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Abstract
Influenza infection is associated with increased risk for mortality and hospitalization in heart failure patients. Although there are no
published randomized controlled trials examining the effect of influenza vaccination on clinical outcomes in heart failure patients,
the effect has been examined in observational cohort studies. Nevertheless, results are inconsistent due partly to limited power with
small sample sizes and use of different definitions of outcomes. We therefore aimed to conduct a systematic review and meta-
analysis of the effect of influenza vaccination on mortality and hospitalization in heart failure patients. The search of electronic
databases identified 6 observational cohort studies with 22,486 patients examining the effect of influenza vaccination on mortality
and hospitalization in heart failure patients. Pooled analysis of confounder-adjusted hazard ratio showed that influenza vaccination
was associated with reduced risk of mortality during 1-year follow-up (risk ratio [95% CI] = 0.76 [0.63–0.92], Pfix < 0.01) and
during long-term (up to 4 years) follow-up (0.80 [0.71–0.90], Pfix < 0.001). Furthermore, influenza vaccination was associated with
reduced risk of mortality during influenza season (risk ratio [95%CI] = 0.52 [0.39–0.69], Prandom < 0.001) and during non-influenza
season (0.79 [0.69–0.90], Pfix < 0.001). Only a few studies reported the effect of influenza vaccination on hospitalization, which did
not permit us to perform pooled analysis. In conclusion, our meta-analysis showed that influenza vaccination was associated with
reduced risk of mortality in heart failure patients. Large-scale and adequately powered randomized controlled trials should be
planned to confirm our observed potential survival benefit of influenza vaccination in these patients.
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Introduction

Heart failure is a major public health problem, with a preva-
lence of more than 5.8 million in the USA and more than 23
million worldwide [1]. Although there have been significant
advances in the management of heart failure, the mortality in

patients with heart failure remains high and the survival esti-
mates are about 50% at 5 years [1].

Heart failure patients are susceptible to influenza-related
complications including acute heart failure exacerbations
and secondary infections such as pneumonia, both of which
lead to significant morbidity and mortality [2–4]. Although
there are no published randomized controlled trials (RCTs)
examining the effect of influenza vaccination on clinical out-
comes in heart failure patients, the effect has been reported in
observational cohort studies [5–10]. Nevertheless, the results
are inconsistent due partly to limited power with small sample
sizes and use of different definitions of outcomes. We there-
fore aimed to conduct a systematic review and meta-analysis
of the effect of influenza vaccination on mortality and hospi-
talization in heart failure patients.

Methods

This meta-analysis was performed and reported according to
the preferred reporting items for systematic reviews and meta-
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analyses (PRISMA) [11] and the reporting meta-analyses of
observational studies in epidemiology (MOOSE) [12].

Studies on the effect of influenza vaccination in patients with
heart failure published until June 31, 2017, were identified
using PubMed and EMBASE databases. For search of the eli-
gible studies, the following key words and Medical Subject
Heading were used: influenza and heart failure. Our literature
search was limited to studies involving human subjects and
those published in English. Additionally, wemanually searched
the references that were cited in other relevant publications.

Inclusion criteria for the present meta-analysis included (1)
assessment of the effectiveness of influenza vaccination in
patients with heart failure, and (2) observational cohort study
that provided information on the mortality and/or hospitaliza-
tion. Primary outcome of interest was all-cause mortality.
Secondary outcome of interest was hospitalization.

Information on the study and patient characteristics, meth-
odological quality, and intervention strategies was systemati-
cally extracted separately by two reviewers (TG and KW).
Disagreements were resolved by consensus. The quality of
the included studies was evaluated by Newcastle-Ottawa
Scale tool (http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp).

For each outcome, confounder-adjusted hazard ratios were
pooled and the heterogeneity was assessed using Cochran’s Q
chi-square test and I2 statistic; for Cochran’s Q chi-square test
and I2 statistic, a p value of < 0.1 and I2 > 50% were consid-
ered significant, respectively [13]. When there was significant
heterogeneity, the data were pooled using a random-effects
model, otherwise a fixed-effects model was used. A two-
tailed P < 0.05 was considered statistically significant. Data
were analyzed by Review Manager (version 5.3.5, the
Cochrane Collaboration) and Comprehensive Meta Analysis
Software version 2 (Biostat, Englewood, NJ, USA).

Results

The article identification and selection process is summarized
in Fig. 1. A total of 6 observational studies with 22,486 pa-
tients were included in this meta-analysis.

