
Influenza Vaccination and
 Outcome in Heart Failure
aHeart Inst
bHeart Failure

April 5, 2020; r

See page 1

*Correspo

E-mail add

0002-9149/© 2

https://doi.org/
Israel Gotsman, MDa,b,*, Mony Shuvya,b, Ilgar Tahiroglu, MDa, Donna R. Zwas, MDa,b, and
Andre Keren, MDa,b
itut

Ce

evis

39 f

ndin

res

020

10.
Influenza virus infection is associated with significant morbidity and mortality in patients
with chronic diseases including heart failure (HF). Annual influenza vaccination is recom-
mended to prevent infection during the winter months. Data regarding its clinical benefit
in HF patients are sparse. The purpose of the study was to evaluate the effect of influenza
vaccination on clinical outcome in patients with HF. Consecutive patients with HF at a
health maintenance organization were evaluated for influenza vaccination status during
the winter season of 2017/2018 and its association with cardiac-related hospitalizations
and death during 1-year after vaccination. The study cohort included 6,435 HF patients. A
total of 4,440 patient were vaccinated during the winter season (69% of the HF cohort).
The vast majority (96%) were vaccinated before the winter months (September to Novem-
ber). Patients vaccinated were older patients with more co-morbidities. Cox regression
analysis after adjustment for clinically significant predictors demonstrated that vaccina-
tion was associated with reduced mortality (hazard ratio [HR] 0.77, 95% confidence inter-
val [CI] 0.65 to 0.91, p <0.01) as well as reduced death and cardiovascular hospitalizations
(HR 0.83 95% CI 0.76 to 0.90, p <0.001). Adjustment for drug therapy demonstrated a
similar result with improved outcome with influenza vaccine. Propensity score matched
control analysis demonstrated that vaccination was associated with improved survival
(HR 0.80, 95% CI 0.67 to 0.95, p<0.01) and reduced death and cardiovascular hospitaliza-
tions (HR 0.86, 95% CI 0.79 to 0.94, p <0.001). In conclusion, Influenza vaccination in
patients with HF was associated with improved clinical outcome including improved sur-
vival and reduced death and hospitalizations. © 2020 Elsevier Inc. All rights reserved.
(Am J Cardiol 2020;128:134−139)
e, Hadassah University Hospital, Jerusalem, Israel; and

nter, Clalit Health Services, Israel. Manuscript received

ed manuscript received and accepted May 12, 2020.

or disclosure information.

g author: Tel: 972-2-6776564; fax: 972-2-6411028.

s: igotsman@bezeqint.net (I. Gotsman).

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2020.05.019
Heart failure (HF) has emerged as a major epidemic and
is associated with considerable morbidity and mortality.1

Respiratory infections and specifically the seasonal influ-
enza viral infection cause significant disease in HF patients
and results in increased mortality.2 Influenza vaccination is
efficient and safe3 and can help reduce the incidence of
respiratory infections, prevent HF decompensation and
should improve outcome in HF patients.4 The influenza
vaccination has been shown to be associated with reduced
mortality5−8 and hospitalization9,10 in patients with HF.
Nevertheless, a large US registry11 failed to find an associa-
tion between vaccination status and reduced 1-year mortal-
ity. In addition, randomized studies are lacking. Given the
limited and conflicting data regarding the vaccination on
HF outcomes, we evaluated the impact of influenza vacci-
nation on clinical outcome including mortality or cardio-
vascular hospitalization in a large real-world cohort of
patients with chronic HF.
Methods

Clalit Health Services is the largest health maintenance
organization (HMO) in Israel. It has a central computerized
database in which all members have a complete digital
record. The database includes demographics, comprehen-
sive clinical data, diagnoses, and all laboratory data under-
taken in a single centralized laboratory of the HMO.
Natriuretic peptides are not routinely performed in Israel
and were not available for analysis. We identified and
retrieved electronically from the computerized database all
members with a diagnosis of HF as coded by the database
in Jerusalem. Analysis was performed for the winter season
of 2017/2018. All patients with HF at the start of the winter
season, November 2017 were included and followed for
clinical events until November 1, 2018. Data on vaccination
were retrieved from the start of the vaccination period, Sep-
tember 2017. Six thousand four hundred and thirty-five
patients with a diagnosis of HF were included in the analy-
sis. The Influenza vaccination is recommended and pro-
vided free of charge by the Ministry of Health to all persons
at risk including patients with HF. The vaccine used in the
winter season of 2017/2018 was the Quadrivalent influenza
vaccine, split virion, inactivated including recommended A
and B strains (“VaxigripTetra,” Sanofi Pasteur, 2 Avenue
Pont Pasteur 69007, Lyon, France). This vaccine complied
with the World Health Organization recommendations
(Northern Hemisphere) and European Union decision for
the 2017/2018 winter season. All hospitalizations in cardiac
and internal medicine departments including cardiac and
internal intensive care units were retrieved and analyzed.
Data on mortality were retrieved from the National Census
Bureau. The Institutional Committee for Human Studies of
Clalit Health Services, approved the study protocol.

