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Abstract
Purpose of Review To better understand the impact of obesity and cardiovascular diseases on influenza A infection.
Recent Findings This infection could have detrimental outcomes in obese patients with cardiovascular diseases, such as an
increased risk, length of hospitalization, disease severity, morbidity, and mortality. Nevertheless, there also might be some
cardioprotective benefits associated with influenza vaccination, such as a reduced mortality, hospitalization, and acute coronary
syndromes, in patients with coronary heart disease and/or heart failure.
Summary Obesity negatively impacts immune function and host defense. Recent studies report obesity to be an independent risk
factor for increased morbidity and mortality following infection. Obese patients might need special considerations in the
treatment; however, there is not enough evidence to fully comprehend the mechanisms behind the reduced immunocompetence
when influenza A infection occurs. Future studies should focus on special consideration treatments when the patients have not
been vaccinated and have cardiovascular diseases.
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Introduction

This review focuses on how obesity and cardiovascular dis-
ease impact influenza response. Retrospective studies demon-
strate that during the 2009 H1N1 pandemic, obesity was iden-
tified as a risk factor for hospitalization, mechanical ventila-
tion, and mortality upon infection. These data must be
highlighted since it is projected that nearly 50% of the world-
wide population is going to be obese by 2050. Several case
studies have identified possible effects of obesity on viral
replication in the deep lung, progression to viral pneumonia,
and prolonged viral shedding [1]. Therefore, management of

the influenza infection in this at-risk population has to have
special consideration given that they may not respond opti-
mally to vaccination [2].

Obesity and Its Impact on Influenza Infection

Excessive fat accumulation that results in obesity impairs
health for adults [3]. Its low-grade chronic inflammatory-
induced state negatively impacts immune function and host
defense [2], as shown during the 2009 influenza A virus
H1N1 pandemic, where obesity resulted to be an independent
risk factor for severe disease, hospitalization, mechanical ven-
tilation, and mortality upon infection [1].

It is well known that influenza A virus infection is charac-
terized by fever, myalgia, rhinorrhea, sore throat, and sneez-
ing. These symptoms peak 3–5 days post-infection, with viral
shedding peaking at days 2–3. Usually, it is limited to the
upper respiratory tract; however, in severe cases, the lower
respiratory tract, including the lungs, can be affected and often
requires hospitalization. This progression is more common in
obese patients, leading to diminish infection resolution when
compared with non-obese patients [1]. Obesity also plays a
role in the outcome of critical complications from influenza
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A/pdmH1N1 infection and is associated with longer mechan-
ical ventilation for severe acute respiratory distress syndrome
and shock [4].

A higher body mass index (BMI) and metabolic syndrome
in patients with influenza have shown an increased risk and
length of hospitalization [4–6], increased disease severity,
morbidity, and mortality during lower respiratory tract infec-
tions. This might be explained in part by increased lung per-
meability during infection, found in mice studies. Obese mice
have an increased protein leakage from the lung into the bron-
choalveolar lavage fluid when compared to lean mice.
Additionally, lung edema and oxidative stress are also in-
creased, which emphasizes the multiple etiologies of in-
creased lung pathology in the obese host and the impairment
in wound repair [1, 4].

The obesogenic state can also affect the influenza A virus
evolution. It is well known that obese individuals are malnour-
ished besides their excess in fat; they might also present nu-
trient deficiencies, such as vitamins [7], minerals, and trace
elements [8]. There are a variety of mechanisms by which
nutritional imbalances could alter within-host viral evolution
[8]. Studies have shown that such imbalances prolong infec-
tions, delay clearance, and increase shedding (42% longer
than non-obese) [9], all of which potentially increase viral
transmission [1].

In addition to the decreased immunocompetence mecha-
nisms, other potential factors might contribute to its increased
susceptibility to infection in the hospital setting. Some exam-
ples, which are underlying diseases that affect mobility, can
also increase risk for skin problems, prolonged visits at hos-
pitals and nosocomial infections, alteration in the pharmaco-
kinetics of some drugs, and an increased susceptibility to post-
surgery infections [2]. Thus, it is a complex problem that
needs further evidence to develop better treatments for this
increasing population.

