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ABSTRACT  

Background: The long-term evolution of premature coronary artery disease (CAD) is unknown.  
Objectives: To describe the evolution of coronary atherosclerosis in young patients and identify 
the risk factors of poor outcomes.  
Methods: Participants aged 45 years or less with acute or stable obstructive coronary artery 
disease were prospectively enrolled and followed-up. The primary endpoint was all-cause death, 
myocardial infarction, refractory angina requiring coronary revascularization and ischemic 
stroke. 
Results: 880 patients with premature CAD were included. They were aged 40.1 years (±5.7), 
mainly males, smokers, with a family history of CAD or hypercholesterolemia. . At baseline 
presentation, 91.2 % underwent coronary revascularization, predominantly for acute MI (78.8%). 
Over a follow-up to 20 years, one third (n=264) presented a total of 399 ischemic events, of 
whom 36% had at least a second recurrent event. Myocardial infarction was the most frequent 
first recurrent event (n=131/264) mostly related to new coronary lesions (17.3 % vs 7.8%, 
p=0.01, HR=1.45, 95% CI [1.09-1.93] for new versus initial culprit lesion). All-cause death 
(n=55, 6.3%) occurred at 8.4 years (median time). Ethnic origin (sub-Saharan African vs 
Caucasian, adjHR: 1.95, 95% CI [1.13-3.35], p=0.02), inflammatory disease (adjHR: 1.58 
95%CI [1.05-2.36], p=0.03)) and persistent smoking (adjHR: 2.32, 95% [1.63-3.28], p<0.01) 
were the strongest correlates of a first recurrent event. When considering all recurrent events, the 
same factors and Asian ethnicity predicted poor outcome, but persistent smoking had the greatest 
impact on prognosis.  
Conclusions: Premature CAD is an aggressive disease despite the currently recommended 
prevention measures with high rates of recurrent events and mortality. Ethnicity and concomitant 
inflammatory disease are associated with a poor prognosis along with insufficient control of risk 
factors. 
 
CONDENSED ABSTRACT: This prospective cohort study reports the contemporary natural 
history of obstructive CAD over 20 years in 880 patients aged ≤45 years. Ischemic recurrences 
were frequent (4.68 per 100 patient-years) with a fast progression towards multivessel disease. 
Ethnicity, chronic inflammation and behavior-related risk factors were the major contributors of 
poor prognosis. When considering all recurrent events, multivessel disease also predicted poor 
outcome, but persistent smoking had the greatest impact on prognosis. Premature CAD carries a 
high risk burden compared with atherothrombosis in middle-aged patients. Specific prevention 
should be implemented in these young patients to prevent the rapid progression of the disease.  
 

Keywords: Premature coronary artery disease; young; myocardial infarction; long-term 
outcomes, recurrent event 
 

Abbreviations  

AFIJI:  Appraisal of risk Factors in young Ischemic patients Justifying aggressive Intervention  
CABG: Coronary Artery Bypass Graft 
CAD: Coronary Artery Disease  
HIV: Human Immunodeficiency Virus  
MACE: Major Adverse Cardiovascular Events 
NSTEMI: Non ST-Segment Elevation Myocardial Infarction 
PCI: Percutaneous Coronary Intervention 
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STEMI: ST-Segment Elevation Myocardial Infarction 

AdjHR: adjusted hazard ratio  
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Introduction 

Ischemic heart disease accounts for the majority of premature deaths in the world (1). 

Coronary artery disease (CAD) risk factors explain more than 90% of the attributable risk of 

CAD, of which nearly half can be reduced by the adoption of a heart-healthy lifestyle (2, 3). 

However, the incidence of CAD increases in many regions of the world and starts at an earlier 

age, despite major advances in the prevention and treatment of atherosclerosis (4). The long-term 

evolution of these young CAD patients in the contemporary era of secondary prevention remains, 

however, poorly known. 

Premature CAD, defined as the occurrence of symptomatic obstructive coronary 

atherothrombotic lesions before the age of 45 years, has been described in a few registries of 

limited size, and restricted to the description of the patients baseline characteristics in a 

retrospective approach (5–10). Neither the long-term outcome nor the precise contribution and 

evolution of the risk factors have been precisely reported. Such data are critical to know better 

the burden of CAD and its prognosis under optimal treatment, when the disease starts two 

decades in advance. 

The Appraisal of risk Factors in young Ischemic patients Justifying aggressive 

Intervention (AFIJI) multicenter prospective cohort was launched in 1996 to better characterize 

the patient profile, treatment and follow-up of premature CAD in the contemporary era of 

percutaneous myocardial revascularization, arterial coronary bypass graft (CABG) and potent 

secondary prevention pharmacotherapy. The goal was also to provide these young patients with 

optimal cardiovascular prevention measures and follow their evolution after a first unexpected 

serious cardiac event. We tested the hypothesis whether secondary events were more likely 

related to new coronary lesion or to the initial culprit lesion. 
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Methods 

