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SYSTEMATIC REVIEW AND META-ANALYSIS

Effects of Influenza Vaccine on Mortality
and Cardiovascular Outcomes in Patients
With Cardiovascular Disease: A Systematic
Review and Meta-Analysis

Siva H. Yedlapati, MD, MPH?*; Safi U. Khan “*, MD*; Swapna Talluri, MD; Ahmed N. Lone, MD;
Muhammad Zia Khan, MD; Muhammad Shahzeb Khan =, MD; Ann M. Navar “*', MD, PhD;
Martha Gulati, MD, MS; Heather Johnson "', MD; Seth Baum, MD; Erin D. Michos, MD, MHS

BACKGROUND: Influenza infection causes considerable morbidity and mortality in patients with cardiovascular disease. We as-
sessed the effects of the influenza vaccine on mortality and cardiovascular outcomes in patients with cardiovascular disease.

METHODS AND RESULTS: We searched PubMed, Embase, and the Cochrane Library through January 2020 for randomized con-
trolled trials and observational studies assessing the effects of influenza vaccine on mortality and cardiovascular outcomes
in patients with cardiovascular disease. Estimates were reported as random effects risk ratios (RRs) with 95% Cls. Analyses
were stratified by study design into randomized controlled trials and observational studies. A total of 16 studies (n=237 058),
including 4 randomized controlled trials (=1667) and 12 observational studies (h=235 391), were identified. Participants’ mean
age was 69.2+7.01 years, 36.6% were women, 65.1% had hypertension, 31.1% had diabetes mellitus, and 23.4% were smok-
ers. At a median follow-up duration of 19.5 months, influenza vaccine was associated with a lower risk of all-cause mortality
(RR, 0.75; 95% ClI, 0.60-0.93 [P=0.01]), cardiovascular mortality (RR, 0.82; 95% ClI, 0.80-0.84 [P<0.001]), and major adverse
cardiovascular events (RR, 0.87; 95% ClI, 0.80-0.94 [P<0.001]) compared with control. The use of the influenza vaccine was
not associated with a statistically significant reduction of myocardial infarction (RR, 0.73; 95% ClI, 0.49-1.09 [P=0.12]) com-
pared with control.

CONCLUSIONS: Data from both randomized controlled trials and observational studies support the use of the influenza vaccine
in adults with cardiovascular disease to reduce mortality and cardiovascular events, as currently supported by clinical guide-
lines. Clinicians and health systems should continue to promote the influenza vaccine as part of comprehensive secondary
prevention.
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possible relationship between influenza and major ad-

(CDC) estimated =39 to 56 million influenza ill-
nesses and 24 000 to 62 000 influenza-associated
deaths during the year 2019 to 2020." Adults with car-
diovascular disease (CVD) are at notably higher risk
of complications from influenza. Initial signals of the

The US Centers for Disease Control and Prevention

verse cardiovascular events (MACE) were noticed in
the early 1900s after the influenza pandemic in Europe
and the United States when the incidence of myocar-
dial infarction (MI) and stroke peaked during the winter
following respiratory infections.? This interrelation was
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CLINICAL PERSPECTIVE

What Is New?

* In a meta-analysis of 4 randomized controlled
trials and 12 observational studies, influenza
vaccination was associated with 25% and 18%
relative risk reduction in all-cause and cardio-
vascular mortality, respectively, in patients with
cardiovascular disease.

e The mortality reduction was most likely driven
in part by a 13% relative risk reduction in major
adverse cardiovascular events.

What Are the Clinical Implications?

e |n the context of nearly half of individuals lack-
ing routine influenza vaccination in the United
States, this study reiterates the survival benefit
and cardiovascular risk reduction achieved with
the influenza vaccine in patients with cardiovas-
cular disease.

e These findings may help healthcare profession-
als and policymakers strongly advocate the in-
fluenza vaccination for secondary prevention of
cardiovascular outcomes.

