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Background: Stroke is a significant global cause of mortality and long-
term disability, potentially influenced by infections that heighten systemic
inflammation and thrombotic events. The fullimpact of influenza vaccination
on stroke remains uncertain. This systematic review and meta-analysis
aimed to investigate the association between influenza immunization and
stroke incidence.

Methods: We searched for randomized controlled trials (RCTs), case—control,
and cohort studies published in PubMed/Medline, Cochrane-Central-
Register-of-Controlled-Trials (CENTRAL), and Embase until 5 December
2022, and identified articles investigating the effect of influenza vaccine on
stroke occurrence. All articles were screened by two independent reviewers.
We performed a meta-analysis to investigate the risk of stroke occurrence
in vaccinated vs. unvaccinated individuals. The random-effects model was
used in all statistical analyses.

Results: Among the 26 articles meeting our criteria, 10 were retrospective
cohort studies, 9 were case—control studies, 3 were prospective cohort
studies, 3wereRCTsand 1case-series. Overall, the studies showed assignificant
decrease in the risk of stroke incidence/hospitalization among vaccinated
patients (OR=0.81, 95% CI [0.77-0.86], p =0.00001). Furthermore, studies
showed flu vaccine decreases the occurrence of mortality among stroke
patients (OR =0.50, 95% CI [0.37-0.68], p =0.00001). Sub-group analysis
revealed significant protective effect for patients with specific comorbidities
including atrial fibrillation (OR=0.68, 95% CI [0.57-0.81], p=0.0001),
diabetes (OR=0.76, 95% CI [0.66-0.87], p =0.0001), Chronic obstructive
pulmonary disease (OR=0.70, 95% CI [0.61-0.81], p=0.00001), and
hypertension (OR =0.76, 95% CI [0.70-83], p = 0.00001).

Conclusion: The current meta-analysis further supports prior findings
that influenza vaccination reduces stroke risk, particularly in patients with
comorbidities. Guidelines should promote vaccination for at-risk individuals.
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1 Introduction

Stroke, a neurological condition caused by an interruption in
cerebral blood perfusion, can be broadly classified as either
hemorrhagic or ischemic (1). In 2019, stroke was one of leading
causes of death worldwide (2). In addition to the significant
mortality associated with stroke, the substantial morbidity also
leaves up to 50% of survivors with long term disabilities (3). In the
Kingdom of Saudi Arabia (KSA), the pooled annual incidence of
stroke is equivalent to 29 cases per 100,000 people (4). Therefore, it
is crucial to identify the risk factors leading to stroke cases to
establish preventive measures. Apart from the conventional risk
factors for stroke, including hypertension, diabetes, high blood
cholesterol, smoking, and aging (5), there are other identified risk
factors, such as infections, which pose both a chronic threat and an
acute trigger for stroke (6). The incidence of stroke and other
cardiovascular diseases (CVD) is more frequent in winter and
during influenza epidemics (7). Moreover, research shows that
stroke patients have a higher rate of preceding respiratory infections
(8). Studies have also shown that systemic inflammation and
infections have a major role in clot formation, and are known to
increase circulating inflammatory markers, such as C-reactive
protein, and could predict the risk of thrombotic events in humans
(9). To test this hypothesis, a study in the United Kingdom (UK)
looked at the incidence of myocardial infarction (MI) and stroke
after influenza and other vaccinations or after naturally occurring
infections, using the United Kingdom General Practice Research
Database (GPRD) and the self-controlled case-series method (10).
They found there was no increase in the risk of myocardial infarction
or stroke in the period following influenza, tetanus, or pneumococcal
vaccination. However, the risks of both events were higher after a
diagnosis of systemic respiratory tract infection and were highest
during the first 3 days. Furthermore, a meta-analysis by Barnes et al.
indicated that influenza infection was significantly associated with
CVD. Therefore, immunization against influenza can possibly
reduce stroke and other vascular events (11). Although the
association between influenza vaccines and stroke has been proposed
in multiple studies, the results are inconsistent. Some studies found
a possible reduction in risk (12-16). Conversely, the protective
effects of the vaccine against cerebrovascular diseases have not been
established in others (17, 18). Therefore, there is no definitive
conclusion regarding the relationship between stroke risk and
influenza vaccination. This systematic review and meta-analysis
aimed to evaluate the association between receiving the influenza
vaccine and reducing stroke incidence.

