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Making Education Easy 2022

Prof Garry Jennings
National Heart Foundation of Australia, Baker Heart and Diabetes Institute Melbourne,  
The University of Sydney, Monash University

Influenza, vaccines and CVD
Prof Jennings gave a brief primer on the influenza virus and the global annual burden of influenza.  
The influenza virus is a single-stranded RNA virus and there are three types - A, B and C:1

•	 Type A has subtypes determined by haemagglutinin (H) and neuraminidase (N) glycoproteins, 
can cause moderate-to-severe illness, affects all age groups, and can infect humans and  
other animals

•	 Type B is a milder disease, primarily affecting children and humans

•	 Type C is rarely reported in humans and has not been associated with any epidemics.1

The influenza virus undergoes continuous antigenic drift and sporadic antigenic shifts in surface 
glycoproteins.2 Pandemics have been the result of reassorted human-pathogenic influenza A virus 
strains, including H1N1, H7N9 and H5N1.2

Despite its familiarity to us, it remains a significant public health concern. Each year, there are around 
1 billion influenza infections worldwide, 3–5 million severe cases that require hospitalisation, and 
290,000–650,000 influenza-related respiratory deaths.3, 4 

In Australia, there are around 5,100 influenza hospitalisations and 100 deaths each year on average, 
although this is widely considered to be an under-representation of the true burden of influenza.5  
In 2017, there were 1,100 deaths with laboratory-confirmed influenza reported, which was the highest 
rate since the 2009 H1N1 pandemic.5

Prof Jennings commented that most cases of influenza are probably not laboratory-confirmed, and 
from modelling studies it is estimated that each year in Australians aged >50 years, influenza likely 
causes around 13,500 hospitalisations and >3,000 deaths.5

Respiratory outcomes are the tip of the iceberg
Although the disease burden of influenza often focuses primarily on respiratory symptoms of the 
disease, it is associated with broad health complications, and respiratory outcomes could be only the 
tip of the iceberg.6

In addition to respiratory conditions associated with influenza infections, such as pneumonia (primary 
viral or secondary bacterial), and exacerbations of asthma or chronic obstructive pulmonary disease, 
there are a variety of non-respiratory complications that can be associated with influenza, including 
deconditioning, and cardiovascular, diabetic, neurological, and renal complications.6

With respect to cardiovascular complications – the focus of this presentation – specific complications 
can include acute myocardial infarction (MI), heart failure (HF), myocarditis, stroke, and venous 
thromboembolism (VTE).6
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cardiovascular pathology, role of inflammation in cardiac 
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This review summarises highlights from the Cardiac Society of Australia and New Zealand (CSANZ) 
symposium on emerging data on the link between influenza and cardiovascular complications, held 
on the 6th of August, 2021 and sponsored by Sanofi. 

The symposium was opened by Dr Robert Menzies, Scientific Engagement Lead at Sanofi and 
featured expert presentations from Prof Garry Jennings who explored the link between influenza 
and cardiovascular disease (CVD), and Prof. Timothy Tan, who discussed whether influenza 
vaccination can help to reduce the risks of influenza-related cardiovascular complications.
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Abbreviations used in this review:

ACS = acute coronary syndrome
AF = atrial fibrillation
AIHW = Australian Institute of Health and Welfare
AMI = acute myocardial infarction
CDC = Centers for Disease Control and Prevention
CSANZ = Cardiac Society of Australia and New Zealand
CVD = cardiovascular disease
EAA = European Economic Area
EU = European Union
H = haemagglutinin
HF = heart failure
HR = hazard ratio
ICU = intensive care unit
ILI = influenza-like illness
IRR = incidence rate ratio
MACE = major adverse cardiovascular event
MI = myocardial infarction
N = neuraminidase
NHIRD = Taiwan’s National Health Insurance Research Database
NIH = National Institutes of Health
NIP = National Immunisation Program
NS = not statistically significant
OR = odds ratio
RNA = ribonucleic acid
US = United States of America
VTE = venous thromboembolism
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Influenza vaccines in Australia
Prof Jennings summarised the characteristics of currently-available influenza vaccines in Australia; 
all are quadrivalent (containing two influenza A subtypes and two influenza B lineages; these change 
annually), are purified, inactivated split-virion or subunit vaccines, and are egg- or cell-based.5, 7  
He mentioned that recombinant vaccines maybe used in the future. 

Annual influenza vaccination is recommended, and National Immunisation Program (NIP)-funded for 
all children aged 6 months to <5 years, and all adults aged ≥65 years. It is also recommended for 
all people aged 5–65 years, but only NIP-funded in specific populations who have increased risk of 
complications from influenza – this includes certain types of CVD such as congenital heart disease, 
congestive HF, and coronary artery disease.5, 7 All Aboriginal and Torres Strait Islander people, and 
pregnant women during any stage of pregnancy are also eligible and recommended for NIP-funded 
influenza vaccination.5

Prof Jennings highlighted that older peopled require more vaccine, and so either need to be given an 
adjuvanted or high-dose quadrivalent vaccine. It was noted that although the high-dose quadrivalent 
vaccine is available in Australia, it is not covered under the NIP.

