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BACKGROUND
Acute myocardial infarction can be triggered by acute respiratory infections. Previ-
ous studies have suggested an association between influenza and acute myocar-
dial infarction, but those studies used nonspecific measures of influenza infection 
or study designs that were susceptible to bias. We evaluated the association be-
tween laboratory-confirmed influenza infection and acute myocardial infarction.

METHODS
We used the self-controlled case-series design to evaluate the association between 
laboratory-confirmed influenza infection and hospitalization for acute myocardial 
infarction. We used various high-specificity laboratory methods to confirm influ-
enza infection in respiratory specimens, and we ascertained hospitalization for 
acute myocardial infarction from administrative data. We defined the “risk inter-
val” as the first 7 days after respiratory specimen collection and the “control in-
terval” as 1 year before and 1 year after the risk interval.

RESULTS
We identified 364 hospitalizations for acute myocardial infarction that occurred 
within 1 year before and 1 year after a positive test result for influenza. Of these, 
20 (20.0 admissions per week) occurred during the risk interval and 344 (3.3 ad-
missions per week) occurred during the control interval. The incidence ratio of an 
admission for acute myocardial infarction during the risk interval as compared 
with the control interval was 6.05 (95% confidence interval [CI], 3.86 to 9.50). No 
increased incidence was observed after day 7. Incidence ratios for acute myocar-
dial infarction within 7 days after detection of influenza B, influenza A, respira-
tory syncytial virus, and other viruses were 10.11 (95% CI, 4.37 to 23.38), 5.17 
(95% CI, 3.02 to 8.84), 3.51 (95% CI, 1.11 to 11.12), and 2.77 (95% CI, 1.23 to 6.24), 
respectively.

CONCLUSIONS
We found a significant association between respiratory infections, especially 
influenza, and acute myocardial infarction. (Funded by the Canadian Institutes 
of Health Research and others.)
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(e.g., RSV), and promoting established infection 
prevention practices such as hand hygiene, re-
spiratory etiquette, and social distancing.

In the context of chronic atherosclerotic vas-
cular disease, an infectious illness may cause an 
acute coronary syndrome through acute inflam-
mation, biomechanical stress, and vasoconstric-
tion.13 Infections create a thrombogenic environ-
ment through platelet activation and endothelial 
dysfunction. Furthermore, infections increase 
metabolic demand and may induce hypoxemia, 
hypotension, or other stress on the vascular sys-
tem that can lead to the development of an oc-
clusive thrombus and subsequently an acute 
coronary syndrome.13 Our data suggest that a 
variety of acute respiratory infections may be as-
sociated with an increased risk of acute myocar-
dial infarction; this observation is compatible 
with previous data that show that pneumonia is 
a risk factor for cardiovascular events.29

One limitation of this study is the uncer-
tainty regarding the onset of influenza infection 
and of acute myocardial infarction. We used the 
date the specimen was obtained as the index 
date because the dates of infection and symptom 
onset were unavailable. The date the specimen 
was obtained is a reasonable approximation for 
the index date because the median incubation 
periods are only 1.4 days for influenza A and 
0.6 days for influenza B,30 because systemic and 
respiratory symptom scores peak on the day of 
symptom onset or the day after symptom onset,31 
and because the median interval from symptom 
onset to a visit to a physician is 2 days.32 Our 
sensitivity analysis incorporating induction in-
tervals of 2, 4, and 7 days confirmed that the 
date the specimen was obtained is a reasonable 
approximation for the index date. For the onset 
of acute myocardial infarction, we used the ad-
mission date for hospitalizations for which the 
primary diagnostic code was acute myocardial 
infarction, and we excluded transfers between 
hospitals to limit the analysis to distinct epi-
sodes of care. In the primary analysis, to elimi-
nate reverse causality bias, we included only pa-
tients who underwent testing for influenza before 
hospital admission.