2 Methods

This study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) standard and was registered in
PROSPERO before a preliminary search (CRD42022377208).

2.1 Search strategy
A complete and comprehensive search of articles published in

PubMed/Medline, Cochrane Central Register of Controlled Trials
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(CENTRAL), and Embase was performed until 5 December 2022.
Mesh terms that were used for the search in the databases included
(“stroke” OR “cerebrovascular disease” OR “cerebrovascular accident”
OR “Ischemic attack” OR “infarction posterior cerebral artery” OR
“infarction anterior cerebral artery” OR “Brain Ischemia”) AND (“flu
vaccine” OR “influenza vaccine” OR “flu vaccination” OR “influenza
vaccination”). We also reviewed the reference lists of relevant articles
to ensure that any papers not captured in the database searches
were covered.

2.2 Criteria for inclusion and exclusion of
studies

Studies were considered if they utilized specific designs, such as
randomized controlled trials (RCTs), case-control, and cohort studies.
Studies that have been performed on patients aged 18 or over who
received the influenza vaccine were included; pneumococcal vaccine
and any other vaccine other than the influenza vaccine were excluded.
Additionally, articles that reported the risk of stroke after receiving the
influenza vaccine and measured it by hazard ratio, risk ratio, or odds
ratio with the corresponding confidence interval were included. The
English language was the only language considered.

2.3 Data extraction and study selection

All the included articles were independently evaluated by two
investigators and conflicts were resolved by a consensus or a third
author consultation. The data that were extracted are the following:
first author name, study design, year of conducting the study, country
where the study done, inclusion and exclusion criteria of the study,
population number, sample size of each arm (influenza vaccine /
unvaccinated), range of age included in the study, mean age in the
influenza vaccine arm, mean age of the unvaccinated arm, gender (of
the whole population), gender of the influenza vaccine arm, gender of
the unvaccinated arm, duration of follow up in months, previous
stroke in the influenza vaccine arm, previous stroke in the
unvaccinated arm, route of vaccine administration, type of event (first
stroke, recurrent stroke, both or unspecified), type of stroke, adjusted
effect measure of the association between the vaccine and stroke with
its confidence interval, the adjusted variables for the adjusted effect
measure, concurrent comorbidities [atrial fibrillation, Chronic
obstructive pulmonary disease (COPD), diabetes mellitus (DM),
hypertension, and smoking].

2.4 Risk of bias and quality assessment

Two independent reviewers used the Newcastle-Ottawa Scale
(NOS) to assess the methodological quality of the included
observational studies, conflicts were resolved by a consensus or a third
author consultation. Studies that scored 7-9 are high quality studies
with a low risk of bias, a score of 4-6 indicates a fair quality study with
a moderate risk of bias, and a score of 0-3 indicates a low-quality
study with a high risk of bias. The revised Cochrane risk of bias tool
was utilized to assess the risk of bias of the included RCTs. Conflict
was resolved with a third author consultation.
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2.5 Statistical analysis

RevMan (Review Manager) version 5.4.1 (Cochrane Collaboration)
was used to perform the data analysis. The random-effects model was
used in all statistical analyses. For statistical significance, p <0.05 was set
as the upper limit with a 95% confidence level. The I* and p-values from
the chi-square test were used to evaluate the statistical heterogeneity. The
reported effect size in the included studies that represent the incidence/
hospitalization due to stroke and mortality were collected. The generic
inverse variance method was performed to pool the effect sizes collected
from the included studies, and the odds ratio (OR) was used to represent
the pooled results. In case the heterogeneity was >50% for the incidence/
hospitalization due to stroke and mortality outcomes, sensitivity analysis
was conducted to test the robustness of the results. Subgroup analysis was
undertaken based on study location, study design, prevention type, and
type of stroke. A funnel plot was assessed visually for publication bias.

3 Results
3.1 Flow chart results

The initial systematic literature search of the databases retrieved
1,010 articles. After excluding 218 duplicates and studies with
overlapping data using EndNote, 792 studies remained. Irrelevant
studies were eliminated by screening the titles and abstracts. The full
text of the remaining 116 studies was inspected carefully, and 92
articles were eliminated because they did not fulfill the eligibility
criteria. Twenty-four articles were included in the meta-analysis, with
an additional two articles identified from the citation screening of the

10.3389/fneur.2023.1324677

included articles. A total of 26 articles were included in the meta-
analysis. Figure 1 summarizes the screening and selection process.

