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Abstract

Aims: Streptococcus pneumoniae is the most common cause of community-acquired pneumonia (CAP) and CAP-related

mortality in adults. Pneumococcal vaccination (PV) could protect subjects from cardiovascular events by reducing

pneumonia severity or even preventing it. We sought to determine the ability of PV to protect from the risk of

cardiovascular events.

Methods and results: A comprehensive search of electronic databases was conducted up to March 2014. Cohort

studies that reported relative risk (RR) estimates with 95% confidence intervals (CI) were included. Eleven studies were

included (332,267 participants, mean follow-up 20.1 months). The pooled RRs for cardiovascular events and cardiovas-

cular mortality were 0.86 (95% CI: 0.76–0.97) and 0.92 (95% CI: 0.86–0.98; fixed-effects), respectively, for subjects with

PV versus without PV. Protective ability was more prominent in high cardiovascular risk populations and with older age.

The protective role of PV was attenuated after 1 year (RR: 0.72; 95% CI: 0.59–0.88 vs RR: 1.03; 95% CI: 0.93–1.14;

p¼ 0.002, for follow-up >1 year vs �1 year, respectively). It also increased as the presence of cardiovascular and

pulmonary disease increased. Regarding myocardial infarction (MI) and cerebrovascular events, the protective role

of PV was statistically significant only in the elderly (RR: 0.90; 95% CI: 0.817–0.999; fixed-effects and RR: 0.86; 95%

CI: 0.75–0.99, respectively).

Conclusion: PV is associated with decreased risk of cardiovascular events and mortality. This protective effect increases

at older age and in high cardiovascular risk subjects and decreases as the time elapses from PV. PV decreases the risk of

MI and cerebrovascular events in the elderly.
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Introduction

Community-acquired pneumonia (CAP) is a major
cause of morbidity and mortality worldwide.1

Streptococcus pneumoniae is the most common cause
of CAP in adults, accounting for more than 40% of
cases.2,3 In people aged �65, CAP infections may
result in hospital admission in more than 25–40% of
episodes and in 10% the infection may be fatal.4

It is estimated that more than half the elderly
patients with CAP have a chronic cardiac condition.5
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Hospitalization for CAP is associated with an up to
eight-fold increase in the risk of acute myocardial
infarction (MI) and many ‘pneumonia-related deaths’
are related to non-infectious complications including
acute coronary syndrome (ACS) events.6,7 Many pro-
posed pathophysiological mechanisms contribute to
cardiovascular (CV) complications including endothe-
lial dysfunction, plaque instability, inflammation,
sympathetic activation, hypercoagulability, tissue hyp-
oxaemia, depression of ventricular function, arterial
stiffness, volume overload and arrhythmias.8,9

Pneumococcal vaccine (PV) has been studied for
more than a century.10 Recent developments with the
use of conjugate vaccines show great promise.
However, the 23-polyvalent polysaccharide PV with its
limitations and controversies is themost widely used and
has been investigated in adults in the last three dec-
ades.10 Since PV can reduce pneumonia severity or
even prevent it, it has been suggested that the vaccine
could protect patients from CV events, especially the
more fragile ones such as elderly and patients with
chronic diseases. A number of non-randomized studies
examined the ability of PV to protect from future CV
events with conflicting results.11–35 Despite the extensive
meta-analyses36,37 of adult PV on all-cause mortality
and pneumonia-related events, the overall quantitative
estimate of the effect of PV on CV outcomes has never
been investigated. We conducted the present systematic
review and meta-analysis with the primary aim of pro-
viding an overview of relevant cohort studies and to cal-
culate robust quantitative estimates of the possible
protective role of PV for different CV outcomes.
Secondly, we investigated whether publication bias
could have affected our results. Thirdly, we evaluated
the effect of several factors such as age and history of
chronic disease on the possible protective role of PV.

