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Abstract  This systematic review aims to summarize 
the impact of vaccination against influenza, shingles, 
and pneumococcus on the incidence on the risk of 
cardiovascular events in the elderly. This protocol was 
developed in accordance with PRISMA guidelines. We 
conducted a literature search and identified all relevant 
articles published regarding the matter up to September 
2022. We retrieved 38 studies (influenza vaccine = 33, 
pneumococcal vaccine = 5, and zoster vaccine = 2). A 
total of 28 and 2 studies have shown that influenza and 

pneumococcal vaccines significantly lower the risk 
of cardiovascular disease in the elderly. Also, repeated 
influenza vaccination shows a consistent and dose-
dependent protective effect against acute coronary 
syndromes and stroke. Moreover, dual influenza 
and pneumococcal vaccination was associated with 
lower risks of some cardiovascular events (stroke, 
congestive heart failure, ischemic heart disease, and 
myocardial infarction). However, the impact of PCV13 
on cardiovascular events has not been studied, nor 
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has the currently recommended vaccination schedule 
(PCV13 + PPV23). As for herpes zoster vaccination, 
only the protective effect against stroke has been studied 
with the live attenuated herpes zoster vaccine, but no 
studies have been conducted with the recombinant 
subunit herpes zoster vaccine. This review outlines the 
benefits of the vaccines mentioned above beyond their 
preventive action on infectious diseases. It is intended 
for health professionals who wish to inform and advise 
their elderly patients.

Keywords  Influenza · Herpes zoster · 
Pneumococci · Vaccine · Cardiovascular event · 
Elderly person

Introduction

Elderly people are particularly at risk of developing cer-
tain infections due to immune senescence, age-related 
specific organ physiological changes, and other factors 
(dementia, institutionalization, etc.) frequently met in 
this population [1–3]. Among these infections, influenza, 
pneumococcal, and zoster infections are important causes 
of high morbidity and mortality in the elderly [4–6].

These infections are vaccine-preventable diseases, 
and the effectiveness of vaccines to reduce them has 
been largely demonstrated in the elderly [7]. Large 
cohort studies have shown that influenza vaccination 
reduces influenza-like diseases, pneumonia, and 
the risk of death among elderly persons [8]. As for 
invasive pneumococcal disease (IPD) prevention, 
many studies and six meta-analyses found significant 
effectiveness of the 23-valent pneumococcal 
polysaccharide vaccine (PPV23) [9]. More recently, 
the 13-valent pneumococcal conjugated vaccine 
(PCV13) has also demonstrated efficacy against 
community-acquired pneumonia and IPD episodes in 
patients over 65 years of age [10]. Regarding the live 
attenuated varicella zoster virus vaccine (ZVL), it 
was shown to be 62% effective in preventing herpes 
zoster and 81% effective in preventing post-herpetic 
neuralgia [11].

Beyond the burden of infectious diseases, these 
infections are also associated with several non-infectious 
complications like cardiovascular events. As a matter of 
fact, an increased risk of cardiovascular disease during 
influenza infection has been established by Madjid 
et  al. and Warren-Gash et  al. [12, 13]. The risk of 

acute cardiovascular events and the risk of stroke were 
shown to increase, respectively, fivefold and threefold 
in the first 3 days after a respiratory tract infection [14]. 
Moreover, Chow et al. highlighted that 11.7% of adults 
with laboratory-confirmed influenza had an acute 
cardiovascular event during the first years. The most 
common events (non-mutually exclusive) were acute 
heart failure (6.2%) and acute ischemic heart disease 
(IHD) (5.7%) [15]. In recent years, some studies have 
found that acute infections, especially pneumonia, are 
associated with a transient increasing risk of acute 
vascular events [14, 16, 17]. In fact, acute cardiac 
events are frequent in pneumococcal pneumonia and 
are associated with increased mortality [18]. Regarding 
herpes zoster, Seo et  al. revealed that severe herpes 
zoster requiring hospitalization significantly increased 
the risk of myocardial infarction (MI) (HR, 1.831; 95% 
CI, 1.354–2.476), ischemic stroke (HR, 1.523; 95% 
CI, 1.212–1.915), and heart failure (HR, 2.034; 95% 
CI, 1.615–2.562) [19]. Recent studies suggested that 
the risk of stroke may increase in the year following an 
acute episode of herpes zoster, possibly also mediated by 
varicella-zona virus (VZV) replication in arterial walls, 
resulting in cerebral vasculopathy [20].

Despite the well-known benefits of vaccines 
[7], there are significant differences in vaccination 
programs for adults in Europe [21]. The lack of 
consensus-based vaccination programs in Europe 
results in vaccination coverage variations by country. 
Besides, the coverage of vaccines recommended 
for the elderly is not optimal. Influenza vaccination 
coverage almost always falls short of the World 
Health Organization’s (WHO) target of 75% of older 
adults [22] with 59.9% in France [23]. Pneumococcal 
vaccination uptake is around 4.8% in older adults [24], 
and shingles uptake rates are lower than 10% in France 
[25]. This low vaccine coverage in the elderly seems 
to be the result of multiple factors such as vaccine 
hesitancy [26], a lack of health literacy [27], and a lack 
of healthcare providers advise [28]. Several updated 
reviews on infectious diseases among the elderly [3] 
and associated vaccinations [7] were published and 
are helping physicians to discuss about the benefits 
of vaccines in reducing infectious diseases. However, 
perceived risks of vaccine-preventable diseases may 
be low in the elderly, and complacency may lead to 
the absence of vaccination [29]. On the other hand, in 
a study using data from the 2019 Health Barometer of 
Santé publique France, 53% of the people aged 18 to 
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85 years old feared stroke, and 45% of them feared MI 
[30].

The aim of this systematic review is to identify and 
measure the impact of influenza, herpes zoster, and 
pneumococcal vaccinations on the incidence of car-
diovascular events in people aged 65 years and older. 
Providing data highlighting the protective effect of 
these vaccines against some cardiovascular events can 
provide new arguments to promote vaccination in this 
vulnerable population.

Materials and methods

This protocol has been developed following the Pre-
ferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) guidelines, as shown in the 
PRISMA checklist [31]. The systematic review was 
prospectively registered with the prospective register 
of systematic reviews (PROSPERO; registration num-
ber: CRD42021261176). No significant changes were 
made to the protocol.

Literature search strategy

We determined the selection criteria for the data col-
lection and identified all the relevant articles pub-
lished on the subject up to September 2022. We con-
sulted the Medline database (Pubmed), Embase, and 
Cochrane Library with our search criteria to retrieve 
articles published in French and English related to the 
subject in adults aged over 65  years and individual 
medical subject heading (MeSH) terms.

The keywords of the searches were for vaccine (1) 
(“vaccines” [MH] OR “vaccines” [TW] OR “vac-
cine” [TW] OR “Vaccination” [TW] OR “immuni-
zation” [TW] OR “adult immunization” [TW]); for 
herpes zoster (2) (“herpes zoster” [MH] OR “Zona” 
[TW] OR “shingles” [TW] OR “post-herpetic neu-
ralgia” [TW]); for pneumococcal (3) (“pneumococ-
cal infections” [MH] OR “Pneumococcal Disease” 
[TW] OR “streptococcus pneumoniae infection” 
[TW] OR “pneumococcal” OR “Streptococcus pneu-
moniae”); for influenza (4) (“influenza, human” [MH] 
OR “influenza” [TW] OR “flu” [TW] OR “influenza 
virus” [TW]); and for cardiovascular diseases (5) 
(“cardiovascular diseases” [MH] OR “cardiovascular 
accident” [TW] “cardiovascular mortality” OR “car-
diovascular morbidity”OR “cardiovascular events”). 

