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Introduction

Acute heart failure (AHF) is a major cause of unscheduled hospitalization in elderly patients and is associated with increased mortality [START_REF] Metra | Heart failure[END_REF].

The incidence of HF in Europe is approximately 5/1000 person-years in adults [START_REF] Brouwers | Incidence and epidemiology of new onset heart failure with preserved vs reduced ejection fraction in a community-based cohort: 11-year follow-up of PREVEND[END_REF]. The prevalence of HF is estimated to be approximatively 1-2% in adults in developed countries [START_REF] Gbd | Disease and injury incidence and prevalence col-laborators 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 2017[END_REF] and increases with age, with an estimated increase of more than 10% in those aged 70 years or older [START_REF] Van Riet | Epidemiology of heart failure: the preva-lence of heart failure and ventricular dysfunction in older adults over time. A systematic review[END_REF]. Although the prognosis of HF has improved in recent decades, it remains a public health issue, with a high risk for re-hospitalization following an admission for AHF [START_REF] Ambrosy | The global health and economic burden of hospitalizations for heart failure: lessons learned from hospitalized heart failure registries[END_REF]. Indeed, HF is characterized by episodes of acute decompensation, which may lead to repeated and prolonged hospitalizations [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF], especially in the elderly and particularly in non-cardiologic units such as internal medicine departments. Moreover, due to the aging of the population in European countries, hospitalization for AHF in internal medicine units mainly involve multimorbid elderly patients.

Despite the improved survival of patients with HF, over-all mortality remains a concern, with an estimated overall mortality rate of approximatively 50% at 5years, especially in elderly patients aged over 80 years [START_REF] Gerber | A contemporary appraisal of the heart failure epidemic in Olmsted County, Min-nesota, 2000 to 2010[END_REF]. Mortality rate at 5 years has also been reported to be higher, about 65% following diagnosis of HF [START_REF] Tsao | Temporal trends in the incidence of and mortality associated with heart failure with pre-served and reduced ejection fraction[END_REF].

Moreover, HF reduces the quality of life and increases the risk of hospitalization. In France, a crosssectional survey reported a prevalence of HF of 2.3%, increasing to about 15% in people over 85 years of age, with 52.9% of people having an impaired quality of life [START_REF] De Peretti | Préva-lences et statut fonctionnel des cardiopathies ischémiques et de l'insuffisance cardiaque dans la population adulte en France : apports des enquêtes déclaratives « Handicap-Santé[END_REF]. In a French national cohort of 70,657 patients aged 65 years or older who survived after hospitalization for HF in 2015, 31.8% had at least one readmission for HF at 1 year [START_REF] Logeart | Current aspects of the spectrum of acute heart failure syn-dromes in a real-life setting: the OFICA study[END_REF].

Therefore, one of the challenges in the management of HF remains the identification of factors associated with poor prognosis and mortality. The aim of our study was to deter-mine the predictive risk factors of mortality after hospitalization for AHF in an internal medicine unit.

Methods

Study population

The cohort included 180 patients who have been consecutively hospitalized in our medicine department between 2016 and 2017 for AHF. Of the 180 patients, 164 were included in the analysis after excluding those without any available data after hospitalization (n = 5) and those who died during or immediately after hospitalization (n = 11) (e.g., palliative care), to explore predictive risk factors associated with medium-and long-term mortality after hospitalization for AHF.

The diagnosis of HF was made on the basis of clinical signs of congestion, left ventricular ejection fraction (LVEF) less than 50% or signs of congestion on transthoracic echocardiography, with an elevated Nt-proBNP level without chronic renal failure [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF]. AHF may be either acute de novo HF or acute exacerbation of chronic HF. According to the recognized terminology [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF], HF patients with preserved ejection fraction (HFpEF) comprised HF patients with a LVEF ≥ 50%.

Study outcomes

Demographic and clinical characteristics were assessed during hospitalization, including age, gender, weight (at admission and discharge), body mass index (BMI), and conditions being responsible for chronic HF such as valvular disease, ischemic heart disease, atrial fibrillation. Various comorbidities were collected at admission: hypertension, diabetes, dyslipidemia, chronic obstructive pulmonary disease, chronic kidney diseases, sleep apnea-hypopnea syndrome, dementia, stroke, and peripheral artery disease. Comorbidities were declarative and defined as "presence" or "absence" at inclusion and were assessed by the Charlson Comorbidity Index [START_REF] Charlson | Validation of a combined comorbidity index[END_REF]. At discharge, chronic heart failure treatment was collected by a pharmaceutical team during the medication reconciliation process, following a previously described validated protocol [START_REF] Breuker | Patients with diabetes are at high risk of serious medication errors at hospital: interest of clinical pharmacist intervention to improve healthcare[END_REF].

