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Abstract

Purpose of Review Influenza is the cause of millions of deaths yearly in the USA and globally. It presents a significant health
burden in millions of people and is associated with chronic disease exacerbations including acute cardiovascular events such
as myocardial infarction and stroke. We reviewed recent studies and a meta-analysis to assess the part that influenza vac-
cination plays in cardiovascular system protection.

Recent Findings A sizable study measured the effect of influenza vaccination on cardiovascular health and mortality. This
retrospective observational study used the 2012-2015 US National Inpatient Sample (NIS) database and included 22,634,643
hospitalizations. The patients who received the vaccine against influenza were associated with lower myocardial infarction
(MI) (RR=0.84, 95% CI: 0.82-0.87, p <0.001), transient ischemic attack (TTA) (RR=0.93, 95% CI: 0.9-0.96, p <0.001),
cardiac arrest (RR=0.36, 95% CI: 0.33-0.39, p <0.001), stroke (RR=0.94, 95% CI: 0.91, 0.97, p<0.001), and mortality
(RR=0.38,95% CI: 0.36-0.4, p<0.001).

Summary Recent studies have reported a decrease in cardiovascular risk and mortality with influenzavaccine administration.
Therefore, it is recommended to obtain the influenza vaccine (if thereare no contraindications), especially individuals who

are at risk of chronic disease exacerbationsincluding acute cardiovascular events.
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Introduction

According to the Centers for Diseases and Control and Pre-
vention (CDC), the burden of influenza in the USA varies,
and the statistical data of influenza-related deaths is meas-
ured by taking several factors into account. These factors
include the season timing, individual immunity, vaccine
efficacy, and vaccine administration rates [1ee]. Regardless
of this variation, the burden of influenza continues to affect
the health of the population in the USA. The CDC annu-
ally estimates the burden of seasonal influenza by obtaining
rates of hospitalization with laboratory-confirmed influenza
from Hospitalization Surveillance Network (FluSurv-NET)
including outpatient medical visits and symptomatic com-
munity illness [2]. The FluSurv-NET includes an estimated
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9% of the US population [3]. In the 2021-2022 season, the
burden of influenza in the US was estimated to be between
8.0 and 13.0 million influenza illnesses, 3.7 and 6.1 mil-
lion influenza-related medical visits, 82,000 and 170,000
hospitalizations, and 5000 and 14,000 influenza deaths [4].
Furthermore, a preliminary in-season burden from October
1, 2022, to December 31, 2022, estimates 22 to 43 million
influenza illnesses, 10 to 21 million influenza medical visits,
230,000 to 490,000 influenza hospitalizations, and 14,000
to 43,000 influenza deaths [5].

The Global Influenza Programme of the WHO (World
Health Organization) provides influenza surveillance infor-
mation, which is distributed through FluNet and FluID
(epidemiological data reported by national focal points)
by Global Influenza Surveillance and Response System
(GISRS) [6]. The implementation of these methods is imper-
ative for the development of public health policy, identi-
fication of risk groups, and to plan for a future influenza
pandemic. In a study, there were estimated influenza-asso-
ciated excess mortality rates from countries with and with-
out estimates using data from 1999 to 2015 from countries
with annual influenza-associated excess mortality estimates.
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There is an estimation of 291,243 and 645,832 influenza-
associated respiratory deaths (4.0-8.8 per 100 000 individu-
als) occurring annually [7]. This study does not account for
cardiovascular exacerbations related to influenza. There is
a high probability of seasonal influenza leading to death
from other causes such as cardiovascular disease, chronic
obstructive pulmonary disease, and pneumonia. We assessed
recent studies and a meta-analysis about the cardiovascular
outcomes in relation to influenza infection, and the benefits
of influenza vaccine administration to cardiovascular health.

Influenza and Heightened Cardiovascular Risk

Influenza infection aggravates chronic conditions such as
cardiovascular disease. Studies reported the association of
influenza and acute cardiovascular events, such as myocar-
dial infarction (MI), stroke, unstable angina, and hospitali-
zations due to heart failure exacerbations, as well as acute
respiratory events. Influenza can lead to an MI by causing an
inflammatory cytokine release, atherosclerotic disruption,
and events causing thrombosis [See].

A cross-sectional study evaluated acute cardiovascular
events and determined risk factors for acute heart failure
(aHF) and acute ischemic heart disease (alHD) in adults
with a hospitalization associated with laboratory-confirmed
influenza during influenza seasons from 2010 through 2018
using data from FluSurv-NET of 89,999 adults [9ee]. Most
patients experiencing aHF or alHD were aged 65 years
or older and most patients experiencing acute myocardi-
tis, acute pericarditis, or cardiogenic shock were aged 18
to 64 years. Among those patients experiencing an acute
cardiovascular event, 53.5% had aHF, 49.3% alHD, 8.3%
hypertensive crisis, 2.7% cardiogenic shock, 0.8% acute
myocarditis, 0.5% acute pericarditis, and 0.2% cardiac tam-
ponade. One in eight patients had sudden heart complica-
tions; almost one-third of these patients got admitted to the
ICU and 7% died.

