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Aims

Heart failure (HF) in young adults is uncommon, and changes in its incidence and prognosis in recent years are poorly described.

Methods and results

The incidence and prognosis of HF in young adults (18-50 years) were characterized using nationwide medico-administrative data from the French National Hospitalization Database (period 2013-2018). A total of 1,486 877 patients hospitalized for incident HF were identified, including 70 075 (4.7%) patients aged 18-50 years (estimated incidence of 0.44‰ for this age group). During the study period, the overall incidence of HF tended to decrease in the overall population but significantly increased by ∼0.041‰ in young adults (P < 0.001). This increase was notably observed among young men (from 0.51‰ to 0.59‰, P < 0.001), particularly those aged 36-50 years. In these young men, ischaemic heart disease (IHD) was the most frequently reported cause of HF, whereas non-ischaemic HF was mainly observed in patients ≤ 35 years old. In contrast to non-ischaemic HF, the incidence of IHD increased over the study period, which suggests that IHD-related HF is progressively affecting younger patients. Concordantly, young HF patients presented with high rates of traditional IHD risk factors, including obesity, smoking, hypertension, dyslipidaemia, or diabetes. Lastly, the rates of re-hospitalization (for HF or for any cause) within two years after the first HF event and in-hospital mortality were high in all groups, indicating a poor-prognosis population.

Conclusion

Strategies for the prevention of HF risk factors should be strongly considered for patients under 50 years old.

Introduction

Heart failure (HF) is a major clinical and public health challenge that affected ∼64.3 million people worldwide in 2017. [START_REF] Roberts | Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis for the global burden of disease study[END_REF] HF incidence is known to increase with age, and the median age of HF patients in Western countries exceeds 70 years. Therefore, HF is primarily considered to be a disease affecting the elderly, and most HF studies are focused on this group. However, recent studies indicated that the HF burden among the young population (defined as people < 50 years old) is increasing. [START_REF] Groenewegen | Epidemiology of heart failure[END_REF][START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF][START_REF] Jain | Trends in HF hospitalizations among young adults in the United States from 2004 to 2018[END_REF] Few specific studies have reported the incidence, aetiologies, and prognostic trends in these younger HF patients. [START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF][START_REF] Bibbins-Domingo | Racial differences in incident heart failure among young adults[END_REF][START_REF] Wong | Heart failure in younger patients: the meta-analysis global group in chronic heart failure (MAGGIC)[END_REF][START_REF] Wong | Clinical characteristics and outcomes of young and very young adults with heart failure: the CHARM programme (candesartan in heart failure assessment of reduction in mortality and morbidity)[END_REF] The rates of HF hospitalizations have remained steady in France, whereas mortality due to HF decreased by ∼3% annually during the last decade. [START_REF] Gabet | National trends in rate of patients hospitalized for heart failure and heart failure mortality in France, 2000-2012[END_REF] The same trends were observed in Sweden, Denmark and Scotland, where mortality due to HF has progressively decreased since the early 1990s. [START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF][START_REF] Christiansen | Age-Specific trends in incidence, mortality, and comorbidities of heart failure in Denmark, 1995 to 2012[END_REF][START_REF] Stewart | Trends in hospitalization for heart failure in Scotland, 1990-1996. An epidemic that has reached its peak?[END_REF] Whether these favourable trends occur in the general population of patients with HF independent of age has, to our knowledge, not been examined.

HF is the final stage of a wide range of cardiac impairments, and myocardial ischaemia is the prevailing cause in older patients. However, specific non-ischaemic HF aetiologies (including congenital heart disease, myocarditis, different types of cardiomyopathies, or toxic-related lesions of the myocardium) are more frequently observed among younger patients. [START_REF] Ziaeian | Epidemiology and aetiology of heart failure[END_REF] Data from the Swedish hospital discharge Registry and from the Framingham Heart Study suggest that the increasing burden of HF earlier in life may be explained by an increase in the prevalence of metabolic (i.e. obesity and diabetes) risk factors for HF combined with a higher attributable weight of these risk factors among younger people. [START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF][START_REF] Tromp | Age dependent associations of risk factors with heart failure: pooled population based cohort study[END_REF] These factors are well-known contributors to ischaemic HF that develops in older patients. Whether the incidence of HF cases can be attributed to a change in the incidence of ischaemic or nonischaemic causes of HF in younger patients has yet to be deciphered.

