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Abstract: 

Background 

Acute respiratory infections are associated with increased risk of myocardial infarction (MI) and 

stroke, however, the role of different organisms is poorly characterised. 

Methods 

We undertook a time-series analysis of English hospital admissions for MI and stroke (age-stratified: 

45-64, 65-74, 75+ years), laboratory-confirmed viral respiratory infections and environmental data 

for 2004-2015. Weekly counts of admissions were modelled using multivariable Poisson regression 

with weekly counts of respiratory viruses (influenza, parainfluenza, rhinovirus, respiratory syncytial 

virus (RSV), adenovirus or human meta-pneumovirus (HMPV)) investigated as predictors. We 

controlled for seasonality, long-term trends and environmental factors. 

Results 

Weekly hospital admissions in adults aged 45+ years averaged 1347 (IQR 1217-1541) for MI and 

1175 (IQR 1023-1395) for stroke. Median numbers of respiratory infections ranged from 11 cases 

per week (IQR 5-53) for influenza to 55 (IQR 7-127) for rhinovirus.  In the adjusted models, all viruses 

except parainfluenza were significantly associated with MI and ischaemic stroke admissions in those 

aged 75+.  Among 65-74 year olds, adenovirus, rhinovirus and RSV were associated with MI but not 

ischaemic stroke admissions. Respiratory infections were not associated with MI or ischaemic stroke  

in people aged 45-64, nor with haemorrhagic stroke in any age group. An estimated 0.4-5.7% of MI 

and ischaemic stroke admissions may be attributable to respiratory infection, with greater excess 

burden during weeks with high circulating virus levels. 
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Conclusions 

We identified small but strongly significant associations in the timing of respiratory infection (with 

HMPV, RSV, influenza, rhinovirus and adenovirus) and MI or ischaemic stroke hospitalisations in the 

elderly. 
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Background 

Globally, ischaemic heart disease is the leading cause of death[1].  Over the past two decades 

population growth and ageing have facilitated a rising burden of ischaemic heart disease despite 

falling levels of age-standardised incidence and case-fatality of acute myocardial infarction (MI) in 

most world regions[1, 2]. Previous studies have shown a transient risk of acute vascular events 

including MI and cardiovascular deaths after clinically diagnosed acute respiratory infections (ARIs) 

from GP or hospital records[3-5].  Influenza vaccine reduces the risk of major adverse cardiac events 

among people with existing cardiovascular disease[6]. However few ARIs are laboratory-confirmed in 

health records, so assessing the burden of specific infections is often done indirectly using time 

series models using laboratory surveillance datasets[7]. 

Time series models show that influenza epidemics are associated with cardiovascular mortality in 

temperate, subtropical and tropical climates[8-10]. UK studies have attributed a substantial burden 

of hospitalisations and deaths in older adults to both influenza and RSV[11, 12]. Seasonal all-cause 

mortality in the elderly has been attributed to multiple viruses including influenza, parainfluenza, 

RSV and norovirus. Estimates from a Dutch study suggest that these viruses account for 6.8% of 

deaths in people aged ≥85 years, 4.4% in those aged 75-84 years and 1.4% in people aged 65-74 

years[13]. However, few studies examine the effects of a comprehensive range of respiratory viruses 

on specific cardiovascular end-points. Such studies are needed to inform vaccination, antiviral and 

anti-thrombotic strategies for high-risk patients and for health service planning, especially in settings 

with limited healthcare infrastructure[14].  

In this ecological study we aimed to describe the temporal associations between different 

laboratory-confirmed respiratory viruses and hospital admissions for MI and stroke using laboratory-

confirmed respiratory infections. 
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Methods 

We undertook a time-series analysis of English national aggregated data on hospital admissions for 

MI and stroke (stratified by age: 45-64, 65-74 and 75+ years), laboratory-confirmed viral respiratory 

infections and environmental data for the period 1st April 2004 to 31st March 2015.  

Cardiovascular outcomes 

Counts of MI and stroke-associated admissions to English hospitals aggregated by week of admission 

(compatible with influenza surveillance weeks) and age were obtained from Hospital Episodes 

Statistics (HES) via NHS Digital.  

MI and stroke events occurring in individuals aged 45 years and over were identified in HES data 

through records of the diagnosis at hospital discharge and classified according to International 

Classification of Diseases Tenth Revision (ICD-10 codes for acute MI; I-21 and I-23, or stroke 

comprising; ischaemic stroke; I63, or haemorrhagic stroke reflecting intra-cerebral haemorrhage; I61 

or sub-arachnoid haemorrhage; I60. We examined the impact of stratifying analyses for stroke 

admissions into ischaemic versus haemorrhagic types. The date of admission was taken as the date 

of the vascular event.  

