a
finding that cannot be explained by classic CRFs.
Focusing on acute coronary syndrome (ACS), the cold
and seasonal respiratory infections could be considered re-
sponsible for this finding. In countries with a temperate cli-
mate, most respiratory infections follow a seasonal pattern
that coincides with the cold periods of autumn and winter. It
has been shown that both factors increase the risk indepen-
dently of each other [5]. The interactions between the envi-

Cardiovascular diseases are the leading cause of death
in developed countries. Among these, ischemic heart dis-
ease (IHD) accounts for a significant proportion of the bur-
den [1]. IHD is closely linked to coronary atherosclero-
sis and therefore to the risk factors for atherosclerotic dis-
ease (cardiovascular risk factors, CRFs). The clinical man-
agement of cardiovascular risk typically involves analysing
each individual’s CRFs using scoring systems that differ ac-
cording to the level of risk in the population.

This individual-based approach does not explain why
a patient with a given risk experiences an acute event at a
specific time rather than another. Both population mortal-
ity and the epidemiology of numerous diseases, including
IHD, exhibit seasonal cycles and other circadian rhythms
in the occurrence of acute cases [2]. The epidemiological

ronment and acute cardiovascular events may be even more
complex. An increased risk of ACS has been reported in as-
sociation with environmental pollution [6] and the number
of daylight hours per day. These two factors, in turn, show
clear seasonal variation: daylight hours are shorter in win-
ter, and levels of gaseous pollutants are higher during cold

Copyright: © 2026 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/RCM
https://doi.org/10.31083/RCM54010
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0006-4709-9732
https://orcid.org/0000-0002-8986-2584

DAILY
DEATHS

)

A

T ’r"irf"“"'vvrv i

1.500

I |
iy S )
I TN 'y“u‘v‘;‘-*"“‘,',”, l
1.000

500

€20 NNC TO
€20 1NC TO
€cOoc 0DV 1O
€Z0¢Z d3s TOo
€260 190 TO
€202 AON TO
€g0ec O1a To
t2o<c U3 TO
+Z202Z 904 TO
t+Z20<Z 4YWW TO
2oz 49V TO
P20 AW TO
Y202 NNC TO
20T 1INC TO
202 09V TO
coOe d3aAS Te
tZ0c 100 TOo

202 AON TO

) ‘ﬂymlhl,

,ll)""-lh ‘ | la¢ ” AL
It l'll‘l r‘“““h’s“.‘\!ld“l il l»J“["II[ I Il ,“‘I,

e

2ZTOZ 1A TO
Scoz av3a TO
Scoc 994 TOo
SZO0Z 49 TO
SZo0¢ 49V TO
SZTO0Z AVW TO
Scoe NNC TOo
STOZ INE TO
SZ0Z 09V TO
sSEo0< a3s To
S0 1OO TO
SZ0Z AON TO
Scoe JIaA Eo
9co0<Z 8u3 TOo
9202z 8934 TO
9Z02Z 4YIN TO
9Z0<¢ 49V TO
9202 AYW TO

Fig. 1. Curve of mortality in Spain (June 2023 to May 2026). A cyclical pattern in mortality is observed, peaking during the winter

months (Data from the Daily Mortality Monitoring Panel-MoMo. https://momo.isciii.es/panel momo/. Institute of Health Carlos III,

Madrid, Spain) [4].

periods. Furthermore, low income and low levels of educa-
tion are also associated with an increased risk of cardiovas-
cular disease [7], and vaccination rates are lower in popula-
tions with low educational attainment [8]. Any analysis of
the relationship between all these environmental variables
and the risk of cardiovascular events must consider the com-
plexity of these interactions. Environmental risk factors
can trigger acute events in patients with pre-existing risk
factors, which could explain the higher incidence of acute
events during specific periods, despite individual risk re-
maining relatively stable over time [2,5]. In the case of cold,
for example, the adrenergic response could explain both an
increased probability of rupture of pre-existing atheroma-
tous plaques and elevated platelet aggregability in response
to such ruptures [9]. Most importantly, infections, particu-
larly but not limited to respiratory tract infections, can trig-
ger acute ischaemic events through mechanisms that will be
detailed later, which include atherosclerotic plaque vulner-
ability, immunothrombosis and metabolic disbalance [5].

From a clinician’s perspective (Fig. 2), there is little
we can do in our daily practice to prevent the effects of cold
or pollution. However, an understanding of environmental
risk factors should make us aware of the need to make use
of all available tools to reduce the risk of IHD associated
with infection, namely vaccines. The aim of this narrative
(non-systematic) review is to highlight the importance of
using them.

2. Infection and the Risk of Ischaemic Heart
Disease

The association between infection and an increased
risk of developing an ACS has been recognised for al-

most 100 years. A case-series study by Smeeth et al. [10]
conducted using the United Kingdom General Practice Re-
search Database found an increased risk of acute myocar-
dial infarction (AMI) following a respiratory infection, with
an incidence ratio of 4.95 (95% confidence interval [CI],
4.43 to 5.53). This risk peaked three days after the infec-
tion, decreased progressively in the following weeks, and
was similar for first-time and recurrent events. The same
was observed regarding the relationship between respira-
tory infection and stroke episodes. Also, urinary infections
were associated with a lower but significant risk. Notably,
the authors found no increase in ischemic events follow-
ing vaccination against influenza, tetanus, or pneumococ-
cus, which provided initial evidence that these vaccinations
were safe even causing a transient inflammatory response.
Analysis of the Danish national registry between 1987 and
2018 also shows a significant increase in the risk of AMI
during the 30 days following admission for an infectious
condition caused by various pathogens in different loca-
tions [11]. The greatest increase was observed for pneumo-
nia (relative risk [RR] 0 3.39, 95% CI 3.15-3.75 compared
with controls), followed by urinary tract infections (RR of
2.44,95% CI12.21-2.70) and bone and soft tissue infections
(RR of 1.84, 95% CI 1.45-2.33). Similarly, Staphylococ-
cus aureus bacteraemia has been reported to be associated
with an AMI risk up to 35 times higher than that of the con-
trol group in the days following the event [12].