In this study, we used data from the French National Hospitalization Database (Programme de Médicalisation des Systèmes d'Information, PMSI) to investigate recent trends in HF incidence among patients under 50 years old. We also investigated gender-and age-specific trends in HF incidence and underlying aetiologies in this population.

Methods

Study design and data source

We performed a retrospective cohort study using data from patients with HF extracted from the Programme de Médicalisation des Systèmes d'Information (PMSI) French national database. The PMSI medical and administrative database contains standardized discharge reports for all patients discharged from all public or private hospitals in France, and it covers a population of ∼67 million French people. Each discharge report provides administrative and demographic data, discharge diagnoses, procedures, and comorbidities. Diagnoses are encoded as primary or secondary using the French version of the International Classification of Diseases, 10th revision (ICD-10). Discharge reports are mandatory and serve as the basis for hospital funding. The PMSI database includes a unique anonymous identifier for each patient; this enables all stays by the same patient to be linked, even if the stays were in different establishments. [START_REF] Girard | Epidemiology of pulmonary tuberculosis in France. Can the hospital discharge database be a reliable source of information?[END_REF] 

Patient selection

Patients included in this study were incident cases of HF who were admitted to hospital between 2013 and 2018 in France. These patients were identified in the PMSI database by at least one stay coded with an I50 (ICD-10) diagnosis corresponding to Heart Failure and no stay coded with this code in 2011 and 2012. This timeframe was selected as optimal to identify incident HF as we found that a second HF stay occurred in the first 2 years after the first HF events for the very large majority (∼85%) of patients (data not shown). We subsequently grouped the patients aged 18-50 years according to gender and age group (18-30, 31-35, 36-40, 41-45, and 46-50 years old) for further analysis. This study complied with rules of the French Data Protection Committee (Commission Nationale Informatique et Liberté, CNIL, MR-005, registration number: F20220208162131).

Extracted variables

We extracted age and gender data at the time of the first hospitalization stay for HF and all hospitalization stay's dates and diagnoses and their outcome (death) from 2011 until 2020, as nationwide hospitalization data were available only after this period (see Supplementary material online, Tables S1 andS2).

Statistical methods

To calculate incidences of HF for each year from 2013 to 2018, the number of new cases of HF was divided by the French population estimate of the corresponding age group. The French population of 2013 was selected as the reference. Annual incidences by age were calculated as the averages over the study period of incidences per age. P-values were obtained from χ² test statistics for binary variables. Cochran-Armitage trend test was used to assess for changes in incidence over time. The binomial law was used to estimate confidence intervals when possible. Additional statistical methods are reported in Supplementary material online.

For each age group and gender, we then calculated the incidence of patients presenting with the main aetiologies. Patients were classified into one of three aetiological subgroups: ischaemic heart disease (IHD), myocarditiscardiomyopathy, and other causes (other-not stated) according to ICD-10 codes (see Supplementary material online, Table S1). All patients with an ICD-10 code between I20 and I25 within the 2 years prior to or at the time of hospitalization for the first HF event were placed in the IHD group. For patients without an ICD-10 code between I20 and I25, a patient was placed in the myocarditis-cardiomyopathy group if he/she had an ICD-10 code between I40 and I43 within the 2 years prior to or at the time of hospitalization for the first HF event. Finally, remaining patients without these ICD-10 codes were classified in the other group. Incidences of each subgroup were calculated for each age group and gender along with their 95% confidence interval assuming a binomial distribution. A survival analysis with reversed time was performed to explore time to first prior hospitalization using Kaplan-Meier estimates according to aetiology, age group and gender subgroups.

Finally, to investigate the prognosis of patients with HF, we calculated the observed proportion of re-hospitalization for HF for any cause within the 2 years after the first HF event and of hospital death within 2 years or at the time of first HF event by age group, gender, and aetiological subgroup.

Results

General trends

Between 2013 and 2018, we identified 1 486 877 patients hospitalized for incident HF among the 67 million French inhabitants covered in the PMSI database. Among these patients with incident HF, 467 031 (31.4%) were patients aged 18-70 years and 70 075 (4.7%) were patients aged 18-50 years (Table 1). About one-third of HF patients aged 18-70 years were women.

