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A B S T R A C T

Background: Influenza vaccination is a simple strategy recommended for the prevention of influenza infection
and its complications. This meta-analysis aimed to provide current supportive evidence for the breadth and
validity of the observed protective effects of influenza vaccination on cardiovascular and respiratory adverse
outcomes and all-cause mortality in older adults and in general adult population.
Methods: We searched PubMed, Embase, Web of Science, and the Cochrane Library to identify all published
studies comparing influenza vaccination with placebo from the database inception to November 11, 2018. These
included studies reporting the associations of influenza vaccination with the risk of aforementioned adverse
outcomes.
Results: The pooled adjusted relative risks among influenza-vaccinated people relative to unvaccinated people
for the outcomes of interest were 0.74 (95 % confidence interval [CI] = 0.70−0.78) for cardiovascular diseases
(63 studies), 0.82 (95 % CI = 0.75−0.91) for respiratory diseases (29 studies), and 0.57 (95 % CI = 0.51−0.63)
for all-cause mortality (43 studies). We performed subgroup analysis of age, sex, and region/country and found
that these protective effects were evident in the general adult population and particularly robust in older adults
and in those with pre-existing specific diseases.
Conclusion: Influenza vaccine is associated with a significant risk reduction of cardiovascular and respiratory
adverse outcomes as well as all-cause mortality. Such a preventative measure can benefit the general population
as well as those in old age and with pre-existing specific diseases.

1. Introduction

Despite significant progress in the advancement of medical and
surgical treatment and healthcare delivery, influenza remains to be a
cause of significant morbidity and mortality. According to the World
Health Organization (WHO), up to 650,000 people die from influenza
infection worldwide each year (Organization, 2014). Influenza also
causes tremendous loss of productivity and economic burden. For ex-
ample, in 2015, influenza-related direct medical costs topped $3.2
billion while lost earnings and productivity for adults reached $8 billion
in the US (Putri et al., 2018).

Older adults are particularly vulnerable to influenza infection and
its complications. In fact, over 90 % influenza-related mortality occur in
adults aged 65 years and older (Simonsen et al., 2005; Thompson et al.,
2009). This is likely because of the multifaceted immune system re-
modeling during aging, leading to immune functional decline in older
adults, or immunosenescence (Nikolich-Žugich, 2018). The aging im-
mune system also manifests a chronic low-grade inflammatory pheno-
type (CLIP) or inflammaging that has been implicated in the patho-
genesis of almost all age-related chronic conditions including those in
the cardiovascular and respiratory systems (Chen et al., 2019;
Franceschi et al., 2000). This increased vulnerability to respiratory

https://doi.org/10.1016/j.arr.2020.101124
Received 31 January 2020; Received in revised form 6 July 2020; Accepted 14 July 2020

⁎ Corresponding author at: Department of Health Service Management, Tianjin Medical University School of Public Health, No. 22, Qixiangtai Rd, Heping District,
Tianjin, 300070, China.

⁎⁎ Corresponding author at: Division of Geriatric Medicine and Gerontology, Department of Medicine, Johns Hopkins University, School of Medicine and
Bloomberg, School of Public Health, JHAAC, Rm 1A. 38A, 5501 Hopkins Bayview Circle, Baltimore, MD, 21224, USA.

E-mail addresses: wyg@tmu.edu.cn (Y. Wang), sleng1@jhmi.edu, sleng@jhmi.edu (S.X. Leng).
1 They contributed equally to the study.