A second limitation of the study is the pos-
sibility of confounding due to time-varying fac-
tors (e.g., since both acute myocardial infarction 
and influenza exhibit seasonal patterns, another 

seasonally varying factor could be a confounder). 
However, the tightly circumscribed period of 
risk used in our analysis reduces the likelihood 
that the strong association we observed between 
influenza and acute myocardial infarction could 
be accounted for entirely by such seasonal vari-
ables. In addition, our results were robust in 
analyses that controlled for calendar month and 
that included a substantially shortened control 
interval. Nevertheless, we cannot completely ex-
clude the possibility of confounding due to time-
varying factors.

A third limitation is that these results might 

Variable
Incidence Ratio 

(95% CI)

Primary analysis: risk interval, days 1–7 6.05 (3.86–9.50)

Days 1–3 6.30 (3.25–12.22)

Days 4–7 5.78 (3.17–10.53)

Days 8–14 0.60 (0.15–2.41)

Days 15–28 0.75 (0.31–1.81)

Sensitivity analyses

Controlled for calendar month 6.19 (3.88–9.88)

Control interval limited to postexposure observation 
time

8.08 (5.04–12.95)

Control interval limited to preexposure observation time 4.84 (3.06–7.65)

Control interval limited to 2 months before and after 
influenza detection

5.01 (3.04–8.27)

Includes AMI cases with specimen obtained during 
admission

4.45 (2.85–6.97)

Induction interval†

2 days before exposure 5.72 (3.65–8.98)

4 days before exposure 5.92 (3.77–9.29)

7 days before exposure 6.02 (3.83–9.45)

Alternative exposure

RSV 3.51 (1.11–11.12)

Respiratory virus other than influenza or RSV 2.77 (1.23–6.24)

Illness with no respiratory virus identified‡ 3.30 (1.90–5.73)

Hospitalization for diabetes and associated 
 complications§

1.35 (0.50–3.62)

*  RSV denotes respiratory syncytial virus.
†  An induction interval is a portion of the observation time immediately preced-

ing the index date that is excluded from the control interval.
‡  Included is illness not attributable to influenza A, influenza B, RSV, parainflu-

enza virus, adenovirus, human metapneumovirus, coronavirus, or enterovirus 
(including rhinovirus).

§  No association was expected.

Table 2. Incidence Ratios for Acute Myocardial Infarction after Laboratory-
Confirmed Influenza Infection.*
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be lowered to ,140 mmHg and diastolic BP (DBP) to ,90 mmHg in
SCAD patients with hypertension. Based on current data, it may be
prudent to recommend lowering SBP/DBP to values within the
range 130–139/80–85 mmHg. BP targets in diabetes are recom-
mended to be ,140/85 mmHg (see below).37,273

7.1.2.8 Diabetes and other disorders (see also chapter 9 and web
addenda)
Diabetes mellitus is a strong risk factor for CV complications,
increases the risk of progression of coronary disease and should be
managed carefully, with good control of glycated haemoglobin
(HbA1c) to ,7.0% (53 mmol/mol) generally and ,6.5%–6.9%
(48–52 mmol/mol) on an individual basis. Glucose control should
be based on individual considerations, depending on the patient’s
characteristics including age, presence of complications and diabetes
duration.

As for other disorders, attention to management of risk factors is
recommended, including weight management, exercise recommen-
dations and statin treatment with an LDL-C target of 1.8 mmol/L
(,70 mg/dL) in diabetic patients with angiographically proven
CAD.62 The traditional treatment goal for BP in diabetes, i.e. below
130 mmHg, is not supported by outcome evidence in trials and has
been difficult to achieve in the majority of patients. Thus, the BP
target in patients with CAD and diabetes is to be ,140/85 mmHg.
Anangiotensinconvertingenzyme(ACE) inhibitoror renin-angiotensin
receptor blocker should always be included because of the renal pro-
tective effects.37,274,275

Patients with chronic kidney disease (CKD) areathigh risk and par-
ticular care should be taken to address risk factors and achieveBPand
lipid targets. Statins are generally well tolerated in CKD stages 1–2
(GFR .60–89 mL/min/1.73 m2) whereas, in CKD stages 3–5,
statins with minimal renal excretion should be chosen (atorvastatin,
fluvastatin, pitavastatin, rosuvastatin).62