Biochemical analyses were performed at the HMO sin-
gle centralized core laboratory with routine standardized
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methodologies on fresh samples of blood obtained after an
overnight fast. Glucose levels were measured in plasma,
and all other biochemical analyses were performed on
serum. The laboratory is authorized to perform tests accord-
ing to the international quality standard ISO-9001.

SPSS version 17.0 for Windows (SPSS Inc., Chicago,
Illinois) and R Statistical Software version 3.6.1 for
Windows (R Development Core Team) were used for the
statistical analyses. Comparison of the clinical characteris-
tics was performed using the Mann-Whitney U test for con-
tinuous variables and the chi-square test for categorical
variables. Clinical predictors were transformed where
appropriate. Log10 was used for logarithmic transforma-
tions with the exception of estimated glomerular filtration
rate that a square root transformation was used. Follow-up
time was calculated using Kaplan-Meier estimate of poten-
tial follow-up.12 Kaplan-Meier curves, with the log-rank
test, were used to compare survival according to vaccina-
tion status. Multivariate Cox proportional hazards regres-
sion analysis was used to evaluate independent variables
that determined survival. Parameters included in the multi-
variate Cox regression analysis incorporated age, gender
and other clinically significant parameters as well as signifi-
cant clinical and laboratory parameters on univariable anal-
ysis with the addition of significant drug therapy in separate
models. Proportionality assumptions of the Cox regression
models were evaluated by log−log survival curves and with
the use of Schoenfeld residuals. An evaluation of the exis-
tence of confounding or interactive effects was made
between variables and their possible collinearity. Propen-
sity score matching was performed with 2:1 ratio of vacci-
nated to non-vaccinated patients with R function
“MatchIt,” using near-neighbor matching. Matching was
assessed by graphical balance diagnostics including covari-
ate balance plots, propensity score location and distribution.
A p value of <0.05 was considered statistically significant.
Results

The study cohort included 6,435 HF patients. A total of
4,440 patient were vaccinated during the winter season of
2017/2018 (69% of the HF cohort). The vast majority of
these patients (96%) were vaccinated in the months Sep-
tember to November 2017 before the winter months (Sup-
plemental Figure 1). Table 1 presents the demographics and
clinical parameters of the patients stratified according to
vaccination status. Patients vaccinated were patients with
more co-morbidities including older age, diabetes, hyper-
tension, ischemic heart disease, atrial fibrillation, peripheral
vascular disease, previous stroke, dementia, and depression.
These patients had lower estimated glomerular filtration
rate, hemoglobin, and albumin. Patients vaccinated were
treated more with furosemide.

The follow-up period was 365 days. The overall mortal-
ity rate during this period was 13%. Influenza vaccination
was not associated with survival or event-free survival from
death and cardiovascular hospitalization by unadjusted Cox
regression survival analysis (Figure 1). Multivariable Cox
regression analysis after adjustment for significant predic-
tors demonstrated that influenza vaccination was a signifi-
cant predictor of reduced mortality (Table 2). After
adjustment for other significant predictors, influenza vacci-
nation was associated with reduced mortality (Figure 1).
Inclusion of HF medications demonstrated a similar result,
with reduced mortality with the influenza vaccination
(Figure 1). Influenza vaccination was also associated with a
significant reduction in the combined end point of death
and cardiovascular hospitalization after adjustment for sig-
nificant predictors. Multivariable Cox regression analysis
demonstrated that influenza vaccination was a significant
predictor of reduction in the combined end point (Figure 1).