The effectiveness of seasonal influenza vaccination varies from 
year to year
Prof Jennings used the US Centers for Disease Control and Prevention (CDC) seasonal influenza 
vaccine effectiveness data to show the year to year variability in the effectiveness of seasonal 
influenza vaccines (Figure 1).8

Figure 1. Effectiveness of seasonal influenza vaccines from the 2005–2019 influenza seasons8

*2020-2021 flu vaccine effectiveness was not estimated due to low flu virus circulation during the 2020-2021 flu season.

Association between influenza and CVD 
mortality has been known for some time
Prof Jennings referred to data from a 1932 Public Health 
Reports publication, where a peak in excess mortality from 
organic heart diseases corresponding in time with the 
influenza peak for almost every epidemic from the prior  
15 years analysed.11

Of the cardiovascular complications, there appears to be an 
association between influenza and MI. Studies have reported 
higher CVD mortality and higher incidences of MI when 
influenza was circulating,12 and influenza-like-illness (ILI) is 
associated with a 2-fold increase in risk of MI.13, 14

There also appears to be an association between ILI and 
HF. Data from 451,588 adults across four communities 
in the US between October 2010 and September 2014 
demonstrated that a 5% absolute increase in ILI activity was 
associated with a 24% increase in HF hospitalisations.15 In 
this study, ILI activity was not significantly associated with 
MI hospitalisations.15

Prof Jennings briefly summarised three possible mechanisms 
that have been hypothesised for how acute infections can 
trigger different types of MI:16, 17 

1. Type 1 MI and atherosclerotic plaque disruption 

2. Type 2 MI and increases in cytokines and 
catecholamines, and 

3. A third possible mechanism where infection may 
cause damage to the microvasculature by triggering an 
inflammatory response.

As well as presenting a schematic overview of the possible 
role of influenza infection in the pathology associated with 
elevated MI and HF risk.18

In closing his presentation, Prof Jennings proposed the 
following as actions cardiologists can take to help their 
patients:

•	 Ask people with CVD if they have had their influenza 
vaccine – this validates it as a routine part of their 
medical care, no different to statins or blood pressure 
medication

•	 Encourage family to be vaccinated, to help protect 
those with CVD around them

•	 Keep an eye out for new trials, specifically those 
around CVD events and prevention.
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Data from vaccine effectiveness studies from 2004–2015 suggest that influenza vaccination offers 
better protection against influenza A(H1N1) and influenza B viruses than influenza A(H3N2) viruses.9 

Prof Jennings stated that lower effectiveness of influenza vaccination in older people is a particular 
problem, and this is the rationale for using either an adjuvanted or high-dose quadrivalent influenza 
vaccination in this population.

The causes of year-to-year variability in vaccine effectiveness of influenza vaccines are multifactorial, 
and include:10

•	 Antigenic drift after the World Health Organization selects the strains

•	 Genetic diversity amongst circulating strains, especially influenza A(H3N2)

•	 Emergence of predominant strains, variable transmission, and virulence

•	 Mutations in hemagglutinin antigen during passage in eggs or cells

•	 ‘Original antigenic sin’; imprinting from first exposure to virus or vaccine

•	 Host immunity, including age, co-morbidities, vaccination and infection history.
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Prof Timothy Tan
Westmead and Blacktown hospitals

Prof Tan began his presentation with data from the Australian Institute of Health and 
Welfare (AIHW) comparing the number of cases, deaths and population-level burden due to  
vaccine-preventable diseases.17 Compared with other vaccine-preventable diseases, influenza 
has the largest burden and causes the greatest number of deaths.17

Influenza vaccination is effective at both reducing the number of infections, and reducing 
influenza-related complications.5 Furthermore, it has been shown to be as effective as other 
accepted secondary prevention strategies for future cardiovascular events.20

In terms of the potential cardioprotective mechanisms of vaccination, Prof Tan referred to a 
schematic by Ciszewski where both specific and unspecific effects have been proposed.21

Real-world data on the effectiveness of influenza vaccination
Prof Tan summarised some of the available real-world data that demonstrate influenza vaccination 
reduces influenza-related complications, including cardiovascular complications.

Data from a randomised, prospective cohort study in the UK were supplemented by weekly 
national counts of influenza confirmed in the community.22 24,535 people aged >75 years from 
73 general practices in Great Britain were included in the study, which showed an increased 
all-cause mortality rate in unvaccinated, compared with vaccinated, individuals, suggesting a 
protective effect of influenza vaccination.22

In a large retrospective cohort study of all adult patients in the 2014 US National Inpatient 
Sample database, 29,763,704 patients were included and divided into those who had or had 
not received influenza vaccination that year.23 There was a lower prevalence of MI in vaccinated 
patients, compared with unvaccinated patients (3.4% vs 4.4%). After controlling for confounding 
factors, the adjusted odds ratio for MI was around 10% lower in vaccinated patients, compared 
with unvaccinated patients (0.91, 95% CI 0.87–0.96).23

Prof Tan then presented a summary of several observational studies that have demonstrated the 
effectiveness of influenza vaccination on reducing CVD complications in patients without a history 
of prior CVD (Table 1).

Can influenza vaccination help to reduce the risks of influenza-related 
cardiovascular complications?

