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Abstract Respiratory viral infections may trigger acute cardiovascular events. However, relative pathogen-specific associations are poorly 
understood, limiting optimal preventive recommendations. The aim of this study was to systematically review the association be
tween respiratory viruses with two primary outcomes, acute myocardial infarction (AMI) and stroke. We searched MEDLINE, 
PubMed, Embase, Cochrane, and Web of Science, from database inception to 26 August 2024. Analytical epidemiological studies 
of respiratory viruses identified by laboratory-confirmatory testing, involving human participants of any age in any country, were 
eligible for inclusion. Risk of bias was assessed using the Cochrane Collaboration approach. Data from studies of sufficient quality 
and homogeneity were pooled using a random-effects model. Certainty of the evidence was assessed for each identified viral trig
ger. Of 11 017 articles identified, we included a total of 48 studies published between 1978 and 2024. All were observational stud
ies, of which 28 were suitable for quantitative synthesis. There was moderate-certainty evidence that influenza triggers AMI 
(incidence rate ratio, 5.37; 95% CI, 3.48–8.28; I2 = 69.4%). We found high-certainty evidence that influenza triggers stroke— 
influenza was associated with a 4.7-fold increased risk of stroke within the first 28 days following infection (incidence rate ratio, 
4.72; 95% CI, 3.78–5.90; I2 = 0%). SARS-CoV-2 and cytomegalovirus may trigger stroke, while SARS-CoV-2, respiratory syncytial 
virus, and Coxsackie B were also identified as potential triggers for AMI. In this systematic review and meta-analysis, the findings 
suggest that common, often vaccine-preventable, respiratory viral infections are associated with an increased risk of acute cardio
vascular events.
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1. Introduction
Cardiovascular diseases contribute substantially to global disease burden, 
with ischaemic heart disease the single biggest contributor to disability of 
all diseases.1 Most cardiovascular disease burden is due to atherosclerotic 
disease, which presents acutely in multiple ischaemic or haemorrhagic clin
ical presentations, including acute myocardial infarction (AMI) and stroke.2

These two major acute cardiovascular events are estimated to account for 
approximately 85% of cardiovascular mortality.3 While most cardiovascu
lar risk factors are well-established, not all of the attributable burden has 
been explained. It is generally accepted that precipitating or triggering risk 
factors, including stress, physical exertion, some medications, and infec
tions, increase the short-term risk in individuals with baseline underlying 
risk to finally having an AMI or stroke.

With modern molecular diagnostic laboratory tests, there is now in
creasing evidence of the role of infectious agents as triggers for acute car
diovascular events.4,5 Although the exact mechanistic pathways are 
unclear, the prevailing theory is that atherosclerosis may be induced by ac
tivation of inflammatory biomarkers in the acute phase of infection.6 The 
risk window of impact on the cardiovascular system following infection ap
pears to be transient, lasting from several days to few months,7 as opposed 
to identifiable long-term sequelae.

Understanding the relative associations of different pathogens with 
acute cardiovascular disease outcomes is important to inform population 
burden and guide preventive strategies.8,9 Much research has predomin
antly focused on influenza, owing to its severity and position as a pathogen 
for which vaccination or therapeutic intervention is available.10,11

Meanwhile, other respiratory pathogens may be implicated, such as herpes 
viruses linked with stroke and Coxsackie B linked with AMI.8,9 While im
proved population-level data have enabled large-scale epidemiological 
studies on respiratory virus detections and their role as triggering factors, 
the pathogen-specific contributions to the risk of AMI and stroke remain 
unclear. Previous systematic reviews and meta-analyses have been limited 
in scope, either focusing solely on a single viral agent like influenza or 
SARS-CoV-2, or have used broad, non-specific definitions of infection 
(e.g. influenza-like illness),12 making interpretation challenging as data 
were not compared across studies detecting different attributable viruses.