Nonstandard Abbreviations and Acronyms

CDC Centers for Disease Control and
Prevention

Influenza Vaccination in Secondary
Prevention From Coronary Ischemic
Events in Coronary Artery Disease
Flu Vaccination in Acute Coronary
Syndromes and Planned
Percutaneous Coronary Interventions
Influenza Vaccination After
Myocardial Infarction

Influenza Vaccine to Effectively Stop
Cardio Thoracic Events and
Decompensated Heart Failure
Efficacy of Influenza Vaccination in
Reducing Cardiovascular Events in
Patients With Coronary Artery
Diseases

Influenza Vaccine in Patients With
Heart Failure to Reduce Adverse
Vascular Events

major adverse cardiovascular events

FLUCAD

FLUVACS

IAMI

INVESTED

IVCAD

IVVE

MACE

later shown again in observational studies demonstrat-
ing a higher risk of cardiac events in patients with influ-
enza infection. In an observational study published in
the New England Journal of Medicine in 2018, the au-
thors demonstrated a 6-fold increased risk of MI within
7 days of confirmed influenza infection.® Similarly, in
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a population-based study of adults hospitalized with
influenza, almost 12% of patients had an acute cardio-
vascular event.*

The American Heart Association/American College
of Cardiology Guideline for Secondary Prevention for
Patients With Coronary and Other Atherosclerotic
Vascular Disease: 2006 Update recommends influenza
vaccination in all patients with established coronary ar-
tery disease (class |, Level of Evidence B),® consistent
with the CDC guidelines.® Even with the available evi-
dence, influenza immunization rates remain low among
individuals with CVD who reside in North America.”° In
a recent nationally representative sample of 19 793 pa-
tients with atherosclerotic CVD, 32.7% lacked influenza
vaccination." Several reasons were identified, includ-
ing lack of systemic offering or awareness about the
vaccine, lack of interest in vaccination, fears regarding
the potential side effects of vaccination, and socioeco-
nomic disparities among young or elderly individuals or
ethnic/racial minorities limiting access to usual care %"
Another survey of board-certified cardiologists, en-
docrinologists, and pulmonologists found that cardi-
ologists were least likely to stock influenza vaccine.'?
Among practitioners who did not stock the vaccine,
the most common reason cited was the assumption
that patients would receive the vaccine elsewhere.

Multiple studies have shown the potential for reduc-
tion in MACE with the influenza vaccine.'®~'® However,
the degree of risk reduction has varied among trials and
observational studies.'®'6-2" Therefore, we performed
a systematic review and meta-analysis aimed to inves-
tigate the effects of influenza vaccine on mortality and
MACE in patients with CVD, stratified by study design.

METHODS

Data Availability Statement

The authors declare that all supporting data are avail-
able within the article (and its online supplementary
files).

Data Sources and Searches

This meta-analysis was conducted in accord-
ance with the Cochrane Collaboration guidelines
and was reported following PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses).?>?3 A comprehensive literature search
was performed without language restriction using the
electronic databases PubMed, Embase, Cochrane
Library, and ClinicalTrials.gov through January
2020. Additional online sources included web-
sites of major cardiovascular and medicine journals
(https://www.nejm.org, https://www.thelancet.com,
https://www.thelancet.com/,  https://jamanetwork.
com, https://academic.oup.com/eurheartj, www.