Respiratory infections 

Counts of respiratory viruses (influenza, parainfluenza, rhinovirus, respiratory syncytial virus (RSV), 

adenovirus or human meta-pneumovirus (HMPV)) aggregated by week of sample collection for 

people of all ages were obtained from LabBase[15], which captures all positive test results (i.e. 

confirmed infections, hence no denominator data are available) reported by hospital laboratories in 

England. We included all respiratory samples, thus excluding test results (e.g. gastrointestinal 

samples relating to adenovirus) that are not indicative of ARI. Samples submitted to LabBase come 
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from both primary and secondary healthcare settings. HMPV appeared to be incompletely reported 

for early time points, thus data for this virus was examined only for 2010 onwards.  

Environmental data 

British Atmospheric Data Centre data on daily temperatures (minimum, mean, and maximum) in 

central England (approximately bordered by Bristol, Lancashire, and London) were obtained and 

aggregated by week. The MIDAS Land Surface Observation Stations dataset was used to obtain daily 

data on relative humidity across England, from which absolute humidity was estimated and 

aggregated by week[16]. 

Statistical analysis  

Weekly counts of MI or stroke admissions (the primary outcomes) were modelled using Poisson 

regression with a scale parameter set to the Pearson χ2 statistic divided by the residual degrees of 

freedom to model over-dispersion. Weekly counts of each virus were separately investigated as 

predictors in models incorporating long-term and seasonal variation as well as environmental data 

as covariates. We tested four approaches to modelling seasonal variation in MI and stroke; i) 

categorical calendar quarter (i.e. 4 quarters x11 years), ii) month, iii) Fourier-terms (plus a linear 

term for year) or iv) 4-knot natural splines. We then used Akaike’s Information Criterion (AIC) to 

select the final modelling approach. Similarly, AIC guided the multivariable modelling strategy with 

either natural 3-knot cubic splines or deciles to capture weekly temperature and absolute humidity. 

Lags of ±3 weeks between the exposure and outcome were investigated to accommodate potential 

delays between ARI and subsequent complications, including vascular events (e.g. lags of 0 to +3 

weeks[3, 5]), and because laboratory surveillance is assumed to reflect respiratory illness presenting 

in the community at an earlier time point (e.g. lag=-2 weeks).  

Results are presented as an incidence rate ratio (IRR) and corresponding 95% confidence interval 

(CI). The partial autocorrelation function for each model was investigated for evidence of residual 
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autocorrelation, and where indicated, an additional lag term included in the final model. The 

proportion of MI or stroke events attributed to each virus was estimated by predicting the number 

of events under the final model (X) and under a model assuming zero circulating virus (Y) as (X − 

Y)/X. We re-estimated this value for weeks where levels of circulating virus were high (≥90th 

percentile of weekly viral counts). 

Sensitivity analyses 

We also examined the impact of excluding data for weeks prior to 2010 (approximately half the 

study period) because of concerns that health seeking behaviour and surveillance practices changed 

during and after the start of the 2009 influenza pandemic. Finally, we examined whether restricting 

viral respiratory infections to people aged 45+ years substantially altered the interpretation of our 

results. 

Results 

Weekly counts of hospital admissions for MI averaged 476 per week (IQR 429-553) for adults aged 

45-64 years, 361 (IQR 318-416) in 65-74 years and 513 (IQR 443-583) in 75+ years (Table 1). The 

equivalent figures for stroke were 302 (IQR 264-352), 303 (IQR 264-354) and 564 (IQR 496-682), 

respectively (Table 1).  

There were strong temporal shifts in the frequency of MI and stroke, particularly for MI in 2012, 

which coincides with the introduction of the third universal definition of MI reflecting the 

development of more sensitive assays for myocardial necrosis[17]. There was evidence of a winter 

peak for both MI and stroke, particularly within the 75+ age group (Figure 1). 

Weekly counts of all respiratory viruses in all ages are outlined in Figure 2 and Table 1, and range 

from a median of 11 cases per week (IQR 5-53) for influenza to 55 (IQR 7-127) for rhinovirus.  Strong 
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seasonal patterns with large fluctuations in weekly counts were evident for different viruses, 

particularly for RSV (IQR 9-171).  

Environmental data suggested minimum, mean and maximum weekly temperatures of 6.6 (IQR 3.1-

10.5), 10.3 (IQR 6.5-14.4) and 14.2 (IQR 9.6-18.6) degrees Celsius. Average weekly absolute humidity 

was 7.6 (IQR 6.3-9.6) grams per cubic metre. 

