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William Osler 1849-1919 

Infection and coronary heart disease 
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Presenter
Presentation Notes
A link between infection and atherosclerosis was first suggested a century ago by William Osler.Interest in the association with infection has increased since the 1980s based on case reports, laboratory studies and initial epidemiological evidence linking heart attacks to organisms such as Chlamydia pneumoniae, Helicobacter pylori, and other infections.However, more robust epidemiological studies and therapeutic trials of antibiotics, particularly against chlamydia have been negative.Current interest is focusing on the putative link with respiratory infection and the next few slides explain why. Osler incidentally died during the Spanish flu epidemic of 1919.



Deaths from influenza or pneumonia 

Healthy adults: 36/100,000 

Cardiovascular disease 
Pulmonary disease 

Associated cardiovascular  
& pulmonary disease 

1 

x5 

x12 

 
x20 

Schanzer Vaccine 2008 26:4697–4703 

Influenza mortality in patients at risk 
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Presenter
Presentation Notes
An extra 12000 people die each year during the influenza season, 67% due to respiratory disease (with an increase of up to 55%) and 31% due to cardiovascular disease (with an increase of up to 4%).Influenza mortality higher in patients of any age with underlying health problems.Deaths are 5 times higher in those with CV disease and 20 times higher in those with C+P disease.With mortality rates as high 9% have been reported among those with both cardiovascular and pulmonary diseases.



Winter mortality and influenza 

Reichert Am J Epidemiol 
2004;160:492–502 

Wong PLoS Med 2006 
3(4):e121. 
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Presentation Notes
Deaths from cardiovascular and cerebrovascular disease and diabetes are more common in the winter. There is a very consistent relationship between winter peaks in cardiovascular death and peaks in influenza and pneumonia.Particularly in years with epidemic influenza A (H2N2 or H3N2) .This could be due to cold stress but a similar pattern is found in the subtropics where cold or temperature variation is much less of a factor.



Respiratory infection precedes AMI/stroke 

Peak in RTI Peak in AMI/stroke 

1-2 weeks 
Clayton, Thompson & Meade Eur Heart J 2008:29: 96-103 
Smeeth et al. NEJM 2004; 351: 2611-2618 
Meier et al. Lancet 1998:351: 1467-1471  
Spodick et al. Am J Cardiol 1984:53: 481-482. 
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Presentation Notes
Several studies have shown a link between preceding respiratory infection, usually 1-2 weeks before subsequent MI.Even in asymptomatic patients with respiratory infection show increases in C-reactive protein and fibrinogen. [Steinvil A, et al. Micro-inflammatory changes in asymptomatic healthy adults during bouts of respiratory tract infections in the community: Potential triggers for atherothrombotic events. Atherosclerosis (2009),doi:10.1016/j.atherosclerosis.2009.01.045]Serologically confirmed influenza was found in 1 in 8 patients admitted with acute coronary syndrome. [Kuanprasert et al. Evidence of influenza or influenza-like-illness preceding acute coronary syndrome. Southeast Asian J Trop Med Public Health 2008:39: 1040-1044.]It is believed that influenza and other respiratory infections might trigger MI by promoting plaque rupture.
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Influenza vaccination and AMI/stroke 

Presenter
Presentation Notes
Previous case-control studies equivocal:Positive (Naghavi: Circ.2000:102:3039-45, Siscovic: AmJEpid. 2000;152:674-7)Negative (Jackson: 2002; AmJEpid. 156:634-40)Stroke (Lavalle:Stroke 2002; 33:513-8; Grau  Stroke. 2005;36:1501-1506.)FLUVACS study (Gurfinkel:Circ. 2002; 105:2143-7)randomised controlled study (FLUVAC) influenza vaccination AMI or post-angioplasty 200 patients hospitalized within 72 hours of AMI and 101 undergoing percutaneous coronary intervention (PCI) with angioplasty or stent (without unstable coronary artery disease, prior by-pass surgery, angioplasty or tissue necrosis)randomly allocated to receive influenza vaccination or to remain unvaccinatedcardiovascular death at one year (the primary end-point) significantly lower (6%) among patients receiving influenza vaccination compared with controls (17%, relative risk 0.34, 95% CI 0.17 to 0.71)triple composite end-point (cardiovascular death, nonfatal MI, or severe ischaemia) occurred in 22% of the vaccine group compared to 37% of controls, (hazard ratio 0.59, 95% CI 0.4 to 0.86)study was not blinded and although there was a reduced risk of cardiovascular death and the composite triple endpoint there was no association with a reduced risk of a subsequent AMI among persons with MI on enrolment.FLUCAD study (Cisewski:Eur H J. 2008; 105:2143-7Ciszewski et al (2008) (FLUCAD)influenza vaccination on coronary events in patients with confirmed coronary artery disease randomized, double-blind, placebo controlled study 658 optimally treated patients recruited, 325 received influenza vaccine and 333 patients received placebomedian follow-up was 298 daysestimated 12-month cumulative event rate (ER) for cardiovascular death was 0.63% in the vaccine group and 0.76% in controls (HR 1.06 95% CI 0.15 to 7.56, P = 0.95)secondary composite endpoints, MACE [major adverse cardiac event] (cardiovascular death, myocardial infarction, coronary revascularization) less common in the vaccine group (ER=3.00%) vs. placebo (ER=5.87%, HR 0.54, 95% CI 0.24 to 1.21, P = 0.13) coronary events (MACE or hospitalization for myocardial ischaemia) estimated 12-month event rate was significantly lower in the vaccine group than in controls (6.02 vs. 9.97%, HR 0.54, 95% CI 0.29 to 0.99, P = 0.047). 