Table 1. Summary of observational studies of influenza vaccination and CVD outcomes in patients 
without CVD24-28

Study type and population Key findings (vaccinated vs unvaccinated)

Retrospective case control study (UK)24

Patients aged ≥40 years at diagnosis of first AMI

N=78,706

•	 5,341 cases and 21,359 controls  
(aged 40–64 years)

•	 10,671 and 41,335 controls  
(aged ≥65 years)

•	 19% (95% CI, 15–23%, p<0.001) reduction 
in the rate of first, fatal or non-fatal AMI* 
	o 19% (10 – 27%) reduction in <65 years, 

21% (17–25%) reduction in ≥65 years

Self-controlled case series (UK)25

First cases of AMI (aged 75.8 ± 10.2 years)

N=8,180

•	 32% (22–40%) reduction in incidence of AMI 
at 1–14 days after vaccination

•	 18% (10–25%) reduction at 29–59 days after 
vaccination

Prospective case-control study (Australia)26

Hospitalised AMI and 284 outpatient controls without 
AMI, aged 40–64 years

N=275

•	 45% (15–65%) reduction in AMI in the study 
year

Retrospective case-control study (Taiwan)27

Patients aged >65 years. Hospitalised for first 
diagnosis of ischaemic stroke and 2,600 controls 
aged 75 years

N=520

Risk of ischaemic stroke for vaccinated people:

Vaccinated in the current season:

•	 OR 0.76 (0.60–0.97)

Number of vaccinations within the previous  
5 years:

•	 1–2:  0.92 (0.68–1.23)

•	 3–4:  0.73 (0.54–1.00)

•	 5:  0.56 (0.38–0.83)

Retrospective case control study, 2001–2009 (UK)28

Cases of stroke and 26,784 controls

N=26,784

•	 24% reduction (20–28%) in stroke

•	 Risk significantly lower with early, but not late 
seasonal vaccination

Influenza vaccination is an important 
secondary prevention strategy
As Prof Tan mentioned at the start of his presentation, influenza 
vaccination has been shown to be as effective as some other 
accepted secondary prevention strategies for future cardiovascular 
events.20 Specifically, it is as effective in preventing MI as smoking 
cessation, statins, and anti-hypertensive medications (Figure 2).20
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Figure 2. Effectiveness of secondary prevention strategies for MI20

The impact of influenza vaccination on  
high-risk populations
Elderly
Prof Tan presented additional data from the AIHW, in which 
hospitalisations and mortality for Australians aged ≥65 years are 
substantially higher than other age groups over the past 10 years.29

In a population-based cohort study in Taiwan, data were compared 
for 136,448 elderly individuals with disability who were vaccinated 
with the same number who were unvaccinated from 2014–2015.30 
In this study, influenza vaccination was associated with significant 
reductions in the risk of heart disease (adjusted OR 0.96, 95% 
CI 0.96–0.99), haemorrhagic stroke (0.85, 0.75–0.97) and 
ischaemic stroke (0.89, 0.84–0.95).30

A population-based cohort study looking at secondary prevention 
of CVD included data from the geriatric dataset of Taiwan’s National 
Health Insurance Research Database (NHIRD) from 2000–2013; 
patients who were aged ≥65 years and had been hospitalised 
for first episodes of MI were eligible.31 This study included data 
from 4,350 vaccinated and the same number of unvaccinated 
individuals. Overall, influenza vaccination was associated with a 
reduced risk of recurrent MI or cardiovascular death (HR 0.83,  
95% CI 0.74–0.92), and hospitalisation due to HF (0.83,  
0.74–0.92).31

Another Taiwanese study investigated the effects of influenza 
vaccination on outcomes in patients aged ≥66 years who 
were hospitalised with strokes.32 This matched cohort study 
used data from Taiwan’s NHIRD from 2000–2009, comparing  
25,248 vaccinated patients with 25,248 unvaccinated patients.32 
Overall, influenza vaccination in patients hospitalised with strokes 
was associated with significantly lower risks of post-stroke 
complications (pneumonia, septicaemia, urinary tract infections, 
ICU admission, adverse events) and mortality, compared with 
unvaccinated individuals.32*The reduction was not significant when the last vaccination was given more than one year before the index date
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Chronic conditions
In addition to direct respiratory effects of influenza infections, Prof Tan highlighted the risks of 
influenza infections for patients with chronic health conditions, who may experience worsening of 
the underlying condition, which can lead to disability, hospitalisations and death.

Pre-existing CVD
In Australia, CVD is the second highest cause of disability, compared with all other chronic 
conditions.33 Data from the US during the 2009 influenza H1N1 pandemic showed that 85% of 
adults who were hospitalised had underlying medical conditions.34 Of the population studied,  
20% of patients hospitalised with H1N1 infections had chronic CVD.34

Prof Tan again presented a summary of several observational studies that have demonstrated the 
effectiveness of influenza vaccination on reducing CVD complications, this time looking at patients 
who have a history of prior CVD (Table 2).