We performed a propensity score matching analysis to
further evaluate the impact of vaccination on clinical out-
come. We used a 2:1 ratio matched control of vaccinated
versus nonvaccinated patients (n = 3,376/1,688). Covariates
included in the propensity score were variables used in the
multivariable regression model. The groups were well bal-
anced for all the covariates included. Survival rate by
Kaplan-Meier analysis using the propensity score matched
groups demonstrated that influenza vaccination was associ-
ated with increased survival (Figure 2) as well as increased
event-free survival from death and cardiovascular hospitali-
zation (Figure 2). Cox regression analysis using the propen-
sity score-matched groups demonstrated that influenza
vaccination was significantly associated with reduced mor-
tality (HR 0.80, 95% CI 0.67-0.95, p <0.01) and with
reduced death and cardiovascular hospitalizations (hazard
ratio [HR] 0.86, 95% confidence interval [CI] 0.79 to 0.94,
p <0.001).

Subgroup analysis of clinical effect of the influenza vac-
cine analysis did not demonstrate any significant interac-
tions. However, the association with better outcome was
greater in older patients. Adjustment for other covariates
demonstrated that influenza vaccination was associated
with a greater reduction in mortality in older patients
(Figure 3). A similar tendency was seen with mortality and
cardiovascular hospitalization.
Discussion

In this cohort of real-world HF patients, we found that
the influenza vaccine was associated with a »20% relative
risk reduction in mortality as well as a reduction in death
and cardiovascular hospitalizations. This association was
evident by Cox regression analysis as well as by propensity
score matching analysis. A larger benefit was seen in older
patients.

Recent data has shown that influenza infection has a sig-
nificant impact on clinical outcome in HF, with increased
mortality in HF patients.13 Furthermore, influenza activity
coincides with increased HF hospitalizations.14 Analyzing
the survival and event-free survival curves in the present
study demonstrate that the clinical benefit was evident after
90 days of follow-up. Based on the European Centre for
Disease Prevention and Control 2017 to 2018 seasonal
influenza report,15 influenza activity peaked in late Decem-
ber 2017 and continued until end of March 2018. As men-
tioned, divergence in the clinical outcome in the HF
patients vaccinated started approximately 90 days after start
of follow-up, early February 2018, which coincided with
the peak influenza activity of the 2017/2018 winter season.
This pattern suggests that the benefit of the vaccination



Table 1

Demographics and clinical characteristics of patients with heart failure according to Influenza vaccination status

Variable Influenza vaccination Total (n = 6,435) p Value

No (n = 1,995) Yes (n = 4,440)

Age (Years) 74 (62-83) 77 (67-85) 76 (66-85) <0.001
Men 1025 (51%) 2384 (54%) 3409 (53%) 0.09

New York Heart Association Class III/IV 499 (35%) 1318 (38%) 1817 (37%) 0.11

Heart Failure Type

Reduced ejection fraction 584 (29%) 1188 (27%) 1772 (28%) 0.11

Preserved ejection fraction 754 (38%) 1720 (39%) 2474 (38%)

Not-specified 657 (33%) 1532 (35%) 2189 (34%)

Diabetes mellitus 960 (48%) 2455 (55%) 3415 (53%) <0.001
Hypertension 1546 (77%) 3745 (84%) 5291 (82%) <0.001
Hyperlipidemia 1706 (86%) 4028 (91%) 5734 (89%) <0.001
Coronary heart disease 1215 (61%) 2992 (67%) 4207 (65%) <0.001
Prior myocardial infarction 795 (40%) 1904 (43%) 2699 (42%) 0.02

Prior coronary bypass surgery 40 (2%) 74 (2%) 114 (2%) 0.34

Atrial fibrillation 650 (33%) 1743 (39%) 2393 (37%) <0.001
Prior stroke/ transient ischemic attack 406 (20%) 1053 (24%) 1459 (23%) 0.003

Peripheral vascular disease 229 (11%) 673 (15%) 902 (14%) <0.001
Chronic obstructive lung disease 365 (18%) 1003 (23%) 1368 (21%) <0.001
Charlson Score 6.0 (4.0-7.0) 6.0 (5.0-8.0) 6.0 (5.0-8.0) <0.001
Depression 316 (16%) 831 (19%) 1147 (18%) 0.005

Dementia 200 (10%) 628 (14%) 828 (13%) <0.001
Dialysis 82 (4%) 237 (5%) 319 (5%) 0.04