By the end of the study period, the incidence of HF was estimated to be 3.65‰ in the whole French population and 0.44‰ in the young (18-50 years old) French population. In the whole French population, the overall incidence of HF decreased over the 2013-18 period from 3.99‰ to 3.65‰ (P < 0.001, Figure 1A), whereas we observed a significant increase of ∼0.041‰ in the incidence of HF in the 18-50-year-old group (P < 0.001) (Figure 1B). This evolution was explained by a significant increase in the incidence of HF among young men (from 0.51‰ to 0.59‰, P < 0.001), whereas the incidence of HF among young women remained stable over the study period (∼0.28‰). The incidence exponentially increased by age, from ∼0.07‰ at 18 years old to 1.31‰ at 50 years old (Figure 1C). Figure 1D shows that the evolution of incidence of HF according to age was similar for men and women but remained higher in the young male population compared to the young female population at every investigated age. At 50 years old, the incidence of HF was more than two times higher for men than for women (1.84‰ vs. 0.80‰ respectively, P < 0.001).

We further described the evolution of HF incidence in men and women aged 18-50 years (Figure 1E). We observed a positive change in HF incidence over the study period after 30 years old for men and women, with a maximal change reached in the 36-40 year old age group (+22% for men and +17% for women). In age groups 41-45 and 46-50 years, changes observed in men were much higher (+16% and +14%, respectively) than those in women (+3% and +1%, respectively) (Figure 1E).

Underlinying heart failure causes and trends in prevalence over the study period

Figure 2A shows the incidence of HF hospitalizations with a concomitant diagnosis or a diagnosis within the prior 2 years of either myocarditis-cardiomyopathy, IHD, or other causes according to gender and age group. Myocarditis-cardiomyopathy and IHD diagnoses were found in 23% and 20%, respectively, of patients aged 18-50 years, whereas these incidences were 11% and 30% for patients aged 51-70 years. We also found that the incidence of IHD-related HF was positively associated with age, whereas the incidence of patients with a myocarditiscardiomyopathy diagnosis significantly decreased with age in both genders. Myocarditis-cardiomyopathy diagnostic codes were more frequently found in the youngest HF patients and decreased across all age groups from 32% to 11% in men and from 22% to 11% in women.

Reciprocally, the incidence of IHD-related HF patients was minimal for the youngest HF patients (10% and 6% in men and women, respectively) but was more likely than myocarditis-cardiomyopathy at a younger age for men than for women (36-40 years old for men vs. 41-45 years old for women). The incidences of patients diagnosed with IHD-related HF in the 46-50-year-old age group (38% and 23% in men and women, respectively) were similar to those observed in the 51-70-year-old age group (37% and 24% in men and women, respectively), suggesting that a plateau was reached by age 46 for both genders. The large and heterogeneous group of patients in the other group (i.e. patients without a concomitant diagnosis of either myocarditis-cardiomyopathy of IHD within the prior 2 years or at the time of hospitalization) showed no qualitative differences between age groups, but a difference between genders was detected, with rates higher in women than in men (P < 0.001). Corresponding data to Figure 2A are provided in Supplementary material online, Table S3.

We identified a significant increase in HF incidence in young men aged 41-50 years over the 2013-18 study period (Figure 1E). A significant increase in the incidence of IHD-related HF (from 40% to 43%, P < 0.001, Figure 2B) occurred, whereas incidences of a concomitant diagnosis of myocarditis-cardiomyopathy or other-not stated diagnoses decreased or were stable over the study period (Figure 2B; Supplementary material online, Table S4).

Figures 2C-F are Kaplan-Meier estimations of having an IHD or a myocarditis-cardiomyopathy diagnostic code, respectively, before the first HF event for men and women according to age group. Overall, these time-reversed graphs showed that HF cause was reported at the time of HF hospitalization for the majority of patients aged < 50 years, both for IHD and for myocarditis-cardiomyopathy. In contrast, the incidence of patients with a known IHD prior the first HF event was much more important in patients aged 51-70 years (Figure 2C and D), but this pattern was not observed for myocarditis-cardiomyopathy (Figure 2E andF). Overall, these data show that the ischaemic origin of HF became highly prevalent in men > 40 years old and in women > 45 years old but not in younger patients with very premature HF.