Table 2. Summary of observational studies of influenza vaccination and CVD outcomes in patients 
with pre-existing CVD35-38

Study type and population Key findings

Double-blind, randomised, 
controlled trial (multi-country)35

Patients with chronic  
HF – PARADIGM-HF

N=8,099

•	 Reduction in all-cause mortality in vaccinated patients:  
HR 0.81 (95% CI 0.71–0.92)

 - CV death or HF hospitalisation 0.91 (0.81–1.01)

 - All-cause hospitalisation 1.5 (1.39–1.61)

 - Cardiopulmonary or influenza-related hospitalisation or death 
1.1 (1.02–1.20)

Nationwide case-control study 
(Taiwan)36

Patients with atrial fibrillation 
(AF) and controls

N=11,374

•	 Unvaccinated patients with influenza infections had significantly 
higher risk of AF: OR 1.182 (1.014–1.378), compared with patients 
without infection or vaccination

•	 The risk of AF was lower in vaccinated patients without influenza 
infection: 0.881 (0.836–0.928)

Self-controlled case series, 
1990–2013 (UK)37

Patients with HF

N=59,202

Influenza vaccination was associated with a lower risk of hospitalisation, 
compared to unvaccinated patients:

•	 For CVD: IRR 0.73 (0.71–0.76)

•	 For respiratory infections: 0.83 (0.77–0.90)

•	 All-cause hospitalisations: 0.96 (0.95–0.98)

Population-based cohort study, 
2005–2012 (Taiwan)38

Patients with AF

N=6,570

Influenza vaccination was associated with lower risk for haemorrhagic 
stroke in non-influenza season, compared to unvaccinated patients:

•	 Influenza season adjusted HR: 0.97 (0.59–1.60)

•	 Non-influenza season: 0.51 (0.30–0.87)

•	 All seasons: 0.72 (0.50–1.03)

In addition, there are also a small number of randomised, controlled trials in this patient population, 
which have shown a reduction in major adverse cardiovascular events (MACE) with influenza 
vaccination (Table 3).

*CVD death, MI, coronary revascularisation; † MACE or hospitalisation for MI; ‡ within the prior 8 weeks.

Table 3. Summary of randomised, controlled trials of influenza vaccination and CVD outcomes in 
patients with pre-existing CVD39-42

Study type and population Key findings

FLUVACS Study

Randomised, single-blind (Argentina)39, 40

Patients aged 64–66 years hospitalised for MI 
or planned angiography/stent

N=300

•	 75% (95% CI 14–93%, p=0.01) efficacy against 
CVD mortality at 6 months; 66% (29–83%, 
p=0.002) at 1 year; non-significant at 2 years

•	 49% (14–70%, p=0.009) efficacy against death, 
re-infarction, re-hospitalisation for ischaemia at  
6 months; 41% (14–96%, p=0.004) at 1 year;  
not maintained at 2 years

FLUCAD Study

Randomised, double-blind, placebo-controlled 
(Poland)41

Patients aged 35–80 years treated for 
coronary artery disease

N=658

In vaccinated vs unvaccinated patients:

•	 12-month CVD death 0.63% vs 0.76% (NS)

•	 Incidence of MACE* 3.0% vs 5.87% (NS)

•	 Incidence of coronary ischaemic events† 6.02% vs 
9.97% (p=0.047)

PROBE Study

Propsective, randomised, open-label trial with 
blinded endpoint (Thailand)41

Patients aged 65 ± 9 years hospitalised for 
acute coronary syndrome (ACS)‡ who were 
randomised to receive influenza vaccination 
or not 

N=439

In vaccinated vs unvaccinated patients:

•	 33% (14–49%, p=0.005) reduction of MACE

•	 32% (20–53%, p=0.039) reduction of 
hospitalisation for ACS

Prof Tan also referred to the IAMI Trial, which is the largest 
randomised trial to date to evaluate the effects of in-hospital 
influenza vaccination on cardiovascular outcomes and mortality. 
The planned enrolment was 4,400 patients, but was terminated 
early due to the Covid-19 pandemic; results were due to be 
presented at the European Society of Cardiology 2021 congress, 
and have since been published.43

Heart failure
Data from Israel also show a benefit of influenza vaccination 
for patients with HF. In this study of 6,435 patients during the 
2017–2018 influenza season, influenza vaccination in patients 
with HF was associated with improved clinical outcomes, 
including reductions in hospitalisations and deaths.44

Prof Tan referred to the ongoing IVVE Trial, an international, 
multi-centre, randomised, blinded, placebo-controlled trial 
including around 5,000 participants.45 It is investigating the 
efficacy of vaccination (with an inactivated trivalent influenza 
vaccine) or placebo annually for 3 years in reducing adverse 
vascular events (CVD death, non-fatal MI, non-fatal stroke, and 
hospitalisations for HF) in patients with HF.45

Diabetes
In another Danish nationwide cohort study conducted during 
nine consecutive influenza seasons (2007–2016), including 
241,551 patients with diabetes,46 influenza vaccination was 
associated with significant reductions in the risk of all-cause 
death (HR 0.83, 95% CI 0.78–0.88, p<0.001), CVD death 
(0.84, 0.77–0.91, p<0.001), and stroke or AMI death (0.85, 
0.74–0.98, p=0.028).46

Annual influenza vaccination is widely 
recommended for patients with CVD…
Prof Tan highlighted the broad guideline recommendations on 
influenza vaccination in patients with CVD, including from the 
US CDC / Advisory Committee on Immunization Practices, the 
American Heart Foundation / American College of Cardiology 
Foundation, the Heart Failure Society of America, and the 
European Society of Cardiology.