Ageing Research Reviews 62 (2020) 101124

Available online 16 July 2020
1568-1637/ © 2020 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/15681637
https://www.elsevier.com/locate/arr
https://doi.org/10.1016/j.arr.2020.101124
https://doi.org/10.1016/j.arr.2020.101124
mailto:wyg@tmu.edu.cn
mailto:sleng1@jhmi.edu
mailto:sleng@jhmi.edu
https://doi.org/10.1016/j.arr.2020.101124
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arr.2020.101124&domain=pdf


infections is further demonstrated by the ongoing coronavirus disease
2019 (COVID-19) pandemic as older adults suffer disproportionately
high rate of severe COVID-19 disease and deaths (Salje and Tran Kiem,
2020; Zhou et al., 2020). While the underlying mechanism for this
COVID-19 susceptibility is not known at the present time, CLIP or in-
flammaging is hypothesized to play an important role (Bonafè et al.,
2020). Older adults with chronic diseases are particularly at higher risk
for influenza infection and its complications and, in turn, influenza
infection may worsen their chronic conditions (Sanei and Wilkinson,
2016).
Influenza vaccination has been approved as a simple protective

strategy for reducing influenza and its complications (Grohskopf et al.,
2016; Wang et al., 2018). It is considered the most effective measure for
the prevention of influenza. Especially in the elderly, influenza vacci-
nation has been shown to halve the incidence of serological and clinical
influenza (in periods of antigenic drift) (Govaert et al., 1994). Previous
studies indicated that influenza vaccination is associated with a sig-
nificant reduction in respiratory diseases, including influenza and sec-
ondary pneumonia (Gross et al., 1995; Nichol et al., 1994; Wang et al.,
2002), exacerbation of chronic lung disease (Nichol et al., 1999) in-
cluding chronic obstructive pulmonary disease (COPD) (Kopsaftis et al.,
2018) and acute episodes of asthma (Vasileiou et al., 2017). In recent
years, growing attention has turned to cardiovascular diseases, as in-
fluenza vaccination has been linked to a significant risk reduction for
cardiovascular diseases like stroke (Christiansen et al., 2019; Smeeth
et al., 2004), acute coronary syndrome (ACS) (Phrommintikul et al.,
2011; Sung et al., 2014), heart failure (Christiansen et al., 2019;
Vardeny et al., 2016), and myocardial infarction (Christiansen et al.,
2019; Naghavi et al., 2000; Smeeth et al., 2004). Influenza vaccination
is also associated with a significant reduction in mortality in adults aged
65 years and older. In one study after adjusting for age, sex, and risk
status, influenza vaccination was found to be associated with a 44 %
reduction in all-cause mortality (Wang et al., 2007).
However, comprehensive analyses of the data available in the lit-

erature that are supportive of protective effects of influenza vaccination
beyond influenza prevention in the general population as well as those
in old age and with comorbidities are few and far between. Therefore,
the objective of this study was to conduct an in-depth synthesis of the
available data addressing the breadth and validity of the reported
protective effects of influenza vaccination against cardiovascular and
respiratory adverse outcomes and all-cause mortality in adults. To this
end, we have conducted a meta-analysis of the evidence across existing
studies.

2. Methods

2.1. Search strategy

We searched PubMed, Embase, Web of Science, and the Cochrane
Library to identify all published studies comparing influenza vaccina-
tion with placebo from the database inception to November 11, 2018
and limited the search to English-language papers. The search used key
terms, including influenza, influenza vaccination, cohort, case control
and randomized controlled trial (RCT).

2.2. Inclusion and exclusion criteria

Our study inclusion criteria were (i) reporting the association be-
tween influenza vaccination and cardiovascular diseases, respiratory
diseases, and all-cause mortality risk in adults; (ii) comparing an in-
fluenza-vaccinated group with an unvaccinated control group; (iii) all
RCTs, observational studies, cohort studies (including prospective,
retrospective and ambispective cohort studies), and case-control stu-
dies; (ⅳ) published in English; (ⅴ) results reporting adjusted measures
of association (e.g., hazard ratio, risk ratio, or odds ratio) and their 95
% confidence intervals (CIs).

We excluded studies that included children, adolescents or pregnant
women; studies that measured adverse events like narcolepsy or
Guillain-Barré Syndrome after taking influenza vaccination; as well as
case series (including self-controlled case series), case reports, reviews,
and commentaries. Additionally, studies with incomplete data or du-
plicate publications were excluded.