In a self-controlled case-series study, there was an associ-
ation between laboratory-confirmed influenza infection and
acute myocardial infarction [10]. There were 364 hospitali-
zations for acute myocardial infarction that happened within
1 year before and 1 year after tested positive for influenza.
The incidence of admissions for acute myocardial infarc-
tion was six times as high during the 7 days after a positive
laboratory-confirmed result of influenza infection as during
the control interval.

In a recent meta-analysis of 6 RCTs published between
2000 and 2021, 9001 adults who were randomized to influ-
enza vaccination versus matching placebo or standard care,
3.6% of vaccinated patients developed a major adverse car-
diovascular event within 12 months compared with 5.4% of
those who received placebo or control [11ee]. From 4510
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patients who received the influenza vaccine, 162 patients
(3.6%) developed a major adverse cardiovascular event com-
pared with 242 (5.4%) of the 4491 patients who received
placebo or control within 12 months of follow-up (RR, 0.66;
95% CI, 0.53-0.83; I’=19%; p <0.001).

Evidence on Influenza Vaccine in Mitigating
Cardiovascular Risk

A retrospective observational study was conducted utilizing
the NIS database between the years of 2012 and 2015 to
evaluate the demographics and outcomes of combined vacci-
nation among hospitalized patients in the USA [8ee]. It was
reported that from January 1, 2012, to September 30, 2015,
there were 22,634,643 total hospitalizations recorded. There
was a total of 696,399 hospitalizations where the patients
were vaccinated. In this study, within the vaccinated group,
patients were subcategorized to patients who received the
influenza vaccine, patients who received the vaccine against
pneumococcal pneumonia (PPV), and patients who received
both vaccines during the hospital stay. The patients who
received the vaccine against influenza with average age
of 50 years old were associated with lower MI (RR =0.84,
95% CI: 0.82-0.87, p <0.001), transient ischemic attack
(TIA) (RR=0.93, 95% CI: 0.9-0.96, p <0.001), cardiac
arrest (RR=0.36, 95% CI: 0.33-0.39, p <0.001), stroke
(RR=0.94, 95% CI: 0.91, 0.97, p<0.001), and mortal-
ity (RR=0.38, 95% CI: 0.36-0.4, p <0.001). There was a
significant overall mortality risk reduction with combined
vaccination, and the individual administration of pneumo-
coccal and influenza vaccine was associated with improved
cardiovascular outcomes. In this study, there was a mainly
reduction in mortality for patients experiencing an MI. In
addition, administration of pneumonia and influenza vac-
cines appears safe and supports the use of combined vac-
cination since the combined vaccination group also had a
reduced risk of mortality among those admitted with MI
(RR=0.46), transient ischemic attacks (RR=0.58), and
stroke (RR =0.42) compared to the unvaccinated group.
The TAMI trial (Influenza Vaccination After Myocar-
dial Infarction) was a randomized, double-blind, placebo-
controlled trial conducted to determine whether influenza
vaccination early after admission with myocardial infarction
or high-risk coronary artery disease reduces cardiovascular
events [12e]. Thirty centers in 8 countries participated and
the study was conducted from October 2016 through Febru-
ary 2020. A total of 1290 participants were assigned to the
influenza vaccine and 1281 participants were assigned to
placebo. A total of 1868 participants (74.3%) were treated
with PCI, and 587 (23.4%) received medical treatment only.
The composite of all-cause death, MI, or stent thrombosis
at 12 months after randomization compared with placebo
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occurred in 67 patients (5.3%) assigned to influenza vac-
cine and 91 patients (7.2%) assigned to placebo (HR, 0.72
[95% CI, 0.52-0.99]; p =0.040). Rates of cardiovascular
death were 2.7% and 4.5%, respectively (HR, 0.59 [95%
CI, 0.39-0.90]; p=0.014), and rates of MI were 2.0% and
2.4%, respectively (HR, 0.86 [95% CI, 0.50-1.46]; p=0.57).
Although the country subgroup was not part of the prespeci-
fied subgroups, the treatment was tested for any effect that
might differ by country and there was no evidence of treat-
ment effect difference (interaction p =0.75). In a recent
review, several studies were evaluated and suggested that
seasonal influenza vaccination is significantly effective in
attenuating cardiovascular risk [13ee]. The result of these
studies included lower risk for acute heart failure and acute
ischemic heart disease, myocardial infarction, stroke, pul-
monary embolism, and cardiac arrest. Sen et al. [14ee]
explored the relationship between influenza vaccination
and risk for acute myocardial infarction, stroke, and pulmo-
nary embolism during the 2009 pandemic in Norway. Dur-
ing this time, vaccination was recommended for all adults.
This cohort of 9952 individuals included 5524 vaccinated
individuals who suffered from an acute MI (with mean age
of 67.2 years; 68.3% males), 3434 from a stroke (with mean
age of 69.9 years; 57.9% males), and 994 from pulmonary
embolism (with mean age of 63.4 years; 51.3% males) dur-
ing the study period from May 1, 2009, through September
30, 2010. There was an overall lower risk for cardiovascular
events among those at higher risk following influenza vac-
cination in the period 1-14 days following vaccination when
compared to the background period. The relative risks were
0.72 (0.59-0.88) for acute MI, 0.77 (0.59-0.99) for stroke,
and 0.73 (0.45-1.19) for pulmonary embolism in that period.
These associations remained the same up to 180 days after
vaccination.