http://ClinicalTrials.gov
https://www.nejm.org
https://www.thelancet.com
https://www.thelancet.com/
https://jamanetwork.com
https://jamanetwork.com
https://academic.oup.com/eurheartj
http://www.onlinejacc.org
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onlinejacc.org, http://annals.org/aim, and https:/
www.ahajournals.org/journal/circ); bibliographies
of relevant studies; and meta-analyses. The search
algorithm  was:  (("influenza  vaccines"[MeSH
Terms] OR ("influenza"[All Fields] AND "vaccines"[All
Fields])) OR ‘influenza vaccines"[All Fields]) OR
("influenza"[All Fields] AND "vaccine"[All Fields])) OR
"influenza vaccine"[All Fields]) AND (((("cardiovascu-
lar diseases"[MeSH Terms] OR ("cardiovascular"[All
Fields] AND "diseases"[All Fields])) OR "cardiovas-
cular diseases"[All Fields]) OR ("cardiovascular"[All
Fields] AND "disease"[All Fields])) OR "cardiovascular
disease"[All Fields]) OR ((("mortality"[MeSH Terms]
OR "mortality"[All Fields]) OR "mortalities"[All Fields])
OR "mortality"[MeSH Subheading]) OR (("heart
failure"[MeSH Terms] OR ("heart"[All Fields] AND
"failure"[All Fields])) OR "heart failure"[All Fields])) OR
("heart failure"[MeSH Terms] OR ("heart"[All Fields]
AND "failure"[All Fields])) OR "heart failure"[All Fields]))
OR ((("stroke"[MeSH Terms] OR "stroke"[All Fields])
OR "strokes"[All Fields]) OR "stroke s"[All Fields]))
OR (("myocardial infarction'[MeSH Terms] OR
("myocardial"[All Fields] AND "infarction"[All Fields]))
OR "myocardial infarction"[All Fields]).

Study Selection

The prespecified inclusion criteria were as follows:
(1) RCTs or observational studies comparing the ef-
ficacy of influenza vaccine; (2) studies must have at
least 50% of patients with established CVD (athero-
sclerotic CVD or heart failure [HF])?42%; (3) studies
must report mortality and cardiovascular outcomes
of interest; and (4) a follow-up duration of at least
12 months assessing vaccine effectiveness for each
influenza season. There were no restrictions on sam-
ple size or language.

After removing the duplicates and following the
selection criteria, we screened the remaining articles
at the title and abstract level and then at the full-text
level. The process of study search and selection was
performed independently by 2 investigators (S.T. and
A.N.L.). Any conflicts were resolved by discussion, mu-
tual consensus, referring to the original study, and the
third investigator’s opinion (S.U.K)).

Data Extraction, Outcomes, and Quality
Assessment

Two investigators (S.T. and A.N.L.) independently ab-
stracted the data using prespecified data collection
forms, appraised the abstractions’ accuracy, and re-
solved any discrepancies by consensus after discus-
sion with a third investigator (S.U.K.). The data were
abstracted on the studies’ characteristics, crude point
estimates, number of events, sample sizes, and follow-
up duration. Two unblinded investigators (S.T. and
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A.N.L.) independently appraised the potential risks of
bias of the trials using the Cochrane risk-of-bias tool
and observational studies using the Newcastle-Ottawa
scale at the study level (Figure S1 and Table S1, re-
spectively).?62” The end points of interest were all-
cause mortality, cardiovascular mortality, MACE, MI,
and HF.

Data Synthesis and Analysis

Outcomes were pooled using a generic invariance
random-effects model. The DerSimonian and Laird
method was used for estimation of 1.2 Analyses
were stratified according to study design: RCTs
and observational studies.?® For the meta-analysis,
the threshold of at least 2 studies per study design
was deemed compulsory. We reported effect sizes
as risk ratios (RRs) with 95% Cls. We used /? statis-
tics to measure the extent of unexplained statistical
heterogeneity: °>50% was considered a high de-
gree of between-study statistical heterogeneity. For
subgroup analyses, we assumed a common among-
study variance component among subgroups (pool
within-group estimates of t2).2° Publication bias was
assessed using Egger regression test. Sensitivity
analyses were performed by the exclusion of data re-
ported exclusively in abstracts because of the lack of
confirmation in subsequent publication'® (Table S2).
For all analyses, statistical significance was set at
<56%. Comprehensive Meta-Analysis Version 3.0
(Biostat Inc) was used.

RESULTS

Of 858 827 articles, 666 were assessed for eligibility
after removing duplicates and screening at the title
and abstract level; 650 articles were removed based
on a priori study selection criteria. Ultimately, a total
of 16 studies (=237 058) encompassing 4 RCTs
(n=1667) and 12 observational studies (N=235 391)
were included (Figure 1). Participants’ mean age was
69.2+7.01 years, 36.6% were women, 65.1% had hy-
pertension, 31.1% had diabetes mellitus, and 23.4%
were smokers. The median follow-up duration was
19.5 months (interquartile range, 12-43.3 months).
Baseline characteristics of studies are reported in the
Table. Data were available on all end points; however,
we refrained from reporting HF end points since only 1
trial reported this outcome (Figure 2). Figure S2 dem-
onstrates the summary of the effect of the influenza
vaccine on mortality and cardiovascular end points.