The relative effects of different respiratory viruses on the risk of acute 
cardiovascular events remain poorly understood, particularly when com
paring seasonality, climate, and populations that differ between geographic 
areas.13 Research to date has not comprehensively examined the role of 
respiratory viral infections on the risk of AMI and stroke. Randomized trial 
evidence suggests that influenza vaccination may confer a cardiovascular 
protective effect, particularly among high-risk groups,14 while further trials 
with cardiovascular endpoints are ongoing. Therefore, it was postulated 
that comparison of various attributable viruses may help identify other can
didate pathogens for potential vaccine trials and other preventive therapies 
in targeted populations.

Our primary objective was to systematically review evidence from ana
lytical epidemiological studies, either randomized or non-randomized, of 
respiratory viruses identified by laboratory-confirmatory testing involving 
humans of all ages and geographical areas. We specifically focused on 
laboratory-confirmatory infections to compare the associations between 
viral respiratory triggers with no detected infection, and if appropriate, 
to estimate pathogen-specific pooled effect sizes with AMI and stroke 
events. A secondary objective was to identify evidence gaps, assess the cer
tainty of the evidence, and recommend areas for future research. As no 
randomized controlled trials met inclusion criteria, this systematic review 
comprised entirely of observational studies.

2. Methods
2.1 Registration
This systematic review was registered with PROSPERO 
(CRD42024494997). We have published an a priori protocol15: important 
changes to the protocol are detailed in Supplementary material online, 
Methods S1.

2.2 Search strategy and data sources
A comprehensive search of epidemiological studies on laboratory- 
confirmed respiratory viral infections and their associations with AMI or 
stroke outcomes was performed. The search strategy was designed based 
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on the Population, Exposure, Comparison, Outcome, Study design, and 
Timeframe (PECOST) framework using Boolean operators (AND, OR) 
to combine variations of the search concepts: humans, laboratory confirma
tory tests, respiratory viruses, acute myocardial infarction, stroke from analytical 
epidemiological study designs. We searched five electronic bibliographic da
tabases from their inception until 26 August 2024: MEDLINE (Ovid), 
EMBASE (Ovid), PubMed, Cochrane Central Register of Controlled 
Trials, and Web of Science (see Supplementary material online, Methods 
S2). In addition, we manually checked the reference lists of the included 
studies (backward citations), citing articles (forward citations), and of earl
ier systematic reviews to identify any further relevant studies.

2.3 Eligibility criteria
The eligibility criteria were defined according to the PECOST elements as 
follows: population (P)—studies involving human participants of any age in 
any country; exposure (E)—respiratory viral infection as detected by con
firmatory laboratory methods. We defined exposures as those primarily 
resulting in respiratory phenotypes; comparator (C)—eligible studies in
cluded a comparator group that was unexposed (e.g. negative testing indi
viduals, unexposed person-time); outcome (O)—AMI or stroke. 
Composite acute cardiovascular or cerebrovascular events, including 
AMI or stroke, but not exclusive to these conditions, were excluded. 
Studies were included if either or both conditions were measured; study 
design (S)—randomized controlled trials (RCTs), cohort and case-control 
studies, self-controlled case series (SCCS), and case crossover designs; 
timeframe (T)—studies using short-term risk periods (up to 90 days) 
were prioritized (see Supplementary material online, Methods S3).

Studies must have reported, or provided data to calculate, an estimate of 
the effect on the risk of AMI and/or stroke [i.e. risk ratio or rate ratio (RR), 
odds ratio (OR), incidence rate ratio (IRR), or hazard ratio (HR)]. There 
were no restrictions on the date, country, geographical area of study, language, 
population, or publication status. Due to the high specificity of eligibility criteria 
in terms of exposure, comparator, outcome, study design, and timeframe, the 
populations eligible for inclusion was relatively liberal, to minimize biases asso
ciated with selectively excluding specific subpopulations.16

2.4 Study selection
All search results were screened for eligibility by at least two independent 
reviewers in two stages: title and abstract screening, followed by full-text 
review. Discrepancies in either of the screening stages were resolved by 
consensus and/or arbitration by a third reviewer. We contacted the authors 
for clarification, or if further information was required for study selection.