Study design and eligibility 

Between April 1, 1996, and June 2017, 880 patients aged <45 years who survived the 

first manifestation of CAD were enrolled in the prospective ongoing AFIJI multicenter cohort 

study. This program was designed to identify risk factors of premature coronary artery disease 

and to provide a continuous prospective long-term follow-up (11–13). Premature CAD was 

defined as the occurrence of an acute myocardial infarction or a symptomatic myocardial 

ischemia with an obstructive coronary artery disease (stenosis ≥ 70 %) before the age of 45 

years. Myocardial infarction due to non-obstructive coronary artery disease was an exclusion 

criterion when ischemia or necrosis was not confirmed by cardiac MRI, as well as myocarditis, 

Tako-Tsubo myocardiopathy and coronary spasm. This prospective study was approved by the 

local Ethics committee, sponsored by the Assistance Publique-Hôpitaux de Paris, supported and 

driven by the ACTION Study Group. All patients provided a written informed consent prior to 

enrolment.  

Data collection and follow-up 

Baseline characteristics including risk factors, medical history, ethnicity and treatments 

were reported prospectively as previously described(11–13). Familial history of CAD was 

defined as any coronary event that occurred in first-degree relatives before 60 years of age in 

men and 65 years in women.  

Participants were followed-up by general cardiologists with also regular visits to 

participating tertiary centers (at least once every two years). All information was collected and 

updated in all patients, presenting or not an event. General follow-up surveys were carried out 

regularly (2003/2007/2009/2012/2017) to collect additional clinical information including risk 
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factors, symptoms, treatments, regular stress tests and echocardiograms as well as the socio-

professional status. Incentives to participate in educational programs were also launched. In 

addition to classical risk factors, the presence of chronic inflammatory or immunosuppressive 

disease such as HIV infection, viral hepatitis or any other chronic inflammatory disease 

including cancer was recorded. Baseline and repeated coronary angiograms were reviewed by 

independent investigators at the ACTION study group angiography core laboratory. New 

ischemic events were classified as being related to the initial treated coronary lesion or to a new 

lesion on another coronary segment or artery.  

Study objectives 

The primary study objective was to determine the rate of a first recurrent major adverse 

cardiovascular event (MACE) at maximal follow-up and the related independent risk factors of 

MACE. The second objective was to determine whether recurrent events were related to the 

initial culprit lesion or to the occurrence of new lesions. The third objective was to determine the 

rate of repeated recurrences and identify their related independent correlates.  

Endpoint Definitions 

The primary endpoint was a composite of all cause death, myocardial infarction, 

refractory angina leading to coronary revascularization and ischemic stroke. Ischemic stroke was 

defined as an acute episode of focal or global neurological dysfunction as result of cerebral 

infarction. Myocardial infarction was defined as type 1 according to the Third Universal 

Definition of 2012(14). Secondary endpoints were the individual components of the primary 

endpoint related to a new lesion site, the occurrence of heart failure (NYHA>2) and major 

bleedings according to the TIMI definition. Events were adjudicated by physicians not involved 

in the recruitment and follow-up of patients in the AFIJI program.  
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Statistical Analysis 

Participants were classified according to the occurrence of a first MACE during the 

follow-up in the study. Continuous variables are presented as mean and standard deviation (SD) 

or median, as appropriate and compared using Student t-test in case of Gaussian distribution or 

Mann-Whitney U test in case of non-Gaussian distribution. Categorical variables are presented 

as counts and percentages and compared using Chi square test or Fisher’s exact test in case of 

low number of events. Cumulative incidence rates were calculated and expressed as the number 

of new cardiovascular events divided by the number of patient-years of follow-up (number of 

events per 100 patient-years). 

 The primary analyses were based on the occurrence of a first MACE. To describe the 

frequency of cardiovascular events according to time, we used Kaplan-Meier curves for 

cumulative event-free survival for the prespecified primary endpoint. Follow-up of patients was 

censored at the 30th of June 2017 irrespective of whether a first recurrent event corresponding to 

the primary endpoint had occurred. For the first set of analyses, the time to first cardiovascular 

event was also compared according to whether the event was related to the initial culprit lesion 

or to a new lesion using log-rank tests.  

The secondary analyses involved the time evolution of diabetes and smoking status. Time 

to recurrences and time to risk factor evaluations were stratified and matched between patients 

with and without recurrences. For each variable, we evaluated the cumulative exposures from 

baseline to the first, second or third recurrent event for patients with MACEs, and to the last 

known status within the corresponding period of time for patients without recurrence. A 

generalized estimating equation with a trend test was used to assess the differences in the 

cumulative exposures of each risk factor between patients with or without recurrence. 
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The third set of analyses assessed the independent factors of recurrences. Because of the 

time-dependence between risk factors like LDL-C, smoking or diabetes and events, a stratified 

Cox procedure including these time-dependent covariates was performed to identify the 

independent variables associated with a first occurrence of MACE. This cox model was stratified 

according to the time delay from the disease onset to follow-up and recurrent MACE as 

previously described (15). Variables with a univariate p-value<0.2 as well as age, initial 

presentation (myocardial infarction or stable coronary artery disease), ethnicity, cardiovascular 

risk factors (familial history of CAD, active smoking, hypertension and dyslipidemia), LDL-C 

level, inflammatory disease and revascularization status were included in the model. Eventually, 

a pooled analysis using repeated measurements with time-dependent covariates was performed to 

identify the risk factors associated with multiple recurrences. The two-sided significance level 

was fixed at 5%. All the analyses were performed using the SAS software (9.4, SAS Institute, 

Cary NC, USA). 