All-Cause Mortality

Four RCTs (n=1667) and 8 observational stud-
ies (n=164 047) reported all-cause mortality.”016-
20.80-34 Qverall, influenza vaccine was associated with
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Figure 1.
guidelines reporting study selection process.

reduction in all-cause mortality compared with con-
trol (RR, 0.75; 95% ClI, 0.60-0.93 [P=0.01]) (P=97%)
(Figure 3). This benefit was consistent in RCTs (RR,
0.53; 95% ClI, 0.28-0.99 [P=0.05]) and observational
studies (RR, 0.79; 95% ClI, 0.62-0.99 [P=0.04]) (P for
interaction=0.24).

Cardiovascular Mortality

Four RCTs (n=1667) and 3 observational studies
(n=136 082) reported cardiovascular mortality.'6-19.34-36
Overall, influenza vaccine was associated with reduc-
tion in cardiovascular mortality compared with con-
trol (RR, 0.82; 95% Cl, 0.80-0.84 [P<0.001]) (*=31%)
(Figure 4). This benefit was consistent among study
designs but more pronounced in RCTs (RR, 0.44;
95% ClI, 0.26-0.76 [P<0.001]) than observational stud-
ies (RR, 0.82; 95% ClI, 0.80-0.84 [P<0.001]) (P for
interaction=0.02).

J Am Heart Assoc. 2021;10:e019636. DOI: 10.1161/JAHA.120.019636

PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses)

Major Adverse Cardiovascular Events

Four RCTs (n=1667) and 3 observational studies
(n=27 207) reported MACE.'%'®-2" Qverall, influenza
vaccine was associated with reduction in MACE
compared with control (RR, 0.87; 95% CI, 0.80-0.94
[P<0.001]) (’=51%) (Figure 5). While this benefit was
consistent among study designs, reduction in RR
was more pronounced in RCTs (RR, 0.57; 95% ClI,
0.43-0.74 [P<0.001]) than observational studies (RR,
0.90; 95% CI, 0.83-0.98 [P=0.02]) (P for interaction
<0.01).

Myocardial Infarction

Four RCTs (n=1667) and 3 observational studies
(n=70 688) reported MI.'6-19.21.86.37 Qverall, influenza
vaccine was not significantly associated with reduc-
tion in MI compared with control (RR, 0.73; 95% ClI,
0.49-1.09 [P=0.12)) (P=64%) (Figure 6). This effect
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Figure 2. Effect of influenza vaccine on mortality

and cardiovascular end points.

CVD indicates cardiovascular disease; MACE, major adverse cardiovascular events; and Ml, myocardial

infarction.

was consistent among study designs: RCTs (RR,
0.74; 95% ClI, 0.38-1.44 [P=0.38]) and observational
studies (RR, 0.73; 95% ClI, 0.44-1.19 [P=0.20]) (P for
interaction=0.95).

Sensitivity analyses by excluding abstract data'®
did not influence mortality and MACE end points.
Egger regression test did not detect small study bias
(P=0.63).

DISCUSSION

In this meta-analysis of 237 058 patients with CVD, in-
fluenza vaccination was associated with a significant
reduction in all-cause mortality, cardiovascular mortal-
ity, and MACE. While a numerical reduction in Ml was
associated with the influenza vaccine, statistical signifi-
cance was not achieved. The effects of the influenza
vaccine were consistent among RCTs and observa-
tional studies. The influence of influenza vaccine on HF
was not reported in the main results because of the
paucity of randomized data. However, the summary
estimate was consistent with a 29% RR reduction in
HF, predominantly driven by the 27% reduction noted
from observational data.