2.5 Data collection and quality assessment
Data were extracted using a prepiloted, standardized template in 
Covidence. Outcome data were collated from the text, tables, or figures. 
The most fully adjusted measures were extracted. Where only raw data 
were reported, we extracted data (e.g. constructed 2 × 2 tables) to calcu
late the unadjusted effect estimates and 95% confidence intervals. Two re
viewers independently extracted important data fields, particularly 
outcome data, with discrepancies resolved through a combination of dis
cussion and arbitration. All other fields were extracted by one person 
and verified by another person.

Quality assessment was performed using the Cochrane Risk of Bias in 
Non-randomized studies—of Exposures (ROBINS-E) tool.17 Two authors 
performed the assessment independently, and discrepancies were resolved 
through discussion to achieve consensus for domain-level and overall risk 
of bias judgements (see Supplementary material online, Methods S4).

2.6 Outcome synthesis and statistical 
analysis
We analyzed AMI and stroke as separate outcomes. Data were grouped 
and analyzed by viral pathogen and by the measure of effect reported 
(e.g. studies reporting OR were compared with other studies using OR). 

Where necessary, effect estimates were computed from cross-tabulated 
data. Clinical heterogeneity was assessed for each virus–outcome relation
ship by examining the population and outcome definition.

Study quality was a key consideration in the quantitative synthesis. We 
excluded individual studies that were classified as having a very high risk of 
bias and studies using self-reported outcome diagnoses. If there were ≥ 3 
sufficiently homogenous studies, we meta-analyzed study-specific effect es
timates. For SCCS studies with several estimates at different timepoints, 
within-study estimates were combined into an aggregated effect estimate 
using the inverse variance pooling method.18 Between-study heterogeneity 
was assessed using the Cochran Q test and Higgins I2 statistic.19 Due to dif
ferences between exposure definitions and study designs, we pooled esti
mates using random-effects models (Hartung–Knapp adjustment for small 
sample sizes).20 For exposure–outcome pairs with <3 studies or due to 
statistical heterogeneity, effect estimate data were displayed in forest plots 
(i.e. without the summary diamond), including 95% confidence intervals, 
for visual comparison across studies. Where meta-analysis was inappropri
ate, the results were synthesized qualitatively.

We investigated sources of heterogeneity (from meta-analysis results) 
using subgroup analysis and assessed the impact of risk of bias and diagnostic 
method on the overall results in a sensitivity analysis. Due to inconsistencies 
in study design and effect estimate type within each exposure–outcome re
lationship, meta-regression was considered inappropriate and was not con
ducted. Where reporting bias was suspected, publication bias was assessed 
by visual inspection of funnel plot asymmetry. All analyses were performed 
using R Statistical Software version 4.3.2 (R Core Team).

2.7 Certainty assessment
The Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE) approach was used to assess the certainty of the evi
dence for each respiratory virus on each outcome, across the five domains 
for population-level outcomes.21 The strength of evidence was categorized 
as very low, low, moderate, or high. Owing to the life-threatening, critical 
nature of our primary outcomes, we considered consistent non-zero rela
tive effects (for example, RR > 1) and precise estimates to be important.

This review adheres to the Meta-analysis of Observational Studies in 
Epidemiology (MOOSE) and Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (see Supplementary 
material online, Methods S5 and S6).22,23

3. Results
3.1 Search results
We identified a total of 11 017 records: 7907 records from database 
searches, and hand and citation searches yielding 3110 records (Figure 1). 
After duplicates were removed, we screened 8639 records at the title/ab
stract level and 8295 did not fulfil eligibility criteria. We reviewed 344 full- 
text articles. A total of 48 studies, published between 1978 and 2024, were 
included in the review.