The search equations in Pubmed, Embase, and 
Cochrane Library were combinations of the previous 
equations with a filter setting the age to 65 years and 
older.

The reference lists of relevant studies and meta-
analyses already carried out were examined to iden-
tify additional studies. The method used was consist-
ent with the recommendations of Preferred Reporting 
Items for Systematic Review and Meta-Analyses 
(PRISMA) [31].

Data management

We downloaded references identified in the searches 
(electronic database and additional searches) into 
Zotero® reference management software. Once dupli-
cates are removed, the remaining references were 
exported into Abstrackr (http://​abstr​ackr.​cebm.​brown.​
edu/​accou​nt/​login).

Study selection

Two levels of screening for eligibility were per-
formed. The first level was performed by two inde-
pendent reviewers (AA, EBN) using titles and 
abstracts from assess and excluding papers that did 
not meet eligibility criteria. The screening process 
was performed using Abstrackr. The second level was 
carried out using the full-text article, and two authors 
(AA, EBN) assessed the papers against the inclusion 
criteria for the review to determine their eligibility for 
inclusion. In case of disagreement, we called upon a 
third reviewer (GG). We prioritized randomized con-
trolled trials, case–control studies, prospective and 
retrospective cohorts, and systematic reviews. We 
retained studies with subgroup analyses in the over-
65 age group.

Types of participants and study

Any study which measures the impact of influenza, 
herpes zoster, or pneumococcal vaccination on the 
risk of cardiovascular events compared to non-vac-
cinated people, conducted in a clinical or real-life 
population. We excluded studies with participants 
aged < 65  years of age and who had no unvacci-
nated control group or self-control group. Studies 
that included participants without age criteria were 
retained if subgroup analyses for age were performed, 

http://abstrackr.cebm.brown.edu/account/login
http://abstrackr.cebm.brown.edu/account/login
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including people 65 and over. Studies were excluded 
if the different age groups were not well defined or if 
there was a comparison of different doses or vaccine 
protocols without an unvaccinated group. The review 
authors resolved disagreements through a consensus-
based decision or, if necessary, discussion with a 
third reviewer.

Risk of bias for included studies was assessed in 
duplicate by investigators. The Cochrane risk of bias 
tool was used to examine the quality of randomized 
clinical trials [32] and the Newcastle–Ottawa Scale 
for observational studies [33]. Differences were 
discussed and settled by the entire study team if 
unresolved.

Results

Search results

The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) study flow 
diagram of the search for the updated and extended 
review is shown in Fig. 1. Electronic searches identi-
fied 1062 records. On the basis of titles and abstracts, 
we excluded 752 records and assessed 141 full-text 
records for eligibility. Of the 141 records examined in 
full, we considered 38 to be eligible for inclusion, and 
we found 30 additional studies by searching the refer-
ence sections of relevant reviews and by updating our 
search of ongoing trials on the databases (Fig. 1).

Included studies

For details on the characteristics of individual studies 
retained, see Table 1, 2, and 3.

Design of studies included

The designs of the studies were 1 randomized clinical 
trial, 13 retrospective cohort studies, 10 prospective 
cohort studies, 13 case–control studies, and 1 meta-
analysis. Follow-up was provided from 64  weeks to 
13 years after vaccination.

Outcome measures

We included thirty articles dealing with influenza vac-
cination compared with a placebo or no vaccination, 

as reported in Fig. 1. Five articles reported the effect 
of pneumococcal vaccination on cardiovascular 
events in vaccinated people compared to a placebo or 
no vaccination, and two articles discussed the effect 
of zona vaccination (see Fig.  1). Among these arti-
cles, n = 7 reported the vaccination impact on cardio-
vascular diseases (CVD), n = 2 reported its impact on 
major adverse cardiovascular events (MACE), n = 11 
reported its impact on MI, n = 3 reported its impact 
on IHD, n = 2 reported its impact on acute coronary 
syndrome (ACS), n = 1 reported its impact on atrial 
fibrillation (AF), n = 12 reported its impact on con-
gestive heart failure (CHF), and n = 14 reported its 
impact on stroke.

Risk of bias in included studies

Based on the Newcastle–Ottawa evaluative scale, the 
overall quality assessments of the included case–con-
trol and cohort studies ranged from fair to good, see 
Table 4 and Table 5.

Risk of bias for the clinical trial is shown in 
Table 6, based on the Cochrane scale.

Impact of vaccines on the occurrence of 
cardiovascular diseases

Some studies have gathered the cardiovascular dis-
eases without going through details on the type of 
these diseases.

Impact of influenza vaccine

The impact of the influenza vaccine on the occur-
rence of CVD was assessed in 1 study; 3 other studies 
reported its impact on hospitalization for CVD. Song 
et al. [34] evaluated the effectiveness of influenza and 
pneumococcal vaccines against pneumonia and acute 
exacerbations of cardiopulmonary diseases among 
the elderly aged ≥ 65 years with influenza-like illness 
(ILI). Overall, seasonal influenza vaccination lowered 
the risk of acute exacerbation of cardiovascular dis-
ease (51%) in the elderly aged ≥ 65 years.

For CVD hospitalization, Wang et al. [35] elucidated 
the cost-effectiveness of a community vaccination pro-
gram for all the elderly and validated further the con-
sistent effect of influenza vaccination worldwide. The 
risk difference of hospitalization in cardiovascular dis-
eases among the vaccinated and unvaccinated subjects 
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in the year after the immunization program was risk 
difference (RD) − 1.6%, (95% CI:0 − 3.0; − 0.1) and the 
risk ratio (RR) was 0.50, (95% confidence interval (CI): 
0.27–0.91). The preventable fractions by vaccination 
were then 50%. Additionally, Nichol et al. [36] assessed 

the influence of influenza vaccination on hospital pres-
entations for heart disease. When the odds of hospitali-
zation for IHD and CHF were analyzed separately, the 
reductions were also significant in every case except 
that of IHD during the 1999–2000 season (reduction, 

Fig. 1   Flow diagram–cardiovascular event
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10%; p-value = 0.12). In contrast, the study by Chang 
et al. [37] did not show a significant effect of vaccina-
tion on heart disease.

For older patients with heart failure, Liu et al. [38] 
evaluated the effects of influenza vaccination on all-
cause mortality and hospitalization for cardiovascular 
diseases and IHD in elderly patients. In the Cox propor-
tional-hazards analysis, after adjustments for various 
factors, influenza vaccination was found to be associ-
ated with a reduced risk of hospitalization due to CVD 
(hazard ratio (HR), 0.84; 95% CI, 0.76–0.93) during 
the influenza season. During the non-influenza season, 
influenza vaccination was not statistically associated 
with a reduced risk (HR, 1.04; 95% CI, 0.91–1.18).

Impact of pneumococcal vaccines

The impact of pneumococcal vaccine on CVD was 
evaluated in one meta-analysis and one study.