Regarding biological characteristics, the C-reactive protein (CRP) level, hemoglobin, ferritin, NT-proBNP, troponin-hs, creatin kinase, uric acid, protid, albumin, HDL, LDL, HbA1C, creatinine levels and transferrin saturation (TSAT) were determined at admission. Renal function was assessed by CKD-EPI (ml/min/1.73 m 2 ). The primary endpoint was the occurrence of all-cause death, based on data from the national database [START_REF]Fichier des personnes décédées (Décès)-data[END_REF]. We completed data collection by calling the patient's family physician. The protocol of this study was approved by the Institutional Review Board of Montpellier University Hospital (IRB-MTP_2021_04_202100801).

Statistical analysis

Continuous variables are expressed in mean ± standard deviation (SD) or median and interquartile range (IQR) in case of skewed distribution and were compared using Student's t test (Table 1). Qualitative variables are expressed as frequency and compared using Fisher's exact test. Cox proportional hazards regression model [expressed as hazard ratio (HR) with corresponding 95% confidence interval (CI) and p values] was used to assess the association between each clinical or biological outcome and the occurrence of death, adjusting on age and CKD-EPI, which are established risk factors of HF mortality. HR are expressed per SD for each continuous variable as computed in Table 1. Due to skewed distribution, CRP and NT-proBNP were log-transformed prior to analysis. The statistics were performed using IBM SPSS Statistics 25 software. p value < 0.05 was considered to be statistically significant.

Results

Study population

Baseline clinical and biological characteristics, including comorbidities and treatment at discharge, are shown in Table 1. The study population comprised 164 patients, including 106 women, mean age of 82.9 ± 10.3 years, a mean BMI of 28.4 ± 7.7, a mean LVEF of 47.2 ± 9%, and mostly HFpEF (86%). As regards comorbidities, 127 (77%) had hypertension, 60 (37%) had diabetes mellitus, 45 (27%) had dyslipidemia, and 64 (39%) had chronic kidney disease. Mean Charlson comorbidity index was 6.5 ± 2.5. Most of the patients (58%) received ACE-I or ARB, 62% received beta-blockers and 84% received loop diuretics.

Outcomes

After a median follow-up period of 17.5 months (IQR 6-38), 109 (66.4%) patients died within a mean time of 14 months (IQR 3-29). Forty-nine patients (30%) died within the first year. In univariate analysis, patients who died during follow-up were significantly older, had lower BMI, lower LVEF, and higher Charlson comorbidity index. These patients had a lower renal function, higher levels of NT-proBNP (median of 4944 ng/l [2370-14403] compared to 1740 ng/l [1119-3503], p < 0.001), lower TSAT, and lower levels of HDL and LDL cholesterol compared with patients who survived (Table 1). Of note, 36 (22%) patients had both diabetes and CKD, of whom 24 died and 12 remained alive.

In multivariate analysis (Table 2), after adjustment for age and renal function, risk factors for death were weight at admission and discharge (respectively HR 0.76 [0.59-0.96] p = 0.022 and HR 0.75 [0.59-0.96] p = 0.020), BMI (HR 0.69, CI [0.53-0.90], p = 0.005), albuminemia (HR 0.77 [0.63-0.94], p = 0.009), ferritinemia (HR 1.38 [1.08-1.76], p = 0.010), uricemia (HR 1.28 [1.02-1.59], p = 0.030), NT-proBNP level (HR 2.46 [1.65-3.67], p < 0.001) and longer hospital stay (HR 1.25 [1.056-1.49] p = 0.013). We did not find any statistically significant association between mortality and the treatment for heart failure at discharge.