Results 

Baseline characteristics 

Patients were predominantly young males, active smokers, with a frequent family history 

of CAD and hypercholesterolemia while diabetes was less common. Mean LDL-cholesterol at 

baseline was 1.69±1.3 g/dL (Table 1). One out of ten patients had a chronic inflammatory or 

immunosuppressive disease including HIV (4.0%), viral hepatitis (1.3%), systemic auto-immune 

disease including polyarthritis or systemic lupus with antiphospholipid syndrome (1.3%) and 

cancer (3.5%) (Table 1). Acute myocardial infarction due to single vessel disease with 

subsequent percutaneous coronary revascularization was the most frequent clinical pattern. Few 

patients presented with coronary dissection (n=10) or coronary thrombosis after heavy physical 
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exertion (n=11) without underlying stenosis. Secondary prevention treatments were used as 

recommended per guidelines and did not differ according to the occurrence of MACE (Table 1). 

Fewer patients were exposed to ticagrelor in the MACE group versus the event-free group (5.6% 

versus 10.1%, p=0.006) and very few patients were on oral anticoagulation (Table 1). 

Time to first event analyses 

Detailed cardiovascular outcomes and vital status were obtained for all patients, except 

for five patients who were lost to follow-up (0.57%). The description of lipid-lowering therapies 

along follow-up and dual antiplatelet therapy durations are displayed in online table 1 and 2.  

Over the 20-year follow-up, 30% of patients (n=264) presented a total of 399 MACEs 

corresponding to 4.68 (4.23-5.18) events per 100 patient-years (Table 2). Myocardial infarction 

was the most frequent first recurrent event (2.6 per 100 patient-years) while all-cause death (1.60 

per 100 patient-years) and stroke (0.70 per 100 patient-years) were less frequent. The first non-

fatal recurrent ischemic event was related to a new lesion site in 152 patients and to the initial 

culprit lesion in 69 patients (17.3% vs 7.8%, p=0.01, HR=1.45, 95% CI [1.09; 1.93] for new 

versus initial lesion, respectively) (Central Illustration). Among the 522 patients with single 

coronary vessel disease at baseline, 112 evolved towards symptomatic multivessel disease. Death 

as the first recurrent event was three times less frequent than myocardial infarction and occurred 

at a much later stage (8.4 vs. 3.7 years). Stroke occurred in less than 1% of patients (Table 2).  

Patients with a first MACE were more likely to have uncontrolled risk factors with more 

frequent active smoking, diabetes, and with a higher LDL-cholesterol level prior to the first 

recurrent event; they were also more likely to be of Sub-Saharan Africa or of Asian origin (Table 

1). Patients with multivessel disease were also more likely to suffer from an ischemic recurrence, 

as well as patients initially treated by CABG.   
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Twenty-one patients (2.4%) developed severe heart failure, five patients underwent heart 

transplantation and thirteen had a major bleeding. More than one-third of the patients of the 

AFIJI registry (295/880) had an event during follow-up as defined according to secondary 

endpoints. 

Time to second or third recurrence  

Of the 255 patients with a first non-fatal recurrence, 81 patients (36.0 %) had at least a 

second recurrent MACE (table 2).. The continuous monitoring of risk factors showed more 

frequent new diabetes and a greater exposure to active smoking before each recurrent MACE 

(Figure 1 A and B). The exposure to active smoking decreased but remained high in patients 

with multiple recurrences (from 50.9% to 35.0%) compared with patients free or ischemic 

recurrences (41.8% to 1.5%). Interestingly, one out of three patients with multiple recurrences 

eventually developed diabetes as compared to one out of ten among event-free patients. 

Independent risk factors of poor outcome 

The multivariate stratified Cox regression model based on repeated measurements with 

time-dependent covariates demonstrated that persistent smoking was the greatest correlate of a 

first recurrent event (adjHR: 2.32, 95% [1.63-3.28], p<0.01). Ethnic origin, (sub-Saharan African 

vs Caucasian, adjHR: 1.95, 95% CI [1.13-3.35], p=0.02), diabetes, (adjHR: 1.75, 95%CI [1.20 – 

2.55], p<0.01) as well as chronic inflammatory disease (adjHR: 1.58 95%CI [1.05-2.36], p=0.03 

and multivessel disease at baseline were strong independent risk factors of a first recurrent 

MACE. When considering all recurrent events, the same factors plus  hypertension and Asian 

ethnicity predicted poor outcome, but persistent smoking had by far the strongest impact on 

prognosis (adjHR: 2.70, 95% CI [2.05-3.55], p<.001) (Figure 2 A and B, Online Table 3 and 4).  