Body mass index (kg/m2) 29 (25-33) 29 (25-33) 29 (25-33) 0.53

Pulse (beats per minute) 73 (65-81) 72 (64-80) 72 (64-80) <0.001
Systolic blood pressure (mmHg) 128 (118-140) 128 (118-138) 128 (118-139) 0.17

Diastolic blood pressure (mmHg) 72 (66-80) 71 (64-79) 71 (65-80) <0.001
Creatinine (mg/dL) 0.9 (0.8-1.2) 1.0 (0.8-1.3) 1.0 (0.8-1.3) <0.001
Estimated glomerular filtration rate (mL/min per 1.73m2)* 74 (52-95) 69 (49-92) 70 (50-93) <0.001
Urea (mg/dL) 43 (32-60) 46 (35-64) 45 (34-63) <0.001
Sodium (mEq/L) 140 (138-142) 140 (138-142) 140 (138-142) 0.16

Potassium (mEql/L) 4.6 (4.3-4.9) 4.6 (4.3-4.9) 4.6 (4.3-4.9) 0.30

Hemoglobin (g/dL) 12.9 (11.5-14.3) 12.7 (11.5-14.0) 12.7 (11.5-14.1) <0.001
White blood count (x109/L) 7.3 (6.0-8.9) 7.3 (6.0-8.8) 7.3 (6.0-8.8) 0.40

Red Cell Distribution Width (%) 15 (14-16) 15 (14-16) 15 (14-16) 0.002

Glucose (mg/dL) 105 (93-131) 107 (94-134) 106 (94-133) 0.13

Hemoglobin A1c (%) 6.1 (5.6-7.1) 6.1 (5.6-7.1) 6.1 (5.6-7.1) 0.06

Uric Acid (mg/dL) 6.2 (5.1-7.4) 6.3 (5.1-7.6) 6.2 (5.1-7.5) 0.20

TSH (mIU/L) 2.3 (1.4-3.4) 2.2 (1.5-3.3) 2.2 (1.5-3.4) 0.25

Iron (mg/dL) 60 (42-79) 59 (43-78) 59 (43-78) 0.53

Transferrin (mg/dL) 248 (217-290) 249 (214-287) 249 (215-288) 0.71

Transferrin Saturation (%) 17 (12-24) 17 (12-23) 17 (12-23) 0.44

Ferritin (ng/ml) 84 (39-173) 79 (38-165) 80 (38-168) 0.32

Calcium (mg/dL) 9.3 (9.0-9.6) 9.3 (8.9-9.6) 9.3 (8.9-9.6) 0.06

Phosphorus (mg/dL) 3.5 (3.1-3.9) 3.5 (3.1-3.9) 3.5 (3.1-3.9) 0.54

Magnesium (mg/dL) 2.1 (1.9-2.3) 2.1 (1.9-2.3) 2.1 (1.9-2.3) 0.34

Triglycerides (mg/dL) 122 (89-173) 120 (89-169) 121 (89-169) 0.28

Low-density lipoprotein (mg/dL) 87 (67-112) 81 (64-103) 83 (65-106) <0.001
Albumin (g/dL) 4.0 (3.7-4.2) 3.9 (3.6-4.2) 3.9 (3.6-4.2) 0.02

C-Reactive Protein (mg/dL) 0.6 (0.2-1.6) 0.6 (0.2-1.5) 0.6 (0.2-1.5) 0.98

Alanine transaminase (IU) 16 (11-22) 16 (12-22) 16 (12-22) 0.61

Alkaline Phosphatase (IU) 89 (73-112) 88 (71-111) 88 (71-111) 0.03

Total Bilirubin (mg/dL) 0.6 (0.5-0.8) 0.6 (0.4-0.8) 0.6 (0.4-0.8) 0.12

Gamma-glutamyltransferase (IU) 26 (18-43) 25 (17-42) 25 (17-42) 0.20

Medication

RAS Inhibitors ** 1508 (76%) 3481 (78%) 4989 (78%) 0.01

Beta blockers 1471 (74%) 3320 (75%) 4791 (74%) 0.38

Spironolactone 687 (34%) 1591 (36%) 2278 (35%) 0.28

Furosemide 1234 (62%) 2992 (67%) 4226 (66%) <0.001
Thiazide 267 (13%) 616 (14%) 883 (14%) 0.6

Digoxin 97 (5%) 292 (7%) 389 (6%) 0.008

Amiodarone 271 (14%) 733 (17%) 1004 (16%) 0.003

(continued)
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Table 1 (Continued)