Discussion

The present study explores, in a real-life setting, the long-term outcomes of elderly patients hospitalized for AHF in an internal medicine department. Patients hospitalized in France for AHF are now increasingly older, with preserved LVEF, and increasingly hospitalized in non-cardiologic units. In the OFICA (Observatoire Français de l'Insuffisance Cardiaque Aigue) nationwide survey, representing a single-day snapshot of all unplanned hospitalizations because of AHF in 170 French hospitals, 18% of the 1658 patients, nearly 50% of whom were octogenarians, were admitted to an internal medicine unit [START_REF] Logeart | Current aspects of the spectrum of acute heart failure syn-dromes in a real-life setting: the OFICA study[END_REF]. First, our study population, mostly female (n = 106, 64.6%), elderly (82.9 years ± 10.0), with a preserved LVEF (86%), has similar characteristics as other published cohorts of patients hospitalized for AHF in internal medicine departments [START_REF] Martínez | Multimorbidity and acute heart failure in internal medi-cine[END_REF][START_REF]Grupo de Trabajo de Insuficiencia Cardiaca de la Sociedad Espanola de Medicina Interna (SEMI) [Heart failure in internal medicine departments[END_REF]. For instance, Martinez et al.'s study population included primarily elderly women, with preserved ejection fraction and with multiple comorbidities, the main ones being cardiovascular risk factors, especially hyper-tension, chronic kidney diseases, respiratory diseases, and chronic anaemia [START_REF] Martínez | Multimorbidity and acute heart failure in internal medi-cine[END_REF]. In the present study, 22% of patients were diabetic with chronic renal failure, which are known to be at a very high cardiovascular risk [START_REF] Tonelli | Alberta kidney disease network risk of coronary events in people with chronic kidney disease compared with those with diabetes: a population-level cohort study[END_REF] and for whom comprehensive risk factors control has been reported to improve cardiovascular outcomes and overall mortality [START_REF] Sasso | Efficacy and durability of multifactorial intervention on mortality and MACEs: a randomized clinical trial in type-2 diabetic kidney disease[END_REF]. AHF patients who are hospitalized in the internal medicine department are frequently older and affected by many comorbidities compared with patients hospitalized in cardiology units. As regards HF treatments, the French cohort study ODIN (Observatoire De l'Insuffisance Cardiaque) [START_REF] Juillière | Prescription of cardiovascular drugs in the French ODIN cohort of heart failure patients according to age and type of chronic heart failure[END_REF] reported that HT medications were less frequently prescribed with advancing age and with dosages lower than recommended. In the present study, we found a low rate of patients on ACE and ARB therapy (57%), without any reason other than age and comorbidities.

Second, we found a high mortality rate, with 65% of patients dying 5 years after hospitalization for AHF. A study based on data from the French national health insurance sys-tem in 2009, showed a 2year mortality rate of 40% [START_REF] Tuppin | Two-year outcome of patients after a first hospitalization for heart failure: a national observational study[END_REF]. In the ESC-HF long term registry, which is a prospective observational study of 6,629 AHF patients enrolled from 2011 to 2015 in 21 European countries, Chioncelet al. reported a readmission rate of 25.9% at 1 year and an all-causes 1-year mortality rate of 26.7%, but their study population was much younger with only 34% over 75 years of age [START_REF] Chioncel | Clinical phenotypes and outcome of patients hos-pitalized for acute heart failure: the ESC heart failure long-term registry[END_REF] compared with 61.6% in our study.

Indeed, various studies have shown that elderly patients with HF have a higher risk of poor prognosis [START_REF] Komajda | Management of octogenarians hospital-ized for heart failure in euro heart failure survey I[END_REF][START_REF] Mahjoub | Long-term survival in patients older than 80 years hospitalised for heart failure. A 5-year prospective study[END_REF]. In another French study, the 5-year survival in elderly patients older than 80 years was reported at 19%, dramatically lower than the survival of the age-and sex-matched general population of 48% [START_REF] Mahjoub | Long-term survival in patients older than 80 years hospitalised for heart failure. A 5-year prospective study[END_REF], consistently with our results. Female gender, hypertension, atrial fibrillation and comorbidities were reported to be more frequent in the elderly, as well as underuse and under dosage of medications recommended for HF management which may contribute to such a poor prognosis [START_REF] Mahjoub | Long-term survival in patients older than 80 years hospitalised for heart failure. A 5-year prospective study[END_REF][START_REF] Komajda | Contemporary management of octogenarians hospital-ized for heart failure in Europe: euro heart failure survey II[END_REF].