3.2 Basic characteristics

Table 1 summarizes the baseline characteristics of the included
studies. In total, 6,196,668 patients met the inclusion criteria. With
regard to study design, 10 studies were retrospective cohort studies
(20, 25-27, 29-32, 34, 35), nine were case—control studies (10, 12,
15-17, 19, 21, 22, 28, 36), three were prospective cohort studies (14,
18, 23), three were randomized clinical trials (13, 24, 33), and one was
a case-series (10). Eleven studies included patients aged 65 years and
older (12, 14, 19, 20, 22, 23, 28-32), and 13 studies included patients
aged < 65years (10, 13, 15, 16, 18, 24-27, 33-36). 18 studies
investigated both ischemic and hemorrhagic stroke, 7 focused on
ischemic stroke, and 1 focused only on hemorrhagic stroke.

3.3 Risk of bias

The risk of bias of the three RCTs was assessed by using the
Revised Cochrane risk-of-bias tool for randomized trials, and two
RCTs showed a low risk of bias across all the domains. However,
Phromminitikul et al. had some concerns in the randomization
domain (Supplementary Table S1). The risk of bias assessment for
cohort and case—control studies was done using the Newcastle-Ottawa
scale. For cohort studies, most showed a low risk of bias (14, 23, 25,
27, 29, 30, 32, 34) except for Liu et al. (26) Nichol et al. (20),
Holodinsky et al. (35) and Chang et al. (31) showed a moderate risk

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

[ Identification of studies via other methods ]

Reports not retrieved
(n=0)

Reports excluded (n= 0)

[ Identification of via and ]
—
é Records identified from*: Records removed before
Medline (n =199) screening: Records identified from:
g CENTRAL (n =37) > Duplicate records removed Citation searching (n = 2)
£ Embase (n =774) {n=218) etc.
=
—
— '
Records screened (title+abstract) .| Records excluded**
(n=792) (n=676)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
g (n=116) " (n=0) (n=2)
=
o
: | !
&
Reports assessed for eligibility Reports excluded: o
(full text screening) > Not related to our study Reports assessed for eligibility
(n=116) objective (n=30) (n=2)
Not published or poster
abstracts (n=23)
Review articles (n=21)
Missing control (n=5)
Non-English language (n=4)
— , Missing information (n=4)
Duplicates (n=3)
° Studies included in review Not research articles (n=2)
] (n=26)
S Reports of included studies «
£ (n=26)
FIGURE 1

Flow chart of study selection.
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TABLE 1 Baseline characteristics of included studies.

Author Name. Year

Country

No. of vaccinated and
unvaccinated

Setting/type
of patients

10.3389/fneur.2023.1324677

participant

age

Ohmit et al. 1995 (19) USA Case-control Cases: 771 vaccinated/562 Inpatient >65years old Any stroke
unvaccinated
Controls: 1,664 vaccinated/1,314
unvaccinated
Lavallee et al. 2002 (16) France Case-control Cases: 42 vaccinated/48 unvaccinated Inpatient >60 years old Ischemic
Controls: 107 vaccinated/73 stroke
unvaccinated
Nichol et al. 2003 (20) USA Retrospective 165,095 vaccinated/121,288 Elderly patients >65years old Any stroke
unvaccinated
Smeeth et al. 2004 (10) UK Self-control 19,063 vaccinated Population based >18years old Any stroke
case-series
Grau et al. 2005 (21) Germany Case-control Cases: 71 vaccinated/299 unvaccinated = Inpatient NR Hemorrhagic
Controls: 116 vaccinated/254 and Ischemic
unvaccinated stroke
Wang et al. 2007 (14) Taiwan Prospective 35,637 vaccinated/67,061 Elderly patients >65years old Any stroke
cohort unvaccinated
Puig-Barbera et al. 2007 (22) | Spain Case-control Cases: 355 vaccinated/121 Inpatient >65years old Any stroke
unvaccinated
Controls: 616 vaccinated/209
unvaccinated
Pifol-Ripoll et al. 2008 (17) Spain Case-control Cases: 211 vaccinated/182 Inpatient NR Ischemic
unvaccinated stroke
Controls: 220 vaccinated/173
unvaccinated
Hung et al. 2010 (23) Hong Kong, Prospective 2,076 vaccinated/25,393 unvaccinated | Outpatient >65years old Ischemic
China cohort stroke
Phromminitikul et al. 2011 Thailand RCT 221 vaccinated/218 unvaccinated Inpatient >50years old Any stroke
(24)
Lin et al. 2014 (12) Taiwan Case-control Cases: 179 vaccinated/341 Inpatient > 65years old Hemorrhagic
unvaccinated and Ischemic
Controls: 1,055 vaccinated/1,545 stroke
unvaccinated
Siriwardena et al. 2014 (15) UK Case-control Cases: 13,547 Outpatient >18years old Any stroke
vaccinated/13,201unvaccinated
Controls: 13,605 vaccinated/13,143
unvaccinated
Lavallee et al. 2014 (18) International Pooled 5,054 vaccinated/5,054 unvaccinated Multicenter >18years old Ischemic
analysis of two stroke
prospective
cohorts and
one RCT
Vamos et al. 2016 (25) UK Retrospective 114,198 vaccinated/59,882 Patients with type >18years old Any stroke
cohort unvaccinated 2 diabetes
Liu et al. 2017 (26) Taiwan Retrospective 2,547 vaccinated/4,023 unvaccinated Afib patients >55years old Hemorrhagic
stroke
Kao et al. 2017 (27) Taiwan Retrospective 2,547 vaccinated/4,023 unvaccinated Afib patients >55years old Ischemic
stroke
Chiang et al. 2017 (28) Taiwan Case-control Cases: 29,046 vaccinated/51,317 Inpatient >65years old Ischemic
unvaccinated stroke
Controls: 33,285 vaccinated/47,078
unvaccinated
(Continued)
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TABLE 1 (Continued)