Respiratory infections, whether viral or bacterial, are
recognised as being associated with a higher risk of ACS
than other infections [10,11]. Most of the evidence re-
lates to those caused by influenza, pneumococcus, COVID-
19 and, more recently, respiratory syncytial virus (RSV)
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Fig. 2. Schematic representation of the interaction between ambient risk factors and the risk of developing an ischaemic event,

and the potential benefit of vaccines. ACS, acute coronary syndrome.

[13,14,15,16,17,18,19] although it has also been observed
with other viruses, such as adenovirus, human metapneu-
movirus and rhinovirus. Furthermore, it appears that the
risk of ACS increases with the severity of the infection and
is higher in cases of sepsis-associated pneumonia than in
upper respiratory tract infections [11].

It also seems that the length of time during which the
risk rises depends on how severe the infection is. In general,
an increased risk of AMI has been reported during the week
following a rise in the incidence of serologically confirmed
viral respiratory infections [16,17], as well as for influenza-
like illnesses (ILI) [5]. However, for pneumonia, the in-
creased risk can persist for up to one year after infection
[14]. This appears to be independent of the fact that people
with CRFs have a higher risk of developing pneumonia due
to health conditions such as age and diabetes [15]. Some-
thing similar could occur following the spread of COVID-
19 [18]. However, the higher incidence and lethality of this
disease in people with CRFs [19] and the significant vari-
ation in COVID-19 infection presentation during and after
the pandemic make it difficult to understand its current in-
teraction with cardiovascular disease.

From a theoretical standpoint, there are five potential
mechanisms through which infections may elevate the risk
of IHD. These include increasing the likelihood of devel-
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oping CRFs, directly contributing to atherosclerosis, trig-
gering atheromatous plaque rupture, facilitating thrombosis
on ruptured plaques, or causing an imbalance between oxy-
gen supply and demand in the myocardium. The first two
mechanisms would act chronically, leading to atheroscle-
rosis, while the latter three would act as triggers for ACS

(Fig. 3).

2.1 Increased Risk of Atherosclerosis

Infections, particularly chronic ones, have been linked
to the development of atherosclerosis. Certain human her-
pesviruses have been identified in atherosclerotic tissue ob-
tained during post-mortem examinations [20], and it has
been observed that these viruses can induce atherosclero-
sis in animal models. The presence of Chlamydia pneu-
moniae, Helicobacter pylori and Cytomegalovirus (CMV)
has been detected in non-atherosclerotic arteries of patients
with coronary artery disease [21]. In those subjects in
whom the pathogens’ DNA was shown, inflammatory ac-
tivity was found to be higher. Individuals infected with hu-
man immunodeficiency virus (HIV) have a 1.5-fold higher
risk of AMI compared with seronegative individuals. The
underlying mechanisms are not fully understood, but are
likely to include a combination of the adverse cardiovascu-
lar effects of anti-HIV drugs [22] and the increased inflam-
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Fig. 3. Potential mechanisms by which infection may increase the risk of ACS. In the long term, it could cause atherosclerosis either

directly or indirectly by triggering or exacerbating a risk factor. In the short term, it could act as a trigger for plaque rupture, facilitating

thrombosis or causing metabolic imbalance in the myocardium. ACS, acute coronary syndrome; CRF, cardiovascular risk factor.

matory activity associated with the presence of the virus,
not to mention the fact that co-infection with CMV and her-
pes is highly prevalent in people with HIV [22].

Infections have also been linked to an increased likeli-
hood of developing CRFs. Severe infections and chronic vi-
ral infections appear to increase the risk of developing type
2 diabetes [23]. CMYV infection, which is highly prevalent
in the adult population, has been proposed as a factor associ-
ated with the risk of hypertension. Herpesviruses, including
CMYV, encode viral G-protein-coupled receptors (vGPCRs)
that could be associated with increased blood pressure, and
have been proposed as therapeutic targets for the manage-
ment of this risk factor [24]. Chronic Helicobacter pylori
infection appears to be associated with a higher prevalence
of dyslipidaemia, and its eradication may be associated with
a reduction in lipid levels [25].

In summary, there is evidence supporting the hypoth-
esis that various infections may be associated with an in-
creased risk of developing atherosclerosis, both directly and
through the induction of cardiovascular risk factors.

2.2 Infection as a Trigger for Myocardial Infarction

The fourth universal definition of myocardial infarc-
tion [26] recognises five types, two of which are relevant

to the study of the relationship between infection and ACS:
type I and type II infarctions. Both types involve myocar-
dial necrosis of non-iatrogenic ischemic origin. In the first
case, this is due to an arterial obstruction caused by the rup-
ture of a coronary atheromatous plaque, on which an occlu-
sive thrombus then forms. In the second case, it is due to an
imbalance between the supply of oxygen to the myocardium
and the demand for it. From a clinical perspective, infarcts
are classified as either ST-segment elevation myocardial
infarction (STEMI) or non-ST-segment elevation myocar-
dial infarction (NSTEMI) due to the distinct management
strategies required for each type [27]. STEMIs are usually
type I infarcts and type II infarcts predominantly present
as NSTEMIs, although this relationship is not fixed. Up
to 23% of type II infarcts present with ST-segment eleva-
tion. Conversely, the plaque rupture that causes a type |
infarct may present as a STEMI if the vessel is completely
occluded and as a NSTEMI if the occlusion is incomplete
[27]. Therefore, in clinical practice, cardiac catheterisation
(or autopsy) can be necessary to distinguish between type I
and type II myocardial infarction.

In the absence of a respiratory infection, STEMI ac-
counts for 25% of all heart attacks [28]. However, in in-
dividuals with respiratory infections, this figure drops to
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Fig. 4. Mechanisms by which infection can cause type I or type II myocardial infarction. NSTEMI, non-ST-segment elevation

myocardial infarction; STEMI, ST-segment elevation myocardial infarction.