Importance of Influenza Vaccination

Obesity causes a chronic state of inflammation in a general-
ized and constant way with negative effects on immunity.
Obese people have delayed immune responses to influenza
virus infection and experience slower recovery from the dis-
ease. In addition, the efficacy of the treatment and the vaccine
is reduced in this population causing an alteration of the viral
life cycle and, coupled with an already weakened and delayed
immune response, leading to a more serious condition.
Poor initial and adaptive responses to infection and vac-
cination create an impaired ability to respond appropri-
ately to infection. The efficacy of the vaccine may de-
crease in obese humans; however, more studies are
needed to better understand how the obese state affects
infection control [1].

Previous studies suggest that the severity of influenza virus
infection is multifactorial and may be related to lung spread
and repair, the formation of extracellular concentrates of neu-
trophils at the lung level; however, this mechanism in individ-
uals is unknown [10].

The efficacy of the vaccine in human groups has shown
that initial seroconversion rates are high in the obese popula-
tion, but that over time there is a greater decrease in efficacy
than that observed in non-obese populations [11]. Influenza
vaccine as a method of prevention is formulated each year,
typically containing both influenza A and B. A study conduct-
ed in 2013–2015 aimed at evaluating whether obesity was
associated with an increased risk of influenza for influenza
and influenza-like illness among vaccinated obese and non-
obese adults, finding that, among the obese, 9.8% had con-
firmed influenza or influenza-like illness compared with 5.1%
of healthy weight participants. Compared with the vaccinated
healthy weight, obese participants had twice the risk of devel-
oping influenza or influenza-like illness (relative risk = 2.01,
95% CI 1.12, 3.60, p = 0.020); therefore, in this risk group, in
the same way, vaccination is very important [12]. Although it
appears that in high-risk groups, such as the obese and over-
weight population, vaccination may not provide optimal
protection, and because of the growing trend of obesity
worldwide, the efficacy of the vaccine should be im-
proved [10].

Among cardiovascular disease patients, there is compelling
evidence that shows lower risk of major adverse cardiovascu-
lar events, reduced hospitalization, and mortality [13–15], be-
ing the greatest treatment effect was seen among the highest-
risk patients with more active coronary disease [15].

The recent recommendation advocates the priority of vac-
cination against influenza in obese patients; a vaccination pro-
gram should be fully evaluated in obese adults. High-dose
vaccines designed to vaccinate people over 65 can also be
used in the obese population [9, 10].

Cardiovascular Risk and Influenza Infection

In the twentieth century during influenza epidemics, there has
been an excess of mortality from cardiovascular disease [16]. A
recent study that included 364 hospitalizations for acute myo-
cardial infarction demonstrated an increased risk of acute myo-
cardial infarction within one week after influenza virus infec-
tion to a risk that was six times higher than the risk during the
year before or after the onset of infection [17]. Cardiovascular
complications associated with influenza infection include myo-
carditis, pericardial effusion, myopericarditis, right and left ven-
tricle dysfunction, myocardial infarction, heart failure, stroke,
and circulatory failure due to septic shock [13, 18–20]. The risk
of myocardial infarction after mild respiratory infection returns
to baseline within approximately 5 weeks, but in the case of
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pneumonia complicated by sepsis the risk persists up to 10 years
after the infection [16] [21].

Infectious agents (including influenza virus) have been im-
plicated in the etiology of atherosclerosis [22]. There have
been described several mechanisms by which influenza in-
creases the risk of cardiovascular events; they may be related
to pro-inflammatory mediators, sympathetic stimulation, and
the activation of the coagulation cascade [19].

Myocardial Infarction

According to the fourth universal definition of myocardial
infarction, there are 5 types of myocardial infarction based
on clinical, electrocardiographic, and laboratory evaluation
[23]. Influenza infection can trigger type 1 and type 2 myo-
cardial infarctions [16].

Type 1 myocardial infarction is defined as myocardial is-
chemia caused by atherothrombotic coronary artery disease,
and it is usually precipitated by atherosclerotic plaque disrup-
tion that can be rupture or erosion [23]. It is important to
remember that atherosclerotic plaques also contain inflamma-
tory cells, and pro-inflammatory cytokines, such as in-
terleukins 1, 6, and 8, and tumor necrosis factor α are
generated as a response of infection. These inflammato-
ry cytokines can activate inflammatory cells in athero-
sclerotic plaques [16] [24].