There have been multiple postulated mechanisms
that could explain an increased cardiovascular risk after
influenza infection, including atherosclerotic plaque de-
stabilization and subsequent thrombosis, deposition of
immune complexes in atherosclerotic plagues, and ele-
vation of macrophage circulation into the arteries result-
ing in coronary vascular events.®-4° Proinflammatory
cytokine release, endothelial dysfunction, sympathetic

J Am Heart Assoc. 2021;10:e019636. DOI: 10.1161/JAHA.120.019636

activation, and exaggerated fluid shifts leading to vol-
ume overload are few mechanisms explaining acute HF
development. =4 Qur meta-analysis provides further
confirmation that preventing influenza infection through
vaccination can reduce MACE and mortality risk.
Despite lack of statistically significant reduction for M,
the directionality of the effect estimates with numerical
27% RR reduction appears to influence MACE, which
consequently resulted in the observed survival bene-
fit with influenza vaccine.'%'8192" However, since these
findings do not represent causative effect, these obser-
vations should be considered hypothesis-generating.
We compared our results with other meta-
analyses.'®® Loomba et al'* analyzed 3 RCTs and 2
observational studies including 292 383 patients and
showed a reduction in all-cause mortality (odds ratio
[OR], 0.61 [95% CI, 0.57-0.64]), MI (OR, 0.73 [95% ClI,
0.57-0.93]), and MACE (OR, 0.47 [95% ClI, 0.29-0.74])
in patients who received influenza vaccination. This
study was a mixed cohort of patients with and with-
out CVD and did not comment on whether mortality
benefit was persistent in secondary CVD prevention.
Moreover, the influence of study design on summary
estimates was not examined. Udell et al'® analyzed
6 RCTs comprising only 36.2% of patients with CVD
and showed a reduction in composite cardiovascular
events with influenza vaccination versus control (2.9%
versus 4.7%; RR, 0.64 [95% ClI, 0.48-0.86]). However,
the influenza vaccine was not shown to reduce car-
diovascular mortality (RR, 0.81 [95% ClI, 0.36-1.83)).
The most likely explanation of the difference in mor-
tality estimate between their study and ours was
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Group by Study name Year Statistics for each study Risk ratio and 95% Cl
Subgroup within study
Risk Lower Upper Relative
ratio limit limit p-Value weight
Observational Wu et al 2019 0.83 0.74 0.93 0.00 | ] 12.81
Vardeny et al 2016 0.82 0.70 0.96 0.01 L 12.44
De Diego et al 2009 11 0.85 1.44 0.45 - 11.28
Liuet al 2012 0.37 0.34 0.41 0.00 [ ] 12.94
Kopel et al 2014 0.83 0.73 0.95 0.01 = 12.66
Wu et al 2014 1.01 0.86 119 0.90 - 12.42
Blaya-Nova'kova“ etal 2016 0.81 0.68 0.96 0.01 4 12.30
Modin et al 2019 0.82 0.80 0.84 0.00 | | 13.17
0.79 0.62 0.99 0.04 ‘
RCT FLUVACS 2004 038 0.19 0.75 0.01 —.-— 441
FLUCAD 2008 1.02 0.21 5.04 0.98 13.26
IVCAD 2009 0.97 0.20 4.72 0.97 : 13.41
Phrommintikul et al 201 0.49 0.19 1.29 0.15 — 29.23
0.53 0.28 0.99 0.05
Overall 0.75 0.60 0.93 o0.01 ’
PR
L‘;o??gteraction =0.24 o o2 o5 ! ? 5 1
Favors vaccine Favors Control

Figure 3. Effect of influenza vaccine on all-cause mortality.
Studies included Wu et al,?° Vardeny et al,’® de Diego et al,” Liu et al,*® Kopel et al,® Wu et al,' Blaya-Novakova et

al,®® Modin et al,** FLUVACS (Flu Vaccination in Acute

Coronary Syndromes and Planned Percutaneous Coronary

Interventions),'”” FLUCAD (Influenza Vaccination in Secondary Prevention From Coronary Ischemic Events in Coronary
Artery Disease),'® IVCAD (Efficacy of Influenza Vaccination in Reducing Cardiovascular Events in Patients With Coronary
Artery Diseases),'® and Phrommintikul et al.' RCT indicates randomized control trial.