Pneumococcal vaccination and AMI 

• Case control study 

• Pneumococcal vaccination was associated with a 
decrease of more than 50% in the rate 
myocardial infarction 2 years after exposure. 

Lamontagne et al. CMAJ 2008:179: 773-777 
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Presentation Notes
This was a hospital-based study by Lamontagne et al (2008)Comparing 999 cases admitted for treatment of AMI with 3996 controls admitted to a surgical department in the same hospital for a reason other than AMI.Controls were matched by age, sex and year of admission.Health databases were used to obtain information on other diseases and vaccination status.Cases were less likely than controls to have been vaccinated (adjusted OR 0.53, 95% CI 0.40 to 0.70) for patients vaccinated more than a year before the index date. This study did not include cardiovascular risk factors and importantly did not consider influenza vaccination as possible confounders. 



Previous studies 

• Contradictory evidence 

• Bias: recall, therapeutic 

• Confounding: ‘healthy user effect’ 
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Presenter
Presentation Notes
Previous studies show conflicting evidence and a lack of evidence in low risk groups. The small size of the studies and the design led to problems of recall bias and failure to account for confounders such as different treatments as well as differences in health behaviours in vaccinees. 



Study aims 

 
To investigate association of influenza & 
pneumococcal vaccination for AMI or stroke 
using GPRD/CPRD and using 
a. Matched case-control design 
b. Self-controlled case series design 
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Presentation Notes
AimTo investigate association of influenza & pneumococcal vaccination with AMI using GPRD to account for known confounders



Methods: case-control 
• Matched case-control design  
• AMI:  1/11/2001 – 31/05/2007  
• Stroke:  1/9/2001 –  31/8/2009 
• Outcome: first AMI or stroke (fatal or non-fatal) 
• Exposure 

– prior influenza vaccination (≤ 1 year, within season) 
– prior pneumococcal vaccination (ever) 
– combined vaccination  

• Inclusion: 
– ≥ 40+ years at incident diagnosis 
– ≥ 5 years of complete follow-up data 
– alive from beginning of study to index date  
– at least one matching case or control 
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Presentation Notes
We used a matched case-control designOur data were extracted from the General Practice Research Database (GPRD) Between 01/11/2001 – 31/5/2007 Our primary outcome was – first AMI (whether the patient survived or not)We looked at exposure to influenza vaccination within the previous year or within the previous vaccination season; we also looked at time since vaccination, and repeated or consecutive vaccinationsprior pneumococcal vaccination (ever vaccinated, time since last vaccination)combined vaccinationWe included patients:aged 40 years or more at diagnosis of first AMI;with at least 5 years of complete follow-up data;alive at the beginning of the study period up until the index date. and at least one matching case or control



Methods: case-control 

• ‘Case:  Read/OXMIS codes of first AMI 

• ‘Index date’: first date when GP recorded 
AMI/stroke code (fatal/non-fatal) in 
clinical/referral record 

• ‘Control’: 4 (AMI) or 1(stroke) age/sex matched 
controls per case with index date corresponding 
to date of matched case 
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Presentation Notes
We defined cases carefully and matched each cases with 4 controls for age/sex and index date. 



