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Abstract: The pneumococcal vaccine may reduce 
cardiovascular events. This systematic review exam-
ines the impact of PV23 and seasonal influenza vacci-
nation on major cardiovascular outcomes compared to 
unvaccinated populations. We systematically reviewed 
clinical trials, cohort studies, and case-control studies 
published between 2000 and 2019 evaluating cardi-
ovascular outcomes in adults vaccinated with PV23 
and seasonal flu vaccines versus unvaccinated adults. 
Nineteen articles encompassing 617,411 patients were 
included. PV23 vaccination alone was not significant-
ly associated with reduced acute myocardial infarction 
risk (RR 1.21 [95% CI: 1.18–1.23]). Dual vaccination 
showed a protective effect against stroke (RR 0.52 
[95% CI: 0.45–0.61]) and significantly improved heart 
failure outcomes (RR 0.26 [95% CI: 0.22–0.31]). PV23 
and dual vaccination also decreased episodes of acute 
heart failure decompensation and stroke development.

Keywords: Influenza vaccination, pneumococcal 
vaccine, myocardial infarction, heart failure, stroke.

INTRODUCTION

Cardiovascular events represent one of the most 
serious complications of community-acquired pneu-
monia, increasing 30-day mortality more than fivefold 
(1, 2). Violi et al. conducted a prospective study of 
1,182 patients hospitalized for pneumonia, finding that 
32.2% experienced in-hospital cardiovascular morbid-
ity, and 2.4% died from cardiovascular events within 
30 days (3).

Patients with pneumonia have a higher cardiovas-
cular risk both in the short and long term, with events 
most frequent in the first year of follow-up (2, 4, 5). Pre-
vious studies have evaluated the association between 
respiratory tract infections and the first occurrence of 
myocardial infarction and stroke (6, 7, 8). Streptococ-
cus pneumoniae remains the most frequently identi-
fied pathogen in community-acquired pneumonia (9). 
The 23-valent pneumococcal polysaccharide vaccine 
(PV23) effectively prevents invasive pneumococcal 
disease and pneumonia in adults over 50 (10, 11), sim-
ilar to the 13-valent pneumococcal conjugate vaccine 
(12). PV23 is currently recommended for individuals 
aged 65 and older, as well as those at risk (13).

Most pneumococci are encapsulated pathogens 
with surfaces covered by polysaccharides, a major de-
terminant of pathogenicity (14). Acquired immunity 
to pneumococcal capsular polysaccharides is robust 
in early adulthood but declines with age, especially 
in individuals over 70 or 80 years old (15). In young 
adults, immunity is stimulated by occasional episodes 
of asymptomatic colonization (16, 17), while in older 
adults, lower colonization rates result in a higher risk 
of pneumococcal disease (15). Pneumonia prevalence 
is highest at the extremes of age, and older adults—
who tend to have an elevated risk of cardiovascular 
disease along with more comorbidities—may benefit 
from pneumococcal vaccination. This study aims to 
assess whether pneumococcal vaccination impacts 
cardiovascular event reduction, as current evidence 
shows mixed results and a need for consensus.
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Evidence-Based Medicine emphasizes a criti-
cal gap: there are insufficient randomized controlled 
trials (RCTs) evaluating the impact of pneumococcal 
vaccination on cardiovascular disease (18). Mixed 
results from existing studies underscore the need for 
large, targeted RCTs that include a wide range of car-
diovascular disease presentations, such as different 
etiologies, arrhythmias, and ejection fraction varia-
tions, with a focus on younger populations (under 65) 
who are less studied (19). Additionally, understanding 
regional differences, especially in areas with distinct 
pneumonia seasons, may provide insights into vaccine 
effectiveness based on serotype distribution, vaccine 
uptake, and monitoring practices.

METHODS
We conducted an evaluation of existing evidence 

on cardiovascular effects that may be associated with 
the use of PV23, employing the following steps:

1. A search strategy was developed to investigate 
potential adverse cardiovascular effects related to the 
vaccine. The relevant databases for this strategy were 
identified.

2. Eligibility criteria for the articles were defined 
to allow comparison between patients vaccinated on-
ly with PV23 and those who additionally received the 
influenza vaccine.

3. Statistical analysis was performed using data 
published in the selected articles.

This study followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.

Search Strategy
The initial part of this systematic review was con-

ducted by two researchers (AS and CR) through in-
dependent searches in electronic databases, including 
MEDLINE, Scopus, and LILACS, covering the first 
two decades of the 21st century. Articles from 2020 on-
ward were excluded to avoid potential biases related 
to the COVID-19 pandemic, ensuring that observed 
vaccine effects were not influenced by the disease or 
related vaccination efforts. No language restrictions 
were applied.

