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ABSTRACT: Cardiovascular disease (CVD) is the leading cause of death and disability worldwide. Influenza infection is associ-
ated with an increased risk of cardiovascular events (myocardial infarction, stroke, and heart failure exacerbation) and mortal-
ity, and all- cause mortality in patients with CVD. Infection with influenza leads to a systemic inflammatory and thrombogenic 
response in the host body, which further causes destabilization of atherosclerotic plaques. Influenza vaccination has been 
shown to be protective against cardiovascular and cerebrovascular events in several observational and prospective studies 
of at- risk populations. Hence, many international guidelines recommend influenza vaccination for adults of all ages, especially 
for individuals with high- risk conditions such as CVD. Despite these long- standing recommendations, influenza vaccine up-
take among US adults with CVD remains suboptimal. Specifically, vaccination uptake is strikingly low among patients aged 
<65 years, non- Hispanic Black individuals, those without health insurance, and those with diminished access to healthcare 
services. Behavioral factors such as perceived vaccine efficacy, vaccine safety, and attitudes towards vaccination play an 
important role in vaccine acceptance at the individual and community levels. With the ongoing COVID- 19 pandemic, there is a 
potential threat of a concurrent epidemic with influenza. This would be devastating for vulnerable populations such as adults 
with CVD, further stressing the need for ensuring adequate influenza vaccination coverage. In this review, we describe a va-
riety of strategies to improve the uptake of influenza vaccination in patients with CVD through improved understanding of key 
sociodemographic determinants and behaviors that are associated with vaccination, or the lack thereof. We further discuss 
the potential use of relevant strategies for COVID- 19 vaccine uptake among those with CVD.
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Cardiovascular disease (CVD) is the leading cause 
of mortality, with about 800 000 lives lost to CVD 
annually in the United States.1,2 While there has 

been a reduction in age- specific cardiovascular mor-
tality, the burden of CVD in the United States has been 
rising steadily, leading to massive economic costs 
and loss of disability- adjusted life years. Annual in-
fluenza epidemics lead to significant rises in cardio-
vascular events and deaths every year.3,4 Since 2010, 
the Centers for Disease Control and Prevention (CDC) 
estimated 140  000 to 810  000 hospitalizations and 
12 000 to 61 000 deaths annually in the United States 

attributable to influenza.5 Apart from its well- recognized 
respiratory complications, about one in eight patients 
admitted with influenza has an acute cardiovascular 
event, with 31% of those requiring intensive care and 
7% eventually dying.6 Individuals with preexisting CVD 
have even greater risk of cardiovascular events and 
mortality associated with influenza than in the general 
population.6

Many observational and prospective studies have 
demonstrated the influenza vaccine to be protective 
against cardiovascular mortality, especially in this 
high- risk population.7,8 Given the benefits conferred by 
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influenza vaccination and the risks posed by influenza 
infection among patients with established CVD, the 
CDC’s Advisory Committee on Immunization Practices 
and many international societies strongly recommend 
annual influenza vaccination in patients with CVD.9 
However, the uptake of influenza vaccination remains 
below the national target in the general population as 
well as in high- risk groups such as patients with CVD. 
Specifically, in US adults aged 18 to 64 years, the rate 
of influenza vaccination was 45% and 33% among 
those with and without high- risk conditions, respec-
tively, well below the target of 90% set by the Healthy 
People 2020 initiative.10 Insufficient vaccination uptake 
is particularly concerning this season amid the current 
COVID- 19 pandemic, potentially leading to a concur-
rent epidemic.

In this review, we describe the epidemiology of in-
fluenza infection and the pathophysiology of cardio-
vascular events in patients with CVD. We then discuss 
current recommendations for annual seasonal influenza 
vaccination, published data on uptake of influenza vac-
cination in the United States, and sociodemographic-  
and behavior- related factors associated with influenza 
vaccination. Further, we outline strategies to improve 
vaccination coverage, especially among vulnerable 
populations including patients with CVD.