Methods

The meta-analysis was conducted according to the
checklist of the Meta-analysis of Observational
Studies in Epidemiology and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.38,39

The outcomes of interest were: (1) total CV events (CV
death, MI, coronary artery disease, revascularization,
cerebrovascular events, peripheral vascular disease,
unstable angina, heart failure (HF) and CV hospitaliza-
tions); (2) CV mortality; (3) MI; and (4) cerebrovascu-
lar events (stroke, transient ischaemic attacks,
intracranial haemorrhage).

Data sources and searches

Studies evaluating relationships of PV in adults with
the risk of future clinical events were drawn from a

systematic review of the English literature in the
Medline, Cochrane and Embase databases up to
March 2014. The search terms are cited in the online
Supplementary Material. Data sources were also iden-
tified through manually searching the references of art-
icles, reviews and meta-analyses. We subsequently
searched online resources such as major CV and infec-
tious disease conventions abstracts from 2000 to 2013
and clinicaltrials.gov to ensure identification of all
published and unpublished studies.

Study selection

Studies were deemed eligible if they: (1) were full-length
publications in peer-reviewed journals or abstracts in
major conventions; (2) included adult patients that
received the 23-polyvalent pneumococcal vaccine and
were compared to unvaccinated patients; (3) reported
a combined CV outcome or CV mortality or MI (for
details see online Supplementary Material and Table
S1) or cerebrovascular event; (4) the follow-up period
was at least 1 month and did not include exclusively in-
hospital CV events; (5) were either retrospective or pro-
spective cohort studies. For details of exclusion criteria
see online Supplementary Material.

Data extraction and quality assessment

The literature search, selection of studies, quality
assessment (for details see online Supplementary
Material) and extraction of data were done independ-
ently by two reviewers (CV, DT), as previously
reported.40–42 We used the Newcastle-Ottawa scale to
assess the risk of bias in observational studies.43 We
evaluated the quality of evidence using criteria selected
from the grading of recommendations assessment,
development and evaluation (GRADE) framework.44

Data synthesis and analysis

The risk estimates of each study were reported as a
hazard ratio, relative risk (RR), odds ratio or dichotom-
ous frequency data. We treated hazard ratios as RRs, as
we have previously reported.40–42 When available, we
used the adjusted risk estimates from propensity score
or multivariate models. We performed meta-analyses of
studies investigating PV to obtain the pooled RRs with
95% confidence intervals (CI) separately for: (1) total
CV events; (2) CVmortality; (3) MI; and (4) cerebrovas-
cular events. The proportion of inconsistency across stu-
dies not explained by chance was quantified with the I2

statistic. Heterogeneity between subgroups was calcu-
lated with Cochran’s Q test.45 When significant hetero-
geneity (p-value� 0.10) existed among studies, the
random effects model was used to obtain the pooled

1186 European Journal of Preventive Cardiology 22(9)

 at PENNSYLVANIA STATE UNIV on September 18, 2016cpr.sagepub.comDownloaded from 

http://cpr.sagepub.com/


RRs. In cases of non-significant heterogeneity both fixed
and random-effects analysis were used and presented.
We also calculated adjusted RRs of PV vs no PV
groups in each study. The effectiveness of PV in reducing
CV events is thought to be inFuenced by proximity of
vaccine receipt because antibody titres induced by PV
decrease with time. We performed a sensitivity analysis
to evaluate whether the strength of risk estimates differs
between studies with follow-up up to 1 year and more
than 1 year. Risk estimates between subgroups were
compared with a test of interaction.46 Moreover, to fur-
ther evaluate the robustness of our study results, we con-
ducted several additional sensitivity analyses (for details
see online Supplementary Material). The RRs and CIs
of individual studies were illustrated with forest plots.
To estimate the contribution of continuous study mod-
erators to the overall heterogeneity, we ran a meta-
regression analysis with fixed-effects estimates. The pres-
ence of publication bias was investigated graphically by
funnel plots of precision, and its implications for our
results were assessed by the trim-and-fill method47 and
the classic fail-safe Nmethod. Begg and Egger tests were
also performed and p> 0.05 was considered to be no
significant publication bias. All analyses were performed
with Comprehensive Meta Analysis Version 2 (Biostat,
Englewood, New Jersey).48

Results

Literature search

The results of the literature search are shown in
Figure 1. We retrieved 1662 articles from our prelimin-
ary search. Of these, 25 articles were identified for full
review. For details of exclusion of studies23–34 after full
review see online Supplementary Material.