The research question was framed using the PI-
CO strategy (Population, Intervention, Comparison, 
Outcome). The search terms included: “Cardiovascu-
lar Diseases,” “Pneumococcal Vaccines,” “Myocardial 
Infarction,” “Mortality,” “Arteriosclerosis,” “Cardi-
ovascular Diseases/mortality,” “Coronary Disease,” 
“Myocardial Ischemia,” “Angioplasty, Balloon, Cor-
onary,” “Coronary Artery Bypass,” “Heart Failure,” 
“Heart Failure/complications,” “Heart Failure/mortal-
ity,” “Heart Failure, Systolic,” “Heart Failure, Diastol-
ic,” “Heart Failure, Diastolic/complications,” “Heart 
Failure, Diastolic/mortality,” “Cardiac Edema,” “Pa-
tient Admission,” “Hospital Mortality,” “Stroke,” 
“Stroke/mortality,” “Brain Infarction,” “Posterior Cer-
ebral Artery Infarction,” “Cerebral Artery,” “Lacunar 
Stroke,” “Angina,” “Unstable Angina,” “Intracranial 
Hemorrhages,” “ST-Elevation Myocardial Infarction,” 
and “Non-ST Elevation Myocardial Infarction.” Terms 
that could restrict or reduce the results, as well as those 
potentially introducing biases toward unrelated cardi-
ovascular effects in older populations, were excluded.

Eligibility Criteria

Case-control studies, cohort studies, and clinical 
trials conducted in adult humans that reported rela-
tive risk and 95% confidence intervals were included. 
These studies evaluated cardiovascular outcomes in 
the study population, comparing individuals vacci-
nated with the pneumococcal polysaccharide vaccine 
PV23 alone and those dually vaccinated with PV23 
and influenza (Table 1).

Data Extraction

Two independent researchers collected informa-
tion from the articles and recorded it in standardized 
formats to apply the methodologies described above. 
The collected data included authors, publication year, 
study design, country, study population, number of 
participants, duration of follow-up, person-years of 
follow-up, reported outcomes, effect measures (RR; 
adjusted HR or OR), and funding sources. Discrep-
ancies were resolved through discussion between the 
researchers.

Table 1. PICOS criteria for eligibility of studies

Population Persons 65 years and over, healthy or with age-typical underlying diseases living in any 
countries and not belonging to indigenous minority populations

Intervention Vaccination with PPV23
Comparator Dually vaccinated for PV23 and influenza.
Outcomes Cardiovascular Diseases
Study Design RCTs and Observational studies, if adjusted at least for age and comorbidities
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Statistical Analysis
A systematic review and meta-analysis of studies 

evaluating pneumococcal vaccination alone and those 
evaluating dual influenza plus pneumococcal vacci-
nation were performed. The Mantel-Haenszel method 
was used to obtain relative risks (RRs) and 95% confi-
dence intervals (95% CI) for the evaluated outcomes. 
The RR was calculated for vaccinated, unvaccinated, 
and dual vaccination groups, the latter if the primary 
study reported it.

Heterogeneity between studies was assessed us-
ing Cochran’s Q statistic. The degree of heterogenei-
ty was tested with I² statistics using Review Manager 
software; values < 25% indicated low heterogeneity, 
while values between 25% - 60% and > 60% indi-
cated moderate and high heterogeneity, respectively. 
Meta-analysis was conducted using Review Manager 
5.0.24 (COCHRANE Library software).

Funding
This systematic review was financed by the au-

thors’ respective institutional budgets without extra-
mural funding.

RESULTS

The initial database search yielded 1,902 articles. 
Figure 1 illustrates the search process and reasons for 
initial exclusion, with 1,881 articles discarded due to 
duplicate titles, title content, abstracts, and non-pri-
mary studies. Ultimately, 21 studies were selected, of 
which 2 were excluded: one was a case series, and the 

other evaluated mortality from pneumonia as the pri-
mary outcome, which did not align with the objective 
of this systematic review. This left 19 studies for com-
plete review, encompassing a total of 617,411 patients. 
Table 1 displays the selected studies and their charac-
teristics.

The quality of the cohort and case-control studies 
was assessed using the Newcastle-Ottawa scale, result-
ing in 14 studies classified as good quality, 4 studies of 
acceptable quality, and one randomized clinical trial 
with a Jadad score of 1 point (indicating low quality).

Regarding demographic aspects, all included 
studies provided information about the age and gender 
of patients, with an average age of 69 years. The pop-
ulation was predominantly male, with 337,567 men 
(54.6%) represented (Table 2).