CVD AND INFLUENZA INFECTION
CVD remains the leading cause of mortality worldwide 
accounting for >17 million deaths yearly, which is ex-
pected to increase to >24  million by 2030.11 Despite 
reductions in age- specific CVD mortality in recent dec-
ades, the prevalence, complications, and economic 
burden of CVD have been expansive because of pro-
gressively aging populations and global population 
growth.12 An estimated USD 351  billion of economic 
loss between 2014 and 2015 in the United States is 
attributed to CVD.13,14 Influenza infection typically pre-
sents with upper and/or lower respiratory symptoms 
which are accompanied by non- specific systemic 
symptoms. Influenza is usually a self- limiting infec-
tion, but can cause severe and fatal complications in 
high- risk groups, including pregnant women, children, 
adults aged ≥65  years, and individuals with chronic 

medical conditions like CVD, diabetes mellitus, chronic 
kidney disease, and others (Table  1).15 Influenza af-
fects 5% to 10% of the general population annually. 
Globally, 290 000 to 650 000 deaths are attributed to 
influenza- associated illness every year, with dispro-
portionately higher mortality rates among older adults 
aged ≥65 years and those with chronic diseases.16

Besides respiratory manifestations, influenza in-
fection is associated with significant increases in both 
fatal and non- fatal cardiovascular events such as acute 
myocardial infarction and stroke.17 A few self- controlled 
case- series studies have demonstrated a 3-  to 6- fold 
increased risk of acute myocardial infarction, stroke, 
and hospitalization following influenza infection com-
pared with the rest of the year.18,19 The pathophysiology 
of influenza leading to acute coronary syndromes is 
mainly because of systemic inflammatory and throm-
bogenic states from the surge in several acute phase 
reactants in response to viral infection.20,21 The acute 
inflammatory reaction that evolves in the coronary 
bed and atherosclerotic plaque leads to endothelial 
dysfunction, vasoconstriction, platelet activation, and 
dysregulation of the coagulation system. Further, the 
increased sympathetic activity and metabolic demand, 
changes in circulatory volume, and variations in sys-
temic and coronary vascular tone cause plaque de-
stabilization and disruption leading to acute myocardial 
infarction.22

INFLUENZA VACCINE 
EFFECTIVENESS
There is now substantial evidence that influenza vac-
cination is associated with a reduction in CVD events 

Nonstandard Abbreviations and Acronyms

ASCVD atherosclerotic cardiovascular 
disease

aPR adjusted prevalence ratio
CDC Centers for Disease Control and 

Prevention
COVID- 19 Coronavirus Disease 2019

Table 1. High- Risk Groups for Influenza Complications15

All children aged 6– 59 mo

Adult of age ≥50 y

Women who are or will be pregnant during influenza season

Adults with chronic medical conditions which include:
• Chronic lung disease (including asthma)
• Cardiovascular disease (excluding isolated hypertension)
• Endocrine or metabolic disorders (eg, diabetes mellitus)
• Neurologic and neurodevelopment conditions
• Blood disorders (eg, sickle cell disease)
• Renal disorders
• Liver disorders

Immunocompromised adults (including HIV/AIDS) or those on 
immunosuppressive treatment

Individuals with body mass index ≥40

Individuals aged <19 y on long- term aspirin-  or salicylate- containing 
medications and who might be at risk for Reye syndrome after influenza 
infection

American Indians/Alaskan Natives

Residents of nursing homes and other long- term care facilities

The listing of risk groups is not in any order of hierarchy.
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and mortality.23 In a population- based case- control 
study of individuals without prior heart disease, adults 
who received influenza vaccine in the past 12 months 
were 50% less likely to have an out- of- hospital primary 
cardiac arrest compared with those who had not re-
ceived influenza vaccination (odds ratio [OR], 0.51; 
95% CI, 0.33– 0.79).24 Additionally, influenza vaccina-
tion is associated with lower rates of hospitalization 
for cardiovascular and cerebrovascular diseases.25 In 
a meta- analysis of case- control studies, the effective-
ness of influenza vaccine in preventing acute myocar-
dial infarction among those with CVD was found to be 
29% (95% CI, 9%– 44%), similar to that of standard 
interventions such as statin therapy, anti- hypertensive 
medications, and smoking cessation.26– 28 Similarly, in-
dividuals who received influenza vaccination had a de-
creased risk of stroke compared with individuals who 
did not receive influenza vaccination (OR, 0.82; 95% 
CI, 0.75– 0.91; P<0.001).29

CURRENT RECOMMENDATIONS FOR 
INFLUENZA VACCINATION
The US CDC’s Advisory Committee on Immunization 
Practices recommends annual influenza vaccination 
for all adults, especially among those who are at in-
creased risk of severe illness including adults aged 
≥50  years, individuals with chronic conditions, and 
pregnant women. Additionally, emphasis has been 
placed on vaccination of household contacts and car-
egivers of high- risk individuals and healthcare workers 
to promote herd immunity.15 Various cardiology socie-
ties have also provided recommendations for influenza 
vaccination among individuals with CVD. The American 
Heart Association and American College of Cardiology 
recommend annual influenza vaccination with inacti-
vated vaccine among people with atherosclerotic CVD 
(ASCVD) as part of a comprehensive secondary pre-
vention strategy (Class I, Level B).9 Similarly, the Sixth 
Joint Task Force of the European Society of Cardiology 
and other societies on cardiovascular disease preven-
tion provided a class IIb recommendation for annual 
influenza vaccination among patients with established 
CVD (Table 2).15,30– 34