Association between MI admissions and viral respiratory infection 

The final multivariable models incorporated calendar quarter of MI admission, and deciles of 

maximum temperature and mean absolute humidity. In the adjusted models there was no evidence 

of an association between weekly counts of MI for people aged 45-64 years and any of the 

respiratory viruses; p>0.1 for all models. For MI in people aged 65-74 years there were small but 

statistically significant positive associations with weekly counts of adenovirus (IRR 1.00091 (95% CI; 

1.00029-1.00153)), rhinovirus (1.00029 (1.00009-1.00048)) and RSV (1.00009 (1.00006-1.00013)): 

the best fitting models were lagged by 3 weeks (Table 2). There was no evidence of an association 

between weekly infections with influenza, parainfluenza or HMPV and MI admissions aged 65-74 

years.  In the 75+ age group associations remained similar to the 65-74 year age group for 

adenovirus, rhinovirus and RSV (Table 2).  However, additional associations were evident for 

influenza (1.00006 (1.00003-1.00009)) and HMPV (1.00146 (1.00096-1.00196)). Respiratory infection 

remained significant for influenza or HMPV in all models with lags of ±2 weeks, with the best fitting 

models having 0-1 week lags. 

Association between all stroke admissions and viral respiratory infection 

As with MI, the final multivariable models incorporated calendar quarter of stroke admission, and 

deciles of maximum temperature and mean absolutely humidity. In the adjusted models there was 

no evidence of an association between weekly counts of any respiratory virus and stroke in people 

aged 45-64 years or 65-74 years; p>0.1 for all models. Weekly counts of RSV (IRR 1.00005 (95% 
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CI;1.00002-1.00007)) and HMPV (1.000863 (1.00042-1.00131)) were positively associated with 

counts of stroke admissions aged 75+ years in models with lags of ±2 weeks, with the best fitting 

models having 1-3 week lags (Table 2).  There was no evidence of an association between weekly 

counts of stroke aged 75+ years and viral respiratory infection in the final models (those with the 

lowest AIC) for adenovirus, influenza, parainfluenza or rhinovirus. In models with higher AICs (data 

not shown) there was evidence of a positive association between stroke admissions aged 75+ years 

and both influenza and rhinovirus infections, with lags of 1-2 weeks. 

Stratifying stroke admissions into ischaemic and haemorrhagic types 

Ischaemic stroke accounted for 61%, 75% and 81% of all stroke admissions in people aged 45-64, 65-

74 and 75+ years, respectively.  Results for ischaemic stroke in the 75+ year age group closely 

mirrored those for MI, with small but significant positive associations identified for adenovirus (IRR 

1.000749 (95% CI;1.000237-1.001261)), rhinovirus (1.000345 (1.000181-1.000509)), RSV (1.000064 

(1.000036-1.000092)), influenza (1.000051 (1.000027-1.000075)) and HMPV (1.000671 (1.000232-

1.00111)) (Table 2). There was no evidence of an association between respiratory virus infection and 

ischaemic stroke in people aged 45-64, or 65-74 years, or with haemorrhagic stroke in any age 

group. 

Proportion of events attributable to viral respiratory infection 

The proportion of events attributable to viral respiratory infection is outlined in Table 3. Figures 3-6 

outline the observed and estimated weekly number of admissions attributable to viral respiratory 

infection for MI aged 65-74 (Figures 3) and 75+ years (Figure  4), and for all (Figure 5) and ischaemic 

(Figure 6) stroke admissions aged 75+ years. Across the whole study period the proportion of MI 

admissions in people aged 65-74 years attributable to each virus was 1.4% for RSV, 2.0% for 

rhinovirus and 2.6% for adenovirus. When restricted to weeks with a high burden of respiratory 

infection the proportion of MI admissions attributable to infection increased to 6.3-6.9%. Infection-
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attributable MI admissions were similar in the over 75s, namely 1.6% for RSV and 2.6% (each) for 

adenovirus and rhinovirus across the whole study period. Among high virus burden weeks the 

proportion of MI admissions attributable to infection were 6.6-7.6%. In addition, the proportion of 

MI admissions aged 75+ years attributable to each respiratory virus was 3.0% for HMPV and 0.4% for 

influenza, and increased to 2.8%-9.2% when restricted to weeks with high virus burden. The 

proportion of all stroke admissions aged 75+ years attributable to infection was 0.7% for RSV and 

1.7% for HMPV: these estimates increased to 4.1%-5.4% for weeks with high virus burden. The 

proportion of ischaemic stroke admissions attributable to each respiratory virus was 0.4% 

(influenza), 1.0% (RSV), 2.3% (adenovirus) and 2.9% (rhinovirus) and increased to 2.6-7.7% when 

restricted to weeks with high virus burden (Table 3). 