10.3389/fneur.2023.1324677

Author Name. Year Country No. of vaccinated and Setting/type  participant Type of
unvaccinated of patients age stroke
Christiansen et al. 2019 (29) Denmark Retrospective 30,877 vaccinated/30,877 Inpatient >65years old any stroke
cohort unvaccinated
Lam et al. 2019 (30) Taiwan Retrospective 25,248 vaccinated/25,248 Inpatient >66years old Hemorrhagic
cohort unvaccinated and Ischemic
stroke
Chang et al. 2020 (31) Taiwan Retrospective 136,448 vaccinated/136,448 Elderly patients >65years old Hemorrhagic
cohort unvaccinated with disability and Ischemic
stroke
Frobert et al. 2021 (13) Sweden, RCT 1,272 vaccinated/1,260 unvaccinated MI patients >18years old Any stroke
Denmark,
Norway, Latvia,
UK,
Czech Republic,
Bangladesh, and
Australia
Chen et al. 2022 (32) Taiwan Retrospective 2,551 vaccinated/2,551 unvaccinated Female COPD >65years old Any stroke
cohort patients
Loeb et al. 2022 (33) Asia (China, RCT 2,560 vaccinated/2,569 unvaccinated HF patients >18years old Any stroke
India, and
Philippines),
the Middle East
(KSA and
UAE), and
Africa (Kenya,
Mozambique,
Nigeria,
Uganda, and
Zambia)
Pang et al. 2022 (34) China Retrospective 95,060 vaccinated/618,428 Inpatient >60years old Hemorrhagic
cohort unvaccinated and Ischemic
stroke
Holodinsky et al. 2022 (35) Canada Retrospective 1,769,565 vaccinated/2,371,644 Papulation based >18years old Hemorrhagic
cohort unvaccinated and Ischemic
stroke
Rodriguez-Martin et al. 2022 | Spain Case-control Cases: 5,930 vaccinated/8,392 Outpatient 40-99 years old Ischemic
(36) unvaccinated stroke
Controls: 28,975 vaccinated/42,635
unvaccinated

OR, odd ratio; RCT, randomized controlled trial; NR, not reported; UK, United Kingdom; USA, United States of America; KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; HE,
Heart failure; COPD, Chronic obstructive pulmonary disease; Afib, Atrial fibrillation; MI, Myocardial infarction.

of bias (Supplementary Table S2). For case—control studies, most
showed a moderate risk of bias (15-17, 19, 22, 28), while (10, 12, 36)
showed a low risk of bias, and Grau et al. (21) showed a high risk
(Supplementary Table S3).