Study characteristics

Our meta-analysis included 13 original articles assess-
ing relationships of PV with clinical events. In total, the
included studies analysed 332,267 subjects (88,054 with
PV). Several populations such as patients with MI,
renal disease and pneumonia and subjects from the gen-
eral population are included. Details of the individual
studies are shown in Table 1. Of the 11 studies included
(332,267 participants, mean follow-up 20.1 months, 13
full-text articles),11–22 11 reported results on total CV
events (332,267 individuals),11–22 four reported on CV
mortality (152,365 individuals),14,15,19,22,35 four
reported on MI (140,078 individuals)12,13,17,21 and
four reported on cerebrovascular events (156,152 indi-
viduals).12,13,20,21 All studies were published after
2002,12 and the mean/median follow-up ranged from

1662 Articles or abstracts identified
from database search and other          
sources

1577 Medline and Embase
85 Cochrane

1637 Excluded articles or abstracts excluded based 
on review of title and abstract

169 Non human studies
435 Reviews, meta-analyses and guidelines
55 Case reports
72 Editorials, letters and commentaries
93 Duplicates
655 Use of conjugate vaccine or use in children
158 No clinical outcomes reported

25 articles identified for
inclusion/exclusion criteria and full

review 
12 Excluded

5 case-control studies
2 in-hospital events
2 population identical to an included study  
1 did not report data on hazard ratio or events
2 combination influenza and pneumococcal 
vaccine

11 studies (13 articles) included in 
meta-analysis 

Figure 1. Flow chart of selection of studies for inclusion in meta-analysis.
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1.5 to 60 months.19 The sample sizes ranged from 45715

to 118,53314 individuals. Age, influenza vaccination and
other risk factors for CV events were controlled for in
most of the studies.

Meta-analysis

PV and total CV events

The magnitude of risk in individuals who had PV
was significantly lower compared with the risk of
individuals without PV. The pooled RR for PV was
0.86 (95% CI: 0.76–0.97; p¼ 0.016) for total CV
events (Figure 2A).

Since we observed significant heterogeneity
(I2¼ 76.1%, p< 0.001) between the included studies,
we conducted between-study subgroup analyses to
investigate its sources. Specifically, as regards the
duration of follow-up, the RR for studies14–20 with
follow-up of 1 year or less was lower compared to stu-
dies11–13,21 with follow-up of more than 1 year (RR:
0.72; 95% CI: 0.59–0.88 vs RR: 1.03; 95% CI: 0.93–
1.14; p¼ 0.002).

To further investigate the protective role of PV in
high-risk populations we performed a sensitivity ana-
lysis in which we included studies that investigated the
role of PV on elderly and high CV risk individuals. The
protective role of PV in studies with elderly12,13,15–21

(RR: 0.80; 95% CI: 0.70–0.92; p¼ 0.001) and patients
with high CV risk (RR: 0.92; 95% CI: 0.87–0.98;
p¼ 0.010)11,12,14,17,18,22,35 was similar to or even better
than the overall combined estimated risk.

The results remained similar and statistically signifi-
cant when each endpoint was entered separately in the
overall analysis as well as in the sensitivity analyses
(eFigure 1, for details see online Supplementary
Material).

PV and CV mortality

The magnitude of risk for CV mortality in individuals
with PV was significantly lower compared with the
risk of individuals without PV. The pooled RR
for PV for CV mortality with fixed effects was
0.92 (95% CI: 0.86–0.98; p¼ 0.008) and with ran-
dom effects was 0.95 (95% CI: 0.77–1.18; p¼ 0.651)
(Figure 2B).