CDC and Public Health Guidance

In a cross-sectional study, there were 476,227 records of
adults extracted with a self-reported history of cardiovas-
cular disease from the Behavioral Risk Factor Surveillance
System from January 2011 through December 2020 [15ee].
The purpose of the study was to calculate the prevalence and
likelihood of annual influenza vaccination by sociodemo-
graphic characteristics, healthcare characteristics, and cardi-
ovascular disease risk factors. The annual trends of influenza
vaccination by geographic region were also evaluated. The
population included adults 65 years or older with or without
CVD (51.2% vs 16.9%), male (55.4% vs 47.8%), non-His-
panic White (71.5% vs 64.3%), and a high school graduate or
less (52.0% vs 40.3%), and have an annual household income
of less than 50,000 (69.4% vs 50.4%). The majority of adults
with CVD had health insurance (91.8%), healthcare provider
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(91.0%), and a visit with the healthcare provider within the
year (85.5%). Adults with CVD were more compliant with
influenza vaccination than adults without CVD. Overall,
there has been an improvement in influenza vaccination
coverage among adults with CVD during the past decade,
but it is far from the targeted national goals. Only 16 states
achieved a vaccination rate of 50% with no state achieving
the Healthy People 2020 goal of 70%.

According to the CDC, everyone 6 months and older should
get an influenza vaccine every season in the USA. This practice
has been made a universal recommendation since the influenza
season of 2010-2011 [16]. This recommendation is especially
important to high-risk groups such as individuals with cardiovas-
cular, and/or pulmonary disease. It is important to be up-to-date
on influenza vaccine options to improve overall health. During
2022-2023 influenza season, vaccine options for individuals
younger than 65 years include inactivated influenza vaccine
[IIV], recombinant influenza vaccine [RIV], or live-attenuated
influenza vaccine [LAIV], with no preference of any influenza
vaccine over another. For this season, all influenza vaccines are
quadrivalent vaccines [17]. These aim to protect against four
different influenza viruses, including two influenza A and two
influenza B. The standard-dose flu shots are approved for use
in children from 6 months to 64 years only. Another alterna-
tive includes a cell-based influenza shot (Flucelvax Quadriva-
lent), which is approved to be administered on people who are
6 months and older. This vaccine is also egg-free.

In addition, the CDC recommends using the SHARE
method by healthcare providers to increase influenza vac-
cine awareness and help patients make informed decisions
about getting vaccinated [18]. Heart disease was one of the
most common chronic conditions seen in hospitalized adults
with influenza during recent seasons [19]. In 2020, CDC
launched the Partnering for Vaccine Equity (P4VE) program
that focuses on increasing adult immunization, especially
targeting those groups that suffer from disparities in immu-
nization such as racial and ethnic communities. The program
provides funding and support to national, state, local, and
community partners, who are prioritizing equity in vaccina-
tion access and uptake [20].

Conclusions

Influenza is affecting millions of people in the USA every
year. There is evidence that influenza can exacerbate symp-
toms of chronic diseases such as heart failure and acute
coronary syndromes. In these studies and the meta-analysis
evaluated, there was an increase in cardiovascular protection
with influenza vaccine administration. The characteristics
of recent studies in relation to influenza vaccination status
are summarized in Table 1. The CDC recommends routine
annual influenza vaccination and especially for individuals
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with chronic conditions. The American College of Cardi-
ology emphasizes the importance for all members of the
cardiovascular team to incorporate the Standards for Adult
Immunization Practice on every patient encounter by using
the SHARE Model recommended by the CDC [21]. Fur-
thermore, these findings showed the importance of social
determinants of health that may be affecting the influenza
vaccination rates among individuals who lack health insur-
ance and primary care, have comorbidities, are of young age,
and are part of racial and ethnic minority populations [15].

The recommendations for the 2022-2023 season include
two updates compared with the recommended composition
of last season’s US influenza vaccines. There were updates
on the influenza A and the influenza B vaccine virus com-
ponents [4]. As we currently see the potential cardiovascular
effects of the coronavirus, it is especially important for high-
risk individuals to remain consistent with annual influenza
vaccination to attenuate health complications and be up-to-
date on influenza vaccine for optimum protection.
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