7.1.2.9 Psychosocial factors
Depression, anxiety and distress are common in patients with CAD.
Patients should be assessed for psychosocial distress and appropriate
care offered. Refer for psychotherapy, medication or collaborative
care in the case of clinically significant symptoms of depression,
anxiety and hostility. This approach can reduce symptoms and

enhance quality of life, although evidence for a definite beneficial
effect on cardiac endpoints is inconclusive.37

7.1.2.10 Cardiac rehabilitation
A comprehensive risk-reduction regimen, integrated into compre-
hensive cardiac rehabilitation, is recommended to patients with
CAD.37,276 Cardiac rehabilitation is commonly offered after MI or
recent coronary intervention, but should be considered in all patients
with CAD, including those with chronic angina. Exercise-based
cardiac rehabilitation is effective in reducing total- and CV mortality
and hospital admissions,276 whereas effects on total MI or revascular-
ization (CABG orPCI) are less clear, especially in the long term.277,278

Evidence also points towards beneficial effects on health-related
quality of life (QoL). In selected sub-groups, centre-based cardiac re-
habilitation may be substituted for home-based rehabilitation, which
is non-inferior. Patient participation in cardiac rehabilitation remains
far too low, particularly in women, the elderly and the socio-
economically deprived, and could benefit from systematic referral.

7.1.2.11 Influenza vaccination
An annual influenza vaccination is recommended for patients with
CAD, especially the elderly.279,280

7.1.2.12 Hormone replacement therapy
For decades, evidence from epidemiological and laboratory studies
led us to believe that circulating oestrogens had a beneficial effect
on the risk of CVD and that this could be transferred to the benefits
of hormone replacement therapy (HRT). However, results from
large randomized trials have not supported this; on the contrary,
HRT increases the risk of CVD in women above the age of 60.281

The mechanisms are unclear and, if instituted at an earlier age (i.e.
at the time of menopause) in women with intact vascular endothe-
lium and few CV risk factors, the effect of HRT is still debated.282

However, HRT is at present not recommended for primary or sec-
ondary prevention of CVD.

7.1.3 Pharmacological management of stable coronary
artery disease patients
7.1.3.1 Aims of treatment
The two aims of the pharmacological management of stable CAD
patients are to obtain relief of symptoms and to prevent CV events.

Relief of anginal symptoms: rapidly acting formulations of nitrogly-
cerin are able to provide immediate relief of the angina symptoms
once the episode has started or when the symptom is likely to
occur (immediate treatment or preventionof angina).Anti-ischaemic
drugs—but also lifestyle changes, regular exercise training, patient
education and revascularization—all have a role to play in minimizing
or eradicating symptoms over the long term (long-term prevention).

To prevent the occurrence of CV events: efforts to prevent MI and
death in coronary disease focus primarily on reducing the incidence
of acute thrombotic events and the development of ventricular dys-
function. These aims are achieved by pharmacological or lifestyle
interventions which: (i) reduce plaque progression; (ii) stabilize
plaque, by reducing inflammation and (iii) prevent thrombosis,
should plaque rupture or erosion occur. In patients with severe
lesions in coronaryarteries supplying a largeareaof jeopardizedmyo-
cardium, a combined pharmacological and revascularization strategy

Table 26 Blood pressure thresholds for definition of
hypertension with different types of blood pressure
measurement (adapted from Umpierrez et al. 2012 273).

SBP (mmHg) D BP (mmHg)

140 90

Home BP 135 85

Ambulatory BP

24-h 130 80

Daytime (or awake) 135 85

Nighttime (or asleep) 120 70

BP¼ blood pressure; DPB¼ diastolicblood pressure; SBP¼ systolic blood pressure.
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La	1	ere	étude	randomisée	sur	l’effet	de	la	vaccination	
grippale	chez	des	coronariens	

Sweeden	



Vaccin	grippal	et	MACE	post	SCA		



Vaccin	grippal	et	MACE	post	SCA		



Vaccination	grippale	chez	le	coronarien:	IB	



Plus	généralement:	toute	infection	aigue	augmente	le	risque	

d’évènement	cardiovasculaire	..parfois	pendant	longtemps		





Arguments	pour	théorie	inflammatoire	de	l’athéro-thrombose	

Corrélation		
CRP	US	/	IL	1	et	IL	6	et	évènements	coronariens	



Left, Relationship of baseline plasma levels of high-sensitivity C-reactive protein (hsCRP) to 
risks of future myocardial infarction, stroke, and cardiovascular death in the prospective 

Physicians’ Health Study among those randomly allocated to aspirin or placebo.  