Analysis: case-control 
• STATA: conditional logistic regression 

• Outcomes: adjusted odds ratios 

• Confounding factors considered for adjusted OR 
– Vaccine risk groups: chronic heart (and other 

cardiovascular diseases); diabetes, asthma/COPD; 
chronic renal and liver disease; splenectomy 

– Other CHD risk factors: smoking status; 
hyperlipidaemia; BMI; family history of AMI; 
antihypertensive treatment, recent aspirin or statin 
therapy 

– Frequency of GP visits (frailty/disability) 
– [Comorbidities] 
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Presentation Notes
We used conditional logistic regression to calculate adjusted and unadjusted odds ratios for our outcomes We adjusted for vaccine risk groups such as previous chronic heart disease, heart failure and stroke; diabetes; chronic respiratory renal and hepatic disease and splenectomyWe also adjusted for other CV risk factors including smoking; hyperlipidaemia; obesity; and family history of AMI; as well as recent antihypertensive treatment, aspirin or statin therapyAnd frequency of GP visits.



Descriptive statistics: AMI 
Cases (AMI) 
N=16 012 

 

Control 
N=62 694 

Overall 
N=78 706 

Age (years):      Mean (SD) 
  95% CI 

70.4 (12.7) 

70.2 – 70.6 

70.0 (12.5) 

69.9 – 70.1 

70.1 (12.6) 

70.0 – 70.2 

Aged over 65  

years (%) 

    

 

66.6 

 

65.9 

 

66.1 

Gender:              Male (%) 

    

61.5 61.5 61.5 

 
Index period: Dec – Feb 

   Mar – May       

  (%) Jun – Aug 

   Sep – Nov  

29.1 

26.0 

21.6 

23.3 

 

-- 

 

-- 

Presenter
Presentation Notes
We included almost 79k (78,706) patients; 16,012 cases and 62,694 matched controls. Cases and controls were matched for age and gender and similar in terms of these variablesMean age 70Around 2/3 aged 65 and over3/5 maleThe majority (29%) of AMIs occurred between December and February and least in the summer. 
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Descriptive statistics: stroke 
Cases (those with 

stroke/TIA) 
N= 47,216 (%) 

 

Controls 
N= 47,216 (%) 

 

Age (years):          Mean (SD) 

             95% CI 

79.8 (13.4) 

79.7 – 80.0 

79.8 (13.4) 

79.7 – 80.0 

Aged over 65 years  76.8 76.8 

Gender:                  Male 48.0 48.0 

Index period:    Sep – Nov  

                         Dec – Mar  

                          April – Aug 

    

24.6 

33.9 

41.5 

 

-- 



Vaccine risk groups Case 
N=16 012  

n(%) 

Control 
N=62 694 

n(%) 

p 

Asthma or COPD 
 

  1980 (12.4)   5803 (9.3) <0.001 

Chronic heart disease 
 

  3756 (23.5)   6174 (9.9) <0.001 

Other vascular diseases 
  

  1280 (8.0)   2956 (4.7)  <0.001 

Diabetes 
 

  2451 (15.3)   5637 (9.0)  <0.001 

Splenectomy 
 

       36 (0.2)      116 (0.2)  0.306 

Chronic liver disease 
 

       30 (0.2)        93 (0.2)  0.265 

Chronic renal disease       584 (3.7)      724 (1.2)  <0.001 
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Presentation Notes
Flu vaccination rates were significantly higher in vaccine risk groups apart from splenectomy and chronic liver disease where numbers were low. 



Cardiovascular risk factors Case 
N=16 012 

(%) 

Control 
N=62 694 

(%) 

P 

Hyperlipidaemia 13.6 9.3 <0.001 
Smoking history   

   Never smoked 
  Ex-smoker 
  Current smoker 

 

41.7 

30.1 

28.2 

 

54.4 

27.6 

18.0 

 

<0.001 

Body mass index ≥ 25 63.2 59.5 <0.001 
Family history of MI 1.9 1.5 0.001 
Aspirin 0.4 0.2 <0.001 
Statin 11.4 7.0 <0.001 
Antihypertensive treatment 6.5 3.9 <0.001 

+GP consultations in last 5 
years: 27 +  
  

 

57.7 

 

46.2 

 

<0.001 
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Presentation Notes
Flu vaccination rates were significantly higher in patients with cardiovascular risk factors and those who consulted more frequently.  



Main results: AMI case-control 

Timing Cases 
N(%) 

Controls 
N(%) 

Adjusted 
OR 95% CI 

Within season 7496 

(46.8) 

28487 

(45.4) 

0.80 0.76-0.84 

Early within-

season (Sept. 

to mid-Nov.) 

6770 

(42.3) 

25911 

(41.3) 

0.79 0.75-0.83 

Late within-

season (mid-

Nov. to Feb.) 