PREVALENCE AND DETERMINANTS 
OF INFLUENZA VACCINATION
Despite well- established recommendations of annual 
influenza vaccination for adults with CVD, the over-
all prevalence of influenza vaccination in the United 
States was 67% among those with ASCVD, which is 
much lower than the national target of 90% set by the 
Healthy People 2020 initiative.35 In this observational 
study, Grandhi et al found that individuals with a greater 

cumulative number of the following sociodemographic 
characteristics (aged 40– 64 years, non- Hispanic Black 
race/ethnicity, uninsured status, low income, and lower 
education level) and healthcare contextual and acces-
sibility barriers (lack of usual source of care) were at a 
greater risk of lacking influenza vaccination.35 Among 
individuals with ≥4 of these risk factors, 60% (95% CI, 
55.8%– 63.5%) did not receive annual influenza vacci-
nation.35 Usual source of care is defined as a particular 
healthcare professional or facility that a person usu-
ally goes to if sick or in need of healthcare advice.36 
In addition to sociodemographic and physical deter-
minants (eg, age, race/ethnicity, and income), other 
factors like access to healthcare (eg, insurance cover-
age and usual source of care) and patients’ attitudes 
and behaviors towards vaccination (eg, perceptions 
of vaccine efficacy and safety) play important roles in 
determining vaccine acceptance. We have discussed 
these determinants of vaccine uptake in detail and 
categorized them into 4 groups: sociodemographic, 
health behavioral, contextual, and psychological deter-
minants (Figure 1).

Table 2. International Scientific Society 
Recommendations for Influenza Vaccination in Patients 
With Cardiovascular Diseases

Society Recommendation for Influenza Vaccination

ACIP/CDC Routine annual influenza vaccination is 
recommended for all people aged ≥6 mo who do not 

have contraindications, with increased priority for 
high- risk groups including patients with CVD.15

AHA/ACC Influenza immunization with inactivated vaccine is 
recommended as part of comprehensive secondary 

prevention in people with coronary and other 
atherosclerotic vascular disease (Class 1, Level B).31

ECDC All adults who are recommended to have the 
influenza vaccine should get vaccinated. Vaccination 

is especially important for people at higher risk of 
serious influenza complications: adults with specific 
chronic medical conditions, pregnant women, and 
children aged 6– 59 mo, the elderly and healthcare 

workers.32

ESC Annual influenza vaccination may be considered in 
patients with established CVD (Class IIB, Level C).30

NACI- Canada Influenza vaccination should be offered annually 
to anyone 6 mo of age and older who does not 

have contraindications to the vaccine, with priority 
to those who are at increased of complications or 

hospitalization, and those capable of transmitting to 
high- risk population. Patients with CVD are included 

in high- risk groups.33

WHO Annual influenza vaccination is recommended with 
highest priority for pregnant women. Additional 

risk groups to be considered include children aged 
6– 59 mo, adults of age ≥65 y, those with specific 

chronic medical conditions and healthcare workers.34

ACC indicates American College of Cardiology; ACIP, Advisory Committee 
on Immunization Practices; AHA, American Heart Association; CDC, Centers 
for Disease Control and Prevention; CVD, cardiovascular disease; ECDC, 
European Center for Disease Prevention and Control; ESC, European 
Society of Cardiology; NACI, National Advisory Committee on Immunization; 
and WHO, World Health Organization.
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Sociodemographic Determinants
Age

Age is an important determinant of influenza vaccina-
tion in US adults, with younger adults being less likely 
to receive vaccination compared with older adults 
aged ≥65  years. In a cross- sectional study using 
data from National Health Interview Survey, Singleton 
et al reported that influenza vaccination rates among 
adults with heart disease were significantly lower in 
younger age groups (18– 49  years) compared with 
older populations (≥50  years), during 1996 to 1997 
through 2000 to 2001 influenza seasons.37 More re-
cently, using pooled National Health Interview Survey 
data from 2008 to 2016, Grandhi et al demon-
strated that, among individuals with ASCVD, younger 
adults aged 40 to 64 years were more likely to lack 

vaccination than older adults aged ≥65  years, with 
vaccination rates at 54% among adults aged 40 to 
64 years versus 76% among adults aged ≥65 years.35 
International studies using observational data have 
shown similar age- based differences in influenza 
vaccination, notably that adults with CVD who were 
aged <65  years had lower vaccination rates when 
compared with older populations.38,39