We next looked at the prevalence of diagnostic codes related to cardiovascular risk factors, lifestyle habits, and other cardiac and non-cardiac disorders in these patients. We found that the overall burden of comorbidity in this young HF population was substantial. Table 2 shows that the population of young HF patients had more major HF risk factors (and often multiple factors) than anticipated in such a young population in France. [START_REF] Cherfan | Unhealthy behaviors and risk of uncontrolled hypertension among treated individuals-the CONSTANCES population-based study[END_REF][START_REF] Blacher | Prevalence and management of hypercholesterolemia in France, the Esteban observational study[END_REF][START_REF] Vallee | Patterns of hypertension management in France in 2015: the ESTEBAN survey[END_REF][START_REF] Chevreul | The burden and treatment of diabetes in France[END_REF] Indeed, the classical atherosclerotic risk factors (i.e. smoking, hypertension, dyslipidaemia, diabetes, or obesity) were substantially high and significantly more frequent in patients with IHD than in patients with myocarditis-cardiomyopathy or others diagnosis. Similarly, unhealthy lifestyles habits (smoking, alcohol or drug use) and cancer were frequently found in this population, regardless of gender. We further looked to temporal trends in HF risk factors (see Supplementary material online, Figure S1) and found a significant increase in the rates of smoking habits and obesity over the study period in patients presenting incident HF, whereas the rates of other risk factors were stable or decreasing. 

Prognosis of young patients with heart failure

Figure 3A-C illustrates the probability of re-hospitalization for HF (Figure 3A) or for any causes (Figure 3B) and the probability of death for any causes (Figure 3C) within 2 years after the first HF hospitalization. Corresponding estimates are provided in Supplementary material online, Table S5. For patients aged 18-50 years, proportions of re-hospitalization for HF were ∼24% and 30% for patients with IHD-related HF and myocarditis-cardiomyopathy diagnoses, respectively, and 31% and 35%, respectively, for patients aged 51-70 years. It remained stable over age group for IHD-related HF and myocarditis-cardiomyopathy, whereas it increased from 15% to 23% over age group for patients with a diagnosis of other-not stated. The proportion of re-hospitalization for any cause was ∼75% and remained stable over age groups and gender. The proportion of deaths in hospital for any cause within 2 years after the first HF hospitalization was high, at ∼10% for patients aged 18-50 years, and it was similar between patients with IHD and myocarditiscardiomyopathy. Patients with other causes displayed higher all-cause mortality rates, indicating that these patients were likely to have additional extra-cardiac conditions.

Discussion

In this nationwide study conducted in France using data from 2013 to 2018, we found that HF was rare in patients aged < 50 years (4.7%), but HF incidence progressively increased in young men and particularly in those aged 36-50 years. In these patients, IHD was the most frequently reported cause of HF, and its incidence increased over the study period. This result suggests that IHD-related HF is increasing and is progressively affecting younger patients. Concordantly, we found that young HF patients frequently presented with multiple comorbidities, including high rates of traditional risk factors for IHD. The proportion of re-hospitalization (for HF or for any cause) within 2 years after the first HF event was high for the entire study population (∼25% for HF and 75% for any causes) regardless of the primary aetiology and age group, indicating a population at poor prognosis. In-hospital mortality rates also were high (roughly 10%). The strength of our study is the large patient cohort that included the entire French population hospitalized for HF from 2011 to 18 (1 486 877 patients regardless of age). Patients from 18 to 70 years old were followed over a median of 73 months before and 58 months after first HF event.