PV23 and Acute Myocardial Infarction

Nine studies were included in this analysis. The 
unvaccinated group comprised 165,062 participants, 
while 65,880 were vaccinated against pneumococcus. 
No decrease in the incidence of acute myocardial in-
farction was found among immunized patients, with a 
relative risk (RR) of 1.21 (95% CI: 1.18-1.23), indicat-
ing an increased risk of heart attack. However, the het-
erogeneity rate was very high (I² = 98%), precluding 
definitive conclusions. Studies showing a protective 
effect of PV23 vaccination for myocardial infarction 
contributed little weight in terms of the number of 
cases and follow-up time; the study with the greatest 
weight was that of Siriwardena (25), which indicated a 
neutral effect on infarction outcomes (Figure 2).

Figure 1. Search results, selection and, inclusion of studies
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Figure 2. PV23 and Acute Myocardial Infarction

Table 2. Studies characteristics

First author, year Sample 
size

Mean age Follow Male Primary outcome 
influenza

Vaccine
Pneumo-

coccal 
vaccine

CVD Adjusted 
for 

variables

Mortality in 
vaccinated 

pV23

Reported 
results

Type of 
study

Newcastle-Ottawa 
Quality Scale

1 Vila-Corcoles et to the. 
2012, Spain (20)

27204 71.7 
(SD: 8.6)

1 year. 8074 
(44.3)

Hospitalized 
for AMI and/
or ischemic 

stroke

14368 
(52%)

8981 (34%) 1733 Yes Not reported stroke: HR: 
0.65 (CI: 

0.42-0.99) 
P: 0.046

AMI HR: 
0.83 (CI: 

0.56-1.22) P: 
0.347

Cohorts Selection: 3/4 
Comparability: 2/2 
Outcomes: (cohort)/

exposure (case–control) 
3/3

2 Ochoa-Gondar O et al. 
2014, Spain (21)

27204 > 80 years 
old (20.2%) 

70-79 
years old 
(34.12%) 

60-69 
years old 
(45.5%)

3 years 12082 
(44.4%)

Hospitalized 
for AMI, 

mortality due 
to AMI at 

30 days and 
death from 
all causes

14,368 
(52%)

8,981 
(34%)

1,733 yes Not associ-
ated with a 
reduction in 
death from 

AMI or from 
all causes

AMI HR: 
0.95 (CI: 

0.76-1, 18) 
P: 0.63

cohorts Selection: 3/4 
Comparability: 2/2 
Outcomes: (cohort)/

exposure (case–control) 
3/3

3 Vila-Corcoles A, et al. 
2014, Spain (22)

27204 > 80 years 
(20.2%) 

70-79 years 
(34.12%) 

60-69 years 
(45.5%)

3 years 12082 
(44.4%)

Hospital-
ization for 
ischemic 

stroke and 
death from 
any cause.

14368 
(52%)

8981 (34%) 1733 if PPV23 
was not 

associated 
with reduced 
risk of death 
from stroke 

or death 
from any 

cause.

PV23 did not 
alter stroke 
risk: HR: 

1.04 95% CI 
(0.83 - 1.3) 
P: 0.752.

Prospective 
cohort

Selection: 3/4  
Comparability: 2/2  
Outcomes: (cohort)/

exposure (case–control) 
3/3
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4 Hung IF, et al. 2010 
(23)

36636 75 15
months.

16611 
(45%)

Rates of 
death, hos-
pitalization, 
pneumonia, 

ischemic 
stroke, AMI, 

admission 
to ICU or 

coronary care 
unit

2076 7292: PV23 
and influ-
enza, 1875 

(5.1%) 
received 
PPV only

2118 
(8)

Yes PV23-In-
fluenza risk 

of death 
[HR], 0.65; 

95% CI, 
0.55–0.77; 
P<0.001).

Pneumonia 
HR: 0.57 
(95% CI: 
0.51-0.64) 
p < 0.001. 
Coronary 

ICU 
admission: 
HR 0.59 
(95% CI 

0.44-0.79) p 
< 0.001. ICU 
admission: 
HR: 0.45 
(95% CI 

0.22-0.94) p 
< 0.03. CVA 
(HR, 0.67; 
95% CI, 

0.54-0.83; 
p < 0.001). 
AMI (HR, 
0.52; 95% 
CI, 0.38-
0.71; p < 

0.001)

Prospective 
cohort

Selection 3/4  
Comparability 0/2 
Results (cohort)/

exposure
(case–control) 3/3

5 Tseng et al. 2010, 
United States(24).

84170 58.4 +/- 7.1 56.4 
months

84170 
(100%)

Incidence 
of acute 

myocardial 
infarction 

and stroke.

