MD Michel Farnier 
email: michelfarnier@nerim.net
  
PhD Clémence Salignon-Vernay 
  
Hermann Yao 
  
Frédéric Chague 
  
Philippe Brunel 
  
Maud Maza 
  
Msc Damien Brunet 
  
Florence Bichat 
  
Jean-Claude Beer 
  
MD Hermann Yao² 
  
MD Frédéric Chague² 
  
MD Maud Maza² 
  
MD Florence Bichat² 
  
PhD Jean-Claude Beer² 
  
MD Yves Cottin² 
  
PhD Marianne Zeller 
  
  
Prevalence, risk factor burden, and severity of coronary artery disease in patients with heterozygous familial hypercholesterolemia hospitalized for an acute myocardial infarction: Data from the French RICO survey

Keywords: Familial hypercholesterolemia, Myocardial Infarction, Prevalence, STEMI: ST-segment elevation myocardial infarction, PAD: peripheral artery disease, BMI: body mass index, IQR: interquartile range, LVEF: left ventricular ejection fraction

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Heterozygous familial hypercholesterolemia (FH) is an autosomal co-dominant genetic disease associated with significantly increased risk of atherosclerotic cardiovascular disease including myocardial infraction (MI) [START_REF] Nordestgaard | for the European Atherosclerosis Society Consensus Panel. Familial hypercholesterolaemia is underdiagnosed and undertreated in the general population: guidance for clinicians to prevent coronary heart disease[END_REF][START_REF] Gencer | Identifying familial hypercholesterolemia in acute coronary syndrome[END_REF]. The prevalence of heterozygous FH has been estimated to be 1:250 individuals in Western populations [START_REF] Benn | Mutations causative of familial hypercholesterolaemia: screening of 98 098 individuals from the Copenhagen General Population Study estimated a prevalence of 1 in 217[END_REF][START_REF] Wald | Child-parent familial hypercholesterolemia screening in primary care[END_REF]. In the general population, FH is underdiagnosed and, for many FH patients, the initial clinical manifestation is the occurrence of an acute coronary syndrome (ACS) [START_REF] Nordestgaard | for the European Atherosclerosis Society Consensus Panel. Familial hypercholesterolaemia is underdiagnosed and undertreated in the general population: guidance for clinicians to prevent coronary heart disease[END_REF][START_REF] Foody | Familial hypercholesterolemia: an under-recognized but significant concern in cardiology practice[END_REF]. As a consequence, the prevalence of FH is considerably higher among patients hospitalized for ACS compared with the general population [START_REF] Nanchen | Prevalence and management of familial hypercholesterolaemia in patients with acute coronary syndromes[END_REF][START_REF] Backer | Prevalence and management of familial hypercholesterolaemia in coronary patients: an analysis of EURO-ASPIRE I, a study of the European Society of Cardiology[END_REF][START_REF] Pang | Frequency of familial hypercholesterolemia in patients with early-onset coronary artery disease admitted to a coronary care unit[END_REF][START_REF] Rerup | The prevalence and prognostic importance of possible familial hypercholesterolemia in patients with myocardial infarction[END_REF][START_REF] Mortensen | Familial hypercholesterolemia among unselected contemporary patients presenting with first myocardial infarction: Prevalence, risk factor burden, and impact on age at presentation[END_REF][START_REF] Li | Identification of familial hypercholesterolemia in patients with myocardial infarction: a Chinese cohort study[END_REF][START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF][START_REF] Auckle | Familial hypercholesterolemia in Chinese patients with premature ST-segment-elevation myocardial infarction: Prevalence, lipid management and 1-year follow-up[END_REF].