Sensitivity analyses 

All associations between virus-specific counts of infection and MI or stroke admissions identified 

previously remained statistically significant after restricting data to time-points after 2010. However, 

the proportion of admissions attributable to infection was higher relative to the whole time period 

(Table 3).  

Restricting counts of weekly reports of viral respiratory infection to people aged 45+ years did not 

meaningfully alter the associations reported previously for MI or stroke in people aged 45-64 and 

75+ years. However, for people aged 65-74 years the association with MI remained for RSV, but was 

no longer significantly associated with adenovirus and rhinovirus infections. 

Discussion 

We examined temporal associations between weekly numbers of MI or stroke admissions and 

laboratory-confirmed viral respiratory infections. Our results show that, after controlling for 

environmental factors and long term trends in admissions, higher circulating levels of some 

respiratory viruses coincide with increased MI and stroke admissions in older people. Specifically, MI 
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and ischaemic stroke admissions aged 75+ were associated with adenovirus, rhinovirus, RSV, 

influenza and HMPV. MI admissions in the 65-74 year age group were associated with adenovirus, 

rhinovirus and RSV, and haemorrhagic stroke admissions were not associated with respiratory 

infections for any age group. For the full study period, we estimate that a small but significant 

proportion of MI (0.4%-3.0%) and ischaemic stroke (0.4%-2.9%) admissions in the elderly may be 

attributable to viral infection, with increased burden during weeks with high levels of reported 

respiratory infections (up to 7.7%). Conversely, we did not identify evidence of an association 

between circulating levels of any respiratory viruses and MI or stroke admissions in people aged 

under 65 years.  

Our results add to a growing body of evidence supporting a link between respiratory infection and 

acute ischaemic events[5, 10, 18-25]. In accordance with other studies we found that a small but 

significant proportion of ischaemic event admissions among older adults may be attributable to 

influenza infection[5, 22, 26]. To the best of our knowledge, this is the first study examining the 

association between acute vascular events and a broad array of common respiratory viruses. Our 

results provide new evidence that the temporal association between ischaemic vascular events and 

respiratory infection is not unique to influenza virus, but more widely to rhinovirus, adenovirus, RSV 

and HMPV, which have similar clinical presentations[27]. By contrast, our results did not indicate an 

association between parainfluenza and ischaemic vascular admissions in any age group. This finding 

may reflect a true lack of association or limited statistical power, or differences in seasonality 

between MI and parainfluenza type 3 (the major circulating type for England), which has a 

spring/summer peak[28]. Our results for stroke admissions differ to a Canadian time series study 

that identified positive associations between weekly ARI consultations with both haemorrhagic (1-3 

weeks lag period) and ischaemic stroke (16 week lag period) admissions[29]. However, the age 

groups, lag periods investigated and local seasonality of infection are not directly comparable 

between the studies.  
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Several mechanisms are thought to link infection and acute vascular events, including release of pro-

inflammatory cytokines, disruption of atherosclerotic plaques and physiological impacts on heart 

rate and vasoconstriction[30]. However, much of this evidence examines thrombotic events, with 

less consistent evidence for haemorrhagic events[29, 31-35].  A higher prevalence of pre-existing 

cardiovascular and chronic conditions such as cancers, inflammatory and respiratory diseases in the 

elderly is likely to underpin the greater risk of infection-triggered events in this group[36-38]. Due to 

the ecological nature of our study we were unable to examine the impact of such comorbities and 

other confounders (such as influenza vaccination[24] or treatment with antivirals[39]) that are likely 

to mediate the risk of vascular events through infection.   

Our study is the first in England to investigate acute vascular events attributable to a broad array of 

viruses (adenovirus, HMPV, parainfluenza, rhinovirus, influenza and RSV). The main strength of this 

study is the use of laboratory-confirmed infections with national coverage, over an 11 year period, 

and addressing confounding by environmental factors.  The key limitation is the use of ecological 

methods, which cannot infer causality. However, these methods were well suited to the research 

question and data sources: the specificity of respiratory infections reported via this national 

surveillance scheme is likely to exceed 90%[36]. In contrast, counts of ARI will be underestimated 

due to lower sensitivity of testing (e.g. 47-80%)[36] and highly incomplete sampling, particularly of 

community settings. Likewise, we chose to focus on MI and stroke because these have clearer 

diagnostic criteria than other types of vascular event (e.g. angina) and are thus less prone to 

misclassification.  