NR 47861 
(56.8%)

AMI 
before 

the 
study 
6020 

(7.2%) 
Stroke 
before 

the 
study 
2849 

(3.4%)

Yes NR No associa-
tion between 
pneumococ-

cal vacci-
nation and 

reduced risk 
of AMI (HR 
1.09; CI95: 
0.98- 1.21) 
or stroke 

(adjusted HR 
1.14 CI95% 
1.00-1.31)

Prospective 
cohort. 

California, 
USA

Selection 3/4
 Comparability 2/2 

results (cohort)/
exposure

(case–control) 2/3

6 Siriwardena AN, et al. 
2010, United Kingdom 

(25)

Cases: 
16012. 
Con-
trols: 
62694

40 - 64 
years: 
33.4%. 

>equalto 
65 years: 

66.6%

67 
months

cases: 
6168 

(38.5%) 
controls: 
24171 

(38.5%)

Association 
of influenza 
vaccination 
and PV23 
with AMI

vaccine 
in the 

previous 
year 
cases 

(52.9%) 
and 

Controls: 
(51.2%)

Only pneu-
mococcus: 

(3.6%). 
Dual vac-
cination: 
(31.7%)

chronic 
heart 

disease: 
12%. 
ACV 

or TIA 
6.25%. 
PAD: 

4.194%

Yes NR Pneumo-
coccal vac-
cination not 
associated 

with AMI re-
duction (OR 
0.96, 95% CI 
0.91–1.02)

Case– 
control

Selection 2/4  
Comparability 2/2 
results (cohort)/

exposure
(case–control) 3/ 3

7 Siriwardena AN, et al. 
2014, United Kingdom 

(26)

Cases: 
47011 
Con-
trols: 
47011

< 65 years 
23.2%.

 ≥ 65: 
76.8%

7.9 
years

Cases 
22,584 
(48.0%) 
Controls 
22,584 
(48.0%)

Stroke or TIA 
associated 
with pneu-
mococcal 

vaccination

Influenza 
vaccine

the previ-
ous year: 

7021 
(7.4%)

For pneu-
mococcus 

12,153 
(12.9%)

Dual 
vaccina-

tion: 48,673 
(51.7%)

FCC: 
17519 
(8.8%) 
PAD: 
2467 

(1.35%)

Yes Notreported Pneumo-
coccal 

vaccination 
was not as-

sociated with 
a reduction 
in the risk 

of stroke or 
TIA

Case-con-
trol Study

Selection 3/4  
Comparability 2/ 2 
Outcome (cohort)/

exposure
(cases–controls) 3/3
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8 Lamontagne F, et al. 
2008 (27)

4995 
(Cases

n = 
999), 
(Con-
trols
n = 

3996)

Cases 59.2 
Controls 

58.8

6 years Cases 
684 

(68.5%); 
Control 

2736 
(68.5%)

Association 
of pneu-
mococcal 

vaccination 
and AMI rate.

NR Cases 71 
(7.1%); 
Controls 

465 
(11.6%)

NR Yes NR Vaccination 
1 year before 

AMI OR: 
0.85; (95% 

CI: 0.54 
to 1.33). 

Vaccination 
> 2 years 

before AMI: 
OR: 0.33 
(95% CI: 

0.20-0.46) to 
0.46).

Case- 
control 
study

Selection 2/4 
Comparability 1/2 
Results (cohort)/

exposure
(case-control) 3/3

9 Meyers D, et al. 2003, 
United States(28)

Cases 
= 335 
Con-

trols = 
199

66 +/- 11 5 
months

Cases 
63% 

control 
34%

Association 
between 
pneumo-

coccal 
vaccine and 
myocardial 
infarction

Cases: 
177 

Controls: 
126

Cases 107 
Controls: 

78

172 
(32.2% )

Yes NR Neither 
influenza nor 
pneumococ-
cus vaccina-
tion reduced 

AMI

Study 
cases and 
controls

Selection 3/4  
Comparability 1/2 

Results  
(cohorts)/exposure  
(cases–controls) 2/3

10 Eurich DT, et al. 2012, 
Canada (29)

6171 59 2000 - 
2002

3261 
(53%)

Association 
between 

acute 
coronary 
syndrome 
and pneu-
mococcal 

vaccination 
status

NR 725 (12%) 1105 Yes Composite 
of death or 
hospitaliza-

tion for ACS: 
HR 0.42 

(0.27 - 0.66, 
p < 0.001)
Onlydeath:  
HR: 0.92 
(0.33-2.6)