In Australia, people aged ≥6 months with cardiac disease are 
strongly recommended to receive the influenza vaccine every 
year, and this is funded under the NIP.5 The National Heart 
Foundation of Australia and CSANZ highlight that patients with 
HF are at an increased risk of respiratory infection, which are 
a major cause of decompensation; as such, they recommend 
patients are vaccinated against influenza and pneumococcal 
disease.47 Prof Tan advised that there are no current 
recommendations for patients with ACS.
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…But uptake is suboptimal, particularly in high-risk 
populations
Despite the recommendations for influenza vaccination and broad coverage 
under the NIP in Australia, Prof Tan states that there are suboptimal vaccination 
rates in those who would benefit most. 

This is something that has been observed globally. In the PARADIGM-HF trial, 
vaccination rates were <10% in 23 of the 43 countries included.35 In seven  
EU/EAA member states, seasonal influenza vaccination coverage from  
2015–2016, 2016–2017 and/or 2017–2018 were variable and lower than the 
target rate of 75% for patients with chronic medical conditions.48

Referring specifically to Australian data, Prof Tan presented a graph from 
Menzies et al which shows a substantial proportion of the population who are 
eligible for vaccinations (not only influenza) under the NIP are either unvaccinated 
or incompletely vaccinated – this includes those aged ≥65 years, and those 
aged ≥18 years who are medically at-risk.49

A high-dose quadrivalent influenza vaccine will be 
available in 2022
Prof Tan gave a brief overview of influenza vaccine types and technology 
to supplement the information presented by Prof Jennings earlier in the 
symposium. He then presented information on a high-dose quadrivalent vaccine, 
which contains four times the antigen of other standard inactivated influenza 
vaccines, and is intended to produce a stronger immune response in adults  
aged ≥65 years – the population in which it was studied.50

In a randomised, controlled, blinded trial involving more than 31,000 community-
dwelling adults aged ≥65 years, the high-dose quadrivalent vaccine was shown 
to provide 24% (95% CI 10–37) better protection against influenza, compared 
to a standard quadrivalent vaccine.50 In a US study, using a high-dose vs  
standard-dose quadrivalent vaccine in adults aged ≥65 years was associated 
with net cost savings in a Veterans’ Health Administration population, estimated 
at around $USD202 (95% CI $115–$280) per patient.51

INVESTED was US NIH-funded study that enrolled elderly high-risk patients 
with CVD to compare all-cause death or cardiopulmonary hospitalisation with  
high-dose vs standard-dose quadrivalent influenza vaccination.50 Although the 
study did not show any difference between the two arms for the primary endpoint 
(HR 1.06, 95% CI 0.97–1.17, p=0.21), influenza remains strongly recommended 
in this population.52

Prof Tan stated that the high-dose quadrivalent vaccine will be available 
in Australia in 2022, and is currently not funded under the NIP (patients  
aged ≥65 years are eligible for NIP-funded influenza vaccine - check the NIP 
schedule for full details).

He concluded his presentation by sharing the most common concerns he hears 
about influenza vaccination, which may present barriers to uptake:

•	 The influenza vaccine gives you the flu – this is a common myth and is 
not true

•	 “I still get sick after having the vaccine” 

o It takes 2 weeks for immunity to develop after vaccination, and 
during those 2 weeks you are not yet protected

o The influenza vaccine protects against the four most common and 
serious strains of influenza; there are many other viruses that can 
also cause illness

o The influenza vaccine lowers your risk of the flu by about 60%.  
You can still get the flu, but you are less likely to have complications 
or die from it.

1. Bresee JS, Fry AM, Sambhara S, et al. 31 - Inactivated Influenza Vaccines, in Plotkin's 
Vaccines (Seventh Edition), SA Plotkin et al, Editors. 2018, Elsevier;456-88:e21. 

2. Clayville LR. Influenza update: a review of currently available vaccines. P T 2011;  
36: 659-684.

3. World Health Organization. Global influenza strategy 2019-2030. Geneva: World Health 
Organization, 2019.

4. Iuliano AD, Roguski KM, Chang HH, et al. Estimates of global seasonal influenza-
associated respiratory mortality: a modelling study. Lancet 2018; 391: 1285-1300. 
20171214. DOI: 10.1016/S0140-6736(17)33293-2.

5. Australian Government Department of Health. Australian Immunisation Handbook 
- Influenza (flu), https://immunisationhandbook.health.gov.au/vaccine-preventable-
diseases/influenza-flu (November 2021, accessed January 2022).

6. Macias AE, McElhaney JE, Chaves SS, et al. The disease burden of influenza beyond 
respiratory illness. Vaccine 2021; 39 Suppl 1: A6-A14. 20201009. DOI: 10.1016/j.
vaccine.2020.09.048.

7. National Centre for Immunisation Research and Surveillance. Influenza vaccines for 
Australians fact sheet, https://www.ncirs.org.au/sites/default/files/2021-06/Influenza-
fact-sheet_10%20June%202021_Final.pdf (June 2021, accessed January 2022).