3.4 Association between influenza vaccine
and incidence/hospitalization due to stroke

All the studies showed an overall significant decrease in the
risk of stroke incidence/hospitalization among vaccinated patients

Frontiers in Neurology

compared to unvaccinated patients; however, there is significant
heterogeneity (OR=0.81, 95% CI [0.77-0.86], p=0.00001,
I*=86%; Figure 2). Sensitivity analysis was conducted by removing
each study at a time, the highest change of heterogeneity was
noted by removing Fai Lam study with OR equal to 0.81 (95% CI
[0.77-0.85], p=0.00001, I*=81%); however, it was insignificant
(Supplementary Figure S1). Therefore, the result should
be interpreted with caution. The funnel plot revealed that
there was no evidence of publication bias, and the studies included
in the analysis were distributed in a symmetrical pattern
(Figure 3).
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ohmit, 1985 0.27 01693 1.9% 1.31[0.94,1.83] T
Lavallee, 2002 -0.7985 0.2606 0.9% 0.45[0.27,0.75] ——
Nichal, 2003 -0.2231 0.0538 6.0% 0.80[0.72, 0.89] »
Smeeth, 2004 -0.2231 0.0609 56% 0.80[0.71, 0.90] -
Grau, 2005 -0.7765 0.2533 1.0% 0.46 [0.28, 0.76] —_—
Puig-Barbera, 2007 -2.6593 0.9928 0.1% 0.07 [0.01, 0.49]
Pifiol-Ripoll, 2008 0.0198 0.1435 2.4% 1.02[0.77,1.39] =
Hung, 2010 -0.1625 0.1693 1.9% 0.85[0.61,1.18] -7
Phrommintikul, 2011 1.0895 1.6358 0.0% 2.97[012,73.38]
Lin, 2014 -0.2231 01139 3.2% 0.80[0.64, 1.00] -
Siriwardena, 2014 -0.2107 0.0258 7.4% 0.81 [0.77, 0.85] =
Lavallee, 2014 0.01 00703 51% 1.01[0.88,1.16] T
Vamos, 2016 -0.1985 01031 3.6% 0.82[0.67,1.00] -
Liu, 2017 -0.0305 0.2537 0.9% 0.97 [0.59, 1.59] DR
Kao, 2017 -0.5276 0.0844 4.4% 0.59[0.50, 0.70] -
Chiang, 2017 -0.2231 0.0195 7.7% 0.80[0.77,0.83] e
Christiansen, 2019 -0.2107 0.0461 6.4% 0.81[0.74,0.89] -
Lam, 2019 -0.0943 0.0171 7.8% 0.91[0.88, 0.94] .
Chang, 2020 -0.1278 0.0237 7.5% 0.88[0.84,0.92] *
Frobert, 2021 -0.3285 05397 0.2% 0.72[0.25, 2.07] —
Chen, 2022 -0.5108 0.0538 6.0% 0.60[0.54, 0.67] i
Loeh, 2022 0.0953 0.2092 1.3% 1.10[0.73, 1.66] ——
Pang, 2022 -0.1985 01107 3.3% 0.82 [0.66,1.02] i
Holodinsky, 2022 -0.2549 0012 7.9% 0.77[0.76,0.79] ”
Rodriguez-Martin, 2022 -0.1278 0.0237 7.5% 0.88[0.84,0.92] “
Total (95% CI) 100.0% 0.81[0.77, 0.86] t
Heterogeneity: Tau®= 0.01; Chi*= 166.77, df= 24 (P < 0.00001); F= 86% 50 01 041 1=IJ 1005
Test for overall effect Z=7.85 (P < 0.00001) Favours [vaccinated] Favours [unvaccinated]

FIGURE 2

Forest plot showing the effectiveness of influenza vaccine on stroke incidence/hospitalization. Cl, confidence interval.
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FIGURE 3
Funnel plot. OR, odds ratio.

3.5 Relationship between mortality in
stroke patients and influenza vaccination

Only Three studies assessed the mortality incidence in
stroke patients who received the influenza vaccine and showed
that the vaccine decreases the occurrence of mortality among
stroke patients (OR=0.50, 95% CI [0.37-0.68], p=0.00001,
[?=86%; Figure 4). Additionally, sensitivity analysis was
performed and by removing Wang’s study, the heterogeneity was
0% (OR=0.59, 95% CI [0.54-0.65], p=0.00001, I*=0%;
Supplementary Figure S2).
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3.6 Subgroup analysis