Previous data from Sweden, the USA, and Australia have shown that HF admissions levelled off and eventually declined during the last two decades. [START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF][START_REF] Jain | Trends in HF hospitalizations among young adults in the United States from 2004 to 2018[END_REF][START_REF] Weber | Changing age-specific trends in incidence, comorbidities and mortality of hospitalised heart failure in Western Australia between 2001 and 2016[END_REF][START_REF] Andersson | Epidemiology of cardiovascular disease in young individuals[END_REF] This is in line with the overall trend observed in our study in France, indicating a worldwide tendency. [START_REF] Groenewegen | Epidemiology of heart failure[END_REF] However, we found that epidemiological trends in France depended on age, with increasing HF incidence in the young male population. This confirms and expands the progressive increase in HF incidence in young patients previously reported in Sweden. [START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF] By analysing the associated diagnostic codes, we found that this increase in young men was likely linked to an increase of ischaemic HF. We found that IHD-related HF was one of the most prevalent causes of HF in men > 40 years old and women > 45 years old but not in younger patients with very premature HF, who were more likely to present with cardiomyopathies. The higher likelihood of observing IHD-related HF in young men is supported by observations from others countries. In the USA, more than 200,000 30-54-year-old patients were hospitalized every year with a diagnosis of acute myocardial infarction, [START_REF] Andersson | Epidemiology of cardiovascular disease in young individuals[END_REF] and men had the highest incidence rate across all age groups. [START_REF] Virani | Heart disease and stroke statistics-2020 update: a report from the American Heart Association[END_REF] Similar results were reported in the UK, where the prevalence of acute myocardial infarction reach 0.5% in men and 0.18% in women aged 35-44 years. [START_REF] Egred | Myocardial infarction in young adults[END_REF] The progressive increase of IHD at younger age can be linked to the overall increase of inactivity, atherothrombosis risk factors, and related comorbidities. [START_REF] Park | The health status of young adults in the United States[END_REF] Smoking, hypertension, dyslipidaemia, diabetes, and obesity are classical risk factors leading to atherosclerosis and coronary artery disease and were frequently observed in our patients (notably in those with IHD-related HF) as compared to the known incidences in healthy French people of the same age. In addition, even if we cannot ensure a direct causality link with the increase of IHD, we found a significant increase over the study period in the rates of smokers and obesity suggesting that preventive efforts should be particularly strengthened regarding these two major risk factors. The CONSTANCES study, a general prospective population-based cohort with 200 000 French adults aged 18-69 years at inception, reported that 12.5% and 10.3% of French women and men, respectively, aged 18-49 years presented with obesity (BMI > 30 kg.m -2 ), whereas 22.9% were obese in our population. [START_REF] Cherfan | Unhealthy behaviors and risk of uncontrolled hypertension among treated individuals-the CONSTANCES population-based study[END_REF] According to the French national ESTABAN study, the expected rate of arterial hypertension among the young men (18-34, 53-44, and 45-54 years old) should be 11.7%, 17%, and 36.6% respectively. [START_REF] Vallee | Patterns of hypertension management in France in 2015: the ESTEBAN survey[END_REF] Moreover, the prevalence of arterial hypertension is significantly lower among young women (18-34, 53-44, and 45-54 years old), at 1.5%, 9.1%, and 21.1%, respectively. [START_REF] Vallee | Patterns of hypertension management in France in 2015: the ESTEBAN survey[END_REF] The expected rate of dyslipidaemia (e.g. hypercholesterolaemia) among the French population (47.3 ± 14.6 years old) should be 23.3% (27.8% for men and 19.0% for women) according the ESTABAN study, [START_REF] Blacher | Prevalence and management of hypercholesterolemia in France, the Esteban observational study[END_REF] but it exceeded 30% in young HF patients with IHD. Finally, the number of diabetic patients (type 1 or 2) among our population was much higher than anticipated by the French Health Insurance agency (Système national d'information inter-régimes de l'assurance maladie, Sniiram), as only 2.5% of the young French population present with diabetes. [START_REF] Chevreul | The burden and treatment of diabetes in France[END_REF][START_REF] Mandereau-Bruno | Prévalence du diabète traité pharmacologiquement (tous types) en France en 2015. Disparités territoriales et socio-économiques[END_REF] In our study, young French patients with IHD-related HF also presented with significantly higher rates of risk factors. A recent study reported important age differences in the effect of traditional risk factors on the development of future HF. Specifically, risk factors for HF carried a stronger relative risk among young people compared to older people. [START_REF] Tromp | Age dependent associations of risk factors with heart failure: pooled population based cohort study[END_REF] These results have to be interpreted in line with the dramatic increase in the prevalence of metabolic diseases with cardiac consequences in young people. [START_REF] Park | The health status of young adults in the United States[END_REF] Our data likely suggest a progressive increase in the prevalence of IHD-related HF in younger patients.