8. Centers for Disease Control and Prevention. CDC Seasonal Flu Vaccine Effectiveness 
Studies, https://www.cdc.gov/flu/vaccines-work/effectiveness-studies.htm (August 
2021, accessed January 2022).

9. Belongia EA, Simpson MD, King JP, et al. Variable influenza vaccine effectiveness by 
subtype: a systematic review and meta-analysis of test-negative design studies. Lancet 
Infect Dis 2016; 16: 942-951. 20160406. DOI: 10.1016/S1473-3099(16)00129-8.

10. Centers for Disease Control and Prevention. Vaccine Effectiveness: How Well Do Flu 
Vaccines Work?, https://www.cdc.gov/flu/vaccines-work/vaccineeffect.htm (October 
2021, accessed February 2022).

11. Collins SD. Excess Mortality from Causes Other than Influenza and Pneumonia during 
Influenza Epidemics. Public Health Reports (1896-1970) 1932; 47: 2159-2179.  
DOI: 10.2307/4580606.

12. Warren-Gash C, Smeeth L and Hayward AC. Influenza as a trigger for acute myocardial 
infarction or death from cardiovascular disease: a systematic review. Lancet Infect Dis 
2009; 9: 601-610. DOI: 10.1016/S1473-3099(09)70233-6.

13. Kwok CS, Aslam S, Kontopantelis E, et al. Influenza, influenza-like symptoms 
and their association with cardiovascular risks: a systematic review and meta-
analysis of observational studies. Int J Clin Pract 2015; 69: 928-937. 20150504.  
DOI: 10.1111/ijcp.12646.

14. Barnes M, Heywood AE, Mahimbo A, et al. Acute myocardial infarction and influenza: 
a meta-analysis of case-control studies. Heart 2015; 101: 1738-1747. 20150826.  
DOI: 10.1136/heartjnl-2015-307691.

15. Kytomaa S, Hegde S, Claggett B, et al. Association of Influenza-like Illness Activity With 
Hospitalizations for Heart Failure: The Atherosclerosis Risk in Communities Study. JAMA 
Cardiol 2019; 4: 363-369. DOI: 10.1001/jamacardio.2019.0549.

16. Musher DM, Abers MS and Corrales-Medina VF. Acute Infection and Myocardial 
Infarction. N Engl J Med 2019; 380: 171-176. DOI: 10.1056/NEJMra1808137.

17. Davidson JA and Warren-Gash C. Cardiovascular complications of acute respiratory 
infections: current research and future directions. Expert Rev Anti Infect Ther 2019;  
17: 939-942. 20191108. DOI: 10.1080/14787210.2019.1689817.

18. Vardeny O and Solomon SD. Influenza vaccination: a one-shot deal to reduce 
cardiovascular events. Eur Heart J 2017; 38: 334-337. DOI: 10.1093/eurheartj/ehw560.

19. Australian Institute of Health and Welfare. The burden of vaccine preventable diseases in 
Australia. 2019. Canberra: AIHW.

20. MacIntyre CR, Mahimbo A, Moa AM, et al. Influenza vaccine as a coronary intervention 
for prevention of myocardial infarction. Heart 2016; 102: 1953-1956. 20160929.  
DOI: 10.1136/heartjnl-2016-309983.

21. Ciszewski A. Cardioprotective effect of influenza and pneumococcal vaccination in 
patients with cardiovascular diseases. Vaccine 2018; 36: 202-206. 20171206.  
DOI: 10.1016/j.vaccine.2017.11.078.

22. Armstrong BG, Mangtani P, Fletcher A, et al. Effect of influenza vaccination on excess 
deaths occurring during periods of high circulation of influenza: cohort study in elderly 
people. BMJ 2004; 329: 660. 20040815. DOI: 10.1136/bmj.38198.594109.AE.

23. Khandaker M, Khandker Z, Yue B, et al. INFLUENZA VACCINATION AND PREVALENCE 
OF MYOCARDIAL INFARCTION: AN ANALYSIS OF THE 2014 US NATIONAL INPATIENT 
SAMPLE. J Am Coll Cardiol 2019; 73: 1-1. DOI: doi:10.1016/S0735-1097(19)33763-5.

24. Siriwardena AN, Gwini SM and Coupland CA. Influenza vaccination, pneumococcal 
vaccination and risk of acute myocardial infarction: matched case-control study.  
CMAJ 2010; 182: 1617-1623. 20100920. DOI: 10.1503/cmaj.091891.