Discussion 
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The AFIJI cohort provides a prospective description of the contemporary long-term 

evolution of coronary atherothrombosis occurring in a cohort of young patients. Recurrent events 

were frequent, occurred early in the course of the disease and were mainly due to new coronary 

lesions. Insufficient control of modifiable risk factors, concomitant chronic inflammatory disease 

and Asian/sub-Saharan ethnicities were the major factors associated with a poor prognosis. Our 

findings shed light on where our efforts should focus to blunt this unfavorable evolution in one 

out of three patients who presented a first event before the age of 45 years. 

All patients of the AFIJI registry were all-comers screened during hospital stay or at the 

outpatient clinic of the investigating centers. The large majority of patients had angiographically 

established CAD with and most of them presented with ST-elevation myocardial infarction. The 

few who did not undergo coronary revascularization presented with a myocardial infarction due 

to a coronary dissection (mostly in women) or to acute coronary thrombosis without significant 

underlying coronary stenosis. The high rate of recurrent myocardial infarction in the AFIJI 

registry demonstrates that premature CAD is an evolving disease. This high rate of ischemic 

events persisted through the different therapeutic eras, in spite of the advent of drug eluting 

stents, potent P2Y12 inhibitors and second-generation statins (Online Figure 1). Half of 

recurrences occurred within the first 4 years and 75% within the first 10 years of follow-up. Most 

of the secondary prevention trials testing the long-term benefits of secondary prevention 

interventions reported lower event rates than AFIJI, certainly because of a less aggressive disease 

in older patients, a shorter follow-up of these studies and consideration of the first recurrent 

event only(16–19) (online table 5). Remarkably, the first recurrent MACE on optimal secondary 

prevention occurred before the age of 60 in 98% of our patients, an age corresponding to the 

median age of CAD revelation in the general population.  
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Multivessel disease at baseline was logically an independent predictor of first recurrence 

and multiple recurrences. This was also true for patients who underwent CABG surgery with 

recurrent events in more than half of them. The progression of atherothrombosis from single to 

multivessel disease paralleled the number of recurrences. The PROSPECT study reported that 

major recurrent events were equally distributed between culprit and non-culprit lesions and we 

report here that new coronary lesions were involved in 2 out of 3 patients suggesting a fast 

progression of the disease in these young patients (20).  This aggressive progression towards new 

lesion sites demonstrates the need for non-invasive multi-modal strategies able to capture the 

evolution and instability of subclinical atherosclerosis in young patients (21). Among the 

promising technical advances, computed tomography angiography have enabled to describe the 

remodeling and necrotic aspects of plaques and relate them to the risk of coronary events (22).  

Poor control of cardiovascular risk factors is obviously of paramount prognostic 

importance. One out of two patients was still an active smokers at the time of the first recurrence, 

a rate that is consistent with recent European surveys (23). A 7-fold decrease of active smoking 

was obtained with education programs but still 11% of the patients were active smokers at the 

end of our follow-up. Our data indirectly confirm that smoking cessation is the most efficient 

secondary prevention measure, especially before the age of 40 years (24). The other modifiable 

risk factors –diabetes and hypertension – were also independently associated with multiple 

recurrent MACEs, emphasizing the need for an aggressive secondary prevention in this 

population. Larger infarct size, poor recovery from myocardial injury, comorbidities and 

persistent inflammation are the known consequences of persistent active smoking triggering 

coronary recurrences, heart failure and cardiovascular death (25, 26). The average level of LDL 

cholesterol in these young patients was noticeably higher than the average usual MI population 
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(27). Although improving over time, the proportion of patients with on-treatment LDL 

cholesterol plateau levels above 0.7 g/L was high, suggesting unrecognized heterozygous 

familial hypercholesterolemia but also insufficient treatment intensity (online Table 1). (28, 29). 

The increasing proportion of new onset of diabetes over time in patients with recurrent adverse 

event is another intriguing finding which indicates partial failure of our behavioral programs 

with respect to physical activity and diet.  

The 10% of patients with chronic inflammatory disease had accelerated atherothrombosis 

with more frequent recurrent events. Chronic inflammation together with the cardiometabolic 

effects of corticosteroids or antiretroviral drugs may have participated to CAD progression. High 

platelet reactivity on P2Y12 inhibitors and potential drug-drug interactions are also additional 

explanatory factors (30). Ethnicity is a non-modifiable risk factor involving both genetics and 

habits - that impacted long-term outcomes of young patients (31). Young sub-Saharan African 

patients carried the higher burden of cardiovascular disease. Previous similar findings have 

associated this higher risk with a more frequent hypertension, diet habits and unequal access to 

prevention and healthcare (32). Asian ethnicity is particular to the AFIJI registry recruitment 

with patients originating from south-east Asia where the prevalence of diabetes and multivessel 

disease is high. Several Indian and South-east Asian registries have described an early onset of 

coronary artery disease, with a median age of 55 years old compared to 65 years old in western 

countries (33).  

Ethnicity, chronic inflammatory disease, familial history of premature CAD and early 

menopause have been listed as risk-enhancers in the American guidelines on blood cholesterol 

management (34). The present results display additional evidence and variables to support 

tailored secondary prevention strategies for these young patients. Non-invasive imaging methods 
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to better predict the potential evolution of the non-culprit coronary plaques in these specific 

subgroups needs further investigation. In particular, CT scan data combined with deep 

phenotyping including LDL-cholesterol on statin therapy may further help refinement of the 

intensity of lipid-lowering therapies with dedicated machine learning algorithms (34–36). 