Marra et  al. [39] realized a meta-analysis sum-
marizing available evidence on the impact of PPV23 
on CVD across all ages. A total of 15 unique studies 
looked at PPV23 and its effects on any CVD event. 
When analyzing individuals by age, PPV23 signifi-
cantly decreased the risk of CVD events (RR: 0.94; 
95% CI: 0.89–0.99; I2 = 26.2%; p-value = 0.19) for 
individuals aged ≥ 65 years.

In the study of Song et  al. [34], the PPV23 did not 
lower the risk of acute exacerbation of CVD in the elderly 
aged ≥ 65  years. During the A/H3N2-dominant season 
with poor influenza vaccine effectiveness (2014–2015 sea-
son), PPV23 showed significant effectiveness against acute 
exacerbation of cardiopulmonary disease. During seasons 
with good influenza vaccine effectiveness (2015–2016 and 
2016–2017), the PPV23 was effective at preventing acute 
exacerbation of chronic heart disease (71.0%) during the 
A/H1N1-dominant 2015–2016 season.

Impact of herpes zoster vaccine

We did not retrieve studies about the herpes zoster 
vaccine effect on the occurrence of CVD.

Impact of vaccines on occurrence of major adverse 
cardiovascular events (MACE)

MACE were defined as death, hospitalization for 
ACS, hospitalization for heart failure, and hospitali-
zation for stroke [40].Ta
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Impact of influenza vaccine

Two studies evaluated the impact of the influenza 
vaccine on the occurrence of MACE. Both found 
that the influenza vaccine reduced the risk of MACE 
among elderly patients. Phrommintikul et  al. [41] 
evaluated the effects of the influenza vaccine on 
cardiovascular outcomes in patients with ACS. The 
effects of vaccination on MACE were adjusted with 
age, sex, serum creatinine, ACE-I treatment, and 
coronary revascularization. Patients in the vaccine 
group had a significantly lower incidence of MACE 
than patients in the control group after adjusting 
for the above parameters (adjusted RR (aRR): 0.69; 
95% CI: 0.54–0.90) in the year following vaccina-
tion. Chiang et al. [40] conducted a population-based 
case–control study to determine the protective effect 
of the influenza vaccine against primary MACE in 
elderly patients. The adjusted OR (aOR) for MACE 
in those with influenza vaccination and/or ILI after 
adjustment, influenza vaccination was associated 
with reduced odds of MACE (aOR: 0.80; 95% CI: 
0.78–0.82; p-value < 0.001).

Impact of pneumococcal and herpes zoster vaccines

Pneumococcal and herpes zoster vaccines effect on 
the occurrence of MACE was not evaluated in the 
literature.

Impact of vaccines on the occurrence of myocardial 
infarction (MI)

Impact of influenza vaccine

Regarding MI, 7 case–control studies, 2 prospective 
cohort studies, and one retrospective cohort study 
were included. Meyers et al. [42], Heffelfinger et al. 
[43], and Lavallée et  al. [44] did not reveal an MI 
risk reduction due to prior influenza vaccination for 
people over 65 years or 75 years old. But these stud-
ies have relatively small numbers (335 and 339). 
Hsu et  al. [45] studied two groups of individuals, 
those exposed to mismatched vaccine strains dur-
ing the 2007 influenza period and those exposed to 
matched strains during the 2008 influenza period. 
The MI HR in the men and women exposed to 
mismatched strains in 2007 was 0.990 (95% CI: 
0.745–1.316) and 1.102 (95% CI: 0.803–1.513), Ta

bl
e 

6  
Q

ua
lit

y 
as

se
ss

m
en

t f
or

 R
C

T​

Va
cc

in
e

A
ut

ho
r

Ye
ar

 o
f 

pu
bl

ic
at

io
n

R
an

do
m

 
se

qu
en

ce
 

ge
ne

ra
tio

n

A
llo

ca
tio

n 
co

nc
ea

lm
en

t
B

lin
di

ng
 o

f 
pa

rti
ci

pa
nt

s 
an

d 
pe

rs
on

-
ne

l

B
lin

di
ng

 
of

 o
ut

co
m

e 
as

se
ss

m
en

t

In
co

m
pl

et
e 

ou
tc

om
e 

da
ta

Lo
ss

es
 to

 
fo

llo
w

-u
p/

no
n-

co
m

-
pl

et
er

s

In
te

nt
io

n 
to

 tr
ea

t 
an

al
ys

es

Se
le

ct
iv

e 
re

po
rti

ng
Si

m
ila

rit
y 

at
 b

as
el

in
e

O
th

er
 b

ia
s

In
flu

en
za

Ph
ro

m
m

in
-

tik
ul

 e
t a

l
20

11
 +

 
?

 −
 

 +
 

 +
 

 +
 

 +
 

 +
 

?
 +

 



3434	 GeroScience (2023) 45:3419–3447

1 3
Vol:. (1234567890)

respectively. The MI HRs were significant in men 
exposed to the matched strains in 2008 (HR: 0.681; 
95% CI: 0.509–0.912) and were barely significant 
in their female counterparts (HR: 0.737; 95% CI: 
0.527–1.029). But the diagnosis period of MI was 
not consecutive to vaccination for all patients; it 
ran from January to September 2008 or 2009 of 
the year following the influenza vaccination cam-
paign (October to December 2007 or 2008). On 
the other hand, Siriwardena et al. [46] investigated 
in a case–control study design on a possible asso-
ciation between influenza or pneumococcal vac-
cination and acute myocardial infarction. Findings 
were that influenza vaccination was associated with 
a significantly reduced rate of MI (aOR: 0.79; 95% 
CI: 0.75–0.83). de Abajo et  al. [47] assessed how 
influenza vaccination was related to a lower risk of 
a first acute myocardial infarction (AMI) through 
different epidemic periods. The overall risk reduc-
tion of AMI among vaccinated persons was aOR 
0.84 (95% CI: 0.81–0.88) and was observed in 
subgroups of 65  years and older. Moreover, Hung 
et al. [48] conducted a prospective cohort study by 
recruiting outpatients aged ≥ 65  years with chronic 
illness to participate in a pneumococcal polysac-
charide vaccine (PPV) and trivalent influenza vac-
cine (TIV) vaccination program. The TIV-alone had 
no significant reduction in MI (HR: 0.87; 95% CI: 
0.59–1.33; p-value = 0.51). However, dual-vaccines 
(PPV + TIV) had a 48% reduction in MI (HR: 0.52; 
95% CI: 0.38–0.71; p < 0.001) compared to the 
unvaccinated group. Recently, Christiansen et  al. 
[49] examined the impact of influenza vaccination 
on the risk of hospitalization for MI among patients 
aged 65  years or older surviving an intensive care 
unit admission. The 1-year risk of hospitalization 
for MI was 1.9% for vaccinated patients and 1.8% 
for unvaccinated patients, with a corresponding 
adjusted HR of 0.93 (95% CI: 0.83–1.03). Chiang 
et  al. [40] also determined the protective effect of 
the influenza vaccine against MI in elderly patients, 
especially those with ILI. Vaccination had signifi-
cant protective effects in the MI subgroups (aOR: 
0.80; 95% CI: 0.76–0.84; p-value < 0.001). ILI 
significantly increased the risks of MI (aOR: 1.46; 
95% CI: 1.34–1.59; p-value < 0.001). Vaccination 

neutralized the increased risk of MI due to ILI 
(aOR: 1.05; 95% CI: 0.92–1.21; p-value = 0.440).