Several recent studies have determined the prognostic impact of FH in patients after a first ACS [START_REF] Rerup | The prevalence and prognostic importance of possible familial hypercholesterolemia in patients with myocardial infarction[END_REF][START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF][START_REF] Auckle | Familial hypercholesterolemia in Chinese patients with premature ST-segment-elevation myocardial infarction: Prevalence, lipid management and 1-year follow-up[END_REF][START_REF] Nanchen | Prognosis of patients with familial hypercholesterolemia after acute coronary syndromes[END_REF][START_REF] Tscharre | Prognostic impact of familial hypercholesterolemia on long-term outcomes in patients undergoing percutaneous coronary intervention[END_REF]. However, the severity of coronary artery disease (CAD) has been poorly described in patients with FH hospitalized for an acute MI [START_REF] Yasuda | Coronary lesion morphology and prognosis in young males with myocardial infarction with and without familial hypercholesterolemia[END_REF]. Moreover, no data are available on the prevalence and characteristics of French patients with FH and hospitalized for MI. The detection of FH at time of an acute coronary event is not systematically performed in France, although these patients are at high risk of recurrence of cardiovascular events [START_REF] Béliard | High burden of recurrent cardiovascular events in heterozygous familial hypercholesterolemia: The French Familial Hypercholesterolemia Registry[END_REF].

Therefore, in the present study, we aimed to investigate the prevalence of FH, the risk factor burden and the severity of CAD at the time of admission in a coronary care unit (CCU) from a large database of a regional French registry (RICO registry) of patients with acute MI.

METHODS

Study population

This study was performed with the framework of the RICO (obseRvatoire des Infarctus de Côte d'Or) survey designed to include all consecutive ≥ 18 years patients hospitalized for an acute MI since 2001 in a multicenter registry of all the CCU of the region of Côte d'Or in France. Details regarding the methods of the RICO survey were previously reported [START_REF] Zeller | Relation between body mass index, waist circumference, and death after acute myocardial infarction[END_REF].

Briefly, baseline characteristics including demographic data, risk factors, treatments for hypercholesterolemia, family history of CAD (defined as premature CAD in first-degree relative < 55 years for men or 65 years for women), cardiovascular history and chronic treatments were prospectively collected. At admission, the following data were also collected: Killip class, ECG signs and hemodynamic parameters (heart arte (HR), systolic (SBP) and diastolic (DBP) blood pressure). Left ventricular ejection fraction (LVEF) was measured by echocardiography < 12h following admission. Blood sample was taken at admission for lipid profile. Hospital complications were determined and delays in time to admission as well as prolongation of stay in CCU). For each patient, GRACE (Global Registry of Acute Coronary Events) risk score, as a tool to assess mortality risk in acute MI (http://www.outcomesumassmed.org/grace/acs_risk/acs_risk_content.html) and SYNTAX (SYNergy between PCI with TAXus and cardiac surgery trial) score, as an index of CAD severity, were calculated [START_REF] Granger | Global Registry of Acute Coronary Events Investigators. Predictors of hospital mortality in the global registry of acute coronary events[END_REF]20].

Patients were recruited consecutively after obtaining written informed consent, with the exception of patients who died in the first hours after admission or with a severe cardiogenic shock. The study was conducted in compliance with Good Clinical Practice guidelines and the French data protection law. The protocol was approved by the Dijon University Hospital Committee for the Protection of Human Subjects and was declared to the Commission Nationale Informatique et Liberté.

For this study, 11 624 consecutive patients hospitalized between 2001 and 2017 were recruited.

Diagnosis of familial hypercholesterolemia

All patients were assessed for the presence of FH based on the Dutch Lipid Clinic Network (DLCN) criteria [START_REF] Hovingh | Diagnosis and treatment of familial hypercholesterolemia[END_REF], recommended by guidelines to diagnose FH in the general population in central European countries [START_REF] Nordestgaard | for the European Atherosclerosis Society Consensus Panel. Familial hypercholesterolaemia is underdiagnosed and undertreated in the general population: guidance for clinicians to prevent coronary heart disease[END_REF][START_REF] Catapano | ESC/EAS Guidelines for the management of dyslipidaemias[END_REF]. The score was calculated using points from the following criteria: premature family history of CAD for a first-degree relative (at age < 55 years for men and < 60 years for women; 1 point); premature personal history of CAD (2 points) or vascular disease (1 point); and plasma low-density lipoprotein cholesterol (LDL-C > 330 mg/dL (8 points), 250-329 mg/dL (5 points), 190-249 mg/dL (3 points), 155-189 mg/dL(1 point). In individuals on lipid-lowering therapy, LDL-C on admission was corrected according to type of agents: statin (+30%), ezetimibe (+20%), statin and ezetimibe (+40%). The choice for a conservative correction factor for statin therapy (+30%) is driven by the preferential use of moderate intensity statin in France. The presence of tendon xanthomas or corneal arcus, family history of hypercholesterolemia or vascular disease were not recorded in the database. Missing information was counted as zero, as done in previous studies [START_REF] Nanchen | Prevalence and management of familial hypercholesterolaemia in patients with acute coronary syndromes[END_REF][START_REF] Rerup | The prevalence and prognostic importance of possible familial hypercholesterolemia in patients with myocardial infarction[END_REF][START_REF] Tscharre | Prognostic impact of familial hypercholesterolemia on long-term outcomes in patients undergoing percutaneous coronary intervention[END_REF]. A probable/definite FH diagnosis was considered when the DLCN score was ≥ 6, a possible diagnosis when the score was 3-5 and unlikely when the score was < 3 points. The group of patients with probable/definite FH was compared with the group unlikely FH, called "no"FH.