PV and MI

The magnitude of risk in individuals with PV was simi-
lar compared with the risk of individuals without PV.
The pooled RR for PV for MI with fixed effects was
1.05 (95% CI: 0.96–1.16) and with random effects was
1.00 (95% CI: 0.84–1.18) (Figure 2C).

To further investigate the possible protective role
of PV in high-risk populations we performed a sen-
sitivity analysis in which we included studies that
investigated the role of PV on elderly and high
CV risk individuals. The protective role of PV in
studies of the elderly12,13,17,21 was statistically signifi-
cant and different to the overall combined estimated
risk with fixed effects (RR: 0.90; 95% CI: 0.817–
0.999; p¼ 0.047) but this protective effect was atte-
nuated with random effects (RR: 0.90; 95%
CI: 0.80–1.03; p¼ 0.123). On the other hand, the
RR of PV in studies with patients with high CV
risk12,17,22 was lower compared to the overall com-
bined estimated risk but not statistically significant
with both fixed (RR: 0.96; 95% CI: 0.82–1.12;
p¼ 0.57) and random effects (RR: 0.87; 95%
CI: 0.64–1.16; p¼ 0.34).

PV and cerebrovascular events

The magnitude of risk in individuals with PV was simi-
lar compared with the risk of individuals without PV.
The pooled RR for PV was 0.93 (95% CI: 0.74–1.17)
for cerebrovascular events (Figure 2D).

To further investigate the possible protective role
of PV in high-risk populations we performed a sen-
sitivity analysis in which we included studies that
investigated the role of PV on the elderly. In contrast
to the overall combined estimated risk, the protective
role of PV in studies with elderly subjects12,13,20,21

was statistically significant (RR: 0.86; 95% CI:
0.75–0.99; p¼ 0.032).

Risk of bias and quality of evidence assessment

The Newcastle-Ottawa scale scores for risk of bias
ranged from 7 to 9 out of a maximum of 9, with a
median of 8 across studies (Table 1). Based on an adap-
tation of the GRADE approach to assess the quality of
evidence, our confidence in risk estimates was very low
for all endpoints.

Publication bias

The funnel plot was asymmetrical at the bottom for
total CV events, suggesting a low likelihood of small
studies with small or positive risk estimates in our
meta-analysis (Figure S2 in online Supplementary
Material). None of the statistical tests for funnel plot
asymmetry showed significant publication bias (for
details see online Supplementary Material). These find-
ings suggest that the apparent publication bias is insuf-
ficient to affect our results or interpretations in a
meaningful way for total CV events.
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Meta-regression analysis

Age at enrolment was a strong predictor of the magni-
tude of the log RR in patients with PV and related to
the protective role of PV for total CV events (Figure
3A, p¼ 0.005).11–13,15–19,21 Duration of follow-up was
also a predictor of the magnitude of the log RR
in patients with PV (Figure 3B, p< 0.001).11–21

The percentage of patients with CV disease11–19,21

(Figure 3C), with HF11–15,17,18,21 and with chronic
obstructive pulmonary disease (COPD)11–16,19,21

in each study showed positive associations with the
protective role of PV (p¼ 0.004, p¼ 0.005 and
p< 0.001, respectively) and the quality of studies
showed inverse association with the protective
role of PV (p< 0.001).11–21 The percentage of patients

0.20

0.10

0.00

–0.10

(a)

–0.20

–0.30

–0.40

–0.50

–0.60

L
o

g
 R

R

55.64 58.95 62.26 65.58 68.89 72.20 75.51 78.82 82.14 85.45 88.76

–0.70

–0.80

Cardiovascular disease (%)

(b) 0.20

0.10

0.00

–0.10

–0.20

–0.30

5.05

–0.40

–0.50

–0.60

–0.70

–0.80

L
o

g
 R

R
 

–1.24 11.34 17.62 23.91 30.20 36.49 42.78 49.06 55.35 61.64

0.20

0.10

Cardiovascular disease (%)