Hospital-
ization for 
ACS: HR: 
0.35 (0.21-

0.57)

Cohort 
study

Selection 2/4 
Comparability 2/2 

Results 
(cohort)/exposure

(cases–controls) 3/3

11 Ahmed MB, et al. 
2016, United States 

(30)

5290 83 13 years 2539 
(48%)

-Primary: 
incidence of 
heart failure 

and mortality 
from any

-Secondary: 
cardiovas-
cular and 
non-car-

diovascular 
cause of 

death, hospi-
talization for 

all causes

NR 1,424 
(26.92%)

Cor-
onary 
heart 

disease: 
17.22%; 

AMI: 
7.88%; 
stroke 
3.8%; 
Heart 
failure 
19.9%. 
Total: 
CVD: 
2587 

(48.9%)

If Octogenar-
ians:

I- all causes: 
HR: 1.23 

(1.09–1.49);
II-Cardio-
vascular 
HR: 1.45 

(1.06–1.98)
III-Non-car-
diovascular
HR: 1.10 

(0.87–1.40)

Heart failure 
(Octoge-
narians) 
HR: 1.37 

(1.01–1.85); 
P = 0.044 

Heart failure 
in 65-79 

years) HR: 
0.88 (0.74-
1.04); P = 

0.126

Prospective 
epidemio-

logicalstudy 
(cohort)

Selection: 3/4 
Comparability: 1/2 

Outcome; 3/3

12 Wen-Chih Wu, et al. 
2014, United States 

(31)

107045 72 7 years 105,118 
(98.2%)

Mortality at 
30 days and 

at 1 year. 

2087 7108 AMI: 
3636 

(33.8%)

Yes Mortality 
at 30 days: 
OR: 0.66 

(0.42-1.05), 
Mortality at 
1 year: OR: 
0.76 (0.61-

0.95)

NR othersof-
interest

Retrospec-
tive cohort

Selection: 3/4 
Comparison: 1/2 

Outcome: 3/3
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13 HiroakiIhara, et al. 
2019, Japan (32, 5, 10)

PPSV 
23

64 5 years 67.85% on the risk of 
hospital-

ization and 
death from 
pneumonia 
and acute 
cardiac 
events

391 
(76.6%)

255 (50%) Total:495 
(97.05%) 
. Coro-

nary heart 
disease: 
27.64%, 

FCC: 
25.29%. 
stroke: 

21.96%. 
PSE: 

2.15%.

yes Mortality 
from all 
causes: 

HR: 0.62, 
[CI] 95%; 

0.46–0.83, P 
= 0.002).
Cardiac 

death: HR: 
0.36; CI 

95%; 0.18 
to 0.71; p = 

0.003)

Hospitaliza-
tion for car-
diac events: 

HR 0.44, 
95% CI; 

0.20-0.96, P 
= 0.040).

Retrospec-
tive cohort

Selection: 3/4 
Comparison: 1/2 

Outcome: 3/3

14 Mahamat Aba, et al. 
2013, France (33)

68,897 75.2 1 year 39.8% Demonstrate 
whether 

vaccination 
against pneu-

mococcus 
and influenza 

reduces all 
causes of 

mortality and 
consumption 
of antibiotics

18,651 
(27.1%)

pneumo-
coccus 
alone: ​​
3,769 
(5.5% 
) dual 

vaccina-
tion: 21,303 

(30.9%).

NR Yes Decrease in 
mortality in 

dual vac-
cination of 
27 (95% CI 
20-34) HR: 
0.73 (0.66 

0.80).
In vaccina-

tion only for 
PV23 the 
mortality 

reduction-. 9 
(95% CI: -8-
23) HR: 0.91 
(0.77-1.08)

Pneumo-
coccal 

vaccine did 
not reduce 
antibiotic 

consumption

Prospective 
cohort

Selection: 3/4 
Comparison: 1/2 

Outcome: 3/3

15 Maliha Z, et al. 2012, 
United States (34)

1436 69 years 
(Interquar-
tileRange 
58 - 77)

6 
months

1403 Associations 
between 

pneumococ-
cal vaccine 

and mortality 
or AMI at 6 
months of 

follow-up in 
hospitalized 
patients with 

suspected 
ACS

503 
(35.0%) 
vacci-

nated 12 
months 

prior

937 
received 
pneumo-

coccal 
vaccine; 
667: dual 
vaccine

-Cor-
onary 

Disease: 
53.2% 

-History 
of AMI 
22.9% 
-FCC: 
18.45% 
-CVA: 
11.9%

Yes Mortality 
PV23 vs no 
vaccination: 