the limited mean follow-up duration (7.9 months) of
studies included in Udell et al. Whereas, we included
studies with a follow-up duration of at least 12 months
to demonstrate significant differences between rare
events, such as mortality.*® This is important given

that differences in rare events between interventions,
such as mortality, take a longer follow-up duration to
emerge. Clar et al'® performed a meta-analysis of 8
RCTs encompassing patients with and without CVD.
In 4 RCTs focused on the secondary prevention of

Group by Study name Year Statistics for each study Risk ratio and 95% €I
Subgroup within study
Risk Lower Upper Relative
ratio limit limit p-Value weight
Observational Jackson etal 2002 134 0.62 2.89 0.46 e 0.10
Kayaetal 2016 0.84 0.59 118 0.31 0.50
Modin etal 2019 0.82 0.80 0.84 0.00 99.40
0.82 0.80 0.84 0.00 .
RCT FLUVACS 2004 035 0.7 072 0.00 —— 54.33
FLUCAD 2008 1.02 0.15 723 0.98 7-43
IVCAD 2009 0.97 0.20 4.72 0.97 1.33
Phrommintikul et al 201 0.41 0.15 115 0.09 s 26.92
0.44 0.26 0.76 0.00
Overall 0.82 0.80 0.84 0.00 .
2=31%
P for interaction = 0.02 o e 25 ! # g 12
Favors vaccine Favors Control

Figure 4. Effect of influenza vaccine on cardiovascular mortality.

Studies included Jackson et al,%¢ Kaya et al,® Modin et al,>* FLUVACS (Flu Vaccination in Acute Coronary Syndromes
and Planned Percutaneous Coronary Interventions),” FLUCAD (Influenza Vaccination in Secondary Prevention From
Coronary Ischemic Events in Coronary Artery Disease),'® IVCAD (Efficacy of Influenza Vaccination in Reducing
Cardiovascular Events in Patients With Coronary Artery Diseases),’® and Phrommintikul et al.'® RCT indicates

randomized control trial.
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Group by Study name Year Statistics for each study Risk ratio and 95% Cl
Subgroup within study
Risk Lower Upper Relative
ratio limit limit p-Value weight
Observational Wu et al 2019 0.86 0.76 0.97 0.02 45.45
Lavallee et al 2014 0.97 0.78 1.21 0.80 14.96
Vardeny et al 2016 0.93 0.81 1.06 0.29 39.59
0.90 0.83 0.98 0.02
RCT FLUVACS 2004 0.60 0.41 0.87 0.01 _-E 53.93
FLUCAD 2008 0.54 0.25 1.20 0.13 — 11.87
IVCAD 2009 0.97 0.20 4.72 0.97 2.99
Phrommintikul et al 201 0.49 0.30 0.80 0.00 31.21
0.57 0.43 0.74 0.00
Overall 0.87 0.80 0.94 0.00 .
1= 512 01 0.2 o5 1 2 5 10
P for interaction < 0.01
Favors vaccine Favors Control

Figure 5. Effect of influenza vaccine on major adverse cardiovascular events.
Studies included Wu et al,?° Lavallee et al,?" Vardeny et al,'® FLUVACS (Flu Vaccination in Acute Coronary Syndromes and Planned
Percutaneous Coronary Interventions),” FLUCAD (Influenza Vaccination in Secondary Prevention From Coronary Ischemic Events in
Coronary Artery Disease),'® IVCAD (Efficacy of Influenza Vaccination in Reducing Cardiovascular Events in Patients With Coronary
Artery Diseases),'® and Phrommintikul et al.' RCT indicates randomized control trial.

cardiovascular outcomes, cardiovascular mortality
was reduced by influenza vaccination (RR, 0.45; 95%
Cl, 0.26-0.76). However, this study differed from our
meta-analysis by excluding observational data. In our

unique meta-analysis, we attempted to generate con-
sensus regarding persistent cardiovascular benefits
between “real-world data” and RCTs regarding the
efficacy of the influenza vaccine in CVD.