Variable Influenza vaccination Total (n = 6,435) p Value

No (n = 1,995) Yes (n = 4,440)

Aspirin 1099 (55%) 2489 (56%) 3588 (56%) 0.47

New oral anticoagulants*** 471 (24%) 1228 (28%) 1699 (26%) <0.001
Vitamin K antagonists 235 (12%) 693 (16%) 928 (14%) <0.001

Data is presented as median (inter-quartile range) for continuous variables and counts (percentages) for categorical variables. P value by the Kruskal Wallis

Test for continuous variables and the chi-square test for categorical variables.

Diabetes mellitus defined as fasting plasma glucose ≥126 mg/dl or glucose lowering treatment, hypertension as blood pressure >140/90 mm Hg measured

on several occasions or antihypertensive treatment and hyperlipidemia as low-density lipoprotein >130 mg/dl, fasting serum triglycerides >200 mg/dl or lipid

lowering treatment.

* Estimated Glomerular Filtration Rate was calculated using the modified Modification of Diet in Renal Disease (MDRD) equation (175 * serum creati-

nine−1.154 * age−0.203. For females a correction factor is used multiplying by 0.742.)

**Angiotensin converting enzyme inhibitor, Angiotensin receptor blocker, Angiotensin receptor-neprilysin inhibitor.

***Dabigatran, Rivaroxaban or Apixaban.

Figure 1. Cox regression analysis of outcome based on vaccination status.

Cox regression demonstrated that influenza vaccination was a significant predictor of reduced mortality as well reduced combined end point of death and car-

diovascular hospitalizations. Parameters included in the multivariable model included age, gender, NYHA class, diabetes, hypertension, ischemic heart dis-

ease, atrial fibrillation, log-transformed body mass index, log-transformed serum urea levels, square root-transformed estimated glomerular filtration rate,

hemoglobin, and serum sodium. Parameters that were included in the multivariable and drugs analysis included the above parameters and drug treatment

with angiotensin-converting enzyme inhibitor/angiotensin receptor blocker/sacubitril-valsartan, beta blocker, furosemide, and spironolactone.
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could be related to the winter season and its respiratory
infections and more specifically, to influenza viral activity
of that season.

The data in the present study demonstrate that influenza
vaccination had a beneficial effect on clinical outcome in a
large real-world cohort of HF population. This is consistent
with several studies demonstrating that the influenza vacci-
nation is associated with reduced mortality in patients with
acute HF5 as well as chronic HF6−8 and is associated with
reduced hospitalization.9,10 Two meta-analysis16,17 of these
observational studies found that the influenza vaccination
was associated with a reduced mortality risk in HF patients.
A large Danish observational study8 demonstrated that the
influenza vaccination was associated with a reduced risk of
both all-cause and cardiovascular death. In addition, the
Danish study demonstrated that frequent vaccination and
vaccination earlier in the year were associated with larger
reductions in the risk of death. However, a large US regis-
try11 failed to show clinical benefit of the vaccination.
There are several differences in the methodology of the US
study in comparison to other studies. The present study
included chronic HF patients similar to the Danish study.
The US study included hospitalized HF patients and clinical
outcome was available in a proportion of the patients.



Table 2

Predictors of mortality by Cox regression analysis

Univariable Multivariable

Hazard ratio (95% CI) p Value Hazard ratio (95% CI) p Value

Age (years) 1.05 (1.05-1.06) <0.001 1.04 (1.03-1.05) <0.001
Gender (Male) 0.77 (0.67-0.89) <0.001 1.14 (0.96-1.35) 0.13

NYHA III/IV 1.73 (1.49-2.02) <0.001 1.25 (1.05-1.48) 0.01

Diabetes Mellitus 1.19 (1.04-1.37) 0.01 1.18 (1.00-1.39) 0.05

Hypertension 2.38 (1.86-3.03) <0.001 1.29 (0.97-1.72) 0.08

Ischemic Heart Disease 1.00 (0.86-1.15) 0.96 0.83 (0.70-0.98) 0.03

Atrial Fibrillation 1.71 (1.49-1.96) <0.001 1.33 (1.14-1.55) <0.001
Body mass index* (kg/m2) 0.14 (0.06-0.33) <0.001 0.17 (0.07-0.42) <0.001
Urea (mg/dL)* 7.95 (5.87-10.78) <0.001 3.27 (1.84-5.83) <0.001
eGFR** (mL/min per 1.73m2) 0.85 (0.83-0.88) <0.001 0.98 (0.92-1.05) 0.60