Paul M Ridker Circ Res. 2016;118:145-156 

Copyright © American Heart Association, Inc. All rights reserved. 

Physicians’	Health	Study	en	Prévention	primaire	



Left, Relationship of baseline plasma levels of high-sensitivity C-reactive protein (hsCRP) to 
risks of future myocardial infarction, stroke, and cardiovascular death in the prospective 

Physicians’ Health Study among those randomly allocated to aspirin or placebo.  

Paul M Ridker Circ Res. 2016;118:145-156 

Copyright © American Heart Association, Inc. All rights reserved. 

Plus	la	CRPus	est	élevée	plus	le	risqué	d’IDM	augmente	



Relationship of plasma levels of interleukin-6 (IL-6) to future risks of cardiovascular disease 
in 25 prospective epidemiologic cohorts.  

Paul M Ridker Circ Res. 2016;118:145-156 



Relationship of plasma levels of interleukin-6 (IL-6) to future risks of cardiovascular disease 
in 25 prospective epidemiologic cohorts.  

Paul M Ridker Circ Res. 2016;118:145-156 

Plus	l’IL6	est	élevée	plus	le	risqué	d’IDM	augmente	



Arguments	pour	théorie	inflammatoire	de	l’athéro-thrombose	

La	rupture	de	plaque	est	souvent	le	fait		
d’une	“poussée	systémique”	d’athéro-thrombose	



C	

B	

A	

Multiple atherosclerotic plaque rupture in acute coronary syndrome.  
A three vessel intravascular ultrasound study.  
Rioufol G et al. Circulation 2002;106:804-8.	



Une seconde plaque rompue 
Dans 79% des cas !! 

Une 3ème plaque rompue 
Dans 12.5% des cas !! 

La	rupture	de	plaque	est	souvent	le	fait		
d’une	“poussée	systémique”	d’athéro-thrombose	



Arguments	pour	théorie	inflammatoire	de	l’athéro-thrombose	

Les	statines	n’agissent	pas	seulement	par	l’effet	
hypolipémiant	(=	fibrates)	



Arguments	pour	théorie	inflammatoire	de	l’athéro-thrombose	

Essai	JUPITER	
Les	patients	avec	taux	de	LDL	bas	mais	CRP	

élevée	bénéficiaient	plus	de	la	statine	



Arguments	pour	théorie	inflammatoire	de	l’athéro-thrombose	

Les	maladies	inflammatoires	“chroniques”	
présentent	un	sur-risque	de	coronaropathie	



Le	risque	cardiovasculaire	est	augmenté	au	cours	des	
rhumatismes	inflammatoires	(PR	-SPA)	

	
La	PR	est	un	facteur	de	risque	CV	aussi	important	que	le	diabète	
	
	
	
	
		

décor	



risk factors. The findings demonstrate
a dose-response effect, given that pa-
tients classified as severe had a higher
risk of MI than patients with mild pso-
riasis, consistent with the hypothesis
that greater immune activity in psoria-
sis is related to a higher risk of MI.

The reason for the higher risk ratio of
MI in younger patients with psoriasis
may relate to the observation that pso-
riasis is a heterogeneous disease. For ex-
ample, it has been hypothesized that
those persons with earlier onset disease
(before age 40 years) have more severe
disease and a stronger association with
human leukocyte antigen (HLA)-Cw6
than patients with onset of psoriasis af-
ter age 40 years.33,34 Additionally, be-
cause most patients with psoriasis de-
velop the disease before age 40 years
(approximately 75%), there may be a sur-
vivorship effect in which after decades
of psoriasis, those patients predisposed
to MI would less likely be available in the
older age groups of our study due to the
mortality associated with MI.