References

www.researchreview.com.au
https://immunisationhandbook.health.gov.au/vaccine-preventable-diseases/influenza-flu
https://immunisationhandbook.health.gov.au/vaccine-preventable-diseases/influenza-flu
https://www.ncirs.org.au/sites/default/files/2021-06/Influenza-fact-sheet_10 June 2021_Final.pdf
https://www.ncirs.org.au/sites/default/files/2021-06/Influenza-fact-sheet_10 June 2021_Final.pdf
https://www.cdc.gov/flu/vaccines-work/effectiveness-studies.htm
https://www.cdc.gov/flu/vaccines-work/vaccineeffect.htm


Research ReviewTM
 

 SPEAKER SERIES
Influenza and cardiovascular disease – the latest evidence

www.researchreview.com.au a RESEARCH REVIEW publication

6

Speaker Series are prepared with an independent commentary from relevant specialists. To become a reviewer please email geoff@researchreview.com.au.
Research Review Australia Pty Ltd is an independent Australian publisher. Research Review receives funding from a variety of sources including Government depts., health product companies, insurers and other organisations with an interest in health. 
Journal content is created independently of sponsor companies with assistance from leading local specialists. Privacy Policy: Research Review will record your email details on a secure database and will not release them to anyone without your prior 
approval. Research Review and you have the right to inspect, update or delete your details at any time. Disclaimer: This publication is not intended as a replacement for regular medical education 
but to assist in the process. The reviews are a summarised interpretation of the published study and reflect the opinion of the writer rather than those of the research group or scientific journal.  
It is suggested readers review the full trial data before forming a final conclusion on its merits. 
Research Review publications are intended for Australian health professionals.

Australian Research Review subscribers can claim CPD/CME points for time spent reading our reviews from a wide range of local medical and nursing colleges. Find out more on our CPD page.

© 2022 RESEARCH REVIEW

Company Commissioned Article 
This article was commissioned by Sanofi. The content is entirely independent and based on published literature and guidelines and the author’s 
opinion. The views expressed do not necessarily reflect the views of Sanofi. Before prescribing please review the product information for any 
medicine or vaccine via the TGA website https://www.tga.gov.au/ before prescribing. Treatment decisions based on these data are the full 
responsibility of the prescribing physician.

25. Gwini SM, Coupland CA and Siriwardena AN. The effect of influenza vaccination on risk 
of acute myocardial infarction: self-controlled case-series study. Vaccine 2011; 29:  
1145-1149. 20101218. DOI: 10.1016/j.vaccine.2010.12.017.

26. MacIntyre CR, Heywood AE, Kovoor P, et al. Ischaemic heart disease, influenza and 
influenza vaccination: a prospective case control study. Heart 2013; 99: 1843-1848. 
20130821. DOI: 10.1136/heartjnl-2013-304320.

27. Lin HC, Chiu HF, Ho SC, et al. Association of influenza vaccination and reduced risk of stroke 
hospitalization among the elderly: a population-based case-control study. Int J Environ Res 
Public Health 2014; 11: 3639-3649. 20140402. DOI: 10.3390/ijerph110403639.

28. Siriwardena AN, Asghar Z and Coupland CC. Influenza and pneumococcal vaccination and 
risk of stroke or transient ischaemic attack-matched case control study. Vaccine 2014; 
32: 1354-1361. 20140128. DOI: 10.1016/j.vaccine.2014.01.029.

29. Australian Institute of Health and Welfare. Influenza in Australia. 2018. Canberra: AIHW.

30. Chang YC, Yu-Tung H, Chen LS, et al. Protective Effect of Seasonal Influenza Vaccination 
in Elderly Individuals with Disability in Taiwan: A Propensity Score-Matched, Nationwide, 
Population-Based Cohort Study. Vaccines (Basel) 2020; 8 20200322. DOI: 10.3390/
vaccines8010140.

31. Wu HH, Chang YY, Kuo SC, et al. Influenza vaccination and secondary prevention of 
cardiovascular disease among Taiwanese elders-A propensity score-matched follow-up 
study. PLoS One 2019; 14: e0219172. 20190701. DOI: 10.1371/journal.pone.0219172.

32. Lam F, Chen TL, Shih CC, et al. Protective effect of influenza vaccination on outcomes in 
geriatric stroke patients: A nationwide matched cohort study. Atherosclerosis 2019; 282: 
85-90. 20190126. DOI: 10.1016/j.atherosclerosis.2019.01.008.

33. Australian Institute of Health and Welfare. Australian Burden of Disease Study: impact and 
causes of illness and death in Australia 2011. 2016. Canberra: AIHW.

34. Centers for Disease Control and Prevention. 2009 H1N1 Flu: Underlying Health Conditions 
among Hospitalized Adults and Children, https://www.cdc.gov/h1n1flu/eip_underlying_
conditions.htm (24 February 2010, accessed January 2022).

35. Vardeny O, Claggett B, Udell JA, et al. Influenza Vaccination in Patients With Chronic Heart 
Failure: The PARADIGM-HF Trial. JACC Heart Fail 2016; 4: 152-158. 20151230. DOI: 
10.1016/j.jchf.2015.10.012.

36. Chang TY, Chao TF, Liu CJ, et al. The association between influenza infection, vaccination, 
and atrial fibrillation: A nationwide case-control study. Heart Rhythm 2016; 13: 1189-
1194. 20160202. DOI: 10.1016/j.hrthm.2016.01.026.

37. Mohseni H, Kiran A, Khorshidi R, et al. Influenza vaccination and risk of hospitalization in 
patients with heart failure: a self-controlled case series study. Eur Heart J 2017; 38: 326-
333. DOI: 10.1093/eurheartj/ehw411.