Subgroup analysis was reported based on study design, stroke
subtypes, prevention, and location (Figure 5). The pooled analysis
showed significant reduction of stroke occurrence in vaccinated
patients across stroke subtypes including ischemic stroke, hemorrhagic
stroke, and undefined stroke. Additionally, all the studies exhibited a
significant reduction in stroke incidence by subgroup analysis of first
stroke, recurrent stroke, and any stroke. Furthermore, all the study
designs revealed a reduction in the incidence of stroke, except for the
RCTs and prospective studies; there was no significant difference
(OR=1.06,95% CI [0.72-1.56], p=0.78, I =0%), and (OR = 0.85, 95%
CI [0.61-1.18], p=0.34), respectively. Depending on study location
there was a significant reduction in stroke incidence in North
America, Studies
internationally did not reveal a statistically significant decrease in
stroke incidence (OR=0.87, 95% CI [0.68-1.11], p=0.25, *=86%).

Europe, and Asia. However, conducted

3.7 Relationship between the risk of stroke
and vaccination in patients with atrial
fibrillation, diabetes, COPD, or
hypertension

For atrial fibrillation patients, the pooled estimate of three studies
showed that the incidence of stroke is decreased in those who received
the vaccine (OR=0.68, 95% CI [0.57-0.81], p =0.0001, I* =65%;
Supplementary Figure S3). For COPD patients, three studies showed
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Wang, 2007 -1.04898 01324 30.7% 0.35[0.27,0.45) +—&%—
Lam, 2019 -0.5108 0.0538 37.6% 0.60[0.54, 0.67] —
Pang, 2022 -0.5798 0123 31.7% 0.56 [0.44,0.71] —
Total (95% CI) 100.0%  0.50[0.37, 0.68] o
Heterogeneity: Tau®= 0.06; Chi*=14.23, df= 2 (P = 0.0008), IF= 86% 0?5 D?T 1f5 é

Test for overall effect: Z= 4.47 (P < 0.00001)

FIGURE 4

Favours [vaccinated] Favours [unvaccinated]

Forest plot showing the effectiveness of influenza vaccine on mortality in stroke patients. Cl, confidence interval.

Study or Subgroup

log[Odds Ratio] SE

Odds Ratio
IV, Random, 95% CI

Odds Ratio

IV, Random, 95% CI

1.1.1 Incidence/hospitalization by study design

Case-control
Prospective cohort
RCT

Retroscpective cohort

1.1.2 Incidence/hospitalization by stroke subtypes

Hemorrhagic stroke
Ischemic stroke
Undefined stroke

-0.1985 0.0321
-0.1625 0.1693
0.0583 0.1973
-0.2485 0.048

-0.2231 0.0538
-0.2614 0.0343
-0.1863 0.0383

0.82[0.77, 0.87]

—_—

0.85[0.61, 1.18]
1.06 [0.72, 1.56]
0.78 [0.71, 0.86]

0.80 [0.72, 0.89]
0.77 [0.72, 0.82]
0.83 [0.77, 0.89]

1.1.3 Incidence/hospitalization of stroke by its prevention types

Any stroke
First stroke
Recurrent stroke

-0.1863 0.0383
-0.2614 0.056
-0.1744 0.0511

0.83[0.77, 0.89]
0.77 [0.69, 0.86]
0.84 [0.76, 0.93]

1.1.5 Incidence/hospitalization of stroke by study location

Asia

Europe
International
North America

-0.2485 0.048
-0.2107 0.0393
-0.1393 0.1257
-0.1744 0.0716

0.78 [0.71, 0.86]
0.81[0.75, 0.87]
0.87 [0.68, 1.11]
0.84 [0.73, 0.97]

_—

_

FIGURE 5

location. Cl, confidence interval.

1 1 1 1
0.7 0.85 1 1.2 15
Favours [Vaccinated] Favours [Unvaccinated]

Forest plot showing the effectiveness of influenza vaccine on stroke incidence/hospitalization by study design, stroke subtypes, prevention, and

a reduction in stroke occurrence in those who received the vaccine
(OR=0.70, 95% CI [0.61-0.81], p =0.00001, I* =85%;
Supplementary Figure 54). As for patients with diabetes, the pooled
analysis of four studies also revealed a reduction in stroke occurrence
in those who received the vaccine (OR=0.76, 95% CI [0.66-0.87],
p=0.0001, I* =92%; Supplementary Figure S5). Moreover, another
three studies showed that the vaccine reduced the occurrence of stroke
in hypertensive patients (OR=0.76, 95% CI [0.70-83], p=0.00001,
I* =93%; Supplementary Figure S6).