15% for non-influenza infections and to 10% for influenza
cases [29]. Since respiratory infections increase the total
number of heart attacks [13,14,16,17,18], the increased pro-
portion of NSTEMIs suggests a greater role for the mech-
anisms characteristic of type II myocardial infarction (hy-
poxaemia and tachycardia) and a lesser role for plaque rup-
ture as the primary mechanism. This increase could also
be due, at least in part, to the higher incidence of NSTEMI
in older people, who are more susceptible to severe infec-
tions [28]. While the mechanisms leading to an imbalance
between oxygen supply and demand (type II AMI) are a
significant factor in the increased risk of AMI due to in-
fection, influenza has been shown to be associated with an
increase in type I AMI, with plaque rupture demonstrated
during cardiac catheterisation [5]. It is also possible that
some episodes classified as NSTEMI due to transient tro-
ponin elevation during an infection may be caused by other
factors. For example, up to 2.9% of patients with influenza
have been reported to have elevated serum troponin lev-
els, and half of these patients did not receive a final diag-
nosis of ACS [29,30]. An elevation in myocardial necro-
sis biomarkers can be caused by myocarditis, sepsis or im-
paired renal function, and may lead to an incorrect ACS
diagnosis, particularly in patients with severe infection or
overt sepsis. This must be taken into particular considera-
tion when analysing the incidence of myocardial infarction

&% IMR Press

during the COVID-19 pandemic, when a large number of
critically ill patients with shock from various causes were
admitted in a very short period of time. Fig. 4 illustrates the
pathways through which acute infection can trigger a type I
or type Il myocardial infarction, although in everyday clin-
ical practice both are most likely to occur in combination.

The inflammatory response is key to the effect of in-
fection on both types of myocardial infarction, although in
the case of severe respiratory infections, the effect of hy-
poxaemia must also be taken into account. There are three
mechanisms that cause an imbalance in oxygen supply:
tachycardia, which increases oxygen consumption; hypox-
aemia, which reduces oxygen supply; and myocardial hy-
poperfusion, which also reduces it. During an acute infec-
tion, tachycardia is not driven by a single cause. It reflects
a combination of inflammatory response, sympathetic ac-
tivation, and sometimes hypoxaemia [31]. In cases of sep-
sis, peripheral vasodilation is associated with hypovolaemia
and hypotension, which impair myocardial perfusion, and
also lead to compensatory tachycardia. The release of cy-
tokines and endotoxins can alter endothelial function and
cause microvascular dysfunction, which also results in re-
duced myocardial perfusion [31].

CRFs associated with endothelial dysfunction trig-
ger the localised recruitment of inflammatory cells. This
leads to the formation of lipid-rich plaques containing
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macrophages and T cells, which secrete cytokines such as
IL-1B and IL-6 [32]. Sites where atheromatous plaques
rupture are characterised by a local inflammatory process.
These sites are rich in activated macrophages and T lym-
phocytes that strongly express HLA-DR. Local inflamma-
tion weakens the outer capsule of the plaque and facilitates
its rupture by intravascular shear forces [33]. Through the
activation of the innate immune response, infection pro-
duces a systemic pro-inflammatory state that increases the
vulnerability of atherosclerotic plaques and enhances the
thrombotic and vasoconstrictive responses, via an interac-
tion between neutrophils, monocytes, platelets, endothelial
cells, cytokines and coagulation factors [34]. Therefore,
during infection, atherosclerotic plaque rupture and local
thrombosis at the site of rupture are both more likely to spi-
ral out of control, leading to vessel obstruction and myocar-
dial necrosis.

2.3 The Role of Specific Infections on the Risk of Ischemic
Heart Disease

Influenza is the most studied respiratory infection in
terms of its association with an increased risk of cardio-
vascular disease and acute coronary syndrome. A case se-
ries study of 158,777 patients with laboratory-confirmed in-
fluenza via PCR between 2008 and 2019 found that the in-
cidence of AMI was higher in patients following influenza
infection than in the control group, with a relative risk of
6.16 (95% confidence interval [CI], 4.11 to 9.24) [35]. A
similar study by Warren-Gash et al. [36] involving 11,208
cases of acute myocardial infarction observed a slightly
lower increase in AMI risk in the first 1 to 3 days follow-
ing infection (RR = 4.19 [95% CI 3.18-5.53]). This risk
decreased over time, with the greatest effect observed in
patients aged 80 and over (p = 0.023). Another study con-
ducted in Ontario, Canada, covering the entire population
registered with the public health system, yielded very sim-
ilar results (IR = 6.05, 95% CI, 3.86 to 9.50). An increased
risk was also observed in the elderly, influenza B infection
and patients experiencing a first acute myocardial infarc-
tion. However, the analyses were insufficiently powered to
identify differences within these subgroups [16]. Patients
with community-acquired pneumonia are at risk of suffer-
ing a heart attack, which affects between 1% and 7% of
those admitted to hospital and is more common in older
people. There is also an increased risk of around 2.78-3.75
during the first 14 days after discharge that decreases with
time [37]. The risk decreases gradually in the first year af-
ter infection, but remains higher than in the control group
for at least ten years [15]. The persistent increase in risk
observed after the first year is probably because pneumonia
is more common among people at high cardiovascular risk.
A study involving 206 patients with pneumonia (144 due
to S. pneumoniae and 62 due to H. influenzae) found that
10.7% of patients experienced an AMI. Compared with the
1.5% rate observed among the 395 controls, the result was

an odds ratio (OR) of 7.8 (95% CI 3.1-19.4) [38]. Strep-
tococcus pneumoniae accounts for between 15% and 35%
of pneumonia cases, depending on the region and the pa-
tients’ ages. Musher et al. [39] found that AMI affected 7
to 8% of patients with pneumonia caused by these bacteria.
Danish health records revealed that the relative risk of expe-
riencing a first event of AMI within 28 days of laboratory-
confirmed S. pneumoniae infection was 20.1 during the first
three days, falling to 4.9 in the second week. The risk was
much greater when patients developed invasive pneumo-
coccal pneumonia [40].