The incidence of HF in young patients can also be influenced by socio-economic factors that were not investigated in our study. Recent studies have reported that HF patients in low-middle-income countries were younger than patients in high-income countries. [START_REF] Groenewegen | Epidemiology of heart failure[END_REF][START_REF] Agbor | An overview of heart failure in low-and middle-income countries[END_REF] A recent study in the U.S. showed that nearly half of young patients with HF reside in zip codes in the lowest quartile of national household income. [START_REF] Jain | Trends in HF hospitalizations among young adults in the United States from 2004 to 2018[END_REF] Additional analyses will be now be needed to better define the relations between HF incidence, HF risk factors and socio-economic factors in young vs. older patients.

We also found that young HF patients had a poor prognosis that was comparable to that observed in older patients, with a high rate of rehospitalizations in the 2 years following HF diagnosis. HF is known to be associated with the highest 30-day readmission rate (around 20%-25%) regardless of the primary aetiology. [START_REF] Dharmarajan | Diagnoses and timing of 30-day readmissions after hospitalization for heart failure, acute myocardial infarction, or pneumonia[END_REF][START_REF] Patil | Readmissions among patients admitted with acute decompensated heart failure based on income quartiles[END_REF][START_REF] Jencks | Rehospitalizations among patients in the medicare fee-for-service program[END_REF] Gender also seems to have an impact on re-hospitalization among the elderly. In one study, women older than 60 years had a 2.5 times greater risk for rehospitalization than men. [START_REF] Howie-Esquivel | Effect of gender, ethnicity, pulmonary disease, and symptom stability on rehospitalization in patients with heart failure[END_REF] However, in our study the observed proportion of re-hospitalization was similar between men and women younger than 50 years. Additionally, some studies found that patients with HF presented with significant comorbidities and reported that 45% of rehospitalizations were non-cardiovascular related, [START_REF] Muzzarelli | Predictors of early readmission or death in elderly patients with heart failure[END_REF][START_REF] Aranda | Current trends in heart failure readmission rates: analysis of medicare data[END_REF] which is in line with our results. Patients who were readmitted had more peripheral vascular disease, diabetes, and stroke when compared with HF patients who were not readmitted after their index hospitalization. [START_REF] Aranda | Current trends in heart failure readmission rates: analysis of medicare data[END_REF] These studies indicate that comorbid conditions may be significant predictors of repeat hospitalization of HF patients.

Regarding proportion of death within 2 years after the first HF event, 2-year mortality data among young adults with HF are scarce. In line with our results, 1-year case fatality rates after a first HF hospitalization in a New South Wales, Australia, study were 13% in the 45-49-year-old age group. [START_REF] Robertson | The health services burden of heart failure: an analysis using linked population health data-sets[END_REF] The Swedish National Registry reported rates of 11%-12% for those aged 18-54 years, which is high but lower than that of older patients. [START_REF] Barasa | Heart failure in young adults: 20-year trends in hospitalization, aetiology, and case fatality in Sweden[END_REF] More recently, a Canadian study reported a 5-year mortality rate of 28% among patients aged 20-44 years. [START_REF] Wong | Heart failure in young adults is associated with high mortality: a contemporary populationlevel analysis[END_REF] We found concordant results in our study, and all of these reports highlight the important role of surveillance in the immediate post-discharge period. Practitioners should be warned of high re-hospitalization and mortality risks in young HF patients, and strict monitoring should be recommended.

Our study illustrates the need for better identification and prevention of HF in the young population. Our results suggest that many cases are related to modifiable risk factors, including smoking, obesity, dyslipidaemia, diabetes, and hypertension, as observed in young patients with first myocardial infarction. [START_REF] Yandrapalli | Modifiable risk factors in young adults with first myocardial infarction[END_REF] Additional analyses on the temporal trends of HF risk factors further identify growing rates of smoking habits and obesity, suggesting a growing contribution of these two factors, even if the causality link would remain to be demonstrated. Currently, screening for these traditional risk factors is not proposed for young patients in France (and in other countries). Our data indicate that the associated cause leading to HF was not identified before the first HF hospitalization for many young patients. Therefore, efforts to detect, prevent, and treat cardiovascular risk factors in young patients (beginning at 36 years old in men and 40 years old in women) should be recommended to efficiently limit incident HF. Reciprocally, some young patients had IHD or myocarditis-cardiomyopathy diagnostic codes before the first HF event. Our study highlights the need for a specific monitoring of these young patients in order to decrease the transition to HF.