726 

(4.5) 

2571 

(4.1) 

0.88 0.79-0.97 
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Presentation Notes
Early vaccination before mid-November appeared to be better than later vaccination.  
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Timing of 

Vaccination 

Cases 

N(%) 

Controls 

N(%) 

Adjusted 

OR 95% CI 

 

Same season as 

index date  

  

13,668 

(50.6) 

  

13,709 

(50.8) 

  

0.81 

  

0.77 – 0.85 

Early within-

season (Sept. to 

mid-Nov.) 

11,995 

(44.4) 

12,258 

(45.4) 
0.79 0.75 – 0.84 

Late within-

season (mid-Nov. 

to Feb.) 

  1,,673 

(6.2) 

1,451 

(5.4) 
0.97 0.88 – 1.06 

Main results: stroke case-control 



Main results: pneumococcal vaccine  

• AMI - Pneumococcal: adjusted OR 0.96 95% CI 0.91 
to 1.02  

• Stroke - Pneumococcal: adjusted OR 0.97 95% CI 
0.92 to 1.02  

• Combined influenza and pneumococcal vaccination 
was no better than influenza vaccination alone  

 

 

Presenter
Presentation Notes
We did not find any benefit of pneumoccocal vaccination after adjusting for influenza vaccination: adjusted OR 0.96, 95% CI 0.91 to 1.02) Combined influenza and pneumococcal vaccination was no better than influenza vaccination alone (adjusted OR 0.94, 95% CI 0.89 to 1.01, p = 0.07). 



Study strengths and limitations 

• Residual confounding (unknown factors) 

• ‘Healthy vaccination’ bias 

• Incomplete recording of blood pressure, 
cholesterol levels, height, etc. on the GPRD 

Presenter
Presentation Notes
Residual confounding (unknown factors)‘Healthy vaccination’ biasAccounted for by adjusting  for all risk group diseasesInadequate patient data on GPRD due to practice transfersPartially accounted for by including patients with up-to-date data for the last 5 years prior to index datePoor recording of physiological measurements such as blood pressure, cholesterol levels, height, etc on the GPRD.We used standard imputation techniques to correct for missing data and found similar results. 



Observation period 2001-2007 (AMI)/2001-2009 (stroke)  
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Method: self controlled case series 

Risk/exposure period vs. baseline period 

End of 
observation period 

Start of 
observation period 

Index date 
Vaccination date1 

Vaccination date2 
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14 days post-vaccination  

15 -28  days post-vaccination  

29 - 59  days post-vaccination  

60 -90  days post-vaccination  
91-120  days post-vaccination  

121-180  days post-vaccination  

14 days pre-vaccination  

Method: self controlled case series 

Exposure/risk periods 
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1 
• 1-14 days pre-vaccination  considered as a separate 

interval: a stroke/TIA event occurring during this 
period is likely to affect the subsequent likelihood of 
receiving an influenza vaccination.  

•  Seasonality was included by dividing the risk periods 
into one of four quarterly seasons: Sept. to Nov., Dec. 
to Feb., March to May and June to Aug. 

 

Method: self controlled case series 



 

• The incidence rate of AMI/stroke in exposure periods 
after vaccination compared with the incidence rate 
during a baseline period.  

• Statistical modelling with conditional Poisson 
regression in Stata 12 was employed to compute 
incidence rate ratios (IRR).  
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Analysis: self controlled case series 
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• First cases of AMI (14k) or stroke/TIA (40k) within the 
observation period 

• Excluded cases that either did not receive influenza 
vaccination or have a AMI/stroke diagnosis on or 
before the vaccination date 

 

 

Sample 
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Descriptive statistics 

• 8 180 of AMI considered for the final analysis.  

• 38 674 cases of stroke/TIA  considered for the final 
analysis.  
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Risk period Number of cases 
Time at risk 

(person years) IRR 
Adjusted 
95% CI 

  N %       
Baseline period 3913 47∙8 16898 1∙00 - 
Post Vac 1-14 days 

275 3∙4 1413 0∙68 (0∙60 - 0∙78) 
15-28 days 

289 3∙5 1410 0∙75 (0∙66- 0∙86) 
29-59 days 

703 8∙6 3106 0∙82 (0∙75 - 0∙90) 
60-90 days 

826 10.1 3073 0∙96 (0∙87 - 1∙07) 
91-120 days 

762 9∙3 2926 0∙98 (0∙89 - 1∙09) 
121-180 days 

1273 15∙6 5290 1∙02 (0∙95 – 1∙10) 
 a Adjusted for seasonality 
b IRR incidence rate ratios. 
c Baseline is between 180 days or 30th of April (whichever came first) after vaccination and 14 days prior to next vaccination 