Time series methods do not rely on having a high proportion of cases diagnosed provided that the 

proportion recorded does not vary radically over time. We anticipated that ascertainment of 

respiratory infections would be higher during the summer wave of the 2009 influenza pandemic 

(tending to bias our estimate of the true association with hospital admissions towards the null; 

particularly for influenza (Figure 2)). However, overall, our study results showed similar patterns of 
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association (but with differences in the magnitude of association) across the whole time period and 

for time points after 2010, suggesting that changes in testing during and after the pandemic do not 

substantially impact on the interpretation of our findings. We used AIC as an objective aid for 

selecting the final analysis models; however, the selection of one process over another remains 

contested and might influence the results[37]. 

Our results implicate a wider range of respiratory viruses (RSV, HMPV, influenza, adenovirus and 

rhinovirus) as potential triggers of ischaemic vascular events in older people, which has important 

implications for clinical management.  Of these viruses, currently only influenza has an effective 

vaccine available, yet its effectiveness is unfortunately diminished in older age groups.  RSV vaccines 

and antivirals are in development and currently being evaluated in clinical trials. Further evidence is 

needed on the potential harms and benefits of strategies drawing on antivirals, anti-inflammatory or 

anti-thrombotic agents, such as low dose aspirin for reducing the risk of vascular events following 

infection. Such approaches may also lead to better understanding of the underpinning mechanisms. 

In the UK, adults below the age of 65 years are not eligible for free influenza vaccination unless they 

are in a clinical risk group. The absence of an association between respiratory infection and vascular 

events in people aged 45-64 years therefore lends support to current age and risk factor focused 

influenza vaccination strategies. Future work should explore pathogen-specific vascular triggers, 

including bacterial respiratory infection[38, 40-42].  

Conclusions 

We showed small but strongly significant associations between respiratory infection and MI and 

ischaemic stroke hospitalisations in the elderly. These associations occurred across a range of 

respiratory viruses (RSV, HMPV, influenza, adenovirus and rhinovirus), thus highlighting the 

importance of further evaluation of the impact of antivirals, vaccination and antithrombotic agents 

around the time of infection on cardiovascular outcomes.  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/cix1144/4791948
by University College London user
on 02 February 2018



 

15 

 

NOTES 

Acknowledgements  

We are very grateful for all hospital laboratories in England who submitted their data to the LabBase 

data system making it possible for us to conduct this study.  

Funding 

This work was supported by an Academy of Medical Sciences Starter Grant for Clinical Lecturers to 

CWG. CWG is supported by a Wellcome Intermediate Clinical Fellowship (Grant number 

201440_Z_16_Z). We also acknowledge the support from the Farr Institute of Health Informatics 

Research (MRC Grant Nos: London MR/K006584/1) 

Conflicts of interest  

There are no conflicts of interest to report. 

 

  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/cix1144/4791948
by University College London user
on 02 February 2018



 

16 

 

 

References 

1. Mortality GBD, Causes of Death C. Global, regional, and national life expectancy, all-cause 
mortality, and cause-specific mortality for 249 causes of death, 1980-2015: a systematic 
analysis for the Global Burden of Disease Study 2015. Lancet 2016; 388(10053): 1459-544. 

2. Levi F, Chatenoud L, Bertuccio P, Lucchini F, Negri E, La Vecchia C. Mortality from 
cardiovascular and cerebrovascular diseases in Europe and other areas of the world: an 
update. European journal of cardiovascular prevention and rehabilitation : official journal of 
the European Society of Cardiology, Working Groups on Epidemiology & Prevention and 
Cardiac Rehabilitation and Exercise Physiology 2009; 16(3): 333-50. 

3. Smeeth L, Thomas SL, Hall AJ, Hubbard R, Farrington P, Vallance P. Risk of myocardial 
infarction and stroke after acute infection or vaccination. N Engl J Med 2004; 351(25): 2611-
8. 

4. Clayton TC, Thompson M, Meade TW. Recent respiratory infection and risk of cardiovascular 
disease: case-control study through a general practice database. European heart journal 
2008; 29(1): 96-103. 

5. Warren-Gash C, Hayward AC, Hemingway H, et al. Influenza infection and risk of acute 
myocardial infarction in England and Wales: a CALIBER self-controlled case series study. J 
Infect Dis 2012; 206(11): 1652-9. 

6. Udell JA, Zawi R, Bhatt DL, et al. Association between influenza vaccination and 
cardiovascular outcomes in high-risk patients: a meta-analysis. JAMA 2013; 310(16): 1711-
20. 