Respiratory syncytial virus (RSV) has traditionally
been a major health concern for children. In adults, in-
fection was recognised as one of many seasonal viral res-
piratory infections and was often grouped under the um-
brella term ‘influenza-like infections’. However, the im-
plementation of respiratory panels for multiple viruses dur-
ing the pandemic has revealed the significance of this dis-
ease in adults. Together with the recent availability of vac-
cines against RSV, this has elevated the prominence of the
infection in adult patients. Numerous studies have found
that cardiovascular disease is itself a risk factor for severe
RSV infection, while RSV infection increases the risk of
cardiovascular complications [41]. A recent study focus-
ing on the increased rate of cardiovascular events in el-
derly patients associated with RSV found a rate of 18.5%
(474/2558) in patients hospitalised with RSV, compared
to 17.7% (2961/16,688), 12.1% (8908/73587) and 8.4%
(941/11262) in patients hospitalised with influenza, a uri-
nary tract infection or fractures respectively. This sug-
gests that influenza and RSV infections pose a similar risk
of severe cardiovascular events [42]. The aforementioned
study, which used data from the Ontario public health sys-
tem registry, analysed the relationship between laboratory-
confirmed RSV infection and AMI incidence, yielding an
IR of 3.51 (95% CI, 1.11 to 11.12). Similarly, a cross-
sectional study investigating the frequency and severity of
acute cardiac events in patients with laboratory-confirmed
RSV infection found a 7.5% prevalence (95% CI, 6.8-8.3)
of ischemic heart disease in a sample of 6248 hospitalised
patients [43]. In short, although the strength of the asso-
ciation may vary depending on the selection of patients in
whom the virus is identified, there appears to be a clear link
between RSV infection and an increased risk of an acute
ischemic event.

Herpes zoster (HZ) is a neurocutaneous disease caused
by the reactivation of the varicella-zoster virus, which lies
dormant in the sensory ganglia. It affects around one in
three people at some point in their life, and the incidence
and severity of the disease increase significantly with age
and a decline in immune function [44]. The varicella-zoster
virus has also been linked to an increased incidence of AMI.
A retrospective cohort study published in 2023 showed that
patients with a documented herpes zoster infection during
the study period were 1.35 times more likely to develop a
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Fig. 5. Schematic overview of the relationship between infection and cardiovascular risk. Not only do infections carry a higher

risk of cardiovascular events, including heart attacks, they also affect people at higher cardiovascular risk more frequently. In these

individuals, they are associated with a poorer prognosis and greater associated risks.

myocardial infarction within 30 days of infection than those
in the control group [45]. A 2017 meta-analysis also found
an increased risk of myocardial infarction following HZ in-
fection (RR: 1.18; 95% CI: 1.07—-1.30) [46]. A case series
study investigating whether antiviral treatment reduces the
risk of AMI in patients with HZ found that the incidence of
AMI per 100 person-years increased from 25.89 (95% CI:
25.43-26.35) during the reference period to 39.99 (95% CI:
33.86—47.21) within one to four weeks of HZ diagnosis (ad-
justed incidence risk ratio (IRR): 1.53; 95% CI: 1.29—1.82).
The incidence in patients treated with antivirals was simi-
lar, with no reduction in the risk of myocardial infarction
observed [47].

Coronaviruses are important pathogens for humans
and animals, typically causing respiratory and gastrointesti-
nal infections. Until 2002, they were considered minor
pathogens for humans, but then an emergency occurred due
to a highly pathogenic zoonotic disease: Severe Acute Res-
piratory Syndrome (SARS). Ten years later, a new coron-
avirus jumped from animals to humans, causing the lethal
Middle East Respiratory Syndrome (MERS), which was
first identified in humans in 2012 [48]. The 2019 pan-
demic wave of SARS-CoV-2, caused by COVID-19, re-
sulted in more than 5 million confirmed deaths worldwide,
with excess mortality attributable to the disease amounting
to over 18 million people [49]. The severity of the respi-
ratory syndrome and the associated immune response were
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accompanied by multiple systemic complications. A meta-
analysis published in 2023 [18] showed that 3.5 per 1000 of
patients who contracted the infection during the study pe-
riod suffered an AMI, with the virus being associated with
a 93% increased risk of AMI immediately following infec-
tion, which gradually decreased until it had disappeared af-
ter 8.5 months. During an average follow-up period of 8.5
months, 3.5 cases of AMI occurred per 1000 people among
patients who had recovered from COVID-19. This was
compared with 2.02 cases per 1000 people in the control
cohort, who were defined as individuals who had not had
the virus during the same period. Patients with a history
of SARS-CoV-2 infection showed an increased risk of inci-
dent AMI (hazard ratio (HR): 1.93; 95% CI: 1.65-2.26).
A broader cardiovascular meta-analysis revealed that the
risk of myocardial infarction was approximately 4.4 times
higher during the acute phase and remained elevated with
RR 1.4 during the post-acute phase. The risk almost dou-
bled for approximately one month following infection [50].
Another case series study conducted in Sweden found that
excluding the day of exposure to the virus, the relative risk
ratio (RRR) for AMI was 2.89 (95% CI: 1.51-5.55) in the
first week, 2.53 (1.29-4.94) in the second week and 1.60
(0.84-3.04) in weeks three and four following a SARS-
CoV-2 infection. When the day of exposure was included
in the risk period, the IRR was 8.44 (5.45—13.08) in the first
week, 2.56 (1.31-5.01) in the second week, and 1.62 (0.85—
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3.09) in weeks three and four following a SARS-CoV-2 in-
fection [51]. Patients with a higher cardiovascular risk were
more frequently infected and, together with patients with
a history of cardiovascular disease, had a worse outcome.
This has also been observed in patients with any acute lower
respiratory tract infection, particularly those with RSV [43]
or S. pneumoniae.

In short, it is important to bear in mind that respira-
tory infections can not only lead to adverse cardiovascular
effects. They also affect those with pre-existing cardiovas-
cular risk factors more frequently and with poorer progno-
sis, particularly those with established cardiovascular dis-
ease (Fig. 5). Consequently, these individuals should be a
priority target group in infectious disease prevention poli-
cies.