 

Main results: AMI and flu vaccination 

Presenter
Presentation Notes
  There was significant reduction in the rate of stroke/TIA from 14-120 days following vaccination. Significant reductions in risk were also present immediately pre and post 1-14 days after vaccination (Table 1). We found a reduction of 12% (IRR 0∙88; 95% CI 0∙82-0∙94) in the first 14 days after vaccination, and 14% (0∙86; 0∙82-0∙90) reducing to 8% (0∙92, 0∙87-0∙96) and 6%  (0∙94, 0∙89-0∙98) at 29-59 days, 60-90 days and 91-120 days after vaccination respectively. 
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Risk period Number of cases 
Time at risk 

(person years) IRR 
Adjusted 
95% CI 

  N %       
Baseline period 

24,333 62∙9 173926 1∙00 - 
Post vac 1-14 days 

1,084 2∙8 8270 0∙88 (0∙82 - 0∙94) 
15-28 days 

1,040 2∙7 7695 0∙91 (0∙85 - 0∙97) 
29-59 days 

2,184 5∙7 16776 0∙86 (0∙82 - 0∙90) 
60-90 days 

2,444 6∙3 17324 0∙92 (0∙87 - 0∙96) 
91-120 days 

2,315 6∙0 16194 0∙94 (0∙89 - 0∙98) 
121-180 days 

4,332 11∙2 30525 0∙96 (0∙93 – 1∙00) 
 a Adjusted for seasonality 
b IRR incidence rate ratios. 
c Baseline is between 180 days or 30th of April (whichever came first) after vaccination and 14 days prior to next vaccination 

 

Main results: stroke and flu vaccination 

Presenter
Presentation Notes
  There was significant reduction in the rate of stroke/TIA from 14-120 days following vaccination. Significant reductions in risk were also present immediately pre and post 1-14 days after vaccination (Table 1). We found a reduction of 12% (IRR 0∙88; 95% CI 0∙82-0∙94) in the first 14 days after vaccination, and 14% (0∙86; 0∙82-0∙90) reducing to 8% (0∙92, 0∙87-0∙96) and 6%  (0∙94, 0∙89-0∙98) at 29-59 days, 60-90 days and 91-120 days after vaccination respectively. 



Conclusion 

• Large, representative and robust research database 
with sufficient power to detect effects with 
precision. 

• Selection bias minimized by including all cases of 
AMI or stroke within the selected time period. 

• Method accounts for unknown and known 
confounders assuming no/little change over the 
observational period. 
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Study strengths and limitations 



Conclusions 

• Influenza vaccination associated with reduced 
risk of AMI and stroke 

• Early influenza seasonal vaccination (September 
to mid-November) associated with lower rate of 
AMI or stroke than later vaccination (mid-
November to January) 

• Pneumococcal vaccination not associated with a 
reduction in rate of AMI or stroke 
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Siriwardena AN, Gwini S, Coupland C. infarction CAMJ2010; 182 (15): 1617- 1623 
Gwini SM, Coupland C, Siriwardena AN. Vaccine 2011; 29: 1145-1149  



Implications for practice 

• Reinforce recommendations: + younger people 
(40-64) at risk 

• Timing: early vs. late vaccination? 
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Presentation Notes
Our findings reinforce current recommendations for annual influenza vaccination of risk groups with the potential added benefit for AMI prevention. This may help increase suboptimal vaccination rates, particularly in younger patients.In the US, influenza vaccination is advocated for secondary prevention of AMI in patients with CHD which is not yet the case in the UK. Our findings suggest an additional protective effect of vaccination against AMI in patients with cardiovascular risk factors not included in the current guidelines for influenza vaccination.Further research is needed to confirm:Timing of vaccination has implications for the timely supply and administration of influenza vaccines and could also lead to changes in recommendations for timing of vaccination.Extension of current risk groups for vaccination to people aged over 40 years without previous cardiovascular disease but at high cardiovascular risk Although there was no benefit of pneumococcal vaccine the findings do not affect current policy or recommendations which support the effectiveness and cost effectiveness of this intervention for prevention of invasive pneumococcal disease in high risk groups. Better population health if this leads to higher vaccination rates.



Implications for future research 

• Mechanism:?Virchov’s triad 

• Efficacy trial? 
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Thank you! 
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…and thank you to you for your attention. 
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