Statistical analysis

Characteristics of patients are presented as median (interquartile range) for continuous variables and number (percentage) for categorical variables. Dichotomous variables were expressed as n(%) and continuous variables as median [interquartile range]. A Kolmogorov-Smirnov test was performed to analyse the normality of continuous variables. Mann-Whitney test was used to compare continuous data, and the Chi 2 test or Fisher's test was used for dichotomous data. The threshold for significance was set at 5%. In addition to the full cohort, a matched subset was built, with one FH patient matched with three patients without FH, based on age (±SD in whole population), sex and diabetes mellitus. For matching data, the Wilcoxon test was used instead of the Mann-Whitney test. SPSS version 12.0.1 (IBM Inc, USA) was used for all of the statistical tests.

RESULTS

Among 11624 patients hospitalized for acute MI, 249 (2.1%) had a probable/definite FH (score ≥ 6), 2405 (20.7%) a possible FH (score 3-5) and 8970 (77.2%) no FH (score < 3).

The baseline characteristics of patients with (probable/definite) FH and without (no) FH are reported on Table 1 for the whole population (called "Full cohort") and for the 2 matched cohorts built after adjustment for age, sex and diabetes (called "Matched subset").

The "probable/definite" FH groups was ≈ 20 years younger (p<.001), had a higher BMI (p=.016), a greater prevalence of smoking (p<.001), premature CAD (p<.001), family history of CAD (p<.001), but a lower prevalence of diabetes (p=.007), hypertension (p<.001) and stroke (p=.016). However after adjustment for age, sex and diabetes, the prevalence of hypertension was higher for patients with probable/definite FH (p=.002), and the history of stroke does not differ between the two groups, whereas patients with probable/definite FH have more history of peripheral artery disease (p=.018). After adjustment, the proportion of smokers was similar in the two groups.

As expected, median LDL-C was about twice as high (207 vs 112 mg/dL) for patients with probable/definite FH and more patients with probable/definite FH were receiving lipidlowering medications. However chronic statin treatment was only used in 48% of probable/definite FH patients and only 8% were receiving ezetimibe. The characteristics of the untreated versus treated patients with probable/definite FH are summarized on Suppl. Table 1: globally, a treatment was more frequent for the categories of patients at the highest risk (higher prevalence of patients with previous CAD, with diabetes and with hypertension for patients on lipid-lowering treatment). Patients with probable/definite FH and previous CAD are more likely to receive either statin therapy (84% in the full cohort and 87% in the matched subset) or ezetimibe treatment (25% in the full cohort and 32% in the matched subset). On the other hand, the coronary angiography data are similar in FH patients with and without treatment.

Table 2 shows data on coronary lesions at coronary angiography and Table 3 data on inhospital outcomes. After adjustment (post-matching data), the use of coronary angiography was similar for patients with and without FH. The GRACE risk score was lower for patients with probable/definite FH in both pre-and post-matched cohorts. However, after adjustment for age, sex and diabetes, patients with probable/definite FH were characterized by increased extent of CAD (SYNTAX score 11 vs 7, p<.001) (Figure 1) and multivessel disease (55% vs 40%, p<.001) (Figure 2) (Table 2). After adjustment, no significant differences appear on in-hospital outcomes (Table 3).

DISCUSSION

FH subjects are at high risk for acute MI, and characterization of CAD burden and FH pre valence in MI population are key issues for management strategies. In this large populationbased study, we show that about 2% of acute MI patients had FH, and these patients were characterized by their young age, severity of CAD disease and dramatic underuse of lipidlowering therapies.