Whether we can improve the long-term prognosis of these patients is a pending issue.  

Better control of the risk factors and treatment adherence are known challenges for secondary 

prevention. It is likely that a more aggressive secondary prevention using PCSK9 inhibitors and 

new antidiabetic drugs, which reduce both MACE and mortality, would be of incremental value 

in this high-risk population with frequent dyslipidemia and new onset of diabetes (37–39). 

Lifestyle changes is often difficult to obtain but the potential benefit of the Mediterranean diet 

and physical activity are well demonstrated (2, 40). The residual risk related to chronic 

inflammation is another target in this young population. Interleukin-1β inhibition with 

canakinumab was effective in reducing cardiovascular events in a different high-risk 

atherosclerosis population, particularly those with elevated markers of inflammation (41). Anti-

inflammatory therapy may have cardiovascular efficacy in AFIJI-type patients considering the 

independent risk prediction of inflammatory disease we observed. Whether tailored therapy 

according to inflammatory biomarkers may improve outcome of these young patients needs to be 

addressed. 

Limitations 

There are several limitations inherent to this long-term prospective registry. First, 

advances in secondary pharmacological prevention treatment and in myocardial 

revascularization technology may have created a time-confounding bias not entirely addressed 

by the use of time-dependent variables and the time-stratified cox model. Similarly, statistical 
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modelling could only partially balance the discrepancies in the measurement of time-dependent 

variables between patients with and without recurrent events. Second, asymptomatic patients did 

not undergo systematic coronary imaging investigations and we may have underestimated 

progression of the disease in some of these patients. Third, this AFIJI cohort outlines the role of 

ethnicity which may be confounded by other socio-economic factors. Finally, changes in 

physical activity or diet were not captured in this survey as well as psychological traits, all being 

additional prognostic factors of coronary disease.  

Conclusions 

Premature coronary artery disease is a chronic and aggressive disease, with a high rate of 

recurrences and a rapid evolution towards multivessel disease. Ethnicity and chronic 

inflammation, along with traditional modifiable risk factors including pursuit of smoking and 

new onset of diabetes appear to be important factors of poor outcomes. Intensification of the 

current secondary prevention measures is desirable to prevent the evolution of the disease 

towards multivessel disease, repeated coronary events and heart failure.  
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CLINICAL PERSPECTIVES 

Competency in Medical Knowledge:  Ethnicity, chronic inflammation and behavior-related risk 

factors are the most important contributors to the poor prognosis of young patients with 

premature coronary artery disease.  

Translational Outlook: More research is needed to design and validate specific programs that 

reduce the incidence of ischemic events in patients with premature coronary artery disease 

through modification of behavioral and biological risk factors. 

   



18 

References 

1. Yusuf S, Rangarajan S, Teo K, et al. Cardiovascular Risk and Events in 17 Low-, Middle-, and 

High-Income Countries. N. Engl. J. Med. 2014;371:818–827. 

2. Khera AV, Emdin CA, Drake I, et al. Genetic Risk, Adherence to a Healthy Lifestyle, and 

Coronary Disease. N. Engl. J. Med. 2016;375:2349–2358. 

3. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors associated 

with myocardial infarction in 52 countries (the INTERHEART study): case-control study. Lancet 

Lond. Engl. 2004;364:937–952. 

4. Arora S, Stouffer GA, Kucharska-Newton AM, et al. Twenty Year Trends and Sex 

Differences in Young Adults Hospitalized With Acute Myocardial Infarction. Circulation 

2019;139:1047–1056. 

5. Lawesson SS, Stenestrand U, Lagerqvist B, Wallentin L, Swahn E. Gender perspective on risk 

factors, coronary lesions and long-term outcome in young patients with ST-elevation myocardial 

infarction. Heart Br. Card. Soc. 2010;96:453–459. 

6. Avezum A, Makdisse M, Spencer F, et al. Impact of age on management and outcome of acute 

coronary syndrome: observations from the Global Registry of Acute Coronary Events (GRACE). 

Am. Heart J. 2005;149:67–73. 

7. Puymirat E, Simon T, Steg PG, et al. Association of changes in clinical characteristics and 

management with improvement in survival among patients with ST-elevation myocardial 

infarction. JAMA 2012;308:998–1006. 

8. Singh A, Collins B, Qamar A, et al. Study of young patients with myocardial infarction: 

Design and rationale of the YOUNG-MI Registry. Clin. Cardiol. 2017;40:955–961. 



19 

9. Mohammad AM, Jehangeer HI, Shaikhow SK. Prevalence and risk factors of premature 

coronary artery disease in patients undergoing coronary angiography in Kurdistan, Iraq. BMC 

Cardiovasc. Disord. 2015;15:155. 

10. Sadeghi R, Adnani N, Erfanifar A, Gachkar L, Maghsoomi Z. Premature coronary heart 

disease and traditional risk factors-can we do better? Int. Cardiovasc. Res. J. 2013;7:46–50. 