Impact of pneumococcal vaccines

Pneumococcal vaccine effect on the occurrence of 
MI was evaluated in one meta-analysis.

Marra et  al. [39] showed a modest risk reduc-
tion in MI following pneumococcal vaccination in 
people aged 65 years and older (RR: 0.93; 95% CI: 
0.88– 0.99; I2 = 31.0%; p-value = 0.20).

Impact of herpes zoster vaccine

Zona vaccine effect on the occurrence of MI was 
not reported in the literature.

Impact of vaccines on the occurrence of ischemic 
heart disease

Impact of influenza vaccine

Influenza vaccine effect on the occurrence of IHD 
was evaluated in 3 prospective cohorts.

Huang et al. [50] investigated the influenza vac-
cine effect on IHD occurrence secondary to chronic 
obstructive pulmonary disease (COPD). In the 
chi-square test analysis, influenza vaccination was 
associated with a reduced risk of IHD (OR: 0.746; 
95% CI: 0.595–0.937) in elderly COPD patients 
in the age group of 71–80  years old. For the age 
groups of 61–70 and 81–90  years old, the reduc-
tion was not statistically significant (OR: 0.86; 95% 
CI: 0.71–1.05 and OR: 0.71; 95% CI: 0.41–1.21). 
When the odds of hospitalization for IHD were 
analyzed by Nichol et  al., the reduction was sig-
nificant during the 1998–1999 season (OR: 0.80; 
95% CI: 0.70–0.91) and not significant during the 
1999–2000 season (OR: 0.90; 95% CI: 0.78–1.03) 
[36]. Hung et al. [48] showed that the dual-vaccine 
effect (PPV + TIV) was a 35% reduction in IHD 
(HR: 0.65; 95% CI: 0.54–0.78; p-value < 0.001, 
compared with the unvaccinated group. In contrast, 
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the TIV alone had no significant reduction in IHD 
(HR: 0.87; 95% CI: 0.66–1.13; p-value = 0.29).

Impact of pneumococcal vaccines

Pneumococcal vaccine effect on the occurrence of 
IHD was evaluated in one prospective study. Subjects 
who received PPV alone had no significant reduction 
of IHD (0.92; 95% CI: 0.69–1.22) compared with the 
unvaccinated group [48].

Impact of herpes zoster vaccines

Zona vaccine effect on the occurrence of IHD was not 
reported in the literature.

Impact of vaccines on the occurrence of acute 
coronary syndrome

Impact of influenza vaccine

The impact of influenza vaccination on the occur-
rence of acute coronary syndrome (ACS) was 
reported in two studies.

Sung et al. [51] elucidated the potential protective 
benefit of influenza vaccination on hospitalization for 
ACS in a group of elderly Taiwanese patients with 
COPD. They conducted a population-based cohort 
study using reimbursement claims from Taiwan’s 
National Health Insurance Research Database. The 
rate of hospitalizations for ACS after adjusted for 
potential confounders was significantly lower, during 
all seasons, in both sexes and all elderly-age groups 
(65 − 74  years aHR: 0.48; 95% CI: 0.37–0.61, and 
75  years and older aHR: 0.41, 95% CI: 0.29–0.57) 
in the influenza vaccination group than in the unvac-
cinated group. For patients who did not experience 
pneumonic episodes, the vaccine exerted a protec-
tive effect, thus preventing from ACS hospitalizations 
in both groups. Influenza vaccination significantly 
reduced the number of hospitalizations for ACS 
regardless of influenza seasonality. When the patients 
were stratified according to the total number of vacci-
nations, the aHR for ACS hospitalizations were 0.48 
(95% CI: 0.38–0.62) and 0.20 (95% CI: 0.14–0.28) 
for patients who received 2 − 3 and ≥ 4 vaccinations 
during the follow-up period (all p-value < 0.001), 

respectively. More specifically, Ishigami et  al. [52] 
assessed the effectiveness of influenza vaccination 
among older adults with and without reduced kidney 
function. Overall, influenza vaccination was associ-
ated with lower odds of coronary heart disease (OR: 
0.93; 95% CI: 0.88–0.97). When assessing by esti-
mated glomerular filtration rate (eGFR) categories, 
the association was consistent in eGFR ≥ 30, but not 
significant in < 30  mL/min/1.73 m2 (OR: 1.03, 95% 
CI: 0.87–1.23 for ACS).

Impact of pneumococcal and herpes zoster vaccines

Pneumococcal and herpes zoster vaccine effect on the 
occurrence of IHD was not retrieved in the literature.

Impact of vaccines on the occurrence of atrial 
fibrillation

Impact of influenza vaccine

The role of influenza vaccination on AF was reported 
in one study. Chang et  al. [53] investigated whether 
influenza infection was a risk factor for AF and stud-
ied whether influenza vaccination could decrease the 
risk of AF. The subgroup analysis for the patients 
over 65  years old showed that influenza vaccination 
(patients receiving vaccination with (OR: 0.881; 95% 
CI: 0.836–0.928; p-value = 0.0001) or without (OR: 
1.136; 95% CI: 0.929–1.389; p-value = 0.214) influ-
enza infection) was consistently associated with a 
lower risk of AF compared to patients without influ-
enza infection and without vaccination (OR: 1.182, 
95% CI: 1.014–1.378; p-value = 0.032).

Impact of pneumococcal and herpes zoster vaccines

Pneumococcal and herpes zoster vaccine effect on the 
occurrence of AF was not reported in the literature.

Impact of vaccines on the occurrence of congestive 
heart failure

Impact of influenza vaccine

Influenza vaccine effect on the occurrence of hospi-
talizations for CHF was evaluated in ten studies.
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First, Christiansen et  al. did not reveal that the 
risk of CHF was reduced by prior influenza vaccina-
tion for people over 65 years old [49]. Seo et al. [54] 
estimated the effectiveness of influenza vaccination 
on preventing hospitalizations in persons with cardio-
pulmonary disease and established an evidence basis 
for recommendations on influenza vaccination in this 
population. The vaccine effectiveness among patients 
on hospital presentations or IHD and CHF was 
56.0% in patients’ aged ≥ 65 y (95% CI: 32.1–71.4%, 
p-value < 0.001). In 1994, Nichol et  al. [55] have 
already wondered about the efficacy and cost-effec-
tiveness of influenza vaccine administered to older 
persons living in the community. During the influenza 
season, vaccination against influenza was associated 
with significantly fewer hospitalizations for CHF dur-
ing the epidemic 1991–1992 season (a 37% reduc-
tion; p-value = 0.04). For the epidemic 1990–1991 
and 1992–1993 seasons, OR for CHF hospitaliza-
tions were 0.73 and 1.05, not statistically significant. 
Besides, in 2019, Wu et al. [56] assessed the associa-
tion between influenza vaccination and the secondary 
prevention of CVD among elderly persons. Compared 
with an unvaccinated cohort, the vaccinated cohort 
had significantly lower rates of hospitalizations 
for cardiac failure (HR 0.83, 95% CI: 0.74–0.92). 
The Kaplan–Meier curves of cumulative incidence 
showed that the curves of the two groups separated 
gradually during the first 3 months of the follow-up 
period and differed significantly at the end of follow-
up. When Nichol et al. [36] analyzed the odds of hos-
pitalizations for CHF, the reductions were also signifi-
cant (OR 0.81, 95% CI: 0.70–0.92). Similar protective 
results have been reported in elderly patients with 
chronic kidney disease [57], with reduced kidney 
function [52] and with chronic obstructive pulmonary 
disease [58]. More specifically, Fang et  al. found a 
dose effect [57]. When patients were stratified by the 
total number of vaccinations, hospitalization-adjusted 
HRs were 0.60 (0.47–0.77), 0.30 (0.23–0.41), and 
0.10 (0.06–0.16) for patients receiving 1, 2 to 3, and 
4 vaccinations during follow-up, respectively (all 
p-values < 0.001). More for cardiovascular and cer-
ebrovascular diagnoses, Hung et al. [48] showed that 
dual-vaccines (PPV + TIV) resulted in a 19% reduc-
tion in heart failure (HR, 0.81; 95% CI, 0.70–0.94; 
p = 0.006), compared to the unvaccinated group. In 
contrast, the TIV alone had no significant reduction in 
heart failure (HR 0.92; 95% CI: 0.73–1.16; p = 0.50). 