HR: 0.12 
(95% CI 

0.06 – 0.21) 
in dual 

vaccination: 
HR : 0.60 

(0.42-0.85) 

AMI in 
PV23 vs no 
vaccination: 

HR: 0.60 
(95% CI: 

0.32 - 1.10).
In dual 

vaccination: 
HR: 0.22 

(0.22-0.89) 
Prospective 

Cohort

Study Selection: 3/4 
Comparison: 1/2 

Outcome: 3/3

16 LI TSZ WAI. 2014, 
China (35)

1006 48 2 years 85.90% Dual vaccina-
tion, only 

pneumococ-
cus, only 
influenza 

and no vac-
cination on 
effects on 

general hos-
pitalization, 
hospitaliza-

tion for CVD, 
respiratory, 
neurological 
and mortality

254 
(25.24%)

Only 
pneumo-

coccus: 250 
( 24.8%). 

dual vacci-
nation: 250 

(24.8%).

534 
(53.08%).

No No differenc-
es in mortal-
ity between 

groups

Dual 
vaccination 
was the only 
independent 
factor associ-
ated with a 
reduction in 
the relative 
risk of hos-
pitalization 
p<0.001. 
RR 0.288 

CI95% 0.101 
- 0.154.

Open-label 
randomized 

clinical 
study.

Jadad 1 point: 
lowquality
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17 Shu Ren, et al. 2018, 
Australia (36)

863 72 years 7 – 11 
years

45% Hospital-
ization or 

mortality in 
vaccinated vs 
unvaccinated 

patient

Influenza: 
190. Dual 
vaccinat-
ed: 451

26 0 Yes No associ-
ation found 

between PPV 
or influenza 
vaccine and 
time to event 
of CVD or 
all-cause 
mortality

Pv23 showed 
a 35% reduc-
tion in days 
hospitalized 

for CVD

Cohort-
Study

Selection: 2/4 
Comparison: 1/2 

Outcome: 3/3

18 Joon Young Song, 
et al. 2018, South 

Korea. (37)

2119 76 During 
three in-
fluenza 
seasons 

from 
October 

1 – 
April 
30, 

2014–
2015, 
2015–
2016 
and 

2016–
2017

1091 
(51.5%)

Effectiveness 
of influenza 
and pneu-
mococcal 

vaccination 
against 

pneumonia 
and acute 

exacerbation 
of cardio-pul-

monary 
diseases

1302 
(61.4%)

Vaccination 
PPV23:871 

(41.1%) 
PCV13 

vaccination: 
74 (3.5%)

I) Stroke: 
296 

(14.0%)
II) Chron-

ic heart 
disease: 

444 
(21.0%)

If PPV23 did 
not reduce 
mortality at 

30 days.

PV23 did not 
significantly 

reduce 
pneumonia, 
exacerbation 

of cardio-
pulmonary 
disease, or 
hospitaliza-

tions

Prospective 
Multi-

centerCo-
hort

Selection: 3/4 
Comparison: 1/2 

Outcome: 3/3

19 Chang, et al. 2012, 
China (38)

43399 80 years 4 
months

11147 
(45.6%)

1: all-cause 
mortality

2: Incidence 
and hospital-
ization costs 
for CAP and 

influen-
za, enf. 

respiratory, 
COPD, FCC 
in seasonal 
influenza.

8142 8142 
(33.32%)

10910.28 
(44.66%)

Yes All causes of 
mortality:
Dual vac-

cination vs. 
unvaccinated 

group RR: 
0.50 CI95 

(0.39-0.63),

Hospi-
talization 

expenses for 
all diseases: 
Dual vac-

cination vs. 
unvaccinated 

group RR: 
0.89 CI95 
(0.83-0.96)

Retrospec-
tive cohort

Selection: 3/4
Comparison: 1/2 

Outcome: 3/3

PV23 and Heart Failure
A total of 34,677 patients from three studies were 

analyzed. Heart failure occurred in 209 vaccinated 
patients compared to 2,155 cases in unvaccinated pa-
tients, yielding an RR of 0.86 (95% CI: 0.75-1), sug-
gesting a potential reduction in heart failure decom-
pensation. However, the wide confidence interval, 
which includes 1, and the moderate heterogeneity (I² = 
60%) indicate that further studies are needed to clarify 
the protective effect of PV23 vaccination (Figure 3).