Race/Ethnicity

In addition to age- based differences, racial disparities 
in influenza vaccination have been also recognized, 
with non- Hispanic Black and Hispanic populations 
noted to be at an increased risk of lacking vaccina-
tion when compared with non- Hispanic White and 
Asian populations.40 In a recent study of adults aged 

Figure 1. Determinants of influenza vaccine uptake in adults with cardiovascular diseases.
CVD indicates cardiovascular disease.
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≥40 years with ASCVD, non- Hispanic Black individu-
als were 1.2 times more likely to miss vaccination 
when compared with non- Hispanic White individu-
als.35 In another cross- sectional study of adults with 
CVD aged 18 to 64 years, racial differences in vaccine 
coverage were only significant in older adults aged 50 
to 64 years, with lower uptake in non- Hispanic Black 
and Hispanic individuals.37 In a retrospective study by 
Takayama et al, racial disparities in vaccine uptake 
were greater in older adults aged ≥65  years when 
compared with adults aged 18 to 64 years.41

Sex

Overall, various studies have demonstrated influenza 
vaccination rates by sex to be variable in the general 
population and among high- risk subgroups. Female 
sex was associated with lower vaccination rates among 
some studies and higher vaccination rate in others.42 In 
our recent cross- sectional study, women had a similar 
likelihood of influenza vaccination as that of men with 
ASCVD.35

Family Support

Marital status was noted to influence vaccine uptake, 
with divorced and widowed adults having reduced vac-
cination rates when compared with married adults.40 
Additionally, individuals who live with family members, 
particularly older adults aged ≥65  years, were more 
likely to receive vaccination.43

Income

Adults with lower family income have been shown to 
be less likely to receive influenza vaccination compared 
with those with middle to high family income.35 In an 
observational study of US adults using data from 2009 
Behavioral Risk Factor Surveillance System, adults 
with annual household income of <$35 000 were less 
likely to be vaccinated than those with higher income 
within each age group studied. Moreover, the impact 
of lower income on influenza vaccination was more 
pronounced in younger adults aged 18 to 64 years (ad-
justed prevalence ratio [aPR], 0.84; 95% CI, 0.81– 0.89) 
when compared with those aged ≥65 years (aPR, 0.94; 
95% CI, 0.92– 0.96).41

Education

The positive association between maternal education 
and childhood vaccination is well- known.44 However, 
an observational study in Europe over 7 influenza sea-
sons showed an inconsistent relationship between 
level of education and influenza vaccine uptake in indi-
viduals of age >14 years. There was a positive correla-
tion with higher educational status and vaccination in 

some countries like Austria and Poland while in other 
countries including Ireland, Italy, and Spain, there was 
a negative correlation.45 In our recent study of US 
adults with ASCVD, a lower level of completed educa-
tion was identified as a significant barrier to influenza 
vaccination, with those having less than a high- school 
level education being 1.25 times more likely to miss 
vaccination than those with higher relative level of com-
pleted education.35

Healthcare Context and Access
Health Insurance

A lack of health insurance coverage has been iden-
tified as one of the strongest barriers to influenza 
vaccine uptake, with uninsured individuals being 
nearly twice as likely to miss vaccination than those 
with insurance.35,37,39 Additionally, among those with 
ASCVD, unvaccinated rates have been found to be as 
high as 65% among individuals without insurance ver-
sus 31% among those with insurance.35 Lack of health 
insurance may be of greater consequence in younger 
adults of age 19 to 64  years with an uninsured rate 
of nearly 15% compared with <2% for those of age 
≥65 years.46

Contact With Healthcare System

Having a usual source of care either alone or in com-
bination with a usual provider has been consistently 
linked with improved influenza vaccine uptake.47 
Among individuals with ASCVD, those without a usual 
source of care had vaccination rates at 43% (versus 
69% among those with a usual source of care) and 
they were twice as likely to miss influenza vaccination 
than their counterparts with a usual source of care.35 
Similarly, fewer recent visits to a doctor and hospitali-
zation follow- ups were associated with lower vaccine 
uptake.48 Use of preventive medical services like colon 
cancer screening was associated with increased influ-
enza vaccination as well.49

Provider Cues to Action

Direct recommendation and education from health-
care professionals was one of the strongest moti-
vators for vaccine uptake.50 In a self- administered, 
anonymous questionnaire of randomly selected US 
physicians from the American Medical Association’s 
physician master file, 14% of generalists and 25% of 
subspecialists failed to provide strong recommenda-
tion for influenza vaccination to their older and higher- 
risk patients despite recognizing the importance of 
vaccination. In addition, providers’ vaccination status 
and beliefs about vaccination had a strong positive 
correlation with their likelihood of recommending 
vaccine to their patients.51
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Vaccine Access