38. Liu JC, Wang TJ, Sung LC, et al. Influenza vaccination reduces hemorrhagic stroke risk in 
patients with atrial fibrillation: A population-based cohort study. Int J Cardiol 2017; 232: 
315-323. 20161221. DOI: 10.1016/j.ijcard.2016.12.074.

39. Gurfinkel EP, de la Fuente RL, Mendiz O, et al. Influenza vaccine pilot study in acute 
coronary syndromes and planned percutaneous coronary interventions: the FLU 
Vaccination Acute Coronary Syndromes (FLUVACS) Study. Circulation 2002; 105: 2143-
2147. DOI: 10.1161/01.cir.0000016182.85461.f4.

40. Gurfinkel EP, Leon de la Fuente R, Mendiz O, et al. Flu vaccination in acute coronary 
syndromes and planned percutaneous coronary interventions (FLUVACS) Study. Eur 
Heart J 2004; 25: 25-31. DOI: 10.1016/j.ehj.2003.10.018.

41. Ciszewski A, Bilinska ZT, Brydak LB, et al. Influenza vaccination in secondary 
prevention from coronary ischaemic events in coronary artery disease: FLUCAD 
study. Eur Heart J 2008; 29: 1350-1358. 20080110. DOI: 10.1093/eurheartj/
ehm581.

42. Phrommintikul A, Kuanprasert S, Wongcharoen W, et al. Influenza vaccination 
reduces cardiovascular events in patients with acute coronary syndrome. Eur Heart 
J 2011; 32: 1730-1735. 20110202. DOI: 10.1093/eurheartj/ehr004.

43. Frobert O, Gotberg M, Erlinge D, et al. Influenza Vaccination After Myocardial Infarction: 
A Randomized, Double-Blind, Placebo-Controlled, Multicenter Trial. Circulation 2021; 
144: 1476-1484. 20210830. DOI: 10.1161/CIRCULATIONAHA.121.057042.

44. Gotsman I, Shuvy M, Tahiroglu I, et al. Influenza Vaccination and Outcome in 
Heart Failure. Am J Cardiol 2020; 128: 134-139. 20200518. DOI: 10.1016/j.
amjcard.2020.05.019.

45. Loeb M, Dokainish H, Dans A, et al. Randomized controlled trial of influenza 
vaccine in patients with heart failure to reduce adverse vascular events (IVVE): 
Rationale and design. Am Heart J 2019; 212: 36-44. 20190311. DOI: 10.1016/j.
ahj.2019.02.009.

46. Modin D, Claggett B, Kober L, et al. Influenza Vaccination Is Associated With 
Reduced Cardiovascular Mortality in Adults With Diabetes: A Nationwide Cohort 
Study. Diabetes Care 2020; 43: 2226-2233. 20200709. DOI: 10.2337/dc20-0229.

47. NHFA CSANZ Heart Failure Guidelines Working Group, Atherton JJ, Sindone A, 
et al. National Heart Foundation of Australia and Cardiac Society of Australia and 
New Zealand: Guidelines for the Prevention, Detection, and Management of Heart 
Failure in Australia 2018. Heart Lung Circ 2018; 27: 1123-1208. DOI: 10.1016/j.
hlc.2018.06.1042.

48. European Centre for Disease Prevention and Control. Seasonal influenza vaccination 
and antiviral use in EU/EEA Member States – Overview of vaccine recommendations 
for 2017–2018 and vaccination coverage rates for 2015–2016 and 2016–2017 
influenza seasons. 2018. Stockholm: ECDC.

49. Menzies RI, Leask J, Royle J, et al. Vaccine myopia: adult vaccination also needs 
attention. Med J Aust 2017; 206: 238-239. DOI: 10.5694/mja16.00811.

50. DiazGranados CA, Dunning AJ, Kimmel M, et al. Efficacy of high-dose versus 
standard-dose influenza vaccine in older adults. N Engl J Med 2014; 371: 635-
645. DOI: 10.1056/NEJMoa1315727.

51. van Aalst R, Gravenstein S, Mor V, et al. Comparative effectiveness of high dose 
versus adjuvanted influenza vaccine: A retrospective cohort study. Vaccine 2020; 
38: 372-379. 20191009. DOI: 10.1016/j.vaccine.2019.09.105.

52. Vardeny O, Kim K, Udell JA, et al. Effect of High-Dose Trivalent vs Standard-Dose 
Quadrivalent Influenza Vaccine on Mortality or Cardiopulmonary Hospitalization in 
Patients With High-risk Cardiovascular Disease: A Randomized Clinical Trial. JAMA 
2021; 325: 39-49. DOI: 10.1001/jama.2020.23649.

facebook.com/researchreviewau/

Keep up to date with all the latest research on 
our Research Review Australia Facebook page

www.researchreview.com.au
mailto:geoff%40researchreview.com.au?subject=Research%20Review%20Enquiry
http://www.researchreview.com.au/cpd?site=au
https://www.tga.gov.au/
https://www.cdc.gov/h1n1flu/eip_underlying_conditions.htm
https://www.cdc.gov/h1n1flu/eip_underlying_conditions.htm
http://facebook.com/researchreviewau/
http://facebook.com/researchreviewau/
http://facebook.com/researchreviewau/