PV23 and Stroke
The likelihood of experiencing a stroke was found 

to be 1.98 times higher (95% CI: 1.80-2.18) in indi-
viduals who received pneumococcal vaccination com-
pared to those who were unvaccinated. These results 

are inconclusive due to the high rate of heterogeneity 
among the studies (I² = 97%) (Figure 4).

Mortality and PV23
To evaluate mortality outcomes, 128,479 patients 

were included, representing 20% of those identified 
in the meta-analysis. Across the 9 studies, 933 deaths 
were reported, revealing a statistically significant re-
duction in mortality risk associated with vaccination, 
with an RR of 0.83 (95% CI: 0.76-0.91) (Figure 5).

Acute Myocardial Infarction  
and Dual Vaccination
Dual vaccination did not demonstrate significant 

differences in the reduction of acute myocardial in-
farction (Figure 6).
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Figure 4. PV23 and Stroke

Figure 3. PV23 and heart failure

Figure 5. Mortality and PV23
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Figure 6. Acute Myocardial Infarction and Dual Vaccination

Figure 7. ACV and dual vaccination

Figure 8. Heart failure and dual vaccination
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Stroke and Dual Vaccination
Among a total of 83,873 individuals, 26% re-

ceived dual vaccination. The Forest Plot analysis in-
dicated a reduction in cerebrovascular events in more 
than half of the patients evaluated, suggesting a pro-
tective factor, with a narrow confidence interval and 
high statistical significance (RR 0.52 [95% CI: 0.45-
0.61], P < 0.00001) (Figure 7).

Heart Failure and Dual Vaccination
Dual vaccination significantly reduced heart fail-

ure decompensation compared to single pneumococ-
cal vaccination; however, the interpretation of these 
results is limited by the small number of studies eval-
uating this finding.

DISCUSSION
This systematic meta-analysis reviews the evi-

dence regarding the effects of PV23 vaccination and 
dual vaccination (PV23 + seasonal influenza) on car-
diovascular outcomes, given the current contradictions 
in the literature. Nineteen studies were evaluated, en-
compassing a significantly larger population than pre-
vious analyses.

As a conclusive result of this meta-analysis, ev-
idence suggests a decrease in cerebrovascular events 
and episodes of decompensated heart failure among 
individuals who received dual vaccination. Post-vi-
ral bacterial pneumonia (39) is proposed as a serious 
complication of any lower respiratory tract influenza 
infection (26); thus, there is biological plausibility that 
dual vaccination (seasonal influenza and PV23) may 
offer better protection than single vaccination. How-
ever, no net protective effect for stroke or heart failure 
was found with PV23 alone.

The reduced mortality risk associated with the in-
fluenza vaccine, PPV, and the combined pneumococ-
cal and influenza vaccinations has been documented. 
Evidence suggests that administering pneumonia and 
influenza vaccines during hospitalization is safe and 
reinforces the cardiovascular benefits of combined 
vaccination in hospital settings (40). However, the 
protective effect of dual vaccination on heart failure 
decompensation requires further investigation, given 
the small number of studies reporting this outcome. 
This consideration is particularly relevant for patients 
with a history of chronic heart failure.

All results were evaluated comparing individuals 
vaccinated with PV23 to those receiving dual vacci-
nation. Acute myocardial infarction as a primary out-
come showed no reduction in risk for either the PV23 
group or the dual vaccination group (PV23 + seasonal 
influenza). This finding, indicating no benefit of vacci-

nation in reducing acute myocardial infarction, cannot 
be conclusively accepted due to high heterogeneity 
among the studies, which limits the reliability of the 
results. The case-control study by Lamontagne et al. 
indicated a reduction in the risk of myocardial infarc-
tion when vaccination was administered between the 
second and fifth year post-vaccination, suggesting the 
need for stratifying results based on the time since vac-
cination (27). Conversely, the epidemiology of pneu-
monia has evolved significantly, especially after the 
introduction of pneumococcal vaccination, leading to 
an increase in other causes such as various viruses and 
pathogens like S. aureus and Pseudomonas aerugino-
sa (41).

In the studies included in this analysis, individuals 
were considered vaccinated against influenza if they 
had received the vaccine within the 12 months prior to 
inclusion. Notably, early seasonal influenza vaccina-
tion (September to mid-November) has been associat-
ed with a greater reduction in stroke risk compared to 
later vaccination (from mid-November onward) (26).

The vaccinated population ranged from 45 years 
to octogenarians, but the results were not stratified by 
age range. Momanna et al. 2016. evaluated mortali-
ty and heart failure decompensation in octogenarians 
and non-octogenarians (ages 65-79), finding better 
outcomes in non-octogenarians (30). These results are 
significant and may relate to the senescence of the im-
mune system and its response to vaccination. Given 
the greater burden of comorbidities in octogenarians, 
further studies focusing on this population would be 
valuable.