(c)

0.00

–0.10

–0.20

–0.30

–0.40

–0.50

–2.96 8.27 19.50 30.74 41.97 53.20 64.43 75.66 86.90 98.13 109.36

–0.60

–0.70

–0.80

L
o

g
 R

R

Cardiovascular disease (%)

Figure 3. Relative risk (RR) of total CV events in patients with PV as a function of the following: (A) age (data from nine

studies11–13,15–19,21); (B) follow-up (data from 11 studies11–21); (C) cardiovascular disease (CVD) percentage in study population (data

from 10 studies11–19,21). Each study is represented by a circle that shows the actual coordinates (observed effect size by each one of

the above-mentioned variables) for that study. The size of each circle is proportional to the weight of the respective study in the

analysis, i.e. the inverse of the within-study variance for each study. The centre line shows the predicted values by fixed-effects meta-

regression. The vertical axis is on a log scale.
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vaccinated with influenza in each study11,13–21 and the
socioeconomic status for each country11–17,19–21 in the
meta-analysis were not predictors of the magnitude of
the log RR (p¼ 0.34 and p¼ 0.153, respectively).

Discussion

In this systematic review and meta-analysis, we pooled
the data for 332,267 participants investigated for PV
from 13 available published articles, which were fol-
lowed up for a mean of 20.1 months. Our study is the
first meta-analysis to investigate the protective role of
PV on CV endpoints and to assess factors influencing
this ability. Our principal finding is that subjects with
PV compared to patients without PV have a signifi-
cantly lower risk by 14% for total CV events and 8%
for CV mortality. Importantly, the protective role of
PV for total CV events is more prominent in older
patients and in patients with high CV risk.
Furthermore, shorter follow-up period is associated
with a higher protective value of PV for CV events in
comparison to longer follow-up, indicating an attenu-
ation of the beneficial effect of PV with time. The
protective ability of PV increases with increased per-
centage of CV disease and COPD in included studies.
Furthermore, concomitant administration of influenza
vaccination does not seem to influence the protective
role of PV. Finally, the protective role of PV
for MI and cerebrovascular events is evident only in
the elderly.

PV, prevention of pneumonia and mortality

The literature shows that although PV seems to protect
(even modestly) against invasive pneumococcal disease,
its effect on all-cause pneumonia and mortality is small
and studies have yielded conflicting results.36,37

However, this could be ascribed either to methodo-
logical problems, such as inclusion of non-
representative high-risk populations, or to inadequate
population size.49 Indeed, the incidence of invasive
pneumococcal disease and pneumococcal pneumonia
has been dramatically reduced by the introduction of
conjugate pneumococcal vaccines for infants since 2000
in United States possibly due to the resultant herd
immunity.50–52

Pneumococcal disease, PV and CV events

However, the situation may be different in the reduc-
tion of CV events with PV. Many observational studies
support a possible link between an acute respiratory
infection and an increased risk of acute CV events.7,8

Moreover, Streptococcus pneumoniae is responsible for
more than 50% of CAP, it is the most common cause of