Our study advances the literature es-
tablishing the association of psoriasis
and MI in that it is a broadly represen-
tative population-based study, which
controlled for major risk factors that are

typically measured in epidemiological
studies of cardiovascular disease. Our
study also has the advantage of being
large enough to allow for detailed analy-
ses, which have yielded novel find-
ings. The study is broadly representa-
tive of patients with psoriasis. The
magnitude of association between se-
vere psoriasis and MI in those patients
younger than 50 years is similar to the
magnitude of association for other ma-
jor cardiac risk factors.

Observational studies may be limited
by bias and confounding. Selection bias
isunlikelytoexplaintheresultsdescribed
herein as the patients with psoriasis and
control patients were identified and
included from the same well-defined
source population. Information (ascer-
tainment) bias is unlikely to explain the
resultsaspatientswithpsoriasisandcon-
trol patients had information collected
in the same manner (by general practi-
tioners matched by practice) and the
results were robust to multiple sensitiv-
ity analyses. Control patients were more
likely to be censored by transferring out
of the practice; however, the results were
similar in sensitivity analyses in which
patientswerecensoredat thetimeof their
last prescription or diagnosis to ensure

that all patients were actively followed
up and censored for the same reason.
Because MI is a major objective medical
event, it is very unlikely that documen-
tationofMI in theelectronicmedical rec-
ord would vary between patients with
psoriasis and those observed by general
practitioners for diagnoses other than
psoriasis.

The results also persisted when con-
trolling for the major risk factors for MI.
However, it is possible that unknown

Figure. Adjusted Relative Risk of Myocardial
Infarction in Patients With Psoriasis Based on
Patient Age
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Table 5. Sensitivity Analyses Hazard Ratio Point Estimates for Patients Aged 30 and 60 Years
Hazard Ratio (95% CI)

Mild Psoriasis Severe Psoriasis

Age 30 Years Age 60 Years Age 30 Years Age 60 Years
Primary analysis 1.29 (1.14-1.46) 1.08 (1.03-1.13) 3.10 (1.98-4.86) 1.36 (1.13-1.64)
At least 6 mo of follow-up (to ensure capture

of incident, not prevalent MIs)
1.27 (1.12-1.45) 1.08 (1.03-1.14) 2.11 (1.95-4.94) 1.45 (1.20-1.76)

Last prescription or diagnosis as end date
(to ensure that patients are actively
followed up and censored for the same reason)

1.28 (1.13-1.44) 1.07 (1.02-1.13) 2.90 (1.86-4.54) 1.32 (1.09-1.59)

Inclusion of patients observed !1 time/y
by the general practitioner (to ensure
that patients are actively followed up)

1.20 (1.06-1.36) 1.04 (0.99-1.09) 2.82 (1.81-4.40) 1.29 (1.07-1.56)

Primary model but also adjusting for BMI
(excludes approximately 40% of patients
for whom there was no BMI)

1.36 (1.17-1.58) 1.07 (1.01-1.13) 2.65 (1.53-4.59) 1.56 (1.25-1.93)

Primary model excluding approximately 40%
of patients for whom there was no BMI;
in this model, BMI was not included

1.37 (1.18-1.59) 1.08 (1.02-1.14) 2.70 (1.56-4.66) 1.58 (1.27-1.96)

Exclusion of patients treated with methotrexate NA NA 4.12 (2.24-7.58) 1.45 (1.11-1.91)
Exclusion of patients treated with oral retinoids

or cyclosporine*
NA NA 2.06 (1.16-3.67) 1.28 (1.03-1.58)

Composite end point of MI or death 1.44 (1.34-1.55) 1.20 (1.17-1.24) 2.08 (1.54-2.82) 1.42 (1.27-1.58)
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; MI, myocardial infarction; NA, not applicable.
*Age " psoriasis interaction term was of borderline statistical significance (P = .06).

MYOCARDIAL INFARCTION IN PATIENTS WITH PSORIASIS

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, October 11, 2006—Vol 296, No. 14 1739
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Risque	coronarien	du	psoriasis	sévère	



Concept	Inflammatoire	de	la	
coronaropathie	

Foyer	dentaire	à	
éradiquer	



Si	vous	voulez	démontrer	un	concept	

Facteur	(l’inflammation)	associé	à	un	surisque	
cardiaque….	