Characteristics of included studies are summarized in
Table 1. Among the included studies, 2 studies were conducted
in Europe, 2 in Asia, and 1 in the USA; 1 study was a retro-
spective analysis of the PARADIGM-HF [14], an international
clinical trial. Among the included studies, all studies reported
the effect of influenza vaccination on mortality and 2 studies
reported the effect on hospitalization. Among the included stud-
ies, 2 studies reported the effect of influenza vaccination on
mortality during 1-year follow-up; 2 reported the effect on mor-
tality during long-term (up to 4 years) follow-up; 3 reported the
effect on mortality during influenza season and non-influenza
season separately. The follow-up duration ranged from 1 to

4 years. The influenza vaccine rate ranged from 26 to 86%.
The score assessed by the Newcastle-Ottawa Scale for the in-
cluded studies ranged from 6 to 8 (supplement Table 1).

Baseline patient characteristics of the included studies are
summarized in Table 2. Mean age ranged from 64 to 76 years
and the prevalence of male sex ranged from 38 to 98%.

The effect of influenza vaccination onmortality is shown in
Figs. 2, 3, 4 and 5. Pooled analysis of confounder-adjusted
hazard ratio showed that influenza vaccination was associated
with reduced risk of mortality during 1-year follow-up (risk
ratio [95% CI] = 0.76 [0.63–0.92], Pfix < 0.01; Fig. 2) and
during long-term (up to 4 years) follow-up (0.80 [0.71–
0.90], Pfix < 0.001; Fig. 3). Furthermore, influenza vaccina-
tion was associated with reduced risk of mortality during in-
fluenza season (risk ratio [95% CI] = 0.52 [0.39–0.69],
Prandom < 0.001; Fig. 4) and during non-influenza season
(0.79 [0.69–0.90], Pfix < 0.001; Fig. 5).

The effect of influenza vaccination on hospitalization is
shown in Figs. 6 and 7. Among the included studies, one study
reported the effect of influenza vaccination on cardiovascular
hospitalization during influenza season [6] and one study re-
ported the effect on all-cause hospitalization during a median
follow-up of 27 months [9]. Influenza vaccination was asso-
ciated with reduced risk for cardiovascular hospitalization but
not for all-cause hospitalization (Figs. 6 and 7).

Discussion

Although there are no published RCTs examining the effect of
influenza vaccination on clinical outcomes in heart failure
patients, the effect has been reported in observational cohort
studies [5–10]. Nevertheless, results are inconsistent across

Potentially appropriate publications 
retrieved for full evaluation

N = 8

Excluded based on
screening title or abstract

N = 327

Excluded
No eligible study design, N = 2

6 studies included

Titles identified from electronic 
bibliographies and screed for retrieval

N = 335

Fig. 1 Selection process for articles included in meta-analysis
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studies due to a variety of potential reasons including limited
power, different definitions of outcomes, different inclusion
criteria, different heart failure definition, various vaccine
types, and diverse types of heart failure (ischemic vs. non-
ischemic, reduced left ventricular [LV] ejection fraction [EF]
vs. preserved LVEF, etc.). In the present meta-analysis of the
observational cohort studies, we found that influenza vaccina-
tion was associated with reduced risk of mortality during 1-
year and long-term follow-ups. Furthermore, influenza

vaccination was associated with reduced risk of mortality dur-
ing influenza season and non-influenza season. To our knowl-
edge, the present study is the first meta-analysis of the effect of
influenza vaccination on mortality in heart failure patients.

Although the studies included in our meta-analysis consis-
tently reported the favorable effect of influenza vaccination in
heart failure patients during influenza season, the effect of
influenza vaccination during non-influenza season was con-
flicting due partly to limited power. Our meta-analysis is

Table 1 Study characteristics

Source, year Country Study design Inclusion criteria Follow-up
duration

Outcome Study size, Vaccinated/
unvaccinated, n

De Diego C
et al. [5] 2009

Spain Retrospective
cohort study

Chronic heart disease
(including HF or CAD)†

40 months ACD* 480/860

Liu IF et al.
[6] 2012

Taiwan Retrospective
cohort study

Congestive HF, myocardial
infarction, and CAD who
had undergone coronary
revascularization‡

4 years ACD*, CV
hospitalization*

2760/2288

Kopel E et al.
[7] 2014

Israel Prospective
cohort study

Hospitalized with a diagnosis
of HF (acute or chronic)§

1 year, 4 years ACD 501/1453

Wu WC et al.
[8] 2014

USA Retrospective
cohort study

HF patients were included
either ischemic and
non-ischemic#

1 year ACD 2087/429

Vardeny et al.
[9] 2016

International Retrospective
cohort study

HF patients were included
either ischemic and
non-ischemic¶

27 months
(median)