Sodium (mEq/L) 0.94 (0.92-0.96) <0.001 0.95 (0.93-0.98) <0.001
Hemoglobin (g/dL) 0.78 (0.75-0.81) <0.001 0.87 (0.83-0.91) <0.001
Influenza Vaccination 0.89 (0.77-1.03) 0.11 0.78 (0.66-0.92) 0.003

Data is presented as hazard ratio (95% confidence interval), p value.

* Log-transformed.

** Square root-transformed.

Figure 2. Kaplan-Meier survival analysis according to vaccination status in the propensity score matching analysis.

(A) Influenza vaccination was associated with increased survival (87.4 § 0.8% vs 89.8 § 0.5%, p <0.01)
(B) Influenza vaccination was associated with increased event-free survival from death or cardiovascular-hospitalizations. (48.9 § 1.2% vs 54.0 § 0.9%,

p <0.001).
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Definite beneficial considerations of the vaccination in pre-
venting clinical deterioration due to the viral infection as
well observational studies including the present study
strongly support influenza vaccination as a strategy to
improve outcome in HF 18. Randomized studies are needed
to provide evidence-based definitive recommendations.

In the present study, 69% of the HF cohort received an
influenza vaccine and the majority received it before the win-
ter season as recommended. This proportion was higher than
most published studies with an average of less than 50% vac-
cine coverage, however, this is similar to that seen in the large
US registry.11 For comparison, the Israeli center for disease
control reported approximately a 60% influenza vaccination
rate in persons aged 65 years or older in the 2017/2018 sea-
son.19 This would suggest that HF patients are preferentially
receiving the vaccination, although not all HF patients.
Patients that received the vaccination were older, with more
co-morbidities and were treated more with diuretics. This
suggests that these patients were sicker patients perhaps with
more medical surveillance and were more likely to be vacci-
nated. This pattern of vaccination was also seen in a large
study in Denmark with a similar health coverage system.8

The present study suggests that younger, perhaps less
advanced HF patients were less likely to be vaccinated but
could benefit from the vaccination. This population should be
targeted to further increase vaccination coverage.

The present study was an observational study and causal-
ity cannot be determined. Data regarding clinical parame-
ters and drug therapy was based on a digitized database.
Although this database was validated and found to be
highly accurate, not all data could be verified. While we
tried to adjust for clinically relevant parameters, it is impos-
sible to adjust for all variables that may affect outcome. In
particular, data on socioeconomic status and natriuretic

www.ajconline.org


Figure 3. Multivariable Cox regression analysis of vaccination status according to three age groups. Older patients demonstrated a greater benefit. Parameters

included in the analysis were parameters described for the multivariable analysis outlined in Figure 1, including medication.
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peptide levels were not available. In addition, the cohort
was a community-based cohort and the findings may not be
applicable in more advanced or hospital-based HF cohorts.

In conclusion, Influenza vaccination in patients with HF
was associated with improved outcome including improved
survival and reduced death and hospitalizations.
CRediT author statement

Israel Gotsman: Conceptualization, Writing - Original
Draft, Visualization.

Mony Shuvy: Writing - Review & Editing
Ilgar Tahiroglu: Investigation
Dona Zwas: Writing - Review & Editing
Andre Keren: Supervision
Disclosures

The authors have no conflicts of interest to disclose.
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2020.05.019.

1. The survival of patients with heart failure with preserved or reduced
left ventricular ejection fraction: an individual patient data meta-anal-
ysis. Eur Heart J 2012;33:1750–1757.

2. Iuliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar R, Tem-
pia S, Cohen C, Gran JM, Schanzer D, Cowling BJ, Wu P, Kyncl J,
Ang LW, Park M, Redlberger-Fritz M, Yu H, Espenhain L, Krishnan
A, Emukule G, van Asten L, Pereira da Silva S, Aungkulanon S, Buch-
holz U, Widdowson MA, Bresee JS. Estimates of global seasonal
influenza-associated respiratory mortality: a modelling study. Lancet
2018;391:1285–1300.