3. Vaccines Associated With a Reduced Risk
of Acute Coronary Syndrome

3.1 Influenza Vaccines

Vaccines are designed to generate acquired immunity
to a disease. They typically contain attenuated or inacti-
vated forms of the causative agent, its toxins, or one of its
surface proteins. Vaccines stimulate the immune system to
recognise the agent as a threat, destroy it, and remember
it. This enables the host to recognise and destroy the threat
more easily in the event of future encounters.

The influenza virus was first isolated in 1933, lead-
ing to the development of the first monovalent vaccine us-
ing viruses grown in embryonated eggs [52]. Following the
discovery of the influenza B virus, the first bivalent vaccine
was developed in 1942. Since 1973, the World Health Or-
ganization (WHO) has issued annual recommendations for
vaccine composition based on global surveillance systems
that identify circulating strains. Trivalent vaccines contain-
ing two influenza A strains (HIN1 and H3N2) and one in-
fluenza B strain were introduced in 1978, and this has re-
mained the standard formulation ever since [52], until re-
cent development of tetravalent vaccines. Over time, meth-
ods of producing vaccines have evolved to encompass man-
ufacturing in cell cultures and the use of genetic recombina-
tion techniques, ranging from attenuated viruses to specific
virions and antigens. More recently, messenger ribonucleic
acid (mRNA) vaccines have been developed [53,54]. This
latest approach could facilitate the rapid production of vac-
cines tailored to circulating strains, as was seen during the
SARS-CoV-2 pandemic, without the need for viral cultures
in eggs. High-dose vaccines and vaccines containing ad-
juvants that enhance immunogenicity have also been de-
veloped to boost effectiveness. These are particularly use-
ful for individuals with reduced immune response capacity,
as elderly [53]. High-dose vaccines induce a stronger im-
mune response than the standard vaccine. Recently, two
large pragmatic clinical trials, DANFLU-2 and GALFLU,
together with a pooled analysis combining both studies
(FLUNITY-HD), have provided evidence on the clinical ef-

ficacy of the high-dose tetravalent vaccine compared with
the standard-dose tetravalent vaccine in people aged 65 and
over, including its impact on major adverse cardiovascu-
lar events (MACE) [55,56,57]. It is worth noting that both
GALFLU and FLUNITY-HD showed statistically signifi-
cant reductions in the primary outcome of hospital admis-
sion for influenza or pneumonia within 14 days of vaccina-
tion (unlike DANFLU-2). Sub-analyses of DANFLU-2 in
patients with prior CVD, including ischemic heart disease
and HF, showed no significant differences in relative effec-
tiveness between the high-dose and standard vaccines [57].
No differences in all-cause mortality were detected, and the
safety profile was similar in both groups.

Due to virus mutations and annual variation in cir-
culating strains, the effectiveness of the flu vaccine varies
from season to season. It can range from 16% to 76%, de-
pending on the match between the strains included in the
vaccine and those circulating in the population [58]. This
is a key consideration when analysing studies that seek to
demonstrate the protective effects of the flu vaccine on car-
diovascular outcomes, as it accounts for the wide variabil-
ity in results and the need to evaluate multiple vaccination
campaigns. The vaccine’s effectiveness peaks one month
after injection and declines over a six-month period, more
rapidly in older people [58]. This is not a drawback, given
the seasonal nature of the flu epidemic in countries with
temperate climates. However, this justifies the fact that,
alongside the seasonal changes in virus strains, vaccination
should be an annual event. The campaign should begin be-
fore the period when the virus is most likely to circulate,
which coincides with the start of autumn.

3.2 S. pneumoniae Vaccines

The first pneumococcal vaccine approved in the US
was the 14-valent polysaccharide vaccine (PPV-14) in
1977. This was replaced in 1983 by a 23-valent polysac-
charide vaccine (PPSV23), which is still in use today. Since
2000, conjugate vaccines have been marketed, increasing
their strain coverage from seven (PCV7) to 21 (PCV21)
[59]. Conjugate vaccines are an improvement on polysac-
charide vaccines. They produce a more prolonged, T-cell-
dependent immune response, accompanied by memory B-
cell responses. They also prevent nasopharyngeal coloni-
sation and may therefore reduce transmission and promote
herd immunity [60]. Depending on the number of serotypes
included, they can prevent up to 72% of invasive pneumo-
coccal disease in adults. However, it should be noted that
vaccine use itself can alter circulating strains in populations
with different vaccination strategies [61]. The effectiveness
of polysaccharide vaccines declines from 48% in the first
two years to less than 25% after five years, but persistent
antibody levels remain higher than in the unvaccinated pop-
ulation for six years afterwards. However, antibody persis-
tence should not be confused with vaccine effectiveness, as
some of this may depend on immune memory. Conversely,
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the duration of effectiveness remains stable for at least the
first five years [62].

3.3 SARS-CoV2 Vaccines

Although coronaviruses are well-known human
pathogens, the urgent need for a vaccine arose due to the
COVID-19 pandemic. The first vaccines were developed
in less than three months following the publication of the
SARS-CoV-2 genetic sequence in January 2020, and were
trialled and made available by the end of 2020. The WHO
approved 10 COVID-19 vaccines representing eight dis-
tinct products across four vaccine platforms [63]: mRNA
vaccines, the first to be approved for human use; aden-
ovirus vector-based vaccines; inactivated virus vaccines;
and protein subunit vaccines [63,64]. All vaccines met or
exceeded the FDA’s minimum efficacy threshold of 50%
protection [64], with both mRNA vaccines (BNT162b2
and mRNA-1273) providing over 90% protection against
hospitalisation due to symptomatic infection [65]. During
the first few years following the emergence of COVID-19,
a high level of protection was observed for BNT162b2,
mRNA-1273 and Ad26.COV.2.S. mRNA-1273 was partic-
ularly effective in older people and those with heart disease
[66]. Recently, two new vaccines have been developed: a
recombinant protein-based vaccine [67] and a new mRNA
vaccine [68]. The latter is potentially the most effective in
older people.