3.2 Characteristics of included studies
The key characteristics of the included studies are summarized in Table 1. 
Of the 48 studies, there were 16 case-control studies, 18 cohort studies, 
and 14 SCCS designs—there were no randomized controlled trials. 
Among the included studies, 26 (54%) were conducted in 
Europe26,27,38,40,49,51,54,58,59,62,69,71,72 or UK28,39,41,42,46,56,57,66,67,73,75,76

(see Supplementary material online, Figure S1). Forty-two studies (85%) 
were conducted in hospital settings and two were autopsy studies with re
spiratory infection data collected postmortem.26,63 Total sample sizes ran
ged considerably depending on study design; case-control studies included 
between 5044 and 1470 patients.57 Self-controlled case series were small 
to moderate in size, with the exception of one US study of Medicare bene
ficiaries (n = 37 379).60 In contrast, cohort studies were considerably lar
ger, for example, Schade Skov et al58 derived 4057 patients with 
ischaemic stroke from a population-based cohort of 3 423 877 
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participants. While the studies encompassed all ages, most were 
middle-aged to older patients, except for three paediatric stroke 
studies.44,48,50

Reported comorbidities were variable; most study populations had 
common cardiovascular risk factors at baseline, while a few studies expli
citly focused on first-time cardiovascular events.30,46,70,76 Two studies 
were entirely comprised of vaccinated individuals.56,66

3.3 Risk of bias in included studies
Of the 48 included studies, risk of bias was relatively low across most 
ROBINS-E domains, including exposure, selection bias, postexposure 
intervention, missing data, outcome, and reporting bias. However, con
cerns in the confounding domain yielded higher overall judgements: 
18 (38%) were rated very high risk, 11 (23%) were rated as high risk, 

Figure 1 PRISMA flow diagram. Of 344 full-text articles assessed for eligibility, 54 reports of studies that met the inclusion criteria; multiple reports from the 
same study were merged, leaving 48 unique records. Of these, 18 studies at very high overall risk of bias and two studies using self-reported acute myocardial 
infarction (AMI) diagnosis were excluded from quantitative synthesis; thus 28 studies were selected for quantitative synthesis.
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15 (31%) had some concerns, and only four (8%) studies were at low risk of 
bias (Figure 2).

3.4 Clinical outcomes
In terms of outcomes, 15 of the 48 studies reported on AMI, 19 studies on 
stroke, and 14 studies reported data on both AMI and stroke. The majority 
of studies defined AMI by either ICD-10 codes27,32,43,66–68,70,72–76 or phys
ician diagnosis following standardized criteria.25,28,30,33,35,38–42,65 Three 
studies (two SCCS and one case-control study) focused specifically on 
first-time AMI.30,70,76 Two studies specifically on AMI deaths.26,63 Two 
studies included self-reported methods in conjunction with clinical data val
idation: Koskinas et al62 followed up cardiac patients post discharge for any 
new acute CVD events and corroborated with hospital discharge data, 
while Akhtar et al24 followed up previously admitted AMI patients for re
current AMI events validated by physician’s notes.

Stroke diagnoses were consistent in terms of CT and/or MRI angiographic 
confirmation with clinical presentation, while outcomes reported were de
lineated by stroke subtypes and recurrent events among patients with prior 
stroke. Of these, three studies focused specifically on recurrent stroke soon 
after an index event.49,57,59 Over half of the studies defined stroke by 
ICD-9 or ICD-10 codes (17 studies),46,47,52,55,56,58,60,62,66–68,70,72–76 while 
11 studies described clinical diagnosis confirmed by CT and/or MRI (10 
studies).44,45,49,51,53,54,57,59,61,65,71 In terms of subtype, most studies reported 
on ischaemic stroke (21 studies), with fewer for haemorrhagic stroke (7 stud
ies) and stroke deaths (3 studies).