Similarly with Chang et al. [59], the cumulative effect 
of pneumococcal and influenza vaccines on the risk 
of death, hospitalization, and hospitalization costs in 
Taiwanese people aged 75  years and older was also 
assessed. Regarding the risk of hospitalizations, it 
was significantly lower (24%) in the group receiving 
both vaccines compared to the unvaccinated group. 
Getting both vaccines resulted in a significant 29% 
reduction in CHF risk compared to the flu vaccine 
alone.

Impact of pneumococcal vaccines

The impact of pneumococcal vaccination in pre-
venting from hospitalization for CHF was evaluated 
in 3 studies.

Chang et  al. [59] assessed the additive effect of 
PPV and influenza vaccines on the risk of mortal-
ity, hospitalization, and hospitalizations expenses/
costs in the elderly aged 75 years or older in Taiwan. 
In terms of hospitalization risks for CHF, compared 
to the unvaccinated group, significant risk reduc-
tions (24%) were observed in the group that received 
both vaccines. However, those who only received the 
influenza vaccine had no significant risk decrease 
(RR 1.07; 95% CI, 0.87–1.37) when compared to the 
unvaccinated group. Receiving both vaccines was 
associated with a significant reduction of 29% in the 
risk of hospitalization for CHF when compared to 
receiving the influenza vaccine alone. Hedlund et al. 
[60] investigated prospectively the health effects of a 
large-scale program of PPV23 vaccination in individ-
uals aged 65 years and older. The incidence of hospi-
tal admissions was not lower in the vaccinated cohort 
compared to the unvaccinated cohort for cardiac fail-
ure (RR = 0.95; 95% CI: 0.87–1.05). During the time 
period when the influenza virus was circulating in the 
community, December 1998 through May 1999, the 
incidence of hospital treatment was lower in the vac-
cinated as in the unvaccinated cohort for cardiac fail-
ure (RR = 0.90; 95% CI: 0.80–1.01). Also during the 
time period without influenza, June through Novem-
ber 1999, the incidence of hospital treatment for car-
diac failure was not significantly lower in the vacci-
nated cohort (1.02; 95% CI: 0.93–1.11)). Futhermore, 
in Hung et al. [48], subjects who received PPV alone 
had no significant heart failure reduction (0.99; 95% 
CI: 0.78–1.27) compared to the unvaccinated group.
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Impact of herpes zoster vaccine

Zona vaccine effect on the occurrence of CHF was 
not evaluated in the literature.

Impact of vaccines on the occurrence of stroke

Impact of influenza vaccine

The effect of influenza vaccination on stroke was 
retrieved in 11 studies.

Piñol-Ripoll et  al. [61] evaluated the importance 
of acute infections and chronic bronchitis (CB; as a 
chronic inflammatory state) in several subtypes of 
ischemic stroke and investigated whether the influ-
enza vaccination was independently associated 
with a reduced probability of stroke. Influenza vac-
cination during the last campaign (OR = 1.02, 95% 
CI = 0.77–1.36) or during every campaign within the 
last 5  years was not associated with a lower risk of 
ischemic stroke in any subgroup of age or subtype of 
stroke. Additionally, Lavallée et al. [44] did not show 
that the risk of stroke was reduced by prior influenza 
vaccination for people over 75  years old. Also Chi-
ang et al. [40] have determined the protective effect of 
influenza vaccine against ischemic stroke. When com-
paring the vaccinated and unvaccinated groups, vac-
cination had significant protective effects in ischemic 
stroke subgroups (aOR 0.80, 95% CI: 0.77–0.82, 
p < 0.001). When comparing no ILI or vaccination, 
ILI without vaccination and ILI with vaccination, ILI 
significantly increased the risks of ischemic stroke 
(aOR 1.16, 95% CI: 1.10–1.22, p < 0.001). Vaccina-
tion neutralized the increased risk of ischemic stroke 
due to ILI (aOR 0.96, 95% CI: 0.89–1.05, p = 0.398). 
After adjustment for the traditional risk factors for 
stroke and other potential confounding factors, Lav-
allée et  al. [62] reported the inverse association 
between brain infarction and influenza vaccination 
that was statistically significant during the preced-
ing vaccination campaign (OR 0.45; 95% CI, 0.24 to 
0.84; p = 0.012) and every year in the last 5 years (OR 
0.37; 95% CI, 0.19 to 0.70; p = 0.002). The strength 
of the association was similar in men and women. 
When the analyses were restricted to patients and 
controls without any cerebrovascular or cardiovas-
cular history, an even stronger negative association 
between brain infarction and influenza vaccination 
was observed. Grau et  al. [63] investigated whether 