General access to vaccines and reliability of vaccine 
supply have not been identified as barriers to influenza 
vaccination. However, factors such as physical dis-
ability, lack of transportation, and financial burden are 
impediments to vaccine access and uptake, especially 
in older adults.52 Individuals are more likely to consider 
vaccination if it is provided free of cost.53 Lack of time 
to obtain influenza vaccination has also been reported 
as a barrier, especially in healthcare workers.54 Vaccine 
access has now become a critical issue with decline in 
routine primary care visits amid the ongoing COVID- 19 
pandemic.55,56

Health Behavioral Barriers
Preexisting Comorbidities

There is an increased likelihood of influenza vacci-
nation in adults with preexisting medical conditions, 
which could be explained by their increased con-
tact with the healthcare system. In a cross- sectional 
study of patients with CVD in Spain, higher vaccina-
tion rates were observed in those with accompany-
ing pulmonary disease.38 Similarly, in a US population 
with CVD, adults having a concomitant medical indi-
cation for influenza vaccine were more likely to get 
vaccinated.37 In addition, prior history of myocardial 
infarction is positively associated with vaccination 
in younger adults, aged 18 to 64 years group (aPR, 
1.08; 95% CI, 1.01– 1.16) and negatively associated 
in older age groups (≥65 years) (aPR, 0.97; 95% CI, 
0.94– 0.99). Although older adults aged ≥65  years 
with a previous history of stroke were less likely to 
be vaccinated compared with those without history 
of stroke (aPR, 0.97; 95% CI, 0.94– 1.00), there is 
no evidence for a clear relationship between prior 
stroke and vaccination in younger adults aged 18 to 
64 years.41

Perceived Health Status

Individuals’ judgement of their health status is a strong 
predictor of influenza vaccination, with perceived good 
health status being associated with lower vaccine up-
take.57,58 In an observational study using data from 
the Canadian Community Health Survey, there was a 
progressive increase in influenza vaccination rates with 
worsening perceived health status of the study indi-
viduals. In this study, individuals with poor perceived 
health status were 2.5 times more likely to receive 
vaccination compared with those with excellent per-
ceived health status.59 Similarly, in a study of adults 
aged ≥65 years in the United Kingdom, the likelihood 
of receiving influenza vaccination increased as the self- 
perceived health status worsened from excellent to 
poor.58

Health Habits

Several studies have consistently found that detrimen-
tal health habits such as physical inactivity and diet 
consisting of <5 servings of fruits or vegetables per 
day had a negative impact on vaccine uptake.41,42,60 
However, the association between current smok-
ing and influenza vaccine uptake was inconsistent.42 
Nevertheless, smoking cessation was unvaryingly 
associated with increased uptake of vaccine, which 
could be explained by individual’s motivation for and 
adoption of positive health habits in general.42

Psychological Barriers
To date, there is limited information about potential 
psychological barriers for influenza vaccination up-
take among patients with CVD. In the general popu-
lation, perceived lack of benefit of vaccination and 
increased perception of vaccine- associated adverse 
events are negatively associated with vaccine uptake, 
with concern about vaccine safety being one of the 
most common reasons for vaccine refusal.42 Further, 
prior refusal to vaccination, negative attitudes towards 
vaccination, and lack of trust in the healthcare system 
have been identified as significant barriers to influenza 
vaccination.42,48 In general, the misconception that the 
influenza vaccine itself can cause infection, as well as 
low perceived susceptibility and severity of infection, 
are associated with reduced vaccine acceptance.42 
Encouragement to receive vaccination from family 
members and friends has been demonstrated to fa-
vorably impact influenza vaccination uptake especially 
in the elderly population.48 Moreover, healthcare profes-
sionals who do not believe that vaccination is their ethi-
cal and professional obligation, had a lower likelihood 
of receiving influenza vaccine themselves compared 
with their counterparts.42 Lack of perceived behavio-
ral control, which is the perception of the difficulty in 
enacting a behavior, has been recognized as a barrier 
to vaccine uptake.42 Self- efficacy, or the confidence 
in one’s capability to get vaccinated, was also deter-
mined as an important predictor of vaccine uptake in a 
longitudinal observational study of university students 
in France.61 In another observational study in university 
students, “too lazy to get the influenza vaccine” or lack 
of motivation was cited as one of the major reasons for 
non- vaccination.62

STRATEGIES TO IMPROVE 
INFLUENZA VACCINATION 
COVERAGE
Understanding each of the above- mentioned deter-
minants of influenza vaccination is crucial to improve 
vaccination uptake among adults, and in particular 
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those with or at- risk of CVD. With the COVID- 19 pan-
demic, there is an increased probability of a concur-
rent epidemic of COVID- 19 and influenza infections 
later this influenza season. There is a pressing need 
for intensifying influenza vaccine uptake and simul-
taneously laying the groundwork for wide- reaching 
strategies as more COVID- 19 vaccines become avail-
able. A combination of strategies directed at patients, 
providers, practices, and policymakers, which can 
help optimize vaccination coverage and uptake, are 
depicted in Figure 2.