Group by Study name Year Statistics for each study Risk ratio and 95% CI
Subgroup within study
Risk Lower Upper Relative
ratio limit limit p-Value weight
Observational Jackson et al 2002 1.02 0.65 1.62 0.92 30.76
Mohseni et al 2017 0.50 0.45 0.56 0.00 41.01
Lavallee et al 2014 0.86 0.50 1.46 0.57 28.23
0.73 0.44 119 0.20
RCT FLUVACS 2004 1.01 0.39 2.63 0.98 - — 29.53
FLUCAD 2008 0.68 0.25 1.90 0.46 . 27.06
IVCAD 2009 1.94 0.36 10.42 0.44 . 12.93
Phrommintikul et al 2011 0.39 0.16 1.00 0.05 — 30.48
0.74 0.38 1.44 0.38
Overall 0.73 0.49 1.09 0.12
1= 64%
P for interaction = 0.95 01 02 05 1 Py 5 10
Favors vaccine Favors Control

Figure 6. Effect of influenza vaccine on myocardial infarction.
Studies included Jackson et al,®® Mohseni et al,%” Lavallee et al,?'

FLUVACS (Flu Vaccination in Acute Coronary Syndromes and

Planned Percutaneous Coronary Interventions),'”” FLUCAD (Influenza Vaccination in Secondary Prevention From Coronary Ischemic
Events in Coronary Artery Disease),'® IVCAD (Efficacy of Influenza Vaccination in Reducing Cardiovascular Events in Patients With
Coronary Artery Diseases),'® and Phrommintikul et al.'® RCT indicates randomized control trial.

J Am Heart Assoc. 2021;10:e019636. DOI: 10.1161/JAHA.120.019636



Yedlapati et al

Influenza vaccination was associated with a 25%
reduced risk of all-cause death comparable in size ef-
fect to guideline-directed therapy with -blockers and
angiotensin-converting enzyme inhibitors with reduc-
tions in mortality of ~20% to 25%, respectively.3+46-48
This is a substantial reduction in mortality given the
safety, feasibility, and cost-efficiency of influenza vac-
cination, and thus should be considered alongside
other cardiovascular prevention therapies. In the re-
cent INVESTED (Influenza Vaccine to Effectively Stop
Cardio Thoracic Events and Decompensated Heart
Failure) trial, high-dose vaccine showed comparable
outcomes compared with a standard vaccine in high-
risk patients with CVD.*® Two other ongoing RCTs,%0%!
the IAMI (Influenza Vaccination After Myocardial
Infarction) trial that randomized patients with acute cor-
onary syndrome undergoing coronary angiography to
the influenza vaccine versus placebo,*® and the IVVE
(Influenza Vaccine in Patients With Heart Failure to
Reduce Adverse Vascular Events) trial that compared a
composite cardiovascular end point in patients with HF
who received the influenza vaccine compared with pla-
cebo,%" might further aid in strengthening the evidence
in favor of efficacy profile of the influenza vaccine in
specific patients with CVD.

Our analysis was limited by inherent shortcom-
ings of study-level meta-analysis, such as study de-
sign, baseline variables of population, definition of end
points, and heterogenous follow-up durations. While
we included studies of only patients with prevalent
CVD, there were limited and inconsistent data reported
in the studies regarding specific underlying CVD sub-
types (coronary artery disease, peripheral artery dis-
ease, cerebrovascular disease, or HF); we were unable
to further stratify by these subgroups. Event rates were
low, compromising the power of specific end points
such as MI. Similarly, scarcity of data on other hard
end points, such as stroke, did not allow us to explore
the influence of relevant cardiovascular end points on
mortality and MACE. Some studies carried higher rela-
tive weight in pooled estimates than other studies. For
instance, FLUVACS (Flu Vaccination in Acute Coronary
Syndromes and Planned Percutaneous Coronary
Interventions)'” contributed >50% relative weight and
can influence the end points. That said, the direc-
tionality of the majority of component studies of this
meta-analysis favored the influenza vaccine for survival
improvement.