Our study had some limitations. First, it was performed using medico-administrative databases, and the use of discharge diagnosis codes could result in underestimation of relevant data. More particularly, diagnoses that do not require significant medical care might not be coded. Therefore, we cannot exclude that associated diagnoses and risk factors are underestimated, while HF requiring significant medical treatment is not likely to be underestimated. This will result in higher rates for associated diagnoses and risk factors than the observed ones that were already high is such a population of young adults. Second, we used hospital admission rates and not true incidence. However, the French medical care organization ensures that all young adults having a first episode of HF will be referred to a reference hospital and the PMSI database is likely exhaustive for HF diagnoses. Third, the coding practices might have change over time, but if this occurred, the resulting bias would not be influenced by ages or genders, thus limiting the risk. Fourth, the database does not provide indications on medications, HF classification, or left ventricular ejection fraction. However, 
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 1 Figure 1 (A) Incidence of heart failure in the French population (all age groups) from 2013 to 2018. (B) Standardized incidence of heart failure in the 18-50-year-old French population. (C) Incidence of heart failure according to age from 2013 to 2018 in the young French population (18-50 years) assessed in this study. (D) Incidence of heart failure according to age from 2013 to 2018 in men and women. (E) Relative evolution of incidence of heart failure between 2013 and 2018 in the young population according to age group and gender.

Figure 2 (

 2 Figure 2 (A) Concomitant diagnosis [myocarditis-cardiomyopathy (red), ischaemic heart disease (green), or other-not stated (grey)] either within the 2 years prior to or at the time of hospitalization for heart failure for men and women according to age group. (B) Relative evolution of incidence of myocarditis-cardiomyopathy (red), IHD (green), or other-not stated (grey) over the 2013-18 study period in the young male population aged 41-50 years. (C/D) Kaplan-Meier estimations of having a prior ischaemic heart disease preceding the first heart failure hospitalization according to age group in men (C) and women (D). (E/F) Kaplan-Meier estimations of having a prior myocarditis/cardiomyopathy preceding the first heart failure hospitalization according to age group in men (E) and women (F). P < 0.001 for all comparisons.
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 3 Figure 3 According to age group, gender, and the primary aetiology (categories myocarditis-cardiomyopathy, ischaemic heart disease, and other-not stated): (A) Observed proportion of re-hospitalization for heart failure within 2 years after the first heart failure event. (B) Observed proportion of any re-hospitalization within 2 years after the first heart failure event. (C) Observed proportion of death within 2 years after the first heart failure event.
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most of young patients with HF present with aetiologies associated with reduced ejection fraction [START_REF] Fayol | Aetiological classification and prognosis in patients with heart failure with preserved ejection fraction[END_REF] which has well-established management guidelines. Fifth, in order to identify patients with a new HF diagnosis, we excluded patients with a HF diagnosis in the 2 years before the first HF event; however, patients could have had an older HF diagnosis. However, we show that this limitation was minor based on the high tendency of re-hospitalization for HF in the early stage after first hospitalization for HF.

In conclusion, the increase of HF incidence in young adults (< 50 years old) documented in our study differs from the general trend noted in older patients. Among the young population, men seemed to be more vulnerable to premature HF than women. We found that myocarditis-cardiomyopathy and IHD were major causes of HF admission, with inverse probability trends according to age group. In the young population, and especially in young men, ischaemic HF was the predominant form of HF, and our data suggest that it is progressively increasing. The young adults hospitalized for premature HF also presented with high rates of major modifiable risk factors for ischaemic HF, including obesity, dyslipidaemia, smoking, hypertension, and diabetes. The observed proportion of re-hospitalization for HF or from any cause within 2 years after the first HF event is alarming. Although the cause of the increased incidence of HF among the young population is not fully known, it may reflect true epidemiological changes linked to increased prevalence of cardio-metabolic risk factors in young people. This study highlights the need for a specific care pathway for HF patients under 50 years old. Strategies for the prevention of HF risk factors should be strongly considered for patients under 50 years old.
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