severe CAP and it is the agent associated with the highest
number of deaths2 and in-hospital CV events.29 On the
contrary, all viral causes (including influenza) are iden-
tified in less than 15% of CAP and have a low mortality
rate.2 Pneumococcal infection produces higher inflam-
matory expression than other pathogens, implying a
more severe inflammatory response.53 Data have
pointed out that hospitalized patients with a severe
form of CAP have an increased risk of CV events.6 In
patients hospitalized with pneumococcal pneumonia,
7% have concurrent acute MI at the time of admission,
suggesting events may even precede hospital admis-
sion.54 In a recent study, more than 1 of 10 patients
with S. pneumoniae or Haemophilus influenzae pneumo-
nia developed ACS during their first 15 days of hospi-
talization.55 Even after hospital discharge, patients
infected with pneumococcal pneumonia have an
increased risk of CV events for as long as 14
years.20,54,56 Interestingly, these patients have the high-
est risk of ACS in the first 3 months, which was approxi-
mately four-fold higher than patients without
pneumococcal pneumonia.56 There are several plausible
pathophysiological mechanisms that can support the
possible protective effects of PV including reduction in
inFammation and atherogenesis.50,57 However, it
appears that PV has less effect on plaque rupture and
type 1 MI; rather, its possible protective effect may be
mediated through protection against type 2 MI, that is
secondary to ischaemia from a supply-and-demand mis-
match,58 by preventing the continuum of pneumococcal
infection, pneumonia, decompensation of HF, pulmon-
ary oedema and MI, especially in frail elderly patients.
The latter explanation fits with the fact that PV shows a
clear protective effect on total CV events in elderly but
there is only a trend for protective effect on MI.

Further dissection of our principal finding provided
interesting information. According to our analysis, the
protective ability of PV for CV events is higher in stu-
dies with follow-up of one year. In adults, antibody
titres induced by a first PV tend to decline significantly
in the year after vaccination and approximate pre-vac-
cination levels within 4–7 years.10 The clinical signifi-
cance of this decline is not well defined. It seems
plausible that the protective effect of PV on CV out-
comes attenuates as the years pass since inoculation.
This notion is supported by individual studies as well.
Specifically, Eurich et al.19 showed that there was a
gradual reduction of the protective effect of PV on
ACS from inoculation to 5 years after PV, while in
the Community-Acquired Pneumonia, Acute
Myocardial Infarction and Stroke (CAPAMIS) study,
a well-conducted prospective study, interim 1-year ana-
lysis30 showed a modest but statistically significant
reduction of the composite endpoint of stroke and MI
that disappeared after 3 years.21
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Further important findings relate effectiveness of PV
with age, baseline CV risk and COPD. On the other
hand, despite the synergistic effect of PV and influenza
vaccination on CV events implied by several stu-
dies,13,20,32,33 we found no association of influenza vac-
cination percentage with the effect of PV.

Clinical implications

Our findings are potentially applicable to clinical prac-
tice. First, they support suggestion of PV by the United
States Advisory Committee on Immunization Practices
for all persons 65 years of age and older and for adults
19–64 years who are at increased risk of invasive
pneumococcal disease.59 However, in contrast to the
vaccination for influenza no CV guidelines clearly rec-
ommend the use of PV for primary or secondary CV
prevention.60 Only in HF patients is there a general
recommendation to receive PV.61 Given the profound
underuse of PV among high-risk subjects62 and the
potential impact this preventive strategy may have on
high-risk patients, relevant recommendations in CV
guidelines should be revisited. Another important
issue is revaccination; indeed health policies could be
revisited in light of our earlier data10 to deal with the
possible attenuation of the effect of PV with time.
Furthermore, our data point to specific patient groups
that could benefit from PV such as the elderly,63

patients with high baseline CV risk and subjects with
COPD. In this way a targeted approach would maxi-
mize effectiveness and avoid unnecessary vaccinations,
as with influenza vaccination during the summer,
which lacks significant CV protection. Finally, the
administration of conjugate vaccines that contain
highly immunogenic protein-conjugated polysacchar-
ides of S.pneumoniae in immunocompetent adults
poses an appealing alternative for reduction of CV
events that needs to be further investigated.

Strengths and limitations

An important strength of our study is the exhaustive
search strategy that probably enabled us to capture
most, if not all, relevant studies. Moreover, our study
for the first time includes data from published studies
for meta-regression analysis thus integrating our
approach to examine the possible protective role of
PV in CV disease. Furthermore, as a meta-analysis,
the present study overcomes the potentially biased
inclusion and weighing of results that may appear in
reviews when interpreting the available evidence.
Finally, we dealt with potential publication bias.