4 Discussion

The potential impact of influenza vaccination on stroke
incidence, hospitalization, and mortality is the focus of our
research. This systematic review and meta-analysis aimed to
explore the potential benefits of the influenza vaccine beyond its
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established role in preventing influenza, by examining its effects on
stroke prevention. To our knowledge, this meta-analysis included
the largest number of studies to date and further supports
conclusions made by previous meta-analyses (37, 38). Our findings
suggest that receiving the influenza vaccine has a significant impact
on lowering the incidence of stroke. Our research revealed a
consistent reduction in stroke mortality among patients who
received the influenza vaccine. Although this aspect was only
studied in a limited number of studies, the results consistently
pointed toward a protective effect of the vaccine on stroke
mortality. Additionally, our review showed that the influenza
vaccine may be particularly beneficial for patients with
comorbidities such as atrial fibrillation, COPD, DM, and
hypertension, as those who received the vaccine consistently
showed a lower incidence of stroke. A study of particular
significance is the study conducted by Holodinsky et al. (35) that
showed the protective effect of the vaccine applied to the entire
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population of Alberta, Canada. The study included the largest
sample size of over 4 million individuals, over a 9-year period from
2009 to 2018. The key finding from this comprehensive study is
that influenza vaccination significantly reduced the risk of stroke
across all types in the entire adult population of Alberta, Canada
and the results were not influenced by the COVID-19, as the study
was conducted prior to the pandemic. This aligns with the results
of our meta-analysis, highlighting the substantial benefits of
influenza vaccination in preventing stroke.

Although our study and recent studies indicate that the influenza
vaccine may reduce stroke incidence, the exact process through which
it does this is not fully understood. Nevertheless, several credible
explanations have been suggested and studied. One leading
explanation is that the vaccine decreases inflammation and endothelial
dysfunction, both of which significantly contribute to atherosclerosis,
the development and rupture of plaques which lead to strokes (39).
Experimental studies in animal models with hypercholesterolemia
have also shown a decrease in atherosclerosis following vaccination
(40). A case crossover study on 5,888 patients at 4 different locations
in the US further supports the explanation that systemic infections
like influenza can provoke an immune response that heightens stroke
risk, potentially through the instigation of a procoagulant state,
especially during episodes of severe inflammation, organ damage, and
sepsis (41). The influenza vaccine can potentially prevent these severe
infections from occurring in the first place. However, the protective
effect of influenza appears to be multifactorial. Our review includes
studies such as the study by Rodriguez-Martin et al. (36) which found
that the vaccine provides stroke protection even during pre-epidemic
periods, which would not be explained by the vaccine’s protection
against infection. This suggests that the vaccine might indirectly
prevent stroke, as the authors propose; this may be due to unmeasured
confounding factors. Although, the pneumococcal vaccine in the
same study did not show a similar protective effect against stroke. If
unmeasured confounding factors were the reason, both vaccines
would be expected to demonstrate comparable associations with
stroke prevention.

Some studies in our analysis showed no benefit from the influenza
vaccine. One of which is a study by Loeb et al. (33) which did not
demonstrate a significant impact of vaccination on stroke incidence.
The vaccine’s protective effect was more pronounced when influenza
activity was high but had a small effect during periods of low
circulation of influenza. This lack of effect on stroke might
be attributed to the fact that measurements during non-peak periods
of influenza circulation affected the result. However, the study still
showed effectiveness of the vaccine in reducing pneumonia and heart
failure hospitalizations during peak influenza seasons. Pifiol-Ripoll
etal. (17) also found no significant stroke prevention benefit from the
influenza vaccination. The authors suggested this might be either due
to the vaccine’s ineffectiveness in preventing ischemic stroke, a small
potential benefit from the vaccine, or inefficiency in preventing acute
infections in the study’s specific patient group as a much higher
percentage of vaccinated patients experienced acute infections
compared to the unvaccinated group. Lavalle et al. (18) is another
study where the influenza vaccine has not significantly reduced stroke
incidence. Their study, predominantly derived from observational
analyses, included a population where the majority was on
antithrombotic therapies, antihypertensive therapies, and lipid
lowering drugs with regular follow-up visits in specialized centers.
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This may have left little room for any additional benefit from the
influenza vaccination, potentially limiting its efficacy in preventing
strokes among this group. Furthermore, the absence of information
on the matching between circulating virus strains and vaccine antigens
in different countries studied may have impacted the results. Another
study by Ohmit et al. (19) explored no benefit of influenza vaccination
in decreasing the risk of stroke occurrence. This could be explained by
the fact that Ohmit et al. included patients with cancer which affects
the immune system markedly. Therefore, the body loses its ability to
produce antibodies against influenza vaccine components which
could make the vaccine less effective. Additionally, Phromminitikul
etal. (24) could not investigate the effect of the relationship between
the vaccine and stroke incidence since the event was very rare to
extract a proper conclusion. The varying results underscore the
complexity of the relationship between the influenza vaccine and
stroke incidence, highlighting that there are likely multiple factors that
might affect the effectiveness of the influenza vaccine in
preventing stroke.