influenza vaccination was associated independently 
with reduced odds of stroke and whether effects were 
confined to stroke subgroups and winter seasons and 
were shared by other vaccinations. Recent influenza 
vaccination was associated with a reduced risk of 
stroke and transient ischemic attack (TIA) in older 
subjects by 36%. Moreover, Siriwardena et  al. [64] 
investigated whether influenza or pneumococcal vac-
cination were associated with reduced risk of stroke 
or transient ischemic attack (TIA). Influenza vac-
cination given within the same season (as the index 
date) was associated with a significant 26% reduc-
tion in the risk of stroke for those aged 65 years old 
and over (adjusted OR 0.74, 95% CI: 0.70–0.78) 
after adjusting for confounding variables. Stroke risk 
was significantly lower with early influenza vaccina-
tion (September to mid-November: 0.73, 95% CI: 
0.69–0.77) but less important with late vaccination 
(mid-November onwards: 0.89, 95% CI: 0.80–0.98). 
Influenza vaccination within-season was not associ-
ated with a reduction in the risk of TIA. Lin et al. [65] 
determined whether influenza vaccination was associ-
ated with a reduced risk of hospitalization for stroke 
among the elderly. Already vaccinated individuals in 
the current vaccination season were associated with 
a reduced risk of stroke admissions (primary intrac-
erebral hemorrhagic stroke (PIH) + ischemic stroke 
(IS)) OR (OR = 0.80, 95% CI = 0.64–0.98). When 
they analyzed the data separating PIH and IS, a sig-
nificant inverse association was observed only for IS 
(OR = 0.76, 95% CI = 0.60–0.97). When exposure was 
categorized by cumulative number of influenza vacci-
nations within the previous 5 years, the adjusted ORs 
were 0.93 (95% CI = 0.72–1.22) for the group with 
one or two vaccinations, 0.70 (95% CI = 0.53–0.92) 
for the group with 3 or 4 vaccinations, and 0.59 (95% 
CI = 0.42–0.83) for the group with five vaccinations 
compared with never-vaccinated individuals. There 
was a significant trend of decreasing risk of hospi-
talization for stroke with increasing number of vac-
cinations (chi-square for linear trend = 12.61; p for 
trend < 0.001). The estimated ORs for IS by cumula-
tive number of influenza vaccinations within the pre-
vious 5  years were 0.92 (95% CI = 0.68–1.23), 0.73 
(95% CI = 0.54–1.00), and 0.56 (95 CI = 0.38–0.83), 
respectively (chi-square for linear trend = 9.97; p for 
trend = 0.001). Again, the association for PIH was not 
significant. Liu et al. [66] investigated the association 
of influenza vaccination with the risk of hemorrhagic 
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stroke to develop an efficient strategy for reducing this 
risk in patients with AF. The adjusted HRs (aHRs) 
of hemorrhagic stroke significantly decreased in the 
vaccinated patients during the non-influenza season 
(influenza season aHR = 0.97, 95% CI: 0.59–1.60, 
non-influenza season 0.51, 95% CI: 0.30–0.87 and all 
seasons 0.72, 95% CI 0.50–1.03). Furthermore, the 
stratified analysis revealed that aHRs decreased sig-
nificantly in the vaccinated patients during the non-
influenza season and all seasons (aHRs = 0.44 and 
0.61; p < 0.05 and < 0.05, respectively), particularly in 
patients aged ≥ 75 years, irrespective of sex. Frequent 
vaccination significantly reduced the risk of hemor-
rhagic stroke. During the non-influenza season and 
all seasons, the aHRs indicated that vaccination sig-
nificantly reduced the risk of hemorrhagic stroke in 
a dose-dependent way, in patients aged ≥ 75 years old 
(non-influenza season ≥ 4 vaccinations: aHR = 0.29, 
95% CI: 0.09–0.99; and all seasons aHR = 0.45, 95% 
CI: 0.22–0.94) and male patients (non-influenza sea-
son ≥ 4 vaccinations: aHR = 0.24, 95% CI: 0.07–0.83; 
and all seasons aHR = 0.24, 95% CI: 0.09–0.62). 
Christiansen et  al. [49] reported that the 1-year risk 
of hospitalization for stroke was 2.9% in the vacci-
nated patients and 3.3% in the unvaccinated patients, 
with a corresponding adjusted HR of 0.84 (95% CI: 
0.78–0.92). Nichol et  al. [36] showed that influenza 
vaccination was associated with reductions in the 
odds of hospitalization for cerebrovascular diseases 
(reduction of 16% during the 1998–1999 season and 
23% during the 1999–2000 season). Similar protec-
tive results have been reported in elderly patients 
with AF [67], and with elderly women with COPD 
[68]. Finally, by Hung et  al. [48], dual-vaccines 
(PPV + TIV) had a 33% reduction in ischemic stroke 
compared to the unvaccinated group. In contrast, the 
TIV alone had no significant reduction in ischemic 
stroke (HR 0.85; 95% CI: 0.61–1.17; p = 0.31).

Impact of pneumococcal vaccines

According to Marra et  al.’s meta-analysis, the 
impact of PPV23 on cerebrovascular disease (stroke/
TIA) was evaluated in five studies, four cohort 
studies, and one case control study. A significant 
reduction in the risk of having cerebrovascular dis-
ease following pneumococcal vaccination was not 
observed (RR: 0.96; 95% CI: 0.83–1.10; I2 = 74.3%; 
p < 0.001) [39].

Impact of herpes zoster vaccines

The effect of herpes zoster vaccination on stroke was 
retrieved in 2 studies.

Klaric et  al. [69] investigated the hypothesis 
of decreased odds of stroke in persons who have 
received zoster vaccine. They have carried out sev-
eral types of analyses in which those without zoster 
vaccination were significantly at higher risk of stroke 
compared to those receiving zoster vaccinations. 
Adjusted odds ratios (aOR) indicated that people in 
the 65–69 years’ age group who were not vaccinated 
against shingles were 50% more likely to report a 
stroke than those who were vaccinated (OR = 1.51, 
99% CI: 1.21, 1.88). Also, Yang et  al. [70] exam-
ined the effect of Zoster vaccine live on risk of stroke 
among adults aged 66 years or older who enrolled in 
the Medicare Fee-for-Service Program during 2008 
to 2017 in the USA. Adjusted HRs comparing vac-
cinated to unvaccinated beneficiaries were 0.84 (95% 
CI; 0.83–0.85), 0.83 (95% CI; 0.82–0.84), and 0.88 
(95% CI; 0.85–0.91) for all stroke, AIS, and hemor-
rhagic stroke, respectively.

Discussion

In this review, we summarized for the first time the 
impact of vaccines in the elderly against various 
cardiovascular events. Indeed, a growing body of 
literature has looked at the impact of each vaccine 
separately on these types of non-infectious outcomes 
in the general population. Clar et  al. [71] realized a 
systematic review and a meta-analysis to assess the 
potential benefits of influenza vaccination for primary 
and secondary prevention of cardiovascular diseases. 
Marra et al. [39] realized a meta-analysis summariz-
ing available evidence on the impact of PPV23 on 
cardiovascular diseases across all ages. More recently, 
several publications have been issued regarding the 
cardioprotective impact of vaccinations in the general 
population [72–76]. In this current work, the preven-
tion of cardiovascular events associated with influ-
enza, pneumococcal, and zoster vaccines among the 
elderly was reviewed, as this population is particu-
larly concerned about these vaccine-preventable dis-
eases. A search on the impact of COVID-19 vaccina-
tion on cardiovascular events was also conducted, but 
the studies identified referred to thrombotic events. 
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This allows to have an overview for the healthcare 
provider who wants to advise elderly patients and 
inform them about the benefits of vaccines beyond 
their preventive action against infectious diseases, as 
summarized in Table 7.

Influenza and pneumococcal mortality in older 
adults appear to be well established [36, 38, 77–80]. 
The impact of these vaccinations on specific car-
diovascular mortality is also known [41, 77, 79–85]. 
Data about the impact of influenza on cardiovascu-
lar events in the elderly are numerous and have been 
reported since the early 1900s. Moreover, influenza 
vaccine was shown to protect against major non-fatal 
cardiovascular events, with a significantly lower risk 
of cardiovascular diseases [34, 38, 86], MACE [40, 
41], MI [40, 45–47], IHD occurrence secondary to 
COPD [50], ASC [51, 52], AF [53], CHF [36, 52–60], 
and stroke [36, 40, 49, 62, 63, 65–68] in older adults. 
Observational and clinical studies still show discord-
ant results with regards to the protective association 
with AMI and MI, although the association with IHD 
is more consistent (Table  7). Finally, repeated vac-
cination shows a consistent, dose-dependent, protec-
tive association with CHF [57] and stroke [40, 62, 66, 
67]. In fact, in a Danish study among adults with HF, 
influenza vaccination was associated with a reduced 
risk of both all-cause and cardiovascular death. Fre-
quent vaccination and early vaccination in the year 
were associated with larger reductions in the risk of 
death compared to intermittent and late vaccination 
[87]. Although there are still some gray areas, the 
studies on repeated vaccination fit with the observa-
tional studies and emphasize the need for more robust 
clinical research to investigate the beneficial effects 
of influenza vaccine in older adults. Accordingly, the 
seroprotection provided by influenza vaccination ena-
bles a secondary immune response that neutralizes 
the virus, prevents host cell colonization, and results 
in the elimination of the pathogen [88]. This widely 
accepted mechanism is underpinned by a large num-
ber of epidemiological, clinical, and experimental 
studies. It has been suggested that the reduced short-
term risk of cardiovascular events offered by the 
influenza vaccination is due to a reduction in infec-
tion, which can be a trigger in the inflammatory cas-
cade that leads to the progression of atherosclerosis 
[89]. However, these results do not explain the benefi-
cial effects on the prevention of cardiovascular events 
observed during generally virus-free periods (i.e., the 