11. Collet JP, Allali Y, Lesty C, et al. Altered fibrin architecture is associated with 

hypofibrinolysis and premature coronary atherothrombosis. Arterioscler. Thromb. Vasc. Biol. 

2006;26:2567–2573. 

12. Collet J-P, Hulot J-S, Pena A, et al. Cytochrome P450 2C19 polymorphism in young patients 

treated with clopidogrel after myocardial infarction: a cohort study. Lancet Lond. Engl. 

2009;373:309–317. 

13. Hulot J-S, Collet J-P, Cayla G, et al. CYP2C19 but not PON1 genetic variants influence 

clopidogrel pharmacokinetics, pharmacodynamics, and clinical efficacy in post-myocardial 

infarction patients. Circ. Cardiovasc. Interv. 2011;4:422–428. 

14. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial infarction. 

Eur. Heart J. 2012;33:2551–2567. 

15. Ahmed FE, Vos PW, Holbert D. Modeling survival in colon cancer: a methodological 

review. Mol. Cancer 2007;6:15. 

16. Bonaca MP, Bhatt DL, Cohen M, et al. Long-term use of ticagrelor in patients with prior 

myocardial infarction. N. Engl. J. Med. 2015;372:1791–1800. 

17. Bhatt DL, Flather MD, Hacke W, et al. Patients with prior myocardial infarction, stroke, or 

symptomatic peripheral arterial disease in the CHARISMA trial. J. Am. Coll. Cardiol. 

2007;49:1982–1988. 



20 

18. Mauri L, Kereiakes DJ, Yeh RW, et al. Twelve or 30 months of dual antiplatelet therapy after 

drug-eluting stents. N. Engl. J. Med. 2014;371:2155–2166. 

19. Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban with or without Aspirin in Stable 

Cardiovascular Disease. N. Engl. J. Med. 2017;377:1319–1330. 

20. Stone GW, Maehara A, Lansky AJ, et al. A prospective natural-history study of coronary 

atherosclerosis. N Engl J Med 2011;364:226–35. 

21. Ahmadi A, Leipsic J, Blankstein R, et al. Do plaques rapidly progress prior to myocardial 

infarction? The interplay between plaque vulnerability and progression. Circ. Res. 2015;117:99–

104. 

22. Motoyama S, Sarai M, Harigaya H, et al. Computed tomographic angiography characteristics 

of atherosclerotic plaques subsequently resulting in acute coronary syndrome. J. Am. Coll. 

Cardiol. 2009;54:49–57. 

23. Kotseva K, Wood D, De Bacquer D, et al. EUROASPIRE IV: A European Society of 

Cardiology survey on the lifestyle, risk factor and therapeutic management of coronary patients 

from 24 European countries. Eur. J. Prev. Cardiol. 2016;23:636–648. 

24. Critchley JA, Capewell S. Mortality risk reduction associated with smoking cessation in 

patients with coronary heart disease: a systematic review. JAMA 2003;290:86–97. 

25. Haig C, Carrick D, Carberry J, et al. Current Smoking and Prognosis After Acute ST-

Segment Elevation Myocardial Infarction: New Pathophysiological Insights. JACC Cardiovasc. 

Imaging 2018. 

26. Sharma SP, Dahal K, Rijal J, Fonarow GC. Meta-Analysis Comparing Outcomes of Smokers 

Versus Nonsmokers With Acute Coronary Syndrome Underwent Percutaneous Coronary 

Intervention. Am. J. Cardiol. 2018;122:973–980. 



21 

27. Guerin M, Silvain J, Gall J, et al. Association of Serum Cholesterol Efflux Capacity With 

Mortality in Patients With ST-Segment Elevation Myocardial Infarction. J. Am. Coll. Cardiol. 

2018;72:3259–3269. 

28. Singh A, Gupta A, Collins BL, et al. Familial Hypercholesterolemia Among Young Adults 

With Myocardial Infarction. J. Am. Coll. Cardiol. 2019;73:2439–2450. 

29. Singh A, Collins BL, Gupta A, et al. Cardiovascular Risk and Statin Eligibility of Young 

Adults After an MI: Partners YOUNG-MI Registry. J. Am. Coll. Cardiol. 2018;71:292–302. 

30. Hauguel-Moreau M, Boccara F, Boyd A, et al. Platelet reactivity in human 

immunodeficiency virus infected patients on dual antiplatelet therapy for an acute coronary 

syndrome: the EVERE2ST-HIV study. Eur. Heart J. 2017;38:1676–1686. 

31. Meadows TA, Bhatt DL, Cannon CP, et al. Ethnic differences in cardiovascular risks and 

mortality in atherothrombotic disease: insights from the Reduction of Atherothrombosis for 

Continued Health (REACH) registry. Mayo Clin. Proc. 2011;86:960–967. 

32. Howard G, Cushman M, Moy CS, et al. Association of Clinical and Social Factors With 

Excess Hypertension Risk in Black Compared With White US Adults. JAMA 2018;320:1338–

1348. 

33. Sharma M, Ganguly NK. Premature Coronary Artery Disease in Indians and its Associated 

Risk Factors. Vasc. Health Risk Manag. 2005;1:217–225. 