Patient- Centered Interventions
From a patient perspective, it is critical to understand 
patient- related barriers to appropriate vaccination up-
take. Vaccine hesitancy, described by the World Health 
Organization Strategic Advisory Group of Experts 
Working Group, as a delay in acceptance or refusal of 
vaccination despite availability of vaccination services, 
is an important factor in studying vaccine behaviors and 
perceptions.63 One model commonly used to describe 
the determinants of individual vaccination decisions 

is the 4C model, which includes confidence, com-
placency, calculation, and convenience (Figure  3).64 
Complacency and lack of confidence have been iden-
tified as important barriers to influenza vaccine uptake 
during seasonal as well as pandemic influenza out-
breaks. Moreover, convenience and calculation have 
been found to play more minor roles.42 Vaccine hesi-
tancy is extremely concerning and relevant given the 
current COVID- 19 pandemic and its anticipated con-
current epidemic with influenza. Specifically, recent 
surveys have suggested that 1 out of 4 US adults were 
unwilling to receive the COVID- 19 vaccine, and only 
30% of US adults would want to receive it as soon as 
it is available.65– 67

Patient Education

Direct recommendations for vaccination by healthcare 
providers have been shown to improve influenza vac-
cine uptake in adults of all age groups, especially among 
elderly and high- risk groups.48 In addition, healthcare 
providers can help educate their patient population 
on efficacy and safety of the influenza vaccine and 

Figure 2. Interventions to improve influenza vaccine uptake.
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increased susceptibility to infection and complications 
among unvaccinated individuals. Besides provider 
recommendations, other channels of communication 
such as posters in waiting areas, brochures, emails, 
and website resources, can be used to educate pa-
tients and caregivers about influenza infection and 
vaccination.68,69 Outreach through online web portals 
and social media campaigns focusing on the safety 
and efficacy of vaccines and their relatively limited side 
effects have been shown to be effective in improving 
vaccination rates by alleviating concerns and dispelling 
myths about vaccination.70 These campaigns should 
further emphasize the social benefit, personal obliga-
tion, and collective responsibility of communities for 
protecting the most vulnerable from epidemics of influ-
enza and COVID- 19.

Patient Reminder and Recall

A systematic review showed that influenza vac-
cination reminders via telephone, in person (eg, 
through home visits), and by sending emails, let-
ters, and postcards have been found to be effective 

interventions in increasing influenza vaccine uptake 
among the general population.71 Multiple reminders 
were found be more effective than single remind-
ers for influenza vaccination.71,72 Additionally, using 
a patient reminder and recall system, which involves 
sending notifications to patients who are past due for 
vaccination, can help capture missed appointments 
and vaccinations.71

Financial Incentive

Incentives that reduce or eliminate out- of- pocket costs 
to the patients are associated with increased vaccina-
tion rates.73,74 Additionally, providing vouchers for free 
vaccination has been associated with increased up-
take in older adults aged ≥65  years in a study con-
ducted in a European population.75

Sharing Experience

Knowing someone with influenza infection is an im-
portant positive predictor of vaccination, especially 
among older adults aged ≥65 years.48 Visit to a social 

Figure 3. 4C model of vaccine hesitancy.
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center was also reported as a significant positive pre-
dictor for first time vaccination in older adults aged 
≥65  years48,76 Sharing positive experiences of vac-
cination at elderly centers can further help change 
negative perceptions about influenza vaccines in this 
at- risk population.

Provider- Centered Interventions
Provider Education

Educating healthcare providers and their staff about 
influenza infection, current vaccination guidelines, 
vaccine efficacy, types of vaccines available, and ex-
tended vaccine schedule can help increase vaccine 
recommendations and patient education in clinical 
practice.70,77– 79

Provider Reminder and Audit

Reminders through a range of different channels for 
healthcare providers represent effective tools for im-
proving compliance with vaccination.69 Reminders in-
clude updated vaccination guidelines, recommended 
strategies for patient discussions, and procedures for 
documentation and billing. The best- practice alerts 
generated in an electronic health record can alert the 
physician about vaccination status of the patient and 
thus help reduce the missed opportunities for vac-
cination. In the absence of electronic health records, 
physical documents such as tagged notes and stick-
ers in front of the charts can be effective point- of- care 
reminders.80 Regularly evaluating provider- level vac-
cination rates, and providing feedback and guidance 
to healthcare providers with lower rates, can improve 
vaccine uptake as well.69

Practice- Centered Interventions
Identifying Practice Champion

Identifying a lead member of the staff to arrange the 
annual influenza vaccination campaign for the clinical 
practice has been associated with improved vaccine 
uptake.81 This leader could be a physician or another 
healthcare professional who is familiar with the vac-
cination guidelines and is strongly motivated to adopt 
strategies to improve vaccine uptake at the practice.