2.3. Data extraction and quality assessment

Two investigators (YYC and XXC) extracted data independently, and
any disagreement was resolved by consensus or consultation with a
third author (ZC). For each study, we collected the first author, journal,
year of publication, study design, sample size, population demographics
(including study region/country, number of males, and mean age or age
range), the number of vaccinated subjects, outcomes, and fully adjusted
measures of association with the corresponding 95 % CIs.
The Newcastle-Ottawa Scale (NOS) was designed for the evaluation

of case-control and cohort studies (http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp). The quality of each study was
graded as good, fair, or poor. To be rated as good, studies needed to
meet all the criteria. A study was rated as poor when one or more do-
mains were assessed as having a serious flaw. Studies that met some but
not all of the criteria were rated as fair quality. Trail quality was de-
termined as high quality by the Cochrane criteria if at least the first 3
criteria were accounted for, or otherwise of uncertain risk of material
bias. Any disagreements or discrepancies regarding study selection,
data extraction, and quality assessment were resolved by consensus.
The Cochrane Collaboration was employed to evaluate the quality of
each RCT (Higgins et al., 2011).

2.4. Outcomes measures, data synthesis and analysis

Outcomes measures for this meta-analysis included overall or
composite cardiovascular outcomes and respiratory diseases as well as
all-cause mortality. According to the disease outcome extracted from
the original studies, the cardiovascular outcomes were further eval-
uated as individual conditions including stroke, myocardial infarction,
ACS, heart failure, ischemic heart disease (IHD), major adverse cardi-
ovascular events (MACEs), cardiovascular mortality, and unspecific
heart disease. Similarly, respiratory outcomes were further evaluated as
individual conditions, such as COPD, asthma, pneumonia, respiratory
failure, respiratory infection, respiratory mortality, and unspecific re-
spiratory disease.
We used a random-effects model to estimate the effect of the in-

fluenza vaccination. For each outcome measure of interest, we pooled
the confounder-adjusted HR/OR/RR and used the Cochran’s Q chi-
square test and I2 statistic to assess the heterogeneity. Subgroup ana-
lyses and sensitivity analyses were performed to assess the associations
found by selected studies with risks for cardiovascular diseases, re-
spiratory diseases, and all-cause mortality, including age, sex, season-
ality, pre-exiting specific diseases (e.g., cardiovascular diseases, chronic
kidney, COPD, etc.), and region/country. Finally, a funnel plot and
Egger’s rank were used to evaluate the publication bias. All statistical
procedures used a two-sided significance level of 0.05 and were con-
ducted by Stata v.15.0.

3. Results

3.1. Identification of the studies included in this meta-analysis

Fig. 1 showed a flow diagram for the identification of studies in-
cluded in this meta-analysis. First, our initial search yielded a total of
53,830 articles, 33,560 articles were included after the removal of
duplicates. After screening the titles and abstracts, 33,078 records were
excluded because the studies did not meet the selection criteria (e.g., no
related outcome [n = 14,657], influenza, not vaccination [n =
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11,895], vaccination not our aim [n= 4834], comment/reply/letter [n
= 284], subjects not human [n= 205], and meta-analysis [n= 1203].
Full-text articles were assessed for eligibility, 408 records were ex-
cluded because they included children or pregnant women [n = 53],
did not involve influenza vaccination [n = 80], were conference ab-
stracts [n = 30], or presented outcomes not related to our aim [n =
245]. Finally, we were left with 74 articles (including 75 studies) re-
levant for our meta-analysis. Among them, 47 were observational co-
hort studies, 22 were case–control studies, and 6 were RCTs.