Acute influenza infection is associated to a procoagulant
state that increases the risk of coronary thrombosis at sites of
plaque disruption [16] [25, 26]. Infection with influenza virus
is associated with expression of genes that have been linked to
platelet activation: H1N1 exposure increases platelet gene ex-
pression signature, which is associated with myocardial in-
farction [25].

Type 2 myocardial infarction might be considered with a
rise and/or fall of cardiac troponin values and evidence of an
imbalance between myocardial oxygen supply and demand
unrelated to coronary thrombosis. [23]. Influenza infection
produces a systemic inflammatory response with a resulting
increase in heart rate and shortens the filling time during di-
astole compromising in that way, the coronary blood supply.
If septic shock occurs, it may have a substantial adverse effect
on coronary perfusion. In older patients with chronic coronary
plaques, systemic inflammation causes cardiac metabolic mis-
match increasing the risk of myocardial infarction [16, 18].

Heart Failure

Influenza infection is also associated with increased mortality
in patients with heart failure [27] and is vulnerable to
influenza-associated complications [28] [29]. This type of pa-
tients has limited cardiac and respiratory reserves and may not
tolerate the metabolic demand and hypoxemia, exacerbating
underlying cardiac disease probably due to an increased

sympathetic nervous system activity, hypoxemia, and renal
dysfunction that can lead to volume overload [28].

In a healthy heart, severe acute influenza infection pro-
duces pro-inflammatory cytokine level elevations that can
cause acute myocarditis [28] [18], characterized by a broad
spectrum of symptoms that go from asymptomatic courses to
signs of myocardial infarction to devastating illness with car-
diogenic shock [30] [31]. Myocarditis often results from com-
mon viral infections and post-viral immune-mediated re-
sponses [30]. In acute myocarditis, there is a high incidence
of wall motion abnormalities. During influenza epidemics,
15% of the patients admitted to a military hospital with influ-
enza infection had wall motion abnormalities on echocardio-
gram [18]. This becomes important, due to the fact that the
myocardium inflammatory disease is regarded as a precursor
of dilated cardiomyopathy [30] [32]. The electrocardio-
graphic findings in patients with myocarditis range from
nonspecific T-wave and ST segment changes to ST seg-
ment elevation resembling an acute myocardial infarc-
tion; supraventricular and ventricular arrhythmias can
also be present. Electrocardiographic findings that are
related to poor clinical outcome include a QTc prolon-
gation at 440 ms, an abnormal QRS axis, and ventricu-
lar ectopic beats [30].

A recent study developed to evaluate the incidence and
hemodynamic consequences of right ventricular and left ven-
tricular dysfunction in patients with H1N1 infection demon-
strated that on admission 72% had abnormal ventricular func-
tion (46% had isolated left ventricular abnormalities and 39%
had isolated right ventricular dysfunction) and 14% had
biventricular dysfunction. On the follow-up, right ventricular
function tended to worsen during hospitalization, but left ven-
tricular function tended to normalize. However, patients with
ventricular dysfunction needed more aggressive therapy and
of rescue ventilatory strategies, such as inhaled nitric oxide,
prone positioning, and extracorporeal membrane oxy-
genation [18].

Stroke

During influenza epidemics, hospitalizations for cerebrovas-
cular diseases increase [33]. An increase in incidence of ische-
mic stroke within 2 weeks after influenza infection has been
suggested [34, 35]. Protein C pathway and endogenous fibri-
nolysis are mechanisms associated with cerebrovascular is-
chemia and influenza infection [19]. Influenza infection de-
velops a prothrombotic state by increasing tissue factor ex-
pression and decreases fibrinolytic capacity by increased
plasminogen-activator inhibitor-1 (PAI-1) expression. This re-
sults in an unbalance between coagulation and anticoagulant
pathways [36].

As in myocardial infarction, the relationship between sys-
temic inflammation and stroke pathophysiology has shown
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that stroke often occurs in a pre-existing state of inflammation
due to atherosclerosis, obesity, or infection [37].