34. Grundy SM, Stone NJ, Bailey AL, et al. 2018 

AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on 

the Management of Blood Cholesterol: A Report of the American College of 

Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J. Am. Coll. 

Cardiol. 2018:25709. 



22 

35. Tota-Maharaj R, Blaha MJ, McEvoy JW, et al. Coronary artery calcium for the prediction of 

mortality in young adults <45 years old and elderly adults >75 years old. Eur. Heart J. 

2012;33:2955–2962. 

36. Kanaya AM, Kandula NR, Ewing SK, et al. Comparing Coronary Artery Calcium among 

U.S. South Asians with Four Racial/Ethnic Groups: The MASALA and MESA studies. 

Atherosclerosis 2014;234:102–107. 

37. Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and Clinical Outcomes in Patients 

with Cardiovascular Disease. N. Engl. J. Med. 2017;376:1713–1722. 

38. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and 

Mortality in Type 2 Diabetes. N. Engl. J. Med. 2015;373:2117–2128. 

39. Mann JFE, Ørsted DD, Brown-Frandsen K, et al. Liraglutide and Renal Outcomes in Type 2 

Diabetes. N. Engl. J. Med. 2017;377:839–848. 

40. Estruch R, Ros E, Salas-Salvadó J, et al. Primary Prevention of Cardiovascular Disease with 

a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. N. Engl. J. Med. 

2018;378:e34. 

41. Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory Therapy with Canakinumab for 

Atherosclerotic Disease. N. Engl. J. Med. 2017;377:1119–1131. 

 

  



23 

Figure Legends 

Figure 1: Cumulative exposure to time-dependent major risk factors according to the 

occurrence of major cardiovascular events: new onset of diabetes (A) and smoking status 

(B). *Time delays to recurrences and to risk factor evaluations were stratified and matched 

between patients with recurrences and patients without recurrences. Cumulative rates of diabetes 

(A) and active smoking (B) in patients with ischemic recurrences from baseline to first, second 

or third recurrence is compared with the cumulative rate of each risk factor in patients without 

ischemic recurrence, from baseline to last known status within a corresponding period of time.  

Figure 2: Hazard Ratio plot of multivariate stratified Cox Model using repeated 

measurements for first recurrence (A) and multiple recurrences (B). Both models were time-

stratified Cox regression model including variables with a univariate p-value<0.2as well as age, 

initial presentation (myocardial infarction or stable coronary artery disease), ethnicity, 

cardiovascular risk factors, LDL-C level, inflammatory disease and revascularization status.  

LDL-C, diabetes, and active smoking were treated as time-dependent co-variates. *Caucasian 

was used as a reference. ACS stands for acute coronary syndrome, CAD for coronary artery 

disease, LDL-C for low-density lipoprotein cholesterol. 

Central Illustration: Primary endpoint according to new lesions versus initial culprit lesion. 

Time-to-Event Curves for Major Adverse Cardiovascular Events after inclusion in the 

AFIJI cohort. MACE stands for major adverse cardiovascular events, HR stands for Hazard 

Ratio. 
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Table 1: Baseline patient’s characteristics according to occurrence of a first MACE. 

 Baseline characteristics 
Total Population 

n= 880 

Recurrent events                                

n = 264 

No recurrent 

events 

n=616 

P value 

  

Age - year  (mean) 40.1 ± 5.7 39.6±5.7 40.2±5.7 0.1 

age – year (median)                                      41.4 (36.5-44.2)  41.5 (36.9–44.3) 41.1 (36.0-44.0)   

Age < 35 %  160 (18.2%) 58 (22.0%) 102 (16.6%)   

Female gender 117 (13.3%) 33 (12.5%) 84 (13.6%) 0.1 

Body mass index (kg/m2) 26.1 ± 4.3 26.1 ± 4.7 26.1 ± 4.2   

Ethnic group         

White European 638 (72.5%) 189 (71.6%) 449 (72.9%) 0.3 

North Africa & Middle 

East 
166 (18.9%) 45 (17.0%) 121 (19.6%) 0.5 

Sub-Saharan Africa 46 (5.2%) 16 (6.1%) 30 (4.9%) 0.2 

Asian continent 30 (3.4%) 14 (5.3%) 16 (2.6%) 0.02 

Admission event       

Myocardial infarction 693 (78.8%) 195 (73.9%) 498 (80.8%) 0.8 

    Anterior 311 (35.3%) 87 (32.6%) 224 (36.3%)  

    Inferior 274 (31.1%) 72 (27.7%) 202 (32.8%)  

    Lateral 63 (7.2%) 19 (7.2%) 44 (7.1%)  

  Non-specific electric   

signs 
45 (5.1%) 17 (6.4%) 28 (4.5%)  