A higher incidence of myopericarditis has been re-
ported for messenger RNA vaccines (BNT162b2 and
mRNA-1273), the cause of which is not fully understood. A
2022 systematic review [69] reported 887 cases among 53
million vaccinated individuals (0.0016%), 90% of whom
were young men. Twelve patients required intensive care
and two died. However, the risk of myocarditis associated
with SARS-CoV-2 infection was higher than that risk at-
tributable to the vaccines. Serious thrombotic events have
been reported in the case of adenoviral vector vaccines
(ChAdOx1 nCoV-19 and Ad26.COV2), primarily in the
cerebral venous sinuses. This is due to vaccine-induced
thrombotic thrombocytopenia (VITT), which is estimated
to affect 28 people per 100,000 vaccinated individuals, 70%
of whom are women, with a mortality rate of 34% [70]. The
risk of TT from a SARS-CoV-2 infection is estimated to be
2.3 times higher than from the vaccines. Overall, the ben-
efits of vaccination far outweigh the potential adverse ef-
fects.

A decline in the vaccine’s efficacy has been observed
during the first six months, which is more pronounced in
older people [71]. This led to the consideration of a booster
dose during the pandemic. Together with changes in the bi-
ology of the circulating virus, this has sparked controversy
regarding the frequency of vaccination in susceptible indi-
viduals [60].
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3.4 Respiratory Syncytial Virus Vaccines

The widespread implementation of respiratory virus
screening panels during and after the SARS-CoV-2 pan-
demic has highlighted the significant role of other respira-
tory viruses, such as RSV and human metapneumovirus, in
causing respiratory infection in adults. Conceptually, RSV
infection has evolved from being a potentially serious infec-
tion in children to becoming a cause of hospital admission
with serious consequences for older adults, especially those
with comorbidities or an impaired immune system [72].

Consequently, there has recently been marked inter-
est in developing and using vaccines to prevent infection
by this seasonally occurring virus. Currently, three types of
vaccine are available for adults: an adjuvanted monovalent
RSV-A prefusion F protein vaccine; a bivalent RSV-A and
RSV-B prefusion F protein vaccine; and an mRNA vaccine
encoding stabilised prefusion F [73]. Real-world effective-
ness data show 58% effectiveness against RSV-associated
hospitalisation over two seasons, with 72% effectiveness
against invasive mechanical ventilation or death. Protec-
tion was consistent for both RSV subtypes, A and B, at 54%
and 65%, respectively. However, the vaccine was less ef-
fective in immunocompromised individuals and those with
cardiovascular disease [74]. The vaccine’s protective effect
is estimated to last for at least two seasons. In the case of
the mRNA vaccine specifically, efficacy was shown to de-
cline from 78.7% at a median of 3.7 months to 47.4% at a
median of 18.8 months [73]. So far, no specific adverse ef-
fects have been reported for either vaccine, apart from those
typically associated with reactogenicity at the injection site.
The pivotal studies also do not indicate an increase in seri-
ous systemic effects [73,75].

3.5 Varicella-Zoster Virus Vaccine (Herpes Zoster)

The vaccine against varicella-zoster virus currently
available is a recombinant vaccine (RZV), which is highly
effective (over 90%) in adults over 50 years of age against
the cutaneous disease and postherpetic neuralgia, which
also occurs in those over 70 years of age. Its greater effec-
tiveness and the possibility of administration in immuno-
compromised patients, for whom immunisation is of greater
interest, have led to the live attenuated vaccine (ZVL) being
ruled out [44]. Regarding its safety profile, an extremely
rare association with Guillain-Barré syndrome has been re-
ported (3—6 cases per million doses) [76]. The duration of
protection may last up to 10 years, although it is consid-
ered to be at least 4 years [77]. Two doses of the RZV vac-
cine are recommended for adults over 50 years of age. It
should be administered intramuscularly, with a 2—6-month
interval between doses, regardless of whether the patient
has previously had the disease or has previously received
ZVL, with a minimum interval of 8 weeks. In candidates
for heart transplantation, the course should be completed at
least 4 weeks before the procedure [77,78].
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3.6 Evidence Relating to the Protection Provided by
Vaccines Against Ischemic Heart Disease

The increased cardiovascular risk associated with var-
ious types of infection suggests that the tools available to
prevent them, particularly vaccines, may reduce cardio-
vascular events, particularly acute coronary syndrome, in
susceptible populations. However, since vaccines activate
the immune system, it is reasonable to assume that they
may temporarily increase the risk of events, or that they
should be avoided in unstable patients. Consequently, there
has been some reluctance to vaccinate people at very high
risk or during particularly vulnerable periods, such as the
post-infarction period. There is extensive scientific evi-
dence demonstrating that vaccination reduces the incidence
of MACE, as well as hospitalisation and mortality rates.
This benefit is particularly notable in patients with cardio-
vascular disease (CVD) and in other vulnerable groups [79].

Influenza vaccination has the strongest body of evi-
dence in terms of cardiovascular benefit. Randomised clin-
ical trials, observational studies and meta-analyses have
demonstrated the effectiveness of influenza vaccination in
older and/or high-risk individuals, including patients with
CVD. The first randomized clinical trial to demonstrate a
reduction in cardiovascular events through influenza vac-
cination was conducted in 2002 by Gurfinkel et al. [80].
This pilot multicenter randomized study showed a reduc-
tion of the primary endpoint, cardiovascular death, with
a RR of 0.25; 95% CI 0.07 to 0.86; being this wide in-
terval attributable to the sample size of 301 patients (200
AMI and 101 stable patients with planned angioplasty or
stent). A 2013 meta-analysis of clinical trials [81] showed
that influenza vaccination reduces the risk of MACE by
37% (95% CI 23-49%) in people with CVD. Similarly, a
2023 meta-analysis combining six clinical trials involving
9340 participants with a history of ischemic heart disease
or heart failure found that vaccination was associated with
a26% (95% CI 12-37%) reduction in the primary compos-
ite endpoint that included cardiovascular death, acute coro-
nary syndrome, stent thrombosis or coronary revasculariza-
tion, stroke or heart failure hospitalization. The secondary
endpoints were also significantly reduced, with a 37% re-
duction in cardiovascular mortality (95% CI 5-58%) and a
28% reduction in all-cause mortality (95% CI 5-56%) [82].
Of particular interest is the influenza vaccination after my-
ocardial infarction (IAMI) study, which conducted a ran-
domised, double-blind trial to compare the inactivated in-
fluenza vaccine with a saline placebo administered shortly
after a myocardial infarction (99.7% of patients) or high-
risk stable coronary heart disease (0.3%). The primary
endpoint was the composite of all-cause death, myocar-
dial infarction or stent thrombosis at 12 months. The study
demonstrated particular benefits when the vaccine was ad-
ministered early (within 72 hours of coronary angiography
or admission for myocardial infarction) [83], reducing the
risk of MACE, cardiovascular mortality and all-cause mor-
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tality by 28%, 41% and 41% respectively, compared with
placebo. This study confirmed the safety of influenza vac-
cination during the acute phase following an MI.