Identifying Eligible Patients

Potential chart reviews and digital care processes can 
help identify patients eligible for vaccination, especially 
older and at- risk patients from the practice’s patient 
database. These data can be used to monitor the level 
of appointments and vaccine uptake in real time, gen-
erate patient reminders, and create alert flags on pa-
tient charts.69

Team Change

Team change interventions such as assuming respon-
sibilities of vaccine administration by other members of 
the healthcare team including nurses, has been shown 
to be an effective strategy in improving influenza vac-
cination in the community.82

Extended Vaccination Campaign

As per CDC guidelines, annual influenza vaccination 
must be administered preferably early in the fall be-
fore the onset of influenza activity in the community. 
However, vaccination should be offered throughout 
the influenza season for those who may have missed 
early vaccination because of continuing benefit of vac-
cination later in the season, even after the onset of 
influenza activity in the community.15 Thus, practices 
should offer influenza vaccines throughout the influ-
enza season and not just the early months of October 
and November.

Minimizing Missed Opportunities

Influenza vaccination should be offered to patients 
on every contact with the healthcare system, includ-
ing routine healthcare visits, during hospitalizations, 
and post- hospitalization follow- up visits. Selected 
office hours can be dedicated to only influenza vac-
cination either in a parallel- track during daytime or 
during after- hours or weekends.69 These vaccine- only 
clinics should be scheduled during influenza season 
to broaden vaccine coverage.69,74,83 Eliminating the 
need for appointments at these clinics can further en-
courage patients to obtain their vaccination. Further, 
emergency departments have also been identified as 
potential settings for increasing influenza vaccination 
for at- risk patients.84

Standing Orders

Standing orders authorize nurses, pharmacists, and 
other healthcare personnel to assess vaccine status 
and administer vaccines to patients without examina-
tion or direct order from the attending physician based 
on the state laws of the practice location. Standing 
order is a powerful tool for reducing missed oppor-
tunities for vaccination, both in outpatient and hos-
pital settings85,86 and are endorsed by Community 
Preventive Services Task and Advisory Committee on 
Immunization Practices.87,88 Standing order consists of 
information about eligibility for the vaccine, contrain-
dications of the vaccine, method of administration, 
vaccine information, vaccine documentation, adverse 
effects from the vaccine and their management, and 
information about reporting adverse events.86
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Review of Performance

The written review of influenza vaccination rate of a 
clinical practice helps increase the vaccination rate by 
identifying areas of improvement, increasing motiva-
tion of the staff, and organizing a more effective vac-
cination campaign.81

Non- Traditional Settings for Vaccination

In an economic analysis by Prosser et al, the mean cost 
of vaccination in non- traditional settings including phar-
macies, workplace, retail stores, and other locations was 
significantly lower than in the physician’s office.89 Further, 
vaccination in non- traditional settings was projected to 
be cost saving for high- risk adults of all ages and healthy 
adults aged ≥50 years.89 Non- traditional vaccine settings 
can potentially play an instrumental role in improving vac-
cination and awareness rates in marginalized communities 
and medically underserved populations.90,91 Other inno-
vative efforts by healthcare institutions such as express 
vaccination clinics, home visits for high- risk patients, and 
refitted ambulances known as “mobile flu stops” can also 
help overcome accessibility barriers and increase cover-
age of influenza vaccination in these communities.48 More 
importantly, these non- traditional sites can play an impor-
tant role in expanding outreach and capacity for admin-
istering vaccines as routine visits to doctors’ offices are 
drastically reduced in the current COVID- 19 pandemic.92 
While there is a plausible risk of infectious transmission at 
these sites during the ongoing pandemic, adherence to 
CDC’s guidance for administration of vaccines at these 
alternative sites such as scheduling appointments, limit-
ing attendees, arranging separate vaccination areas, and 
prohibiting adults who have tested positive for COVID- 19 
or their contacts from visiting the site can help ensure safe 
administration of the vaccine.93