3.5 Studies excluded from quantitative 
synthesis
As the overall risk of bias judgements were generally high due to poor con
trol for confounding, 18 of 48 studies classified as having very high risk of 
bias28,33,38–40,42,44,48–51,54,57,59,61–63,65 were deemed inappropriate for 
meta-analysis. Two further studies by Koskinas et al69 and Akhtar et al24

were also excluded based on reliance on self-reported outcome ascertain
ment for AMI.

3.6 Respiratory viruses and AMI
Twenty-nine studies reported on AMI and association with six different re
spiratory viruses: adenovirus, enteroviruses, human metapneumovirus 
(hMPV), influenza, respiratory syncytial virus (RSV), and SARS-CoV-2. 
Among these, estimates from 19 studies were suitable for quantitative syn
thesis (Figure 3).

Meta-analysis was conducted for the relationship between AMI with in
fluenza. There was moderate-certainty of evidence for the association be
tween influenza and AMI, based on estimates from 11 studies 
(Table 2).25,27,30,32,35,40,41,43,68,70,76 All studies had at least some concerns 
of risk of bias due to confounding. In a pooled analysis of six SCCS studies, 
influenza was associated with an increased risk of AMI within 28 days fol
lowing a positive test (IRR, 5.37; 95% CI, 3.48–8.28; I2 = 69.4%). However, 
pooled analysis of the remaining four case-control studies did not support 
an association with AMI (OR, 2.37; 95% CI, 0.27–20.90; I2 = 73.0%). There 
was no evidence of publication bias (see Supplementary material online, 
Figure S2).

A clear triggering association could not be identified between 
SARS-CoV-2 and AMI, based on 12 studies reporting on the associ
ation.24,63–67,69,71–75 It was not possible to meta-analyze the results of 
five SCCS studies reporting the association between SARS-CoV-2 and 
AMI due to considerable heterogeneity observed (I2 = 98.6%).66,67,72,74,75

The risk of bias across studies were variable; 10 of 12 studies had at least 
some concerns in at least one domain. In a sensitivity analysis, variability by 
risk of bias did not substantially alter the meta-analysis results (see 
Supplementary material online, Table S2).

Enteroviruses, mainly Coxsackie B, were associated as a trigger for AMI 
in seven studies. In one study focused specifically on AMI deaths, entero
virus infection was associated with 13.5 times the odds of death following 
a 4-fold increase in titer from paired sera.26 Five (71%) of seven 

enterovirus studies suggested an increased risk of AMI following infec
tion.26,28,33,38–40,42 However, the association was inconsistent, with 
two of the seven studies reporting an association in the opposite direc
tion.40,42 Further, all these studies were assessed as having high to very 
high risk of bias, largely due to poor control for confounding, which pre
cluded pooling these data in a meta-analysis.

Owing to the low number of sufficiently homogenous studies, pooled 
estimates were not generated for adenovirus, hMPV, and RSV. In three 
of the four identified studies, RSV was associated with increased risk of 
AMI.27,30,32 Two SCCS studies showed RSV triggering AMI, with incidence 
rate ratios as high as 11-fold within 7 days following positive specimen col
lection,27,32 and one case-control study by Guan et al31 also reporting high
er odds of AMI in 2010, although this differed from recent case-control 
study results by Aleem et al.31 Studies of RSV were at low risk of bias, 
but heterogeneity due to differing study designs precluded meta-analysis 
of the effect estimates. In terms of other respiratory viruses, Guan 
et al31 and Aleem et al25 showed there was no evidence that adenovirus 
or hMPV was associated with AMI.

3.7 Respiratory viruses and stroke
A total of 33 studies reported associations between stroke and seven dif
ferent respiratory viruses: adenovirus, cytomegalovirus (CMV), human 
herpes virus 6 (HHV-6), influenza, parvovirus B19, rhinovirus, and 
SARS-CoV-2. Data from 18 studies that reported on CMV, influenza, 
and SARS-CoV-2, were suitable for quantitative synthesis (Figure 4). 
Meta-analysis was performed for the relationship between influenza and 
SARS-CoV-2 with stroke.