Possible Cardioprotective Effects of Influenza
Vaccination

The Sixth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice recommend that annual influ-
enza vaccination can be considered in patients with
established cardiovascular disease (class IIb, level C) [38],
based on the fact that the risk of a cardiovascular event (myo-
cardial infarction or stroke) is more than four times higher
after a respiratory tract infection, with the highest risk in the
first 3 days after infection [39]. There have been developed
several studies that demonstrate that influenza vaccination re-
duces mortality, hospitalization, and acute coronary syn-
dromes in patients with coronary heart disease and/or heart
failure [13].

The mechanisms by which acute inflammation affect the
risk of vascular events include the following: endothelial dys-
function, procoagulant state, and inflammatory changes in
atherosclerotic plaques [39, 40]. It is also known that persis-
tent systemic inflammatory activity is a risk of factor for car-
diovascular disease, and higher interleukin-6 blood levels

increase cardiovascular mortality at one year after pneumonia
infection [41]. This systemic inflammatory response can be
reduced by vaccination [13]. When estimating the cost and
benefit of interventions to prevent pneumonia, the association
of pneumonia with cardiovascular disease risk should also be
considered [40].

Patients with chronic heart failure are vulnerable to
influenza-related complications (including secondary infec-
tions, such as pneumonia and acute heart failure exacerba-
tions). Recently, the PARADIGM-HF Trial assessed associa-
tions between receiving influenza vaccine and cardiovascular
death or heart failure hospitalizations, all-cause hospitaliza-
tions, and cardiopulmonary or influenza-related hospitaliza-
tions, concluding that vaccination was associated with re-
duced risk for death [42].

There have been described two possible mechanisms by
which influenza vaccination may reduce cardiovascular
events: unspecific and specific effects [13]. The unspecific
mechanism is based on the fact that influenza infection causes
a systemic inflammatory response, endothelial dysfunction,
and a procoagulant state. These factors have negative effects
on patients with previous cardiovascular diseases, such as is-
chemic heart disease and heart failure, causing acute heart
failure, pulmonary edema, or destabilization of chronic ische-
mic heart disease, leading to myocardial infarction or sudden
cardiac death [13] [15]. Influenza vaccination reduces the risk

Fig. 1 Possible cardioprotective mechanisms of influenza vaccination
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of infection and inflammation by decreasing the secretion of
pro-inflammatory mediators, such as cytokines (that cause
reduced myocardial contractility) and metalloproteinases (that
cause adverse cardiac remodeling and plaque rupture); influ-
enza vaccination also causes inhibition of platelet activation
and cloth formation [13] [43].

The specific mechanism takes into account the immunolog-
ical properties of the vaccine. The protective effect of
the influenza vaccine has been demonstrated in multiple
studies. To explain the pleiotropic effect of the influen-
za vaccine, the “antigen mimicry” between atherothrombotic
plaque and influenza virus has been proposed [22]. It
has also been proposed that there is an autoimmune
“cross-reaction” between influenza and atherosclerosis
[13] [44].

Figure 1 summarizes the possible cardioprotective mecha-
nism of influenza vaccination [13].

Conclusion

It is well studied that obese patients can develop cardiovascu-
lar diseases; however, it is less known that the low-
inflammatory chronic state might affect host defense and im-
mune cell dysfunction and infections, such as influenza A,
could have detrimental outcomes in such patients, such as an
increased risk, length of hospitalization, disease severity, mor-
bidity, and mortality.

Cardiovascular diseases, such as ischemic heart dis-
ease and heart failure combined with influenza A infec-
tion, can trigger acute heart failure exacerbations that
increase the overall mortality in a hospitalized setting.
Cardiovascular complications associated with influenza
infection include myocarditis, pericardial effusion,
myopericarditis, right and left ventricle dysfunction,
myocardial infarction, heart failure, stroke, and circula-
tory failure due to septic shock. There have been de-
scribed several mechanisms by which influenza in-
creases the risk of cardiovascular events; they might
be related to pro-inflammatory mediators, sympathetic
stimulation, and activation of the coagulation cascade.

While influenza vaccination is associated with a sig-
nificant reduction in all-cause mortality risk in patients
with heart failure, this cardioprotective mechanism may
not function as intended in the obese population since
they do not always respond optimally to vaccination.
Therefore, in an effort to prevent these complications
and in the absence of special consideration treatments
for this population, we strongly suggest a weight-loss
approach. Future studies should focus on developing
targeted treatments that can combat the reduced immu-
nocompetence that excess adiposity causes to the
patient.
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