summer months) [38, 40, 41, 81] and the cumulative 
effect of repeated vaccination [40, 62]. Furthermore, 
Aidoud et al. reported an emerging mechanism inde-
pendent of influenza infection [89]. However, few 
studies of these mechanisms have been performed.

Other studies have shown that pneumococcal vac-
cination (PPV23) protects against major non-fatal 
cardiovascular events, with a significantly lower risk 
of cardiovascular diseases [39] and MI [39] in older 
adults. There is less literature on the effects of this 
vaccination against cardiovascular events than there is 
on influenza. In the literature, the effect of pneumo-
coccal vaccination has not been studied on MACE, 
ACS, and AF. It would be interesting to explore these 
outcomes. No protective effect of this vaccination 
was shown for CHF and stroke (Table 4). Unlike the 
influenza and pneumococcal double vaccination that 
was shown to protect against MI [48], IHD [48], CHF 
[48, 59], and stroke [48], in addition, both vaccina-
tions were compared to administration of the influ-
enza vaccine alone by Hung et  al. and Chang et  al. 
on the occurrence of MI [48], IHD [48], CHF [59], 
and stroke [48]. Both vaccinations appear to be more 
protective than influenza alone. However, the impact 
of PCV13 on the cardiovascular event was not stud-
ied yet, as well as the currently recommended vaccine 
regimen with PCV13 followed by PPV23. The link 
between cardiovascular events and pneumococcal 
infections seems to be related to the phosphorylcho-
line lipid antigens of the S. pneumoniae cell wall that 
induce the production of antibodies that cross-react 
with oxLDL, a component of atherosclerotic plaques. 
These antibodies may bind and facilitate the regres-
sion of the plaques. In fact, pneumococcal vaccina-
tion has been shown to induce anti-oxLDL antibodies 
[90]. A significant association has also been observed 
between pneumococcal IgG and anti-oxLDL titers 
[91]. It is therefore suggested that the PPV, by induc-
ing the production of anti-phosphorylcholine and 
anti-oxLDL antibodies that block the uptake of LDL 
by macrophages, may have a protective effect on car-
diovascular diseases in humans [75, 90].

For shingles vaccination, only the protective effect 
against stroke has been studied with the live attenu-
ated herpes zoster vaccine (ZVL), but no studies were 
performed with the recombinant subunit herpes zoster 
vaccine (RZV). Associations between VZV-induced 
vasculopathy and stroke events have been reported 
since the early 1970’s [92–95]; clinical associations 
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Table 7   Summary of the effects of influenza, pneumococcal, and herpes zoster vaccinations on cardiovascular events in the 
literature

Influenza vaccine
Protective effect No evidence of protective effect

Outcome Study Magnitudes of facts % [CI 
95%]

Study Magnitudes of facts % [CI 
95%]

CVD Liu et al., 2012 (with IHD)  − 16% [− 24%; − 7%] Chang et al., 2016 (b) 
(systemic lupus erythema-
tosus)

 − 24% [− 50%; + 13%]

Song et al., 2018 (a) (exacer-
bation CVD)

 − 51% [− 73%; − 9%]

Wang et al., 2002 (hospitali-
zation)

 − 50% [− 73%; − 9%]

Nichol et al., 2003 (hospi-
talization)

 − 19% [− 23%; − 11%]

MACE Chiang et al., 2017 (ILI)  − 20% [− 22%; − 18%]
Phrommintikul et al., 2011 

(with ACS)
 − 31% [− 46%; − 10%]

MI Abajo et al., 2021  − 16% [− 19%; − 12%] Christiansen et al., 2019 
(hospitalization)

 − 7% [− 17%; + 19%]

Chiang et al., 2017 (ILI)  − 20% [− 24%; − 16%] Heffelfinger et al., 2006  − 3% [− 25%; + 27%]
Hsu et al., 2016  − 32% [− 50%; − 9%] (men) Hung et al., 2010 (TIV 

alone)
 − 13% [− 41%; + 33%]

Hung et al., 2010 (double 
vaccination)

 − 48% [− 29%; − 62%] Lavallée et al., 2014  − 50% [− 78%; + 22%]

Siriwardena et al., 2010  − 21% [− 17%; − 25%] Meyers et al., 2004  − 44% [− 75%; + 27%]
IHD Huang et al., 2013 (with 

COPD)
 − 26% [− 7%; − 41%] 

(71–80 years old)
Hung et al., 2010 (TIV 

alone)
 − 13% [− 34%; + 13%]

Hung et al., 2010 (double 
vaccination)

 − 35% [− 22%; − 46%]

Nichol, 2003  − 20% [− 9%; − 30%]
ACS Ishigami et al., 2020 

(reduced kidney function)
 − 7% [− 3%; − 12%]

Sung et al., 2014 (hospitali-
zation)

 − 52% [− 39%; − 63%] 
(65 − 74 years old); − 59% 
[− 43%; − 71%] (75 years 
and older)

AF Chang et al., 2016 (a)  − 12% [− 8%; − 17%]



3441GeroScience (2023) 45:3419–3447	

1 3
Vol.: (0123456789)

Table 7   (continued)

CHF Chang et al., 2012 (TIV 
alone + double vaccination)

 − 24% [− 1%; − 42%]/ − 29% 
[− 8%; − 46%]

Hung et al., 2010 (TIV 
alone)

 − 8% [− 27%; + 16%]

Chen et al., 2013 (COPD)  − 63% [− 48%; − 74%] 
(65 − 74 y); − 64% 
[− 48%; − 75%] (75 years 
and older)

Christiansen et al., 2019  − 2% [− 14%; + 12%]

Fang et al., 2016 (CKD)  − 69% [− 61%; − 74%]

Hung et al., 2010 (double 
vaccination)

 − 19% [− 6%; − 30%]

Ishigami et al., 2020 
(reduced kidney function)

 − 8%; [− 1%; − 14%]

Nichol et al., 1994 37% [NA]

Nichol et al., 2003 (Hospi-
talization)

 − 19% [− 8%; − 30%]

Seo et al., 2014 (AF + CHF)  − 56% [− 32%; − 71%]

Wu et al., 2019 (CVD)  − 17% [− 8%; − 26%]
Stroke Chen et al., 2022 (women 

COPD)
 − 40% [− 33%; − 46%] Hung et al., 2010 (TIV 

alone)
 − 15% [− 39%; + 17%]