7. Simonsen L, Viboud C. The art of modeling the mortality impact of winter-seasonal 
pathogens. J Infect Dis 2012; 206(5): 625-7. 

8. Nguyen JL, Yang W, Ito K, Matte TD, Shaman J, Kinney PL. Seasonal Influenza Infections and 
Cardiovascular Disease Mortality. JAMA cardiology 2016; 1(3): 274-81. 

9. Yang L, Ma S, Chen PY, et al. Influenza associated mortality in the subtropics and tropics: 
results from three Asian cities. Vaccine 2011; 29(48): 8909-14. 

10. Warren-Gash C, Bhaskaran K, Hayward A, et al. Circulating influenza virus, climatic factors, 
and acute myocardial infarction: a time series study in England and Wales and Hong Kong. J 
Infect Dis 2011; 203(12): 1710-8. 

11. Hardelid P, Pebody R, Andrews N. Mortality caused by influenza and respiratory syncytial 
virus by age group in England and Wales 1999-2010. Influenza and other respiratory viruses 
2013; 7(1): 35-45. 

12. Green HK, Andrews N, Fleming D, Zambon M, Pebody R. Mortality attributable to influenza 
in England and Wales prior to, during and after the 2009 pandemic. PLoS One 2013; 8(12): 
e79360. 

13. van Asten L, van den Wijngaard C, van Pelt W, et al. Mortality attributable to 9 common 
infections: significant effect of influenza A, respiratory syncytial virus, influenza B, norovirus, 
and parainfluenza in elderly persons. J Infect Dis 2012; 206(5): 628-39. 

14. Fischer WA, 2nd, Gong M, Bhagwanjee S, Sevransky J. Global burden of influenza as a cause 
of cardiopulmonary morbidity and mortality. Global heart 2014; 9(3): 325-36. 

15. Johnson AP. Surveillance of antibiotic resistance. Philos Trans R Soc Lond B Biol Sci 2015; 
370(1670): 20140080. 

16. Bolton D. The computation of equivalent potential temperature. Monthly Weather Review 
1980; 108: 1046-53. 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/cix1144/4791948
by University College London user
on 02 February 2018



 

17 

 

17. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial infarction. 
Circulation 2012; 126(16): 2020-35. 

18. Warren-Gash C, Smeeth L, Hayward AC. Influenza as a trigger for acute myocardial infarction 
or death from cardiovascular disease: a systematic review. Lancet Infect Dis 2009; 9(10): 
601-10. 

19. Ruane L, Buckley T, Soo Hoo SY, et al. Triggering of Acute Myocardial Infarction by 
Respiratory Infection. Intern Med J 2017. 

20. Ludwig A, Lucero-Obusan C, Schirmer P, Winston C, Holodniy M. Acute cardiac injury events 
</=30 days after laboratory-confirmed influenza virus infection among U.S. veterans, 2010-
2012. BMC Cardiovasc Disord 2015; 15: 109. 

21. Hebsur S, Vakil E, Oetgen WJ, Kumar PN, Lazarous DF. Influenza and coronary artery disease: 
exploring a clinical association with myocardial infarction and analyzing the utility of 
vaccination in prevention of myocardial infarction. Rev Cardiovasc Med 2014; 15(2): 168-75. 

22. Kwok CS, Aslam S, Kontopantelis E, et al. Influenza, influenza-like symptoms and their 
association with cardiovascular risks: a systematic review and meta-analysis of observational 
studies. Int J Clin Pract 2015; 69(9): 928-37. 

23. MacIntyre CR, Mahimbo A, Moa AM, Barnes M. Influenza vaccine as a coronary intervention 
for prevention of myocardial infarction. Heart 2016; 102(24): 1953-6. 

24. Clar C, Oseni Z, Flowers N, Keshtkar-Jahromi M, Rees K. Influenza vaccines for preventing 
cardiovascular disease. Cochrane Database Syst Rev 2015; (5): CD005050. 

25. Hsu SY, Chen FL, Liaw YP, Huang JY, Nfor ON, Chao DY. A Matched Influenza Vaccine Strain 
Was Effective in Reducing the Risk of Acute Myocardial Infarction in Elderly Persons: A 
Population-Based Study. Medicine (Baltimore) 2016; 95(10): e2869. 

26. Foster ED, Cavanaugh JE, Haynes WG, et al. Acute myocardial infarctions, strokes and 
influenza: seasonal and pandemic effects. Epidemiol Infect 2013; 141(4): 735-44. 