3.2. Characteristics of included studies and quality assessment

Table 1 showed the details of the included articles. These articles
were published between 1999 and 2018. The sample size of the in-
cluded studies ranges from 60 to 2,244,594 participants. Among the
included studies, one study was performed in the Europe, two were
multi-national, and others were conducted in individual countries or
regions. Among the latter, eleven were in the United States, three in
Argentina, two in Canada, two in France, one in Germany, three in
China-Hong Kong, three in Israel, one in Italy, three in Japan, three in
the Netherlands, two in Poland, one in Saudi Arabia, seven in Spain,
two in Sweden, twenty in China-Taiwan, two in Thailand, one in
Turkey, and five in the United Kingdom. Some of these studies [n= 63]
examined mainly outcomes related to cardiovascular diseases, such as
stroke, myocardial infarction, ACS, heart failure, IHD, MACEs, cardio-
vascular mortality, and unspecific heart disease. Others mainly ex-
amined all-cause mortality [n = 43] or respiratory diseases [n = 34]
including COPD, asthma, pneumonia, respiratory failure, respiratory
infection, respiratory mortality, and unspecific respiratory disease.
Of the 47 cohort studies, 23 were good quality, 19 were fair quality

and 5 were poor quality; of the 22 case–control studies, 8 were good

quality, 11 were fair quality and 3 were poor quality (details in
Supplement Table A).

3.3. Cardiovascular diseases

Influenza vaccination was associated with lower risk of adverse
cardiovascular outcomes overall, with a relative risk of 0.74 (95 % CI =
0.70−0.78; Table 2 and Fig. 2). When stratified by specific cardio-
vascular conditions, the results showed that influenza vaccination was
associated with reduced risk of stroke (RR = 0.80, 95 % CI =
0.72−0.88), myocardial infarction (RR = 0.81, 95 % CI =
0.76−0.86), ACS (RR = 0.44, 95 % CI = 0.32−0.60), heart failure
(RR = 0.60, 95 % CI = 0.44−0.83), IHD (RR = 0.83, 95 % CI =
0.77−0.90), MACEs (RR = 0.71, 95 % CI = 0.62−0.82), and cardi-
ovascular mortality (RR = 0.78, 95 % CI = 0.65−0.94).
In the subgroup analyses, most associations between influenza

vaccination and cardiovascular risk reduction remained robust, while
some were not significant. There were significant differences in the
subgroup analyses according to the presence or absence of pre-existing
specific diseases. Individuals with pre-existing diseases had a lower risk
of 0.62 (95 % CI = 0.54−0.72), while individuals without them had a
risk of 0.83 (95 % CI = 0.80−0.86; Table 3).

3.4. Respiratory diseases

Influenza vaccination was also associated with lower risk of adverse
respiratory outcomes overall, with a relative risk of 0.82 (95 % CI =
0.75−0.91; Table 2 and Fig. 3). Regarding specific respiratory diseases,
there were no statistically significant differences for COPD (RR = 0.82,
95 % CI = 0.47−1.43), unspecific respiratory diseases (RR = 1.00, 95
% CI = 0.90−1.11), respiratory failure (RR = 0.62, 95 % CI =

Fig. 1. Details of study selection for meta-analysis.
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0.38−1.00), or respiratory infections (RR = 0.95, 95 % CI =
0.82−1.09). In contrast, there was a statistically significant reduction
in pneumonia and respiratory mortality in those who received the in-
fluenza vaccination, with relative risks of 0.79 (95 % CI = 0.65−0.95)
and 0.79 (95 % CI = 0.67−0.92), respectively (Fig. 3).
In the subgroup analysis according to age, the results showed that in

the group aged over 65, influenza vaccination reduced the risk of re-
spiratory diseases (RR = 0.86, 95 % CI = 0.77−0.96), while in the
group younger than 65, influenza vaccination had no significant re-
lationship with the risk of respiratory diseases (RR = 0.92, 95 % CI =
0.70–1.22; Table 3).