ACD, All-cause
hospitalization

1769/6630

Blaya-Novakova
et al. [10] 2016

Spain Retrospective
cohort study

HF patients were included
either ischemic and
non-ischemic‖

4 years ACD* 1016/2213

ACD all-cause mortality, CAD coronary artery disease, CV cardiovascular, HF heart failure

*Analysis was performed separately for during influenza season and non-influenza season
† In these inclusion criteria, patients with CADwith or without HFwere included. Patients included as HFwere either ischemic or non-ischemic. The left
ventricular (LV) ejection fraction (EF) was not described. HF patients with reduced LVEF and preserved LVEF were included

‡In these inclusion criteria, only patients with HF and ischemic were included. The LVEF was not stated. HF patients with reduced LVEF and preserved
LVEF were included

§In these inclusion criteria, patients with HF were either ischemic or non-ischemic. The percentage of patients with LVEF < 50% was described. HF
patients with reduced LVEF and preserved LVEF were included
# LVEF was assessed, both reduced LVEF, and preserved LVEF patients were included
¶ LVEF was assessed, only reduced LVEF patients were included (average LVEF ~ 30%)
‖LVEF was stated. HF patients with reduced LVEF and preserved LVEF were included

Table 2 Patient characteristics

Source, year Mean age,
years

Men White
race

Ischemic
etiology

LVEF
< 50%

Respiratory
diseases

Obesity Diabetes Smoker Hypertension Cancer

De Diego C et al. [5]
2009

76 47% NR NR NR 19% 22% 32% 7% 65% 3%

Liu IF et al. [6] 2012 75 55% NR NR NR 36% NR 54% NR 79% 13%

Kopel E et al. [7] 2014 75 55% NR 34% 53% NR 24% 45% 30% 72% NR

Wu WC et al. [8] 2014 70 98% 72% NR NR NR NR NR NR NR NR

Vardeny et al. [9] 2016 64 79% 68% 62% 100% NR NR 36% NR 70% NR

Blaya-Novakova et al.
[10] 2016

74 38% NR NR NR 64% 20% 24% NR 62% 12%

LVEF left ventricular ejection fraction, NR not reported
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Fig. 2 Forest plot showing the effect of influenza vaccination on mortality during 1-year follow-up

Fig. 3 Forest plot showing the effect of influenza vaccination on mortality during long-term follow-up

Fig. 4 Forest plot showing the effect of influenza vaccination on mortality during influenza season

Fig. 5 Forest plot showing the effect of influenza vaccination on mortality during non-influenza season

Fig. 6 Forest plot showing the effect of influenza vaccination on cardiovascular hospitalization during influenza season

Fig. 7 Forest plot showing the effect of influenza vaccination all-cause hospitalization during long-term follow-up
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significant in showing the potential mortality benefit of influ-
enza vaccination in heart failure patients not only during in-
fluenza season but also during non-influenza season.

Although the present meta-analysis does not provide the
mechanisms for the observed association of influenza vacci-
nation with decreased mortality risk in heart failure patients,
there are several potential explanations. First, studies have
reported that respiratory infections including influenza and
pneumonia are the important precipitating cause of heart fail-
ure and are associated with increased risk of mortality [2–4].
Thus, influenza vaccination may reduce the incidence and/or
severity of respiratory infection, and thereby prevent heart
failure exacerbations, hospitalization, and associated mortality
in heart failure patients. Second, a meta-analysis of RCTs on
the effect of influenza vaccination on clinical outcomes in
patients with coronary artery disease reported that influenza
vaccination reduced the risk of major cardiovascular events
including hospitalization for myocardial infarction and unsta-
ble angina [15–17]. Since ischemic heart disease is a major
cause of heart failure and acute coronary events are associated
with increased risk of mortality in heart failure patients
[18–21], our observed association of influenza vaccination
with reduced risk of mortality may be due to the protective
effect of influenza vaccination against acutely triggered ische-
mic coronary events.

Although our pooled analysis showed the potential mortal-
ity benefit of influenza vaccination in heart failure patients,
there was a trend toward higher all-cause hospitalization in
patients who received influenza vaccine (Fig. 7). It is possible
that influenza vaccination was a potential surrogate for higher
level of and improved access to health care for any given
severity of illness.