27. Kelly H, Birch C. The causes and diagnosis of influenza-like illness. Aust Fam Physician 2004; 
33(5): 305-9. 

28. Zhao H, Harris RJ, Ellis J, Donati M, Pebody RG. Epidemiology of parainfluenza infection in 
England and Wales, 1998-2013: any evidence of change? Epidemiol Infect 2017: 1-11. 

29. Field TS, Zhu H, Tarrant M, Mitchell JR, Hill MD. Relationship between supra-annual trends in 
influenza rates and stroke occurrence. Neuroepidemiology 2004; 23(5): 228-35. 

30. Corrales-Medina VF, Madjid M, Musher DM. Role of acute infection in triggering acute 
coronary syndromes. Lancet Infect Dis 2010; 10(2): 83-92. 

31. Lee N, Chan PK, Lui GC, et al. Complications and outcomes of pandemic 2009 Influenza A 
(H1N1) virus infection in hospitalized adults: how do they differ from those in seasonal 
influenza? J Infect Dis 2011; 203(12): 1739-47. 

32. Bautista E, Chotpitayasunondh T, Gao Z, et al. Clinical aspects of pandemic 2009 influenza A 
(H1N1) virus infection. N Engl J Med 2010; 362(18): 1708-19. 

33. Grau AJ, Fischer B, Barth C, Ling P, Lichy C, Buggle F. Influenza vaccination is associated with 
a reduced risk of stroke. Stroke 2005; 36(7): 1501-6. 

34. Liu JC, Wang TJ, Sung LC, et al. Influenza vaccination reduces hemorrhagic stroke risk in 
patients with atrial fibrillation: A population-based cohort study. Int J Cardiol 2016. 

35. Lavallee PC, Labreuche J, Fox KM, et al. Influenza vaccination and cardiovascular risk in 
patients with recent TIA and stroke. Neurology 2014; 82(21): 1905-13. 

36. Booth S, Baleriola C, Rawlinson WD. Comparison of two rapid influenza A/B test kits with 
reference methods showing high specificity and sensitivity for influenza A infection. Journal 
of medical virology 2006; 78(5): 619-22. 

37. Wang XL, Yang L, Chan KP, et al. Model selection in time series studies of influenza-
associated mortality. PLoS One 2012; 7(6): e39423. 

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/cix1144/4791948
by University College London user
on 02 February 2018



 

18 

 

38. Corrales-Medina VF, Suh KN, Rose G, et al. Cardiac complications in patients with 
community-acquired pneumonia: a systematic review and meta-analysis of observational 
studies. PLoS Med 2011; 8(6): e1001048. 

39. Jefferson T, Jones MA, Doshi P, et al. Neuraminidase inhibitors for preventing and treating 
influenza in healthy adults and children. Cochrane Database Syst Rev 2014; (4): CD008965. 

40. Rae N, Finch S, Chalmers JD. Cardiovascular disease as a complication of community-
acquired pneumonia. Curr Opin Pulm Med 2016; 22(3): 212-8. 

41. Ren S, Hure A, Peel R, et al. Rationale and design of a randomized controlled trial of 
pneumococcal polysaccharide vaccine for prevention of cardiovascular events: The 
Australian Study for the Prevention through Immunization of Cardiovascular Events 
(AUSPICE). American heart journal 2016; 177: 58-65. 

42. Vlachopoulos CV, Terentes-Printzios DG, Aznaouridis KA, Pietri PG, Stefanadis CI. Association 
between pneumococcal vaccination and cardiovascular outcomes: a systematic review and 
meta-analysis of cohort studies. European journal of preventive cardiology 2015; 22(9): 
1185-99. 

 

  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/cix1144/4791948
by University College London user
on 02 February 2018



 

19 

 

Table 1: Description of MI and stroke admissions, viral infections and environmental data during 

the period April 2004 to March 2015 

  Parameter Total Weekly Median (IQR) 

        

MI admissions in 45-64 years 280,890 476 (429-553) 

MI admissions in 65-74 years 209,346 361 (318-416) 

MI admissions in 75+ years 296,261 513 (443-583) 

Total MI admissions in 45+ years 786,497 1347 (1217-1541) 

        

Stroke admissions in 45-64 years 177,505 302 (264-352) 

Stroke admissions in 65-74 years 178,454 303 (264-354) 

Stroke admissions in 75+ years 337,035 564 (496-682) 

Total Stroke admissions in 45+ years 692,994 1175 (1023-1395) 

        

Viral infections in all ages     

  

Adenovirus 16,282 23  (11-40) 

  

Influenza 43,642 11  (5-53) 

  

HMPV* 5,850 13  (4-29) 

  

Parainfluenza 17,672 22  (11-53) 

  

Rhinovirus 43,408 55  (7-127) 

  

RSV 85,639 27  (9-171) 

  

      

Environmental data     

  Maximum temperature (degrees C) -- 14.2  (9.6-18.6) 

  Mean temperature (degrees C) -- 10.3  (6.5-14.4) 

  Minimum temperature (degrees C) -- 6.6  (3.1-10.5) 

  Absolute humidity (g/cubic metre) -- 7.6  (6.3-9.6) 

        

*Data for January 2010 to March 2010
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Table 2: Associations between MI or stroke admission in the final model for each age group and 

virus.  Models where there was no evidence of an association between respiratory infection and 

admission are not shown. 