For the large and growing population of elderly
patients with high CV risk, it is important to identify
clinically relevant measures of biological age and their

contribution to risk. Frailty is an important concept in
medicine denoting decreased physiological reserves and
increased vulnerability. In many of the included studies,
vaccinated patients were in most cases more frail, i.e.
older and with more co-morbidities, however no study
has addressed this vital issue. Thus, it is reasonable to
assume that patients with PV were a priori at higher
baseline risk than non-vaccinated patients, suggesting a
possible underestimation of the effect of PV. However,
this inherent limitation of most prospective studies was
dealt with mainly by adjusting for the potential con-
founders with propensity or multivariable analysis
between vaccinated and non-vaccinated patients.
Thus, it appears that the decreased risk with PV is
unlikely to be a consequence of the different baseline
CV risk of patients with PV.

Most of the studies included patients who had been
vaccinated as many as 5 years prior to initiation of the
study. Therefore, it is plausible that many of the sub-
jects with PV had little or even no immunity for
S.pneumoniae, suggesting an underestimation of the
real effect of PV on CV endpoints. A factor that
could also induce a dilution effect is revaccination
status on which data are limited.12 All these aforemen-
tioned issues underline the need for controlled rando-
mized studies as well as for the investigation of the role
of conjugate PV on CV endpoints.

Observational studies have many inherent limita-
tions and should be interpreted with caution. The
main issues are the strong likelihood of bias and con-
founding, the heterogeneity between studies, the lower
quality of data and validation of outcomes, as well as
the fact that the conclusions may not be easily applic-
able across a generalized population. Due to the non-
randomized design of the included studies the overall
quality of evidence was low (evaluation was conflicting:
very low according to GRADE, better according to the
Ottawa-Newcastle score) and this is a limitation of our
study. However, our study could provide a well-estab-
lished setting for the conduction of a large randomized
study on PV and CV outcomes. According to our ana-
lysis the best population to investigate the effect of
pneumococcal vaccination on CV outcomes is subjects
over 65 years with known cardiovascular disease. Based
on power sample size calculation it was estimated that a
sample size of 3468 to 4241 per group in two equal
groups (one for placebo and the other for PV) with
10% lost in follow-up would yield 80% power with
two-sided alpha¼ 0.05 to see a 14% reduction
(RR¼ 0.86) in incidence of a combined CV endpoint
over a 3-year period (for details see online
Supplementary Material).

In this analysis, we used aggregate data as reported
in published articles (or calculated from other data pro-
vided in the articles) rather than data for individual
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patients. Also, due to the use of data reported in art-
icles, we could not perform our analysis using the baye-
sian method and this is a limitation of our study.
However, our results encourage the future presentation
of an individual patient meta-analysis that could over-
come this limitation. Accordingly, we did not deal with
potential methodological problems of the original
studies.

There is an apparent discrepancy between our find-
ings and the results of the Tseng et al.12 study, which
included a large number of participants and a meticu-
lous analysis of results. However, there are explan-
ations that could reconcile the results of Tseng et al.12

and our findings. Firstly, the study12 was conducted in
relatively young men that have a decreased risk of
pneumococcal infection. Secondly, most of the men in
the study were of low or medium CV risk, which means
that their event rate for a CV endpoint was even lower.
This is confirmed by the low incidence of the primary
outcomes (incidence for both MI and stroke was <5%
in the cohort of median 5.3 years’ follow-up).
Therefore, it would be extremely difficult even for this
large study to have adequate power for conclusive
results in this population. For further corroboration,
in the elderly subanalysis of the same study, the results
were similar to the other studies showing a possible
protective role of pneumococcal vaccination.

Conclusions

PV is associated with a decreased risk of CV events and
CV mortality, while the protective value of PV for total
CV events increases at older ages and in high CV risk
subjects and decreases as time elapses from the PV. PV
is associated with a decreased risk of MI and cerebro-
vascular events in the elderly.
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