As patients with FH have an increased risk of CAD compared to unaffected individuals, the prevalence of FH in patients hospitalized for an acute MI should be higher than estimated in the general Western populations (ie. 1 to 250 individuals). The prevalence of FH has not yet been reported in French patients hospitalized for ACS and in the present study, we show a prevalence 5-fold higher among patients hospitalized for an acute MI compared with the expected prevalence in the general population. The prevalence of 2.1% of probable/definite FH in this large database is in excellent agreement with data obtained in Switzerland (1.6% in the SPUM-ACS cohort) [START_REF] Nanchen | Prevalence and management of familial hypercholesterolaemia in patients with acute coronary syndromes[END_REF] and in Denmark (2.0% in patients with first MI) [START_REF] Mortensen | Familial hypercholesterolemia among unselected contemporary patients presenting with first myocardial infarction: Prevalence, risk factor burden, and impact on age at presentation[END_REF]. The higher prevalence reported in Australia by Pang et al. [START_REF] Pang | Frequency of familial hypercholesterolemia in patients with early-onset coronary artery disease admitted to a coronary care unit[END_REF] could be due to the larger correction factor used for adjustment of LDL-C in individuals on statins associated with a larger use of statins (68% vs 48%). Indeed the mean correction factor was 2.0 in the study from Pang et al. [START_REF] Pang | Frequency of familial hypercholesterolemia in patients with early-onset coronary artery disease admitted to a coronary care unit[END_REF] and only 1.48 in our study. The high prevalence (8.3%) found in EUROASPIRE IV [START_REF] Backer | Prevalence and management of familial hypercholesterolaemia in coronary patients: an analysis of EURO-ASPIRE I, a study of the European Society of Cardiology[END_REF] could be a reflection of the differences in recruitment methodology. As for the Danish cohort [START_REF] Mortensen | Familial hypercholesterolemia among unselected contemporary patients presenting with first myocardial infarction: Prevalence, risk factor burden, and impact on age at presentation[END_REF], all patients hospitalized for an acute MI were included in our consecutive study.

A study conducted in the Arabian Gulf using the same corrected factor for prior statin use has reported a higher prevalence 3.7% [START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF], close to Chinese data [START_REF] Li | Identification of familial hypercholesterolemia in patients with myocardial infarction: a Chinese cohort study[END_REF][START_REF] Auckle | Familial hypercholesterolemia in Chinese patients with premature ST-segment-elevation myocardial infarction: Prevalence, lipid management and 1-year follow-up[END_REF]. An elevated rate of consanguinity among Gulf citizens has been suggested as explanation [START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF]. As already reported in several cohorts [START_REF] Gencer | Identifying familial hypercholesterolemia in acute coronary syndrome[END_REF], the characteristics of patients with FH hospitalized for MI differ from patients without FH: they were younger (20 years younger in our cohort), had a higher prevalence of premature CAD and family history of CAD, and had lower incidence of diabetes. A lower prevalence of diabetes in FH has been well described in the Netherlands by comparing FH patients and their non-affected relatives [START_REF] Besseling | Association between familial hypercholesterolemia and prevalence of type 2 diabetes mellitus[END_REF]. In our study, after adjustment for age, sex and diabetes, patients with FH were more frequently hypertensive and had a higher prevalence of peripheral artery disease, in agreement with an increased risk recently reported for FH patients [START_REF] Emanuelsson | Familial hypercholesterolemia and risk of peripheral arterial disease and chronic kidney disease[END_REF]. The GRACE risk score was found lower for patients with FH, even after adjustment, in agreement with other reports [START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF][START_REF] Nanchen | Prognosis of patients with familial hypercholesterolemia after acute coronary syndromes[END_REF].