The influenza vaccine rate among the studies included in our
meta-analysis varied and ranged from 26 to 86%. The observed
variation in the vaccine rate among the included studies may be
due to limited guideline recommendations for influenza vacci-
nation in heart failure patients. Specifically, in the guidelines of
Heart Failure Society of America, annual influenza vaccination
is recommended in all heart failure patients in the absence of
known contraindications (Level of Evidence: B) [22], while the
ACC/AHA and ESC guidelines do not make such specific
recommendations in heart failure patients [18, 19]. Although
our meta-analysis supports a wider use of influenza vaccine in
heart failure patients, large-scale and adequately powered RCTs
are necessary to confirm our observed potential mortality ben-
efit of influenza vaccination in these patients.

There are several limitations to the present study. Most
importantly, all the studies included in our meta-analysis are
observational studies. Although all the included studies re-
ported the hazard ratio adjusted for differences in baseline
clinical features and other predictors for death (Supplement
Table 2), it is possible that patients who received influenza
vaccine were more likely to be adherent to their medical

regimen than those who did not, thus introducing bias.
Although the present study performed pooled analysis of the
confounder-adjusted hazard ratio, our observed potential ben-
efit of influenza vaccination might reflect other unmeasured
factors that are related to improved survival. Second, cause-
specific mortality benefit of influenza vaccination was not
examined because none of the included studies reported the
association of influenza vaccination with cause of death.
Third, only a few studies reported the effect of influenza vac-
cination on hospitalization, which did not permit us to perform
pooled analysis. Further studies are necessary to examine the
effect of influenza vaccination on hospitalization in heart fail-
ure patients. Forth, the effect of different dose of influenza
vaccine on clinical outcomes was not determined. Heart fail-
ure patients have been reported to exhibit reduced antibody
responses to influenza vaccine [23] and a small pilot study
have reported that heart failure patients who received double
dose influenza vaccine showed higher antibody titers com-
pared with those who received standard dose vaccine [24].
Further studies are warranted to examine the effect of higher
doses of influenza vaccine on clinical outcomes in these pa-
tients. Finally, LVEF was not consistently reported in the in-
cluded studies, which did not allow us to examine the poten-
tial different effect of influenza vaccination in heart failure
with reduced EF and preserved EF.

In conclusion, our meta-analysis of observational studies
showed that influenza vaccination was associated with re-
duced risk of mortality in heart failure patients. Large-scale
and adequately powered RCTs should be planned not only to
confirm our observed potential survival benefit of influenza
vaccination but also to examine the cause-specific mortality
benefit in these patients.

Compliance with ethical standards

Conflict of interest Dr. Ohte has received lecture fees from Takeda
Pharmaceutical Co. Ltd., Daiichi Sankyo Co., Ltd., Bayer GA,
AstraZeneca plc, and Boehringer Ingelheim and grant support from
Takeda Pharmaceutical Co. Ltd., Bayer GA, Daiichi Sankyo Co., Ltd.,
MSD, Novartis International AG, Boehringer Ingelheim, Astellas Pharma
Inc., and Otsuka Pharmaceutical Co., Ltd. No other disclosures were
reported.

Ethical approval This article does not contain any studies with human
participants performed by any of the authors.

References

1. Roger VL (2013) Epidemiology of heart failure. Circ Res 113:646–
659

2. Alon D, Stein GY, Korenfeld R, Fuchs S (2013) Predictors and
outcomes of infection-related hospital admissions of heart failure
patients. PLoS One 8:e72476

3. FonarowGC, AbrahamWT, Albert NM, StoughWG,Gheorghiade
M, Greenberg BH, O’Connor CM, Pieper K, Sun JL, Yancy CW,

Heart Fail Rev (2019) 24:109–114 113



Young JB (2008) Factors identified as precipitating hospital admis-
sions for heart failure and clinical outcomes: findings from
OPTIMIZE-HF. Arch Intern Med 168:847–854

4. Bhatt AS, DeVore AD, Hernandez AF, Mentz RJ (2017) Can vac-
cinations improve heart failure outcomes?: contemporary data and
future directions. JACC Heart Fail 5:194–203

5. de Diego C, Vila-Corcoles A, Ochoa O, Rodriguez-Blanco T,
Salsench E, Hospital I, Bejarano F, Del Puy MM, Fortin M,
Canals M (2009) Effects of annual influenza vaccination on winter
mortality in elderly people with chronic heart disease. Eur Heart J
30:209–216

6. Liu IF, Huang CC, ChanWL, Huang PH, Chung CM, Lin SJ, Chen
JW, Leu HB (2012) Effects of annual influenza vaccination on
mortality and hospitalization in elderly patients with ischemic heart
disease: a nationwide population-based study. Prev Med 54:431–
433