Our research offers valuable insights into the potential benefits
of influenza vaccination in stroke prevention, however, there are
several limitations that need to be considered. The significant
heterogeneity identified in our study suggests differences in
baseline patient characteristics, recall bias, and study designs.
There were large differences between the types of patients and
settings in the studies analyzed as shown in Table 1. Such variation
between patient populations and characteristics is likely one of the
sources for the significant heterogeneity. One source of bias that is
discussed by Jackson et al. (42) in their paper is bias arising from
the better overall health status of vaccinated individuals compared
to unvaccinated ones. This bias likely inflates the perceived
effectiveness of the vaccine, as evidenced by the lower risk of death
and hospitalization in vaccinated seniors even in pre-epidemic
periods. Moreover, Jackson et al. note that their attempts to adjust
for this health status bias, did not adequately control for it, as
reduction in death and hospitalizations remained significant in the
pre-epidemic period when they would be expected to
be insignificant. The failure of this adjustment method to account
for bias might be because the diagnosis codes used do not
effectively measure frailty or the intensity of illnesses. This
indicates a need for more effective adjustment methods in future
studies. Additionally, healthcare seeking behavior might also play
a role in this observed bias. Vaccinated individuals might be more
proactive in seeking medical care compared to unvaccinated
individuals, which could further inflate the perceived effectiveness
of the vaccine. Furthermore, most of the studies included in our
analysis were observational, which may be subjected to various
biases and confounding factors. In case-control studies conducted
at an inpatient setting, where patients are selected retrospectively
after the influenza season, the survival of patients at time of
inclusion could lead to selection bias. Another limitation is the
absence of studies from Australia, South America, or Africa, which
may limit the generalizability of our results to these regions.
Finally, it is essential to note that the pathogenicity and infectivity
of the influenza virus can change from year to year, and the
vaccine’s effectiveness may vary accordingly. Thus, our findings
may not be applicable to all influenza seasons or strains. The
limitations discussed make it difficult to establish a causal
relationship between influenza vaccination and stroke risk. More
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randomized controlled trials are needed to control for patient
characteristics such as frailty that are difficult to control for in
other types of studies. In addition, future studies should explore
the risk of stroke following influenza vaccination in the
pre-epidemic, epidemic, and post-epidemic periods.

Current clinical guidelines recommend the influenza vaccine
for patients with cardiovascular disease (43); however, no such
recommendation is made for patients with cerebrovascular disease.
Considering the results of our study and the current body of
evidence that points toward a clear protective effect of the influenza
vaccine against stroke, we believe that for all patients without
apparent contraindication to the vaccine, who are at risk of stroke,
or stroke survivors, should be encouraged to receive the influenza
vaccine to reduce mortality, hospitalization, and morbidity. Future
guidelines for the treatment and management of stroke patients or
at-risk patients should strongly consider recommending the
influenza vaccine, especially for patients with atrial fibrillation,
COPD, DM,
recommendation, particularly for patients with risk factors for

and  hypertension. Implementing  this
stroke, may have a significant effect on public health, potentially
leading to a decrease in stroke incidence, along with a possible
reduction in hospital admissions. It may also lessen the health
complications related to stroke and lower the need for extensive
rehabilitation programs. This could potentially ease the
considerable financial and personal strain placed on healthcare

systems, patients, and their families.

5 Conclusion

Influenza vaccination has a significant impact on mitigating both
the incidence and mortality of stroke, particularly among patients
with risk factors for stroke. The current clinical guidelines should
be expanded to encourage influenza vaccination for stroke survivors
and patients at risk for stroke. Further randomized controlled trials
are needed to confirm the link between influenza vaccination and
stroke risk reduction. Additional studies should focus on
understanding the precise mechanisms involved in the protective
effect of the influenza vaccine against stroke.
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