3.5. All-cause mortality

We have identified 43 studies that examined the association of in-
fluenza vaccination with all-cause mortality. The pooled estimates from
these studies showed a significant risk reduction of all-cause mortality
for vaccinated compared with unvaccinated individuals (RR = 0.57, 95
% CI = 0.51–0.63; Table 3 and Fig. 4).
In the subgroup analyses, except in Japan, the association of influ-

enza vaccination with all-cause mortality remained statistically sig-
nificant (Table 3).

3.6. Publication bias

We conducted funnel plot analysis to check for potential publication
bias, and the funnel plot was generally symmetric, indicating the ab-
sence of publication bias. This was further confirmed by a non-sig-
nificant Egger’s test for respiratory diseases, P = 0.971 and all-cause
mortality, P= 0.235, except for that for cardiovascular outcomes, P=
0.013.

3.7. Sensitivity analyses

We did sensitivity analysis excluding any trial from the pooled re-
sult. Results for the primary end point were similar when after removal
of any trial from the pooled result (details in Supplement Table B).

4. Discussion

This meta-analysis included large cohort and case-control studies as
well as RCTs evaluating potential impact of influenza vaccination on
severe cardiovascular and respiratory outcomes and all-cause mortality.
Our results indicated that influenza vaccination had protective effects
against morbidity and mortality of cardiovascular diseases (RR = 0.74,

95 % CI = 0.70−0.78) and respiratory diseases (RR = 0.82, 95 % CI =
0.75−0.91) as well as all-cause mortality (RR = 0.57, 95 % CI =
0.51−0.63). Subgroup analyses showed that those effects of influenza
vaccination were evident in the general population as well as in older
adults and those with pre-existing specific diseases.
The results on composite and specific cardiovascular adverse out-

comes are consistent with two meta-analyses of RCTs that demonstrate
significant association between influenza vaccination and a lower risk
of major adverse cardiovascular events (Clar et al., 2015; Udell et al.,
2013), with a more pronounced effect in high-risk patients with recent
coronary artery disease (Udell et al., 2013). In patients with heart
failure, influenza vaccination in the previous year has been shown to
reduce the risk of mortality and hospitalization (Fukuta et al., 2019;
Poudel et al., 2019; Rodrigues et al., 2020). Influenza vaccination is
also reported to reduce the risk of stroke (Lee et al., 2017; Smeeth et al.,
2004; Tsivgoulis et al., 2018).
The underlying mechanisms for the observed protective effects of

influenza vaccination against cardiovascular adverse events (and all-
cause mortality) are likely complex and yet to be elucidated. However,
several hypotheses have been proposed. First, respiratory infections
including influenza can acutely increase cardiac and pulmonary
workload and burden and, thus, trigger acute cardiovascular events,
particularly in individuals with existing clinical or subclinical athero-
sclerosis or coronary artery disease. As such, by virtue of infection
prevention, influenza vaccination provides cardiovascular protection.
While this is a plausible mechanism, it cannot account for the effect size
of cardiovascular protective effects from influenza vaccination, parti-
cularly during mild influenza seasons. Immune modulation on chronic
inflammation, i.e., aforementioned age-related CLIP or inflammaging,
has also been proposed as an attractive underlying mechanism. This is
because age-related CLIP or inflammaging is known to play an im-
portant role in the development of atherosclerosis, coronary artery
disease, and stroke (Chen et al., 2019; Elkind, 2009; Ferrucci and
Fabbri, 2018). Acutely, influenza infection can cause local and systemic
inflammatory response (Madjid et al., 2007) that can adversely impact
plaque stability, leading to plaque rupture and acute cardiovascular
events (Barnett, 2019). Therefore, annual influenza vaccination may
prevent or delay the development or progression of atherosclerosis
through its immune modulation of age-related CLIP or inflammaging
for the long term and prevent adverse cardiovascular events acutely
through its regulation on influenza-induced inflammatory response. By
extension of the latter, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) causes acute systemic inflammatory response or “cyto-
kine storm” in severe COVID-19 (Moore and June, 2020). Whether in-
fluenza vaccination could regulate such cytokine storm and mitigate

Table 2
Characteristics and main findings from the studies reporting pertinent outcomes.