7. Kopel E, Klempfner R, Goldenberg I (2014) Influenza vaccine and
survival in acute heart failure. Eur J Heart Fail 16:264–270

8. Wu WC, Jiang L, Friedmann PD, Trivedi A (2014) Association
between process quality measures for heart failure and mortality
among US veterans. Am Heart J 168:713–720

9. Vardeny O, Claggett B, Udell JA, Packer M, Zile M, Rouleau J,
Swedberg K, Desai AS, Lefkowitz M, Shi V, McMurray JJ,
Solomon SD (2016) Influenza vaccination in patients with chronic
heart failure: the PARADIGM-HF trial. JACC Heart Fail 4:152–158

10. Blaya-Novakova V, Prado-Galbarro FJ, Sarria-Santamera A (2016)
Effects of annual influenza vaccination onmortality in patients with
heart failure. Eur J Pub Health 26:890–892

11. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med 151:264–269

12. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie
D, Moher D, Becker BJ, Sipe TA, Thacker SB (2000) Meta-
analysis of observational studies in epidemiology: a proposal for
reporting.Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group. JAMA 283:2008–2012

13. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003)
Measuring inconsistency in meta-analyses. BMJ 327:557–560

14. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala
AR, Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR
(2014) Angiotensin-neprilysin inhibition versus enalapril in heart
failure. N Engl J Med 371:993–1004

15. Gurfinkel EP, Leon dF, Mendiz O, Mautner B (2004) Flu vaccina-
tion in acute coronary syndromes and planned percutaneous coro-
nary interventions (FLUVACS) study. Eur Heart J 25:25–31

16. Ciszewski A, Bilinska ZT, Brydak LB, Kepka C, Kruk M,
Romanowska M, Ksiezycka E, Przyluski J, Piotrowski W,

Maczynska R, Ruzyllo W (2008) Influenza vaccination in second-
ary prevention from coronary ischaemic events in coronary artery
disease: FLUCAD study. Eur Heart J 29:1350–1358

17. Udell JA, Zawi R, Bhatt DL, Keshtkar-Jahromi M, Gaughran F,
Phrommintikul A, Ciszewski A, Vakili H, Hoffman EB, Farkouh
ME, Cannon CP (2013) Association between influenza vaccination
and cardiovascular outcomes in high-risk patients: a meta-analysis.
JAMA 310:1711–1720

18. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner
MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR,
Kasper EK, Levy WC, Masoudi FA, McBride PE, McMurray JJ,
Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson LW, Tang
WH, Tsai EJ, Wilkoff BL (2013) 2013 ACCF/AHA guideline for
the management of heart failure: a report of the American College
of Cardiology Foundation/American Heart Association Task Force
on practice guidelines. Circulation 128:e240–e327

19. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats
AJ, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA,
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B,
Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van
der Meer P (2016) 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: The Task Force for
the diagnosis and treatment of acute and chronic heart failure of
the European Society of Cardiology (ESC) developed with the spe-
cial contribution of the Heart Failure Association (HFA) of the ESC.
Eur Heart J 37:2129–2200

20. Michalsen A, Konig G, Thimme W (1998) Preventable causative
factors leading to hospital admission with decompensated heart
failure. Heart 80:437–441

21. Uretsky BF, Thygesen K, Armstrong PW, Cleland JG, Horowitz
JD, Massie BM, Packer M, Poole-Wilson PA, Ryden L (2000)
Acute coronary findings at autopsy in heart failure patients with
sudden death: results from the assessment of treatment with
lisinopril and survival (ATLAS) trial. Circulation 102:611–616

22. Lindenfeld J, Albert NM, Boehmer JP, Collins SP, Ezekowitz JA,
Givertz MM, Katz SD, Klapholz M, Moser DK, Rogers JG,
Starling RC, Stevenson WG, Tang WH, Teerlink JR, Walsh MN
(2010) HFSA 2010 comprehensive heart failure practice guideline.
J Card Fail 16:e1–e194

23. Vardeny O, Moran JJ, Sweitzer NK, Johnson MR, Hayney MS
(2010) Decreased T-cell responses to influenza vaccination in pa-
tients with heart failure. Pharmacotherapy 30:10–16

24. Van EA, Hermanson MP, Moran JM, Sweitzer NK, Johnson MR,
Vardeny O (2013) Double dose vs. standard dose influenza vacci-
nation in patients with heart failure: a pilot study. Eur J Heart Fail
15:560–564

114 Heart Fail Rev (2019) 24:109–114


	The...
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