Mortality for all causes was reported since not 
all registries specified mortality due to cardiovascular 
causes, as evidenced by the high rate of heterogeneity. 
The outcome of death favored vaccination with PV23 
in decreasing mortality. Among the advantages of this 
meta-analysis, a mean follow-up of 48.1 months stands 
out, corresponding to double the follow-up duration of 
previous meta-analyses (42, 43). Furthermore, a great-
er number of studies were included. Rates of enceph-
alitis/encephalomyelitis, Guillain-Barré Syndrome 
(GBS), or transverse myelitis were not elevated fol-
lowing the 2022-2023 seasonal influenza vaccinations 
among U.S. adults aged 65 and older (44). However, 
there was an increased rate of anaphylaxis post-influ-
enza vaccination, which may have been influenced 
by concomitant vaccination. In a self-controlled risk 
interval study, no significant increase in risk was ob-
served for most cardiovascular, neurological, or im-
munological adverse events following PPSV23. The 
updated safety profile of PPSV23 provides supportive 
evidence for establishing immunization strategies for 
older adults (45).
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CONCLUSION
Future studies should conduct comprehensive 

risk-benefit assessments to ascertain the overall impact 
on cardiovascular health, weighing the benefits of vac-
cination against respiratory infections against potential 
risks. Public health policies may need to evolve based 
on emerging evidence, ensuring that dual vaccination 
is recommended as our understanding of cardiovascu-
lar effects improves. As with any vaccination program, 
addressing vaccine hesitancy and ensuring public con-
fidence in the safety and efficacy of dual vaccination 
will be crucial.

Abbreviations

PV23 - pneumococcal 23-valent polysaccharide 
vaccine

RR - relative risks
HR or OR - Hazard ratios or Odds Ratios
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Sažetak

KARDIOVASKULARNI EFEKTI KOD DVOSTRUKE VAKCINACIJE 
PNEUMOKOKNOM PV23 I VAKCINOM PROTIV GRIPA:  

SISTEMATSKI PREGLED
Sotelo-Velasquez Yulied Angie,1 Rincón Augusto Cesar,2 Rojas Ruiz Tatiana Ingrid,3  

Novoa-Alvarez Andrés Ricardo,4 Ramos Espinosa Gustavo,5 Méndez Toro Arnold6

1 El Bosque Univerzitet, Bogota, Kolumbija 
2 Klinika Cafam, Jedinica intenzivne nege, Bogota, Kolumbija 

3 Nacionalni Univerzitet Kolumbije, Fakultet za medicinske sestre, Bogota, Kolumbija 
4 Fondacija Univerziteta Navara, Neiva, Kolumbija 

5 Heidelberg Univerzitet, Nemačka 
6 Nacionalni Univerzitet Kolumbije, Medicinski fakultet,  

Nacionalna univerzitetska bolnica Kolumbije, Bogota, Kolumbija

Pneumokokalna vakcina može smanjiti kardiova-
skularne komplikacije. Ova sistematska analiza ispitu-
je uticaj vakcinacije PV23 i sezonske vakcine protiv 
gripa na glavne kardiovaskularne ishodne parametre 
u poređenju sa nevakcinisanim populacijama. Siste-
matski smo pregledali klinička ispitivanja, kohortne 
studije i case-control studije objavljene između 2000. 
i 2019. godine koje su procenjivale kardiovaskularne 
ishode kod odraslih vakcinisanih sa PV23 i sezonskim 
vakcinama protiv gripa u odnosu na nevakcinisane 
odrasle. Uključeno je devetnaest članaka koji obu-
hvataju 617.411 pacijenata. Vakcinacija PV23 sama 

po sebi nije bila značajno povezana sa smanjenim ri-
zikom od akutnog infarkta miokarda (RR 1.21 [95% 
CI: 1.18–1.23]). Dvostruka vakcinacija pokazala je 
zaštitni efekat protiv moždanog udara (RR 0.52 [95% 
CI: 0.45–0.61]) i značajno poboljšala ishode kod sr-
čane insuficijencije (RR 0.26 [95% CI: 0.22–0.31]). 
Vakcinacija PV23 i dvostruka vakcinacija takođe su 
smanjile epizode akutne dekompenzacije srčane insu-
ficijencije i razvoj moždanog udara.

Ključne reči: Vakcinacija protiv gripa, pneumo-
kokna vakcina, infarkt miokarda, srčana insuficijenci-
ja, moždani udar.
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