Chiang et al  − 20% [− 18%; − 23%] Lavallée et al., 2014  − 8% [− 38%; + 37]
Christiansen et al., 2019 

(hospitalization)
 − 16% [− 8%; − 22%] Piñol-Ripoll et al., 2008  + 2% [− 23%; 36%]

Grau et al. 2005  − 64% [− 37%; − 80%]
Hung et al., 2010 (double 

vaccination)
 − 33% [− 17%; − 46%]

Kao et al., 2017 (AF)  − 52% [− 39%; − 61%] 
(65–74 y); − 55% 
[− 47%; − 60%](75 years 
and older)

Lavallée et al., 2002  − 55% [− 16%; − 76%]
Lin et al., 2014 (hospitaliza-

tion)
 − 20% [− 2%; − 36%]

Liu et al., 2017 (hemor-
rhagic)

 − 39% [− 1%; − 62%] 
(75 years and older)

Nichol et al., 2003 (hospi-
talization)

 − 16% [− 3%; − 28%]

Siriwardena et al., 2014  − 26% [− 22%; − 30%]
Pneumococcal vaccines

Protective effect No evidence of protective effect
Outcome Study Magnitudes of facts % [CI 

95%]
Study Magnitudes of facts % [CI 

95%]
Cardio-

vascular 
disease

Marra et al., 2020  − 6% [− 1%; − 11%] Song et al., 2018 (a)  − 6% [− 98%; + 44%]

MI Marra et al., 2020  − 7% [− 1%; − 12%]
IHD Hung et al., 2010 (double 

vaccination)
 − 35% [− 22%; − 46%] Hung et al., 2010 (PPV 

alone)
 − 8% [− 31%; + 22%]
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have been extensively reviewed [20]. Several poten-
tial multifactorial physiologic mechanisms have been 
proposed for this interaction between VZV activation 
and such vascular events that can lead to stroke. Due 
to VZV’s replication in human cerebral arteries, one 
hypothesis postulates that the shingles virus directly 
affects blood vessels as it spreads along nerve fib-
ers. [94] A second hypothesis is that higher levels of 
inflammation in the body during a severe systemic 
infection lead to endothelial dysfunction, resulting in 
the disruption of atheromatous plaques and hyperco-
agulability [94, 95]. Results from the present review 
suggest that vaccination against VZV by reduc-
ing zoster protects against these possible disruptive 
events leading to stroke when administered to elderly 
adults at specific ages.

Despite scientific evidence on the effectiveness, 
safety, and benefits of the vaccines recommended, 
doubts about vaccine necessity or efficacy and con-
cerns about possible adverse effects have always fol-
lowed, including in the elderly [96, 97]. “Vaccine 
hesitancy” refers to delayed acceptance or refusal of 
vaccines despite their availability [98]. The reasons 
for vaccine hesitancy are complex and involve socio-
demographic, contextual, physical, and psychosocial 
factors [96]. These psychosocial factors are amenable 
to change through intervention [99]. Moreover, vacci-
nation-related knowledge and receiving advice or rec-
ommendations, by healthcare providers or relatives, 
as well as participants’ general vaccination attitudes, 
also appear important [100, 101], but all of these ele-
ments are often not considered in the research investi-
gating older adults’ vaccine hesitancy.

Greater awareness and targeted education around 
disease risk and vaccine benefits may be required 
to increase vaccine coverage, particularly regard-
ing influenza, pneumococcal, and shingles vaccines. 
Informing elderly patients of the substantial risk of 
cardiovascular events following an infection and its 
modification by vaccination may constitute a simple, 
effective, costless, and time-saving method of chang-
ing many patients’ negative attitudes towards vacci-
nation. We postulate that this may reduce the com-
placency component of vaccine hesitancy. Schattner 
et al. [102] have shown that a short physician-admin-
istered verbal instruction on the risk of “heart attack 
and stroke” following influenza results in a change in 
behavior and an increase in seasonal influenza vacci-
nation in a population of over 65 years.

This study has a potential limitation; we have 
not studied the link between cardiovascular events 
and the COVID-19 vaccine. It has been reported 
that pre-existing CVD may contribute to adverse 
early clinical outcomes and that COVID-19 infec-
tion may have longer terms of implications for 
overall cardiovascular health [103]. The American 
College of Cardiology and the European Society 
of Cardiology also pointed out that patients with 
cardiovascular risk factors and established CVD 
represent a vulnerable population when suffering 
from COVID-19 [104, 105]. Recent studies have 
showed that the risk of in-hospital death among 
patients with severe COVID-19 was significantly 
associated with elderly, inflammatory response, and 
cardiovascular comorbidities [106]. Tessitore et  al. 
[107] found that patients with a history of CVD had 

Table 7   (continued)

CHF Chang et al., 2012 (double 
vaccination)

 − 29% [− 8%; − 46%] Chang et al., 2012(PPV 
alone)

 + 7% [− 16%, + 37%]

Hung et al., 2010 (PPV 
alone)

 − 1% [− 22%; 27%]

Hedlund et al. 2003 (double 
vaccination)

 − 5% [− 13%; + 5%]

Stroke Marra et al. 2020  − 8% [− 19%; + 4%]
Herpes zoster vaccine

Protective effect No evidence of protective effect
Outcome Study Magnitudes of facts Study Magnitudes of facts
Stroke Klaric et al., 2019  − 49% [− 12%; − 79%]

Yang et al., 2021  − 16% [− 17; − 15%]
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their COVID-19 hospitalization significantly asso-
ciated with an increased risk of MACE and death. 
COVID-19-triggered AMI in individuals with high 
coronary risks may become a public health issue. 
Interestingly, during the COVID-19 pandemic, 
Mahmud et al. [108] analyzed the benefits of influ-
enza vaccination in preventing AMI and estimated 
that the effectiveness of flu vaccines in AMI preven-
tion was 29%. The merits of vaccination go beyond 
preventing the original viral infection to its possible 
prevention of cardiovascular complications. In addi-
tion, the respiratory syncytial virus (RSV) is also an 
infection associated with increased cardiovascular 
risk in adults and the elderly [109]. We could not 
be interested in the RSV vaccine and cardiovascular 
event association because the RSV vaccine has not 
been launched and we do not yet have real-life data. 
However, the phase 3 trial seems to be successful 
against RSV-related lower respiratory tract disease 
in people over 60 years of age [110]. Moreover, we 
did not include the diphtheria tetanus poliomyelitis 
vaccine in our review as it is not a vaccine specific 
to the elderly; also, it is considered as well followed 
by the older adults.

There is growing evidence of a link between influ-
enza, pneumococcal, and herpes zoster vaccinations 
and a reduction in the incidence of cardiovascular 
events. This is firstly based on the prevention of the 
cardiovascular complications of infections. We also 
suggest that vaccination has other infection-inde-
pendent cardioprotective effects. The scientific inter-
est in vaccination and its cardiovascular protection is 
growing and will continue to grow. In the literature, 
the protective effect of the vaccine against influenza, 
pneumococci, and shingles goes beyond cardiovascu-
lar events such as dementia, falls, fractures, and loss 
of quality of life. This is why we must look for other 
protective effects of vaccination and communicate 
these benefits to the aging population and health pro-
fessionals in order to improve vaccination coverage in 
this population.
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