Outcomes No. of studies Relative risk
(95 % CI)

P value I2 (%) Tau-squared Egger’s test

Cardiovasculardiseases 63 0.74(0.70−0.78) 0.000 88.2 0.025 0.013
Stroke 15 0.80(0.72−0.88) 0.000 89.9 0.024
Myocardial infarction 10 0.81(0.76−0.86) 0.161 31.0 0.002
Acute coronary syndrome 4 0.44(0.32−0.60) 0.002 79.2 0.066
Heart failure 8 0.60(0.44−0.83) 0.000 93.5 0.172
Ischemic heart disease 4 0.83(0.77−0.90) 0.000 0.0 0.000
MACEs 9 0.71(0.62−0.82) 0.000 83.7 0.029
Cardiovascular mortality 7 0.78(0.65−0.94) 0.129 39.3 0.021
Unspecific heart disease 3 0.74(0.52−1.05) 0.009 78.7 0.064
Respiratory diseases 34 0.82(0.75−0.91) 0.000 85.7 0.052 0.971
COPD 3 0.82(0.47−1.43) 0.002 83.6 0.194
Pneumonia 15 0.79(0.65−0.95) 0.000 86.0 0.078
Respiratory failure 3 0.62(0.38−1.00) 0.000 91.5 0.158
Respiratory infection 2 0.95(0.82−1.09) 0.085 66.3 0.007
Respiratory mortality 6 0.79(0.67−0.92) 0.016 64.3 0.022
Unspecific respiratory diseases 4 1.00(0.90−1.11) 0.269 23.6 0.003
All-cause mortality 43 0.57(0.51−0.63) 0.000 93.6 0.090 0.235
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Fig. 2. Forest plot of incident cardiovascular diseases associated with influenza vaccination.
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severe COVID-19 deserves further investigation. In fact, the existing
Bacille Calmette-Guérin (BCG) vaccine that is not specific to SARS-CoV-
2 is currently in clinical trial evaluating its potential protection against
COVID-19 (Curtis et al., 2020). Finally, regulation of tumor necrosis
factor-like weak inducer of apoptosis (TWEAK)-Fn14 pathway has been
proposed as a novel molecular mechanism mediating cardiovascular
protective effects of influenza vaccination (Keshtkar-Jahromi et al.,
2018). TWEAK-Fn14 pathway is considered as a critical “immune
switch” (Burkly et al., 2011). Studies both in humans and in animal
models suggest that activation of TWEAK-Fn14 pathway play an im-
portant role in contributing to cardiovascular diseases and their severity
(Chorianopoulos et al., 2010; Novoyatleva et al., 2013; Sastre et al.,
2014). Keshtkar-Jahromi and colleagues have shown that influenza
vaccination significantly reduced circulating TWEAK levels in older
adults, providing initial evidence supportive of this molecular me-
chanism that deserves further investigation (Keshtkar-Jahromi et al.,
2018).
Associations of influenza vaccination with reduced risk of overall

respiratory adverse outcomes and specific respiratory conditions are
not as robust or broad as those with cardiovascular outcomes and
conditions. Significant protective effects of influenza vaccination
against overall respiratory outcomes, pneumonia and respiratory mor-
tality are most likely secondary to its prevention of influenza infection.
These results are consistent with the data reported by Yin et al. that
compared to placebo or no vaccination, dual influenza and pneumo-
coccal vaccinations (1-odds ratio) prevents influenza by 35 % and
pneumonia by 29 %; it reduces hospitalization by 18 % and respiratory
mortality by 38 % (Yin et al., 2018). Our results indicate no significant
associations of influenza vaccination with risk reduction of other re-
spiratory infections or diseases after excluding influenza infection, nor
with that of COPD and respiratory failure. Factors contributing to the
development and worsening of COPD and respiratory failure are com-
plex, and effects of influenza vaccination on these conditions require
further investigation.
Data from the subgroup analyses indicate similar or slightly more