There is clear evidence to support the use of the pneu-
mococcal vaccine for preventing cardiovascular disease. A
meta-analysis of 15 studies involving 347,000 people found
a 27% reduction in the risk of AMI (HR 0.73; 95% CI
0.56-0.96), although the effect was not consistent across all
components of MACE [84]. Other systematic reviews and
meta-analyses demonstrate that vaccinated adults have a
lower risk of developing cardiovascular disease than unvac-
cinated adults. However, the first prospective, randomised
study to be published has failed to confirm this finding. The
study included individuals aged 55—60 with no prior indica-
tion for the vaccine and at least two cardiovascular risk fac-
tors (hypertension, obesity, and/or dyslipidaemia), with no
history of ischemic events. Approximately half of a sample
of 4725 people with a mean age of 57 years received the 23-
valent PPV vaccine. There was no reduction in the events
considered in the study. However, the authors note that the
study was underpowered. The sample studied was not sim-
ilar in age or risk to patients who usually receive this or the
current conjugate vaccines [85]. Recent population-based
studies from 2024 have evaluated the effects of sequential
versus single-dose vaccination in older adults on cardiovas-
cular disease [84,86]. Evidence suggests that the single-
dose regimen provides immediate and effective protection,
while the sequential strategy, typically combining the con-
jugate and polysaccharide vaccines, aims to enhance im-
mune memory and broaden serotype coverage. Implement-
ing a sequential regimen has been associated with reduc-
ing long-term cardiovascular complications, thereby opti-
mising safety and efficacy in older adults with cardiac co-
morbidities [86].

Vaccines to prevent respiratory syncytial virus (RSV)
infection have only recently become available. There are
no prospective studies on reducing cardiovascular events,
and the number of observational studies is low, with smaller
sample sizes. In fact, vaccination coverage for prevent-
ing RSV infection among older adults or those with car-
diovascular disease remains relatively low. The DAN-
RSV trial included patients aged 60 years and over who
were randomly assigned to receive either the RSV-preF vac-
cine or no vaccine. Although a reduction in cardiores-
piratory hospitalisations was demonstrated [87], a pre-
specified secondary analysis showed no statistically sig-
nificant reduction in MACE in participants without pre-
existing atherosclerotic cardiovascular disease (9.3%, 95%
CI-15.1 to 28.6) or in those with it (12.0%, 95% CI —-34.6
to 43.3) [88]. Recently, TriNetX US Collaborative Network
data, including around 77,000 people aged 60 or over, have
shown a potential reduction in MACE (OR: 0.22, 95% CI:
0.15-0.34, p < 0.0001), all-cause mortality (OR: 0.16, 95%
CI: 0.09-0.27, p <0.0001), AMI (OR: 0.15, 95% CI: 0.08—
0.31,p<0.0001) and heart failure (OR: 0.32, 95% CI: 0.19—
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0.55, p <0.0001). These differences remained significant
at 6 and 12 months [89].

Patients with cardiovascular disease are more suscep-
tible to HZ infection. A cohort study compared adults
who received two doses of the recombinant zoster vaccine
(RZV) with those who did not. The incidence of first-time
myocardial infarction, stroke, and mortality was assessed
after three years. It was observed that patients who re-
ceived two doses of RZV had a lower risk of AMI (ad-
justed RR 0.73; 95% CI 0.55-0.96) and mortality (0.7; 95%
CI 0.57-0.88), while their risk of stroke was similar (0.97;
95% CI 0.75-1.26) [90]. Studies conducted in adults aged
50 years and over have shown that the two-dose RZV regi-
men is associated with a reduction in cerebrovascular disor-
ders (HR 0.76; 95% CI 0.74-0.78) and ischemic heart dis-
ease (HR 0.78; 95% CI 0.76-0.80) [91]. In patients with
diabetes, vaccination is associated with HR reduction of
MACE (0.76, 95% CI 0.72—0.79) and 0.54 (95% CI 0.52—
0.57) HR reduction in all-cause mortality [92]. The cardio-
protective effect appears to be strongest during the first year
following immunisation [91,92].

It is estimated that the first year of the pandemic saw
14.4 million deaths prevented by the rollout of the COVID-
19 vaccine. A study tracking 46 million people in the UK
from December 2020 to January 2022 showed that vacci-
nated individuals were at lower risk of AMI, stroke and
pulmonary thromboembolism [93]. Another study of eight
million people in Sweden found that the risk of AMI, heart
failure (HF), stroke and atrial fibrillation (AF) decreased
from the third dose onwards. Although the first doses were
associated with an increased risk of myopericarditis and ex-
trasystoles [94], the authors concluded that the reduction in
events due to the vaccine outweighed the described compli-
cations. Other observational studies involving large sam-
ple sizes and various types of vaccines have produced sim-
ilar results [95,96]. However, there are no prospective ran-
domised trials, and the available data are from periods close
to the critical phase of the pandemic. Until more recent evi-
dence becomes available, the existing data support the idea
that vaccines developed against the SARS-CoV-2 virus re-
duce the risk of cardiovascular events.