Outcome 
Age 
band 

Virus IRR 95% CI p value Lag period 

MI 
admissions 

75+ 

Influenza 1.000056 (1.000027-1.000085) <0.0001 +1 week lag 

RSV 1.000102 (1.000072-1.000132) <0.0001 -3 week lag 

adenovirus 1.000948 (1.000371-1.001525) 0.001 -3 week lag 

rhinovirus 1.000354 (1.000168-1.000540) <0.0001 -2 week lag 

HMPV 1.001460 (1.000964-1.001956) <0.0001 None 

65-74 

adenovirus 1.000911 (1.000288-1.001534) 0.004 -3 week lag 

rhinovirus 1.000285 (1.000090-1.000479) 0.004 -3 week lag 

RSV 1.000092 (1.000059-1.000125) <0.0001 -3 week lag 

All stroke 
admissions 

75+ 
HMPV 1.000863 (1.000420-1.001305) <0.0001 -1 week lag 

RSV 1.000046 (1.000021 -1.000071) 0.002 -3 week lag 

Ischaemic 
stroke 

admissions 
75+ 

Influenza 1.000051 (1.000027-1.000075) <0.0001 -1 week lag 

RSV 1.000064 (1.000036-1.000092) <0.0001 -3 week lag 

adenovirus 1.000749 (1.000237-1.001261) 0.004 -3 week lag 

rhinovirus 1.000345 (1.000181-1.000509) <0.0001 -2 week lag 

HMPV 1.000671 (1.000232-1.001110) 0.003 None 
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Table 3: The proportion of admissions for vascular events attributed to a given viral infection for 

all weeks in the study period, and restricted to weeks with high (>90th percentile) counts of 

infection. 

      Proportion of vascular events attributed to infection 

      2004-2015 2010-2015 

Outcome 
Age 

group* 
Virus 

All 
weeks 

Weeks with 
high counts of 

infection 

All 
weeks 

Weeks with 
high counts of 

infection 

MI admissions 

75+ 
years 

Influenza 0.4% 2.8% 0.7% 4.3% 

RSV 1.6% 7.6% 2.0% 9.2% 

adenovirus 2.6% 6.6% 5.7% 11.6% 

rhinovirus 2.6% 7.6% 5.0% 9.6% 

HMPV** -- -- 3.0% 9.2% 

            

65-74 
years 

adenovirus 2.6% 6.5% 5.3% 10.7% 

rhinovirus 2.0% 6.3% 3.1% 5.8% 

RSV 1.4% 6.9% 1.7% 7.8% 

 
  

      
 All stroke 

admissions 
75+ 

years 

RSV 0.7% 3.5% 0.9% 4.1% 

HMPV** -- -- 1.7% 5.4% 

 
  

 
      

 

Ischaemic 
stroke 

admissions 

75+ 
years 

Influenza 0.4% 2.6% 0.6% 3.9% 

RSV 1.0% 4.9% 1.2% 5.7% 

adenovirus 2.3% 5.3% 3.6% 7.3% 

rhinovirus 2.9% 7.7% 4.6% 9.1% 

HMPV** -- -- 1.3% 4.2% 

 

*Based on optimal model for each virus 
**Data for January 2010 to March 2015 
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Figure Legends: 

Figure 1: weekly counts of MI and stroke admissions in England for people aged 45 years and over 

Figure 2: Weekly counts of laboratory-confirmed respiratory viruses between April 1st 2004 and 

March 31st 2015.  

Figure 3: Weekly observed admissions for MI in 65-74 year olds, and the estimated excess 

admissions attributable to each virus 

Figure 4: Weekly observed admissions for MI in the over 75 years, and the estimated excess 

admissions attributable to each virus 

Figure 5: Weekly observed admissions for stroke in the over 75 years, and the estimated excess 

admissions attributable to each virus 

Figure 6: Weekly observed admissions for ischaemic stroke in the over 75 years, and the estimated 

excess admissions attributable to each virus 
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