CONCLUSIONS

The influenza vaccine was associated with a lower risk
of total and cardiovascular mortality in patients with
CVD. Influenza is the most common respiratory infec-
tion.%? Yet, only 45% of adults in the United States were
vaccinated against influenza during the 2018 to 2019
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season despite the available evidence favoring survival
benefit in CVD.®2 Influenza vaccination in patients with
or at risk for CVD is a standard of care, and all provid-
ers should assume the responsibility of inquiring about
vaccination status, providing education, and ensuring
that patients have the opportunity to be vaccinated.
The current study may help care clinicians and health
policymakers to strongly advocate the influenza vac-
cination for secondary prevention of cardiovascular
outcomes.
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Table S1. Newcastle-Ottawa scale for quality assessment and bias assessment of observational studies.

Studies Selection Comparability Outcome *Total

Representatives | Selection of Exposure Outcome of Outcome Adequacy of Adequacy of

of exposed control group | ascertainment | interest assessment | follow up follow up of

group duration cohort
De Diego et al.” 1 1 1 1 1 1 1 0 6/8
Liu et al.®® 1 1 1 1 0 1 1 1 7/8
Wu et al.® 1 1 1 1 0 1 1 0 6/8
Kopel et al.3* 1 1 1 1 1 1 1 0 7/8
Blaya-Novakovaetal.®* |1 1 1 1 0 1 1 0 6/8
Vardeny et al.*° 1 1 1 1 0 0 1 1 6/8
Modin et al.*® 1 1 1 1 1 0 1 1 7/8
Wu et al.® 1 1 1 1 0 1 1 0 6/8
Kaya et al.*® 1 1 1 1 1 0 1 1 7/8
Jackson et al.*® 1 1 1 1 0 1 1 0 6/8
Lavallee et al.* 1 1 1 1 0 1 1 0 6/8
Mohseni et al.* 1 1 1 1 1 0 1 1 7/8

*Score >6 was considered as an adequate quality study.




Table S2. Sensitivity analysis by removal of IVCAD trial.

Outcome

RR [95% Confidence Interval]

All-cause mortality

0.48 [0.25, 0.94]

Cardiovascular mortality

0.40 [0.23, 0.71]

MACE

0.56 [0.42, 0.73]

Myocardial infarction

0.64 [0.32, 1.31]

IVCAD, Efficacy of influenza vaccination in reducing cardiovascular events in patients with coronary artery diseases study*®




Figure S1. Cochrane quality assessment tool for assessment of risk of bias for the randomized controlled trials.

Studies Randomization Allocation Blinding Outcome . Intention to Loss to follow-up Fr ee of other
concealment assessment bias treat biases

FLUVACSY

FLUCAD!¢

IVCADI1®

Phrommintikul ef al #*

Low risk=Green; Unclear risk=White; High risk= Red

FLUVACS, Flu vaccination in acute coronary syndromes and planned percutaneous coronary interventions study; FLUCAD, Influenza vaccination in secondary
prevention from coronary ischemic events in coronary artery disease study; IVCAD, The efficacy of influenza vaccination in reducing cardiovascular events in
patients with coronary artery diseases study.



Figure S2. Effect of influenza vaccine on heart failure.

Group by study design Study name Year Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit limit p-Value weight
Observational Blaya-Nova'kova“ etal 2016 1.48 0.88 2.49 0.14 = 13.58
Kaya et al 2016 0.47 0.41 0.54 0.00 - 27.76
Mohseni et al 2017 0.71 0.67 0.75 0.00 L ] 29.84
Wu et al 2019 0.85 0.76 0.94 0.00 —- 28.83
0.73 0.57 0.95 0.02 ’
RCT Phrommintikul et al 2011 0.39 0.13 1.24 0.1 100.00
0.39 0.13 1.24 0.11 4
Overall 0.71 0.55 0.92 0.01 ’
0.5 1 2

Favors Vaccine Favors Control

Studies included: Blaya-Novakova et al*, Kaya et al®®, Mohseni et al®’, Wu et al?®, Phrommintikul et al®.