4. Vaccination to Prevent Cardiac Events in
the Guidelines

To the best of our knowledge, the 2020 consensus
statement on immunisation in adults with cardiovascular
disease issued by the Argentine Society of Cardiology is
the first to refer to vaccination of people with cardiovascu-
lar disease as a tool for secondary prevention, with a level
of evidence I for many of its recommendations [97]. This
consensus document provides a detailed analysis of vacci-
nation requirements, including, for example, how to admin-
ister intramuscular vaccines to patients receiving anticoag-
ulant therapy. The guidelines of the European Society of
Cardiology (ESC) for the management of heart failure in-
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cluded influenza and pneumococcal vaccination for the first
time as a means of reducing hospitalisations for heart fail-
ure in 2021 [98], with a Class 2 recommendation (should be
considered). In the same year, the ESC cardiovascular pre-
vention guidelines made no recommendation on this matter,
placing vaccination on the same level as periodontal infec-
tion, devoting only 38 words to this issue [99]. In 2022, the
guidelines of the American Heart Association (AHA) and
the American College of Cardiology (ACC) for the man-
agement of heart failure recommended vaccination against
“respiratory infections” to reduce mortality from heart fail-
ure, also with a level of evidence 2a [100]. In 2023 the
flu vaccine was listed as a Class IA indication (strong rec-
ommendation) to reduce overall and cardiovascular mortal-
ity, and to reduce cardiovascular morbidity in patients with
chronic coronary artery disease. With a level of evidence of
IC, they recommended vaccination against COVID “in ac-
cordance with public health guidelines”, whilst vaccination
against pneumococcus was listed at level 2b as a reason-
able proposal to reduce all-cause and cardiovascular mortal-
ity, and to reduce cardiovascular morbidity in patients with
chronic coronary artery disease [101]. The 2023 update of
the European guidelines on heart failure did not include any
changes compared to those of 2021 [102].

In 2025, the European Society of Cardiology issued a
consensus document entitled “Vaccination as a new form
of cardiovascular prevention: a European Society of Car-
diology clinical consensus statement” reviewing multiple
vaccines and clinical situations. As a consensus document,
levels of recommendation were not established [103].
For their part, the AHA and the ACC issued a consensus
document in the same year (Expert Consensus Statement
on Adult Immunizations as Part of Cardiovascular Care)
[60] in which, also without establishing levels of evidence,
they recommend vaccination for people with cardiovas-
cular disease against influenza, pneumococcal disease,
COVID-19, respiratory syncytial virus and herpes zoster.
Four reasons for this are stated: the poorer prognosis of
patients with cardiovascular disease when they contract an
infection; the ability of approved vaccines to reduce severe
infection; data from observational studies; and the rarity of
serious adverse effects from the vaccines. The recommen-
dations of both statements are condensed in Table 1 (Ref.
52,53,58,59,60,63,64,65,66,67,68,69,70,71,72,73,74,76,77,
83,103,104,105,106,107). Similar approaches have been
taken by other cardiology societies in different countries
and regions, such as the Canadian, Polish and Argentine
ones [104,105,106]. This shift in recommendations sug-
gests that cardiologists’ views on vaccination are aligning
with those of public health experts. It is a matter of
enormous importance, given that despite public campaigns
promoting various forms of vaccination, most countries
are far from achieving adequate vaccination rates. Just
as an example, during the 2021-22 season, the average
flu vaccination rate among those aged 65 and older in
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Table 1. Summary of recommendations for the vaccination of patients with a history of coronary heart disease (adapted from

the recommendations of North American, European and Argentine societies of cardiology) [60,103,104,105,106].

Vaccine Seasonal Intervals Specific recommendations and comments
Influenza [52,53,58] Yes Yearly Preferably before discharge in patients
hospitalized for acute coronary syndrome [83]
Better associated to Influenza vaccine.

S. preumoniae [59,60,72] Yes 5-10 years' If available, use cc.)njugate PCVZIO or PCV21
If not, a sequential schedule with PCV13
followed by PPSV23 could be advisable

COVID-19 Yes? Yearly? Best administered alongside the influenza

[63,64,65,66,67,68,69,70,71] vaccine to improve adherence [107]

RSV [73,74] Yes Not defined The protection provided by RSV vaccines

could last longer than three years

Herpes Zoster [76,77] No 2 doses series once in life  Standard two-dose schedule of recombinant

vaccine (RZV) separated 2 to 6 months could
last 10-11 years

! The effect could last longer, but it could be necessary to re-vaccinate specific populations.

2 COVID-19 could not be a seasonal epidemic, and the effect of the vaccine lasts less than a year. The need to vaccinate

every six months could be discussed. Due to public health policies, it is advisable to administer the vaccine yearly,

together with the influenza vaccine [60,71]. RSV, respiratory syncytial virus.

European countries, the U.S., and Canada was only 48.1%,
far below the 75% recommended by the World Health
Organization, and only 5 of 31 countries reaching the
objective [107]. Recognizing that vaccines are a key tool
in cardiovascular prevention should make cardiologists
allies of vaccination campaigns, helping to ensure that
these campaigns reach particularly vulnerable groups.

5. Conclusions

Vaccines reduce the risk of many infectious diseases
and their complications, which use to be more frequent in
patients with a high cardiovascular risk and a history of car-
diovascular disease. There is compelling evidence linking
infections to an increased risk of cardiac ischemic events.
While the evidence supporting a reduction in the risk of a
myocardial infarction through vaccination is less extensive,
it is nevertheless consistent, particularly with regard to in-
fluenza vaccination. Importantly, vaccination is safe for pa-
tients who have experienced a recent cardiovascular event.

Cardiologists and other healthcare professionals
should regard vaccination recommendations as equally
important as advice on diet, physical exercise and giving
up smoking. Furthermore, they should view their own
vaccination as a means of protecting their patients; this
responsible attitude should also help them to remember the
need to recommend it. The prescription of vaccines for
adults should form part of standard prescribing practice,
alongside other therapies aimed at reducing cardiovascular
risk.
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