Stable angina 187 (21.3%) 69 (26.1%) 118 (19.1%) 0.5 

Risk factors*       

Familial history of CAD 359 (40.8%) 121 (45.8%) 238 (38.6%) 0.09 

Active cigarette smoking 680 (77.3%) 210 (79.6%)* 470 (76.3%)* 0.1 

Dyslipidaemia 443 (50.3%) 155 (58.7%) 288 (46.8%) 0.01 

LDL-Cholesterol (g/L) 1.69±1.30 1.99±1.46* 1.56±1.20* 0.004 

Arterial hypertension 178 (20.3%) 75 (28.4%) 103 (16.7%) 0.002 

Diabetes 94 (10.7%) 41 (15.5%)* 53 (8.6%)* <0.001 

Creatinine Clearance 130.3±44.9 126.7 ± 58.8 131.9±37.4 0.3 
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(mL/min) 

Chronic inflammatory 

disease*  
87 (9.9%) 45 (17.0%) 42 (6.8%) <0.001 

Coronary artery lesions 

MINOCA** 10 (1.1%) 1 (0.4%) 9 (1.4%)  

One-vessel disease 522 (59.3%) 111 (42.0%) 411 (66.7%) <0.001 

Two-vessel disease 181 (20.6%) 73 (27.7%) 108 (17.5%)  

Three-vessel disease 167 (18.9%) 79 (29.9%) 88 (14.3%)  

Number of lesion / patient  1.6±0.8 1.8±0.9 1.5±0.7  

LVEF* 55.3 ± 9.4 54.2 ± 10.4 55.8 ± 8.9   

Revascularization         

Yes 803 (91.2%) 252 (95.4%) 551 (89.4%)   

CABG            58 (6.6%) 29 (11.0%)  29 (4.7%) 0.02 

PCI with DES 452 (51.4%) 126 (47.7%) 326 (52.9%) 0.6 

PCI with BMS  293 (33.3%) 97 (36.7%) 196 (31.8%) 0.05 

Medical treatment         

Aspirin 858 (97.5%) 257 (97.3%) 601 (97.6%) 0.6 

Clopidogrel 528 (60.0%) 189 (71.6%) 339 (55.0%) 0.006 

Ticagrelor 80 (9.1%)     18 (6.8%) 62 (10.1%) 0.006 

Prasugrel    132 (15.0%)      32 (12.1%) 100 (16.2%) 0.1 

Statins 820 (93.2%) 243 (92.0%) 577 (93.7%) 0.2 

Beta-blockers 786 (89.3%) 238 (90.2%) 548 (89.0%) 0.1 

ARB / ACE-inhibitors 683 (77.6%) 213 (80.7%) 470 (76.3%) 0.2 

Oral anticoagulants 50 (5.7%) 16 (6.1%) 34 (5.5%) 0.4 

Footnote: CAD stands for coronary artery disease, LDL-Cholesterol for low-density lipoprotein 
cholesterol, MINOCA for myocardial infarction with non-obstructive coronary artery disease, 
LVEF for left ventricle ejection fraction, CABG for coronary artery bypass grafting, PCI for 
percutaneous coronary intervention, DES for drug-eluting stent, BMS for bare-metal stent, ARB 
for angiotensin II receptor blockers, ACE-inhibitors for Angiotensin converting 
enzyme inhibitors. *corresponds to the values observed before the first recurrence. * Human 

immunodeficiency virus (n=34), viral hepatitis (n=10), HIV-Hepatitis C co-infection (n=1) 

cancer (n=31) or systemic auto-immune disease (n=11) ** Only when confirmed by cardiac 
MRI.  
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Table 2: Major adverse cardiovascular events.  

  

 

Footnote: * (%) is the percentage of patients with a second recurrent MACE out of patients who had a first non-fatal recurrent MACE 
; ** (%) is the percentage of patients with 3 or more recurrent MACE out of patients with a second non-fatal second recurrent MACE.  
STEMI stands for ST-segment elevation Myocardial Infarction, NSTEMI for Non-ST-segment elevation myocardial infarction, PCI 
for Percutaneous Coronary Intervention, CABG: coronary artery bypass grafting.  

  
1st recurrence Time in years 2nd recurrence Recurrences  ≥ 3 Total Events 

Counts  

 
n=264/880 

(30.0%) 

median, (25th and 

75th percentile) 

n=81/225* 

(36.0%) 

n=54/70** 

(77.1%) 

All-cause Death 39 (4.4) 8.4, (3.2-15.9) 11 (4.9) 5 (7.1) 55  

Myocardial Infarction 131 (14.9) 3.7, (0.8 -7.8) 40 (17.8) 38 (54.3) 209  

            STEMI 47 (5.3) 4.1, (0.8-7.9) 10 (4.4) 12 (17.1) 69  

           NSTEMI 84 (9.5) 3.5, (0.7-7.7) 30 (13.3) 26 (37.1) 140  
Refractory Ischemia 
requiring revascularization 

88 (10.0) 5.1, (1.4-11) 28 (12.4) 11 (15.7) 127 

                PCI 66 (7.5) 6.3, (1.7-10.7) 18 (8.0) 2 (2.9) 85  

               CABG 22 (2.5) 2.8, (0.9-12.3) 10 (4.4) 9  (12.9) 41 

Ischemic Stroke 6 (0.7) 5.4, (1.8-8.4) 2 (0.9) 0 (0) 8  

Primary endpoint 264 (30.0) 4.2, (1.3-9.8)    
399 total events  
4.68 (4.23-5.18)           

events per 100 patient-years  

  