	
	

Il	faut	démontrer	que	la	suppression	de	ce	
facteur	à	un	impact	positif	sur	le	suri-risque	

cardiaque	



Arguments	pour	théorie	inflammatoire	de	l’athéro-thrombose	

L’effet	présumé	de	certains	traitements	anti-
inflammatoires	



Paul M Ridker, MD, MPH
Eugene Braunwald Professor of Medicine

Brigham and Women’s Hospital, 
Harvard Medical School, Boston MA, USA

on behalf of the worldwide investigators and participants in the 

Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS)

Anti-Inflammatory Therapy with Canakinumab for
Atherosclerotic Disease 

Ridker ACC 2017

La	plus	belle	étude	en	cardiologie	
depuis	Framingham	

	
		 	Eugène	Braunwald	

Cantos:	la	demonstration	du	concept	



Ridker PM.  Circ Res 2016;118:145-156.

From CRP to IL-6 to IL-1: Moving Upstream to Identify Novel Targets for Atheroprotection

Canakinumab

Ridker ESC 2017



Stable CAD (post MI)
On Statin, ACE/ARB, BB, ASA 

Persistent Elevation 
of hsCRP (> 2 mg/L)

Randomized
Canakinumab 150 mg 

SC q 3 months

Randomized
Placebo 

    SC q 3 months    

    Primary CV Endpoint:  Nonfatal MI, Nonfatal Stroke, Cardiovascular Death  (MACE)   

Randomized
Canakinumab 300 mg 

SC q 3 months*

Key Secondary CV Endpoint: MACE + Unstable Angina Requiring Unplanned Revascularization (MACE+)

Randomized
Canakinumab 50 mg 

SC q 3 months

Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS)

N = 10,061
39 Countries

April 2011 - June 2017
1490 Primary Events

Ridker ESC 2017

Critical Non-Cardiovascular Safety Endpoints: Cancer and Cancer Mortality, Infection and Infection Mortality



Cantos:	la	demonstration	du	concept	





CANTOS:	Canakinumab	et	MACE	



Paul M Ridker Circ Res. 2016;118:145-156 

Copyright © American Heart Association, Inc. All rights reserved. 
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Morphologie	de	la	plaque	avant	et	
12	mois	de	colchicine	

Nette	diminution	du	«	noyau	actif	»	



Colchicine	/coronaires	>	12	000	pts	randomisés	

loDoCO	

Colcot	



Colchicine	/coronaires	>	12	000	pts	randomisés	

n	 Situation	clinique	

COLCOT	 4745	 SCA	

LODOCO2	 5522	 Coronaropathie	stable	
	







22%	reduction	risk	for	MI	
p=0.005	



46%	reduction	risk	for	
stroke	p=0.009	



23%	reduction	risk	for	coronary	
revascularisation	p<0.001	



18%	reduction	risk	for	CV	
death	p=0.34	
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Figure 2 Colchicine anti-inflammatory actions start with the 
interference with microtubule assembly and function and ... 
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The central mechanism of the anti-inflammatory action of colchicine 
is the inhibition of microtubule function ... 



Pourquoi	en	avez-vous	peu	(ou	pas)	entendu	parler	?	



Pourquoi	en	avez-vous	peu	(ou	pas)	entendu	parler	?	
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Les	reco	



Priorisation	des	effets	thérapeutiques	chez	le	
coronarien	stable	à	l’ère	moderne	

•  AAP	
•  Statine	
•  BB	
•  IEC/ARA	2	
•  Fibrates	
•  Omega	3	
•  PCSK9	
•  Ca(-)	
•  AOD	
•  ….	

•  AOD	(Riva	2.5	dans	
Compass)	

•  Colchicine	
•  Statine	

•  AAP		
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Colchicine in coronary disease 
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Figure 5 Risk of pericarditis in patients treated with or without 
colchicine in different settings (acute, recurrent ... 
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Figure 3 Colchicine uptake occurs in the ileum and jejunum. The 
drug is metabolized by the liver through cytochrome ... 