Influenza was associated with an increased risk of stroke (IRR, 4.72; 95% 
CI, 3.78–5.90; I2 = 0%), based on 10 estimates from three heterogenous 
SCCS studies.68,70,76 Among them, there was generally low risk of bias 
across most domains, albeit at least some concerns across several domains. 
However, the strength and consistency of the association and the relatively 
narrow confidence intervals around the pooled estimate culminated in high 
certainty of evidence (Table 2).

SARS-CoV-2 was frequently described with stroke. On pooled analysis 
of three estimates from three similarly designed studies, SARS-CoV-2 was 
not significantly associated with stroke (OR, 3.75; 95% CI, 0.86–16.40; I2 =  
0%), despite the strong association from contributing estimates. Nine 
SCCS studies demonstrated a clear dose-response relationship with the 
highest risk in the days immediately following infection (Figure 4), although 
data from these studies were not pooled in a meta-analysis due to statis
tical heterogeneity (I2 = 96.9%). Because of the inconsistency of associ
ation and risk of bias from contributing studies, the certainty of the 
evidence for a triggering association between SARS-CoV-2 and stroke 
was moderate. Subgroup analyses by specific subtype yielded largely similar 
results for the association between SARS-CoV-2 and ischaemic and haem
orrhagic strokes (see Supplementary material online, Figures S3–S5).

There was limited evidence regarding other pathogens, namely adeno
virus, CMV, HHV-6, parvovirus B19, and rhinovirus. One case-control 
study showed that CMV was associated with significantly higher risk of 
stroke (OR, 3.98; 95% CI, 2.50–6.32), even after adjusting for age, sex, 
BMI, hypertension, and smoking, among an older adult population.53 In 
contrast, adenovirus, HHV-6, parvovirus B19, and rhinovirus were identi
fied entirely from three studies of paediatric stroke (see Supplementary 
material online, Figure S6). Two studies assessed parvovirus infection and 
ischaemic stroke: Brazilian case-control study showed no association in a 
population of children with sickle cell disease (OR, 0.52; 95% CI, 0.03– 
9.63),48 comparable to results from Fullerton et al50 in their paediatric 
study (OR, 4.78; 95% CI, 0.27–83.59). Fullerton et al50 also found no ob
served increase in ischaemic stroke following adenovirus, rhinovirus, or 
HHV-6 infection from multiplex PCR, based on a 3-week risk window.50

4. Discussion
Myocardial infarction and stroke remain the world’s two leading causes of 
premature death.3 Given the critical, life-threatening nature of these 

8                                                                                                                                                                                                      T.Q. Nguyen et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/cardiovascres/advance-article/doi/10.1093/cvr/cvaf092/8164343 by guest on 11 August 2025

http://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvaf092#supplementary-data
http://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvaf092#supplementary-data
http://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvaf092#supplementary-data
http://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvaf092#supplementary-data
http://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvaf092#supplementary-data
http://academic.oup.com/cardiovascres/article-lookup/doi/10.1093/cvr/cvaf092#supplementary-data


Figure 2 Risk of bias of included studies based on ROBINS-E domains.
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events, knowledge of viral triggers to inform policies that may reduce AMI 
and stroke represents a global health priority. Over the last two decades, 
laboratory techniques, such as multiplex PCR panels, have substantially im
proved the ascertainment of respiratory viral infections.78 Over this peri
od, infections involving the respiratory tract have been most frequently 

implicated as cardiovascular triggers.7 However, limited research has 
been conducted beyond influenza to investigate the relative contributions 
of respiratory viruses to acute cardiovascular outcomes. We present a 
comprehensive systematic review including meta-analysis of pathogen- 
specific associations with AMI and stroke, incorporating comprehensive 