robust protective effects of influenza vaccination in older adults com-
pared to those younger than 65 years of age. This finding has significant
clinical implication because of high prevalence of cardiovascular and
pulmonary diseases in older adults. At the same time, this is somewhat
counter intuitive, as many studies have shown reduced effectiveness of
influenza vaccination in prevention of influenza infection in older
adults (Gross et al., 1995; Hak et al., 2002; Nichol et al., 2007; Vu et al.,
2002). One likely reason is the immune modulating effects of influenza
vaccination on age-related CLIP or inflammaging as described above. It
may also be explained by high disease burden of cardiovascular and
pulmonary conditions in older adults. Sex difference identified in this
study is consistent with evidence on sex differences in immune re-
sponses to influenza vaccination reported previously (Fink et al., 2018;
Fink and Klein, 2015; Klein et al., 2015) and is currently under active
research of our group. Another important point about our subgroup
analyses worthwhile mentioning here is that protective effects of in-
fluenza vaccination against cardiovascular and respiratory conditions
as well as all-cause mortality are also evident in individuals with pre-
existing diseases, emphasizing generalizability of our findings. In ad-
dition, with very few exceptions, such protective effects are present
across different countries and regions.
Most previous studies have focused on one specific outcome or

patient population with a specific disease. A major strength of the
present study is that we used influenza vaccination as our keyword and
did not limit the outcomes, enabling us to increase the chance of de-
tecting all outcomes. Our study has several limitations. First, hetero-
geneity was evident within individual outcome endpoints. We only
performed subgroup analyses according to age, sex, study design, study
country or region, and pre-existing specific disease. Second, given the
lack of more detailed study parameters such as the type or dose of in-
fluenza vaccine administered, we were unable to examine other factors

Table 3
Subgroup analyses of the associations between influenza vaccination and risk of
cardiovascular diseases, respiratory diseases and all-cause mortality.

Component Number of
entries

RR (95 %CI)
random effects

Cardiovascular diseases
Sex Men 17 0.66 (0.58, 0.75)

Women 17 0.66 (0.59, 0.75)
Age (years) < 65 12 0.76 (0.66, 0.88)

≥65 32 0.74 (0.70, 0.79)
Seasonality Influenza 16 0.69 (0.63, 0.76)

Non-influenza 16 0.63 (0.54, 0.73)
Pre-existing specific

diseases
Yes 35 0.62 (0.54, 0.72)

0.83 (0.80, 0.87)
No 28 0.83 (0.80, 0.87)

Study design Cohort 30 0.69 (0.61, 0.79)
Case-control 23 0.82 (0.78, 0.86)
RCT 10 0.62 (0.52, 0.73)

Country/Region International 7 0.77 (0.63, 0.95)
Germany 1 0.46 (0.28, 0.76)
China-Taiwan 19 0.68 (0.63, 0.74)
China-Hong Kong 5 0.87 (0.75, 1.00)
United States 10 0.81 (0.75, 0.88)
France 1 0.50 (0.26, 0.95)
Spain 3 0.25 (0.04, 1.62)
United Kingdom 4 0.86 (0.74, 1.00)
Thailand 4 0.67 (0.55, 0.81)
Turkey 2 0.51 (0.19, 1.40)
Poland 4 0.64 (0.29, 1.39)
Argentina 2 0.44 (0.28, 0.67)
Netherlands 1 0.89 (0.73, 1.08)

Respiratory diseases
Sex Men or Women 34 0.82 (0.75, 0.91)
Age (years) < 65 2 0.92 (0.70, 1.22)

≥65 23 0.86 (0.77, 0.96)
Pre-existing specific

diseases
Yes 8 0.69 (0.56, 0.86)

No 26 0.88 (0.80, 0.96)
Study design Cohort 27 0.84 (0.75, 0.94)