Policy- Centered Interventions
Incentivize Production

The production, supply, and distribution of vaccines is 
a highly complex and coordinated process involving 
multiple steps, including detection of annual changes 
in influenza virus strains, production of updated vac-
cine formulation, vaccine distribution to both public 
and private providers, and meeting the differential de-
mand of the vaccine every year. Apart from its com-
plexity, there are multiple stakeholders in the process 
such as government agencies; federal, state and local 
policymakers; vaccine manufacturers, vaccine distrib-
utors, and vaccine providers.94 In view of uncertainty of 
demand for the vaccine every year and need for annual 
reformulation, the federal government should absorb 
the financial risk to the vaccine manufacturers through 
various measures such as advanced purchase com-
mitments, tax credits, buy- back mechanisms, or 

surplus purchase programs, while also ensuring that 
cost is not a barrier to vaccine access.92,95

Increasing Demand

Increasing the demand for vaccines will enhance cover-
age among members of the general population as well 
as help mitigate the financial risk, thus encouraging par-
ticipation of vaccine manufacturers and distributors.94 
Although vaccination is recommended throughout the 
influenza season, demand for the vaccine is typically 
higher in the fall. Offering the vaccine throughout the 
season including January and beyond can help in-
crease the demand and decrease the proportion of 
unused vaccines.94 As previously mentioned, mass ed-
ucation campaigns about the benefit and safety of vac-
cination can help enhance the demand for vaccines. 
In light of the current COVID- 19 pandemic, there is a 
need for a comprehensive plan for universal coverage 
of the COVID- 19 vaccine, including increasing aware-
ness, routine offering, and ongoing evaluation.92

Mandates

Currently, all states, except Massachusetts, do not 
require influenza vaccination for grades K‒ 12 de-
spite evidence of lower infection rates among vacci-
nated children.96,97 Preliminary data released by the 
American College Health Association found that only 
14% of colleges and universities require influenza vac-
cination in the United States while 67% encourage 
vaccination without mandating it.98 Recently, the state 
of Massachusetts mandated influenza vaccination for 
college and university students as well.97 As educa-
tional facilities make plans for safe reopening, man-
dates for influenza vaccination will become necessary 
along with other protective and surveillance meas-
ures.92 This mandate will further require expansion as 
more COVID- 19 vaccines become available. In prepa-
ration for a potential concurrent epidemic of influenza 
and COVID- 19, employers can make vaccination a req-
uisite for its employees, with appropriate exemptions 
and considerations. Further, prioritizing influenza and 
COVID- 19 vaccination among healthcare personnel is 
crucial owing to their indispensable role in overcoming 
the pandemic and ensuring patient safety. Newer state 
mandates and strong incentives to healthcare facilities 
could be used to provide routine vaccination to con-
senting healthcare workers.92

IMPLICATIONS FOR COVID- 19 
VACCINATION
As per World Health Organization estimates, around 
300 COVID-19 vaccines are currently under develop-
ment, with 102 in phase I-III trials and 185 in preclinical 
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stage. While SAGE/WHO has provided interim recom-
mendations for 6 vaccines so far, only 3 vaccines have 
been granted emergency use authorization by FDA15,99 
Adopting approaches to improve influenza vaccination 
rates discussed in this review may also help optimize 
the coverage of COVID- 19 vaccination among patients 
with established CVD as more vaccines are approved 
and available in the United States. Similar barriers to 
those affecting influenza vaccination uptake in the 
United States might also preclude optimal COVID- 19 
vaccine coverage and uptake, particularly among mar-
ginalized subgroups with unmet health needs, and will 
have to be addressed and reconciled. We hope this re-
view will help enhance vaccination coverage in patients 
with CVD, and increase access to and use of vaccines 
given key patient-  and population- level implications.

CONCLUSIONS
The rate of influenza vaccination in US adults with CVD 
remains much lower than the national target despite 
known incidence of increased influenza- related compli-
cations, cardiovascular events, and deaths in this high- 
risk population. Vaccine uptake is a complex interplay 
of sociodemographic factors including age, insurance 
status, and healthcare access, as well as behavioral fac-
tors such as perception of vaccine efficacy and safety. 
Multi- level strategies to increase awareness of vaccine 
effectiveness and its limited side effect profile, and ef-
forts to improve accessibility are urgently warranted in 
this vulnerable and expansive patient population. In the 
context of the ongoing health crisis attributable to the 
COVID- 19 pandemic, increasing uptake of the influenza 
vaccine is even more crucial in preventing a concurrent 
epidemic. Lessons learned from enhanced influenza 
vaccine uptake in patients with CVD will most likely in-
form vaccination efforts against COVID- 19 once vac-
cines become more widely available and accessible.
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