Figure 3 Forest plot for the effect of respiratory viral infection triggers on acute myocardial infarction (n = 19 studies). The dotted vertical line represents 
the line of no effect (effect size = 1). Boxes indicate reported estimates with whiskers representing 95% confidence intervals. Diamonds indicate pooled es
timates from meta-analysis. HR, hazard ratio; IRR, incidence rate ratio; OR, odds ratio.
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database coverage and a highly inclusive search spanning over 40 years of 
literature. This study adds new knowledge by providing a comprehensive 
picture of the role of multiple respiratory viruses and the pathogens 
most strongly associated with each outcome. Our specific focus on 
laboratory-confirmed infection was important to differentiate between in
fections for which vaccines or antiviral preventions are available. We found 

that common respiratory viruses play a role in precipitating acute cardio
vascular events, but the strength of association and certainty of evidence 
varies across attributable pathogens.

The key pathogens of interest were SARS-CoV-2 and influenza. Our re
sults are consistent with those of recent reviews12,79 and support ongoing 
vaccine trials assessing cardiovascular endpoints among high-risk patients, 

Figure 4 Forest plot for the effect of respiratory viral infection triggers on stroke (n = 18 studies). The dotted vertical line represents the line of no effect 
(effect size = 1). Boxes indicate reported estimates with whiskers representing 95% confidence intervals. Diamonds indicate pooled estimates from 
meta-analysis. HR, hazard ratio; IRR, incidence rate ratio; OR, odds ratio; RR, relative risk.
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particularly the relationship between influenza and AMI. There was good 
evidence for the link between influenza with stroke—meta-analysis from 
SCCS studies of influenza showed a 4.7-fold increased risk of stroke within 
the first 28 days, comparable to a recent SCCS study of 2.2 million at-risk 
patients observing the same timepoints.80 Notably, there was a large body 
of data for SARS-CoV-2 for both AMI and stroke, indicative of the breadth 
of information and fast-tracked evidence that has become available since 
the COVID-19 pandemic. The biological mechanisms by which 
SARS-CoV-2 and influenza viruses may contribute to atherosclerosis are 
generally believed to be associated with inflammatory cascades evoked 
by many pathogens.41 Meanwhile, there was a paucity of evidence from 
RCTs, as influenza vaccine trials are currently ongoing, and insufficient 
time has elapsed for COVID-19 vaccines.81 The finding that laboratory- 
confirmed SARS-CoV-2 and influenza were the most frequently associated 
triggers suggests that they are important for improved risk prediction 
modelling in the short-term period following infection, particularly since 
confounding was the main issue affecting risk of bias among studies. 
Vaccine probe studies specific to influenza and SARS-CoV-2, whether ran
domized or observational, for the prevention of acute cardiovascular 
events may be helpful to assess the impact on population burden.

Enteroviruses, particularly Coxsackie B, may trigger AMI. This associ
ation was surprising given that the current paradigm has described enter
oviruses as cardiotropic, causing inflammation and tissue damage to the 
myocardium,82 rather than as a contributor to atherosclerosis. It is reason
able to postulate inadequate control for confounding, especially with six of 
seven studies conducted in the 1970s to 1980s,28,33,38–40,42 but we cannot 
rule out the possibility of outcome misclassification with myocarditis. 
Severe localized myocarditis may have been clinically indistinguishable 
from AMI, and it is worth noting that modern cardiovascular biomarkers 
(e.g. troponin)83 have considerably improved sensitivity and specificity of 
diagnosis since these studies were conducted. Nevertheless, as serology 
to prove acute infections is often non-specific and enteroviruses are not 
generally recognized as important AMI triggers beyond isolated reports, 
further investigation with higher-quality data is needed.