Patients with FH hospitalized for ACS or MI have a worse prognosis as already described in several populations, with an approximate 2-fold increased risk for recurrence of coronary or other cardiovascular events [START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF][START_REF] Nanchen | Prognosis of patients with familial hypercholesterolemia after acute coronary syndromes[END_REF][START_REF] Tscharre | Prognostic impact of familial hypercholesterolemia on long-term outcomes in patients undergoing percutaneous coronary intervention[END_REF]. By contrast, few data are available on the severity of the disease at the time of admission in a CCU: in a small cohort of 16 patients with FH compared to 27 non-FH patients, Yasuda et al. [START_REF] Yasuda | Coronary lesion morphology and prognosis in young males with myocardial infarction with and without familial hypercholesterolemia[END_REF] reported that the FH group more frequently had multiple-vessel disease while the non-FH group was likely to have singlevessel disease. Multivessel CAD was also found more common in two other studies, however conducted in patients with only possible FH [START_REF] Rerup | The prevalence and prognostic importance of possible familial hypercholesterolemia in patients with myocardial infarction[END_REF][START_REF] Auckle | Familial hypercholesterolemia in Chinese patients with premature ST-segment-elevation myocardial infarction: Prevalence, lipid management and 1-year follow-up[END_REF]. Recently, Li et al. [START_REF] Li | Familial hypercholesterolemia phenotype in Chinese patients undergoing coronary angiography[END_REF] have used the Gensini scoring system to assess the severity of CAD and reported an increase in the severity of CAD in Chinese patients with FH. Our data from a large cohort show a significant increase of multivessel CAD in patients with probable/definite FH versus no FH patients.

Moreover, the severity of CAD for FH patients is confirmed by a significant increase of the SYNTAX Score. These results were observed despite a greater use of statin therapy in the FH group, and reflected the high cumulative LDL-C burden associated with FH.

Several limitations need to be considered in the present study: First, there are missing data regarding the presence of tendon xanthomas or corneal arcus, and high cholesterol levels in the first degree family members; therefore the prevalence can be underestimated. The genetic testing was not performed to confirm the FH diagnosis. Nevertheless, our procedure for identifying FH has been employed in numerous previous publications [START_REF] Nanchen | Prevalence and management of familial hypercholesterolaemia in patients with acute coronary syndromes[END_REF][START_REF] Backer | Prevalence and management of familial hypercholesterolaemia in coronary patients: an analysis of EURO-ASPIRE I, a study of the European Society of Cardiology[END_REF][START_REF] Pang | Frequency of familial hypercholesterolemia in patients with early-onset coronary artery disease admitted to a coronary care unit[END_REF][START_REF] Rerup | The prevalence and prognostic importance of possible familial hypercholesterolemia in patients with myocardial infarction[END_REF][START_REF] Mortensen | Familial hypercholesterolemia among unselected contemporary patients presenting with first myocardial infarction: Prevalence, risk factor burden, and impact on age at presentation[END_REF][START_REF] Li | Identification of familial hypercholesterolemia in patients with myocardial infarction: a Chinese cohort study[END_REF][START_REF] Al-Rasadi | Prevalence, management, and outcomes of familial hypercholesterolemia in patients with acute coronary syndromes in the Arabian Gulf[END_REF][START_REF] Auckle | Familial hypercholesterolemia in Chinese patients with premature ST-segment-elevation myocardial infarction: Prevalence, lipid management and 1-year follow-up[END_REF][START_REF] Nanchen | Prognosis of patients with familial hypercholesterolemia after acute coronary syndromes[END_REF][START_REF] Tscharre | Prognostic impact of familial hypercholesterolemia on long-term outcomes in patients undergoing percutaneous coronary intervention[END_REF]. Second, the statin doses were not reported in this study and the LDL-C levels for FH diagnosis might have a degree of bias. However, we have adjusted LDL-C levels by a relatively low correction factor corresponding to a 30% LDL-C decrease on statin treatment to avoid an overestimation of patients with probable/definite FH. Moreover, we have only compared patients with probable/definite FH with patients unlikely FH. In addition to the size of the cohort, a strength of this study is the recruitment of all consecutive patients hospitalized for an acute MI in a French region.

CONCLUSIONS

In a large cohort from a French region, we found a high prevalence of FH in real world patients hospitalized for an acute MI. Patients with FH were associated with a greater severity of CAD burden. Despite a greater use of lipid-lowering therapy compared with patients without FH, about half of patients with FH were not receiving statin therapy before the acute event. This study confirms that FH is underdiagnosed and undertreated and strategies to optimize the identification and the management of FH patients should be advocated. 

Figure 1: Severity of CAD assessed by SYNTAX Score for patients with and without FH
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