3. Sullivan SG, Price OH, Regan AK. Burden, effectiveness and safety of
influenza vaccines in elderly, paediatric and pregnant populations.
Ther Adv Vaccines Immunother 2019;7. 2515135519826481.

4. Bhatt AS, DeVore AD, Hernandez AF, Mentz RJ. Can Vaccinations
Improve Heart Failure Outcomes?: Contemporary Data and Future
Directions. JACC Heart Fail 2017;5:194–203.
5. Kopel E, Klempfner R, Goldenberg I. Influenza vaccine and survival
in acute heart failure. Eur J Heart Fail 2014;16:264–270.

6. Blaya-Novakova V, Prado-Galbarro FJ, Sarria-Santamera A. Effects
of annual influenza vaccination on mortality in patients with heart fail-
ure. Eur J Public Health 2016;26:890–892.

7. Vardeny O, Claggett B, Udell JA, Packer M, Zile M, Rouleau J, Swed-
berg K, Desai AS, Lefkowitz M, Shi V, McMurray JJV, Solomon SD.
Influenza vaccination in patients with chronic heart failure: the PARA-
DIGM-HF trial. JACC Heart Fail 2016;4:152–158.

8. Modin D, Jorgensen ME, Gislason G, Jensen JS, Kober L, Claggett B,
Hegde SM, Solomon SD, Torp-Pedersen C, Biering-Sorensen T. Influ-
enza vaccine in heart failure. Circulation 2019;139:575–586.

9. Mohseni H, Kiran A, Khorshidi R, Rahimi K. Influenza vaccination
and risk of hospitalization in patients with heart failure: a self-con-
trolled case series study. Eur Heart J 2017;38:326–333.

10. Kaya H, Beton O, Acar G, Temizhan A, Cavusoglu Y, Guray U, Zoghi
M, Ural D, Ekmekci A, Gungor H, Sari I, Oguz D, Yucel H, Zorlu A,
Yilmaz MB. Influence of influenza vaccination on recurrent hospitali-
zation in patients with heart failure. Herz 2017;42:307–315.

11. Bhatt AS, Liang L, DeVore AD, Fonarow GC, Solomon SD, Vardeny
O, Yancy CW, Mentz RJ, Khariton Y, Chan PS, Matsouaka R, Lytle
BL, Pina IL, Hernandez AF. Vaccination trends in patients with heart
failure: insights from get with the guidelines-heart failure. JACC Heart
Fail 2018;6:844–855.

12. Schemper M, Smith TL. A note on quantifying follow-up in studies of
failure time. Control Clin Trials 1996;17:343–346.

13. Panhwar MS, Kalra A, Gupta T, Kolte D, Khera S, Bhatt DL, Ginwalla
M. Effect of influenza on outcomes in patients with heart failure.
JACC Heart Fail 2019;7:112–117.

14. Kytomaa S, Hegde S, Claggett B, Udell JA, Rosamond W, Temte J,
Nichol K, Wright JD, Solomon SD, Vardeny O. Association of influ-
enza-like illness activity with hospitalizations for heart failure: the ath-
erosclerosis risk in communities study. JAMA Cardiol 2019;4:363–369.

15. European Centre for Disease Prevention and Control. Seasonal Influ-
enza, 2017−2018 ECDC Annual Epidemiological Report for 2017.
Stockholm: ECDC; 2018.

16. Fukuta H, Goto T, Wakami K, Kamiya T, Ohte N. The effect of influ-
enza vaccination on mortality and hospitalization in patients with heart
failure: a systematic review and meta-analysis. Heart Fail Rev
2019;24:109–114.

17. Rodrigues BS, David C, Costa J, Ferreira JJ, Pinto FJ, Caldeira D.
Influenza vaccination in patients with heart failure: a systematic
review and meta-analysis of observational studies. Heart 2019.

18. DeVore AD, Bhatt AS. Influenza vaccination in patients with heart
failure. Circulation 2019;139:587–589.

19. Israel Center for Disease Control. Influenza Surveillance in the 2017-
2018 Winter Season in Israel and Internationally. Summary Report -
The 2017/2018 Influenza Season: Israel Center for Disease Control.

https://doi.org/10.1016/j.amjcard.2020.05.019
https://doi.org/10.1016/j.amjcard.2020.05.019
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30495-1/sbref0019

	Influenza Vaccination and Outcome in Heart Failure
	Methods
	Results
	Discussion
	CRediT author statement
	Disclosures
	Supplementary materials