RSV was linked to AMI in four studies, but the data were less convincing 
and of lower quality than those of other respiratory viruses. This potential
ly reflects low RSV testing rates (due to limited awareness of its role in 
adult respiratory disease) and underestimated incidence in many coun
tries.84 Moreover, it may be difficult to differentiate RSV infection from 
other respiratory viruses due to overlapping seasonality and similar clinical 
presentations. However, improved laboratory testing has recently led to 
RSV being increasingly recognized as an important respiratory illness 
among cardiovascular disease patients.85 With recent developments in 
RSV vaccines, ongoing real-world observational analyses and postlicensure 
monitoring of cardiovascular events will be important to provide insights 
about any potential risk-benefit.

Moderate-certainty evidence indicated a link between CMV and stroke, 
although herpesviruses were generally not found to be common triggers 
for stroke. This is contrary to previous studies9 and is likely to be explained 
by the fact that testing for recent infection or reactivation of latent viruses 
is infrequently clinically indicated. Our findings may underestimate the role 
of herpesviruses, considering that laboratory testing is challenging without 
demonstrable seroconversion. The exposure definition may have reduced 
the sensitivity for capturing latent viruses, albeit specifically designed to ob
serve a triggering effect.

This systematic review has some limitations. First, the results of this 
study cannot be extrapolated to all patients. The populations included in 
the review are likely to reflect middle-aged or older patients with (known 
or unknown) prior cardiovascular risk factors. Our systematic review was 
designed to be as inclusive as possible with respect to population charac
teristics, but this may have introduced heterogeneity, making it difficult to 
interpret between different cardiovascular risk profiles. It is understood 
that there is a triggering effect of respiratory infections on acute cardiovas
cular events that is short-term and transient in nature, but this is subject to 
debate among people without pre-existing disease,86 and the population of 
interest remains unclear. It was not possible to assess the viral triggers for 
different at-risk groups given the limited data on attributable viral triggers in 

relation to our specific endpoints and even less so for comorbidities. 
Second, although we included a broad range of respiratory viruses, there 
may be biases towards developed countries. While this was mitigated by 
employing a clearly defined, prespecified list, the selection process for 
viruses to include or exclude was challenging, and our findings may favour 
commonly tested respiratory pathogens in countries with resources for la
boratory confirmatory testing. Third, the quantitative analysis was complex 
due to multiple effect estimates. We handled multiplicity by selecting the 
most precise point estimate eligible for inclusion and computing a summary 
effect over all timepoints for SCCS studies, in line with Cochrane guide
lines.16 However, the insufficient number of studies in some exposure– 
outcome pairs and different effect types limited our ability to perform 
further subgroup analyses and meta-regression, as specified a priori. For ex
ample, heterogeneity was investigated by excluding studies with high or 
very high risk of bias, which often reduced the total sample size and thus 
precision of confidence intervals around the pooled estimate (see 
Supplementary material online, Tables S2 and S3). Moreover, although 
we included a range of epidemiological study designs suitable for answering 
an aetiological question, this resulted in less consistent data compared with 
reviews limiting to one study type (e.g. case-control studies). Finally, our 
systematic review comprised entirely of observational studies, which are 
affected by inherent design-specific biases, such as confounding and lack 
of temporality. Although we aimed to include evidence from both rando
mized and observational studies, no RCTs met the inclusion criteria. 
Therefore, causal inference should be made cautiously.

5. Conclusions
Common, often vaccine-preventable, respiratory viruses play a role in pre
cipitating acute cardiovascular events. The strength of association and cer
tainty of evidence varies across different causal pathogens, with 
SARS-CoV-2 and influenza being the most strongly associated triggers. 
Vaccine probe studies may be helpful in assessing the impact of influenza 
and SARS-CoV-2 on population burden. There was an association with en
teroviruses and inconsistent evidence for RSV linked to AMI that warrant 
further investigation. The findings of this systematic review have implica
tions for clinicians regarding transient, acute cardiovascular risk following 
respiratory viral infection, particularly among high-risk patient groups.

Supplementary material
Supplementary material is available at Cardiovascular Research online.
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