Case-control 7 0.80 (0.66, 0.96)
Country/Region China-Taiwan 10 0.79 (0.66, 0.94)

China-Hong Kong 6 0.76 (0.67, 0.87)
United States 1 0.76 (0.53, 1.09)
Spain 1 0.31 (0.14, 0.70)
United Kingdom 3 0.84 (0.59, 1.19)
Thailand 4 1.28 (1.00, 1.65)
Netherlands 4 0.94 (0.81, 1.09)
Japan 2 0.30 (0.12, 0.76)
Sweden 3 0.91 (0.80, 1.04)

All-cause mortality
Sex Men 3 0.47 (0.32, 0.68)

Women 3 0.53 (0.32, 0.86)
Seasonality Influenza 5 0.56 (0.45, 0.69)

Non-influenza 3 0.79 (0.69, 0.90)
Pre-existing specific

diseases
Yes 23 0.50 (0.41, 0.62)

No 20 0.63 (0.56, 0.71)
Study design Cohort 40 0.56 (0.50, 0.63)

Case-control 3 0.73 (0.67, 0.80)
Country/Region China-Taiwan 7 0.47 (0.35, 0.63)

China-Hong Kong 3 0.74 (0.62, 0.88)
United States 7 0.54 (0.45, 0.65)
Israel 6 0.49 (0.31, 0.77)
Spain 5 0.77 (0.68, 0.87)
Argentina 2 0.28 (0.10, 0.74)
Netherlands 2 0.77 (0.71, 0.83)
Canada 2 0.57 (0.45, 0.73)
Sweden 3 0.40 (0.24, 0.69)
Japan 2 0.79 (0.31, 2.03)
Italy 1 0.73 (0.56, 0.95)
Europe 1 0.80 (0.65, 0.98)
United Kingdom 1 0.89 (0.80, 0.98)
France 1 0.84 (0.76, 0.94)
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that can potentially account for the observed heterogeneity. Third we
extracted the adjusted estimates (OR/RR/HR), but were unable to
convert them into a unified format. Finally, as the funnel plot revealed
an apparent asymmetry, there are potential publication bias, language
bias, and potential risk of inflated estimates by a flawed methodological
design in smaller studies and/or a lack of publication of small trials
with opposite results. Despite of these limitations, findings from this
comprehensive and in-depth meta-analysis suggest significant protec-
tive effects of influenza vaccination against cardiovascular and re-
spiratory adverse outcomes as well as all-cause mortality. They also
provide strong evidence to support and promote influenza vaccination
coverage. In the US, influenza vaccination coverage in the general adult

population remains suboptimal (Lu et al., 2019) and the National In-
stitute of Allergy and Infectious Disease (NIAID) of NIH has launch the
universal influenza vaccine initiative (Paules et al., 2017). The situation
in China is even more concerning as a national survey conducted from
2004 to 2014 reported vaccination coverage in China as low as 1.5
%–2% (Yang et al., 2016). Therefore, efforts for promoting vaccination
coverage (Li and Leng, 2020) and evidence supporting such efforts have
profound public health implications, particularly in the era of the on-
going COVID-19 pandemic.

Fig. 3. Forest plot of incident respiratory diseases associated with influenza vaccination.
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5. Conclusion

This meta-analysis provides comprehensive summary and synthesis
of existing evidence supportive of significant associations between in-
fluenza vaccination and reduced risks for cardiovascular diseases and
respiratory adverse outcomes as well as all-cause mortality. These
beneficial associations are evident not only in older adults and in-
dividuals with pre-existing conditions, but also in the general adult
population across different countries and regions, indicating the gen-
eralizability. The findings also point out the need for more RCTs to
further evaluate and confirm the beneficial health effects of influenza
vaccination on respiratory health and other important health outcomes
beyond influenza prevention. They also provide supportive evidence for
promoting influenza vaccination coverage with significant public
health implications, particularly in the era of the ongoing COVID-19
pandemic.
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