As regards prognostic factors, especially in the elderly, albumin levels have been associated with mortality in the older patients with HF [START_REF] Metra | Acute heart failure in the elderly: differences in clinical characteristics, outcomes, and prognostic factors in the VERITAS study[END_REF][START_REF] Horwich | Albumin levels predict survival in patients with systolic heart failure[END_REF][START_REF] Kinugasa | A sim-ple risk score to predict in-hospital death of elderly patients with acute decompensated heart failure hypoalbuminemia as an addi-tional prognostic factor: hypoalbuminemia as an additional prog-nostic factor[END_REF]. In one study including 438 patients, hypoalbuminemia predicted 1-year mortality (HR adjusted 2.05, 95% CI 1.10-3.81, p = 0.001) [START_REF] Uthamalingam | Serum albumin and mortality in acutely decompensated heart failure[END_REF]. Higher serum albumin levels (HR 0.67, 95% CI 0.53-0.85) were associated with longer survival in 1,120 patients with HFpEF [START_REF] Chien | Malnutrition in acute heart failure with preserved ejection fraction: clinical correlates and prognostic implications[END_REF]. Albumin level is a well-known marker of nutritional status, of utmost importance in elderly subjects. Hypoalbuminemia in HF patients is likely multifactorial, related to malnutrition due to decreased oral intake, as well as to increased catabolic activity, or chronic inflammation [START_REF] Chien | Malnutrition in acute heart failure with preserved ejection fraction: clinical correlates and prognostic implications[END_REF]. It may contribute to pulmonary edema and exacerbation of HF, due to decreased osmotic pressure. Hypoalbuminemia may provide additional prognostic criteria in elderly HF patients.

Furthermore, we found an inverse relationship between BMI and 5-year death. A higher BMI has been associated with reduced mortality in established HF patients, consistent with the "obesity paradox" [START_REF] Lavie | Impact of obesity and the obesity paradox on preva-lence and prognosis in heart failure[END_REF]. This inverse relationship between obesity and prognosis in HF may be explained by the limitations of using BMI to define body composition [START_REF] Lavie | Body composition and survival in stable coronary heart disease: impact of lean mass index and body fat in the "obesity paradox[END_REF]. On the other hand, cachexia has been associated with poor prognosis in HF [START_REF] Anker | Prognostic importance of weight loss in chronic heart failure and the effect of treatment with angioten-sinconverting-enzyme inhibitors: an observational study[END_REF], with a known association between lean body mass, muscle strength, and subsequent survival [START_REF] Lavie | Body composition and survival in stable coronary heart disease: impact of lean mass index and body fat in the "obesity paradox[END_REF]. Of note, the Charlson comorbidity index was not independently associated with mortality in our population. More than the number of comorbidities per se, it may be more the profile of comorbidities that may have a different impact on the prognosis of elderly patients. Therefore, beyond the effect of the number of comorbidities, it may be more relevant to identify subsets of patients who are at higher risk of severe outcomes. In this line of thought, different frailty phenotypes have been associated with different impacts on mortality, as shown in the REPOSI study [START_REF] Marcucci | REPOSI investigators defining aging phenotypes and related outcomes: clues to recognize frailty in hospitalized older patients[END_REF]. In the present study, our data highlight the importance of malnutrition over other comorbidities in the prognosis of elderly patients after AHF.

We also found an association between increased levels of uric acid and ferritin, and mortality. Consistently with our results, hyperuricemia has been associated with a higher risk of HF rehospitalization or death at 6 months [START_REF] Palazzuoli | Prognostic significance of hyperuricemia in patients with acute heart failure[END_REF]. This point seems important, given that some studies revealed a greater prognostic value of hyperuricemia in patients with-out chronic renal failure, suggesting that hyperuricemia may be predictive of poor outcome when it is a marker of increased xanthine oxidase activity, but not when it is related to impaired renal excretion of uric acid [START_REF] Filippatos | Hyperuri-caemia, chronic kidney disease, and outcomes in heart failure: potential mechanistic insights from epidemiological data[END_REF]. However, the association we found between ferritin levels and mortality is not in line with the previously reported association between iron deficiency and mortality in HF [START_REF] Mcdonagh | ESC guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF] Klip | Iron deficiency in chronic heart failure: an international pooled analysis[END_REF]. It is possible that in our cohort, hyperferritinemia is rather related to the biological inflammatory syndrome. Indeed, the mean CRP level was elevated in our population, partly due to coexisting infection in several patients, but was not associated with mortality. Regarding TSAT, we found that deceased patients had a lower TSAT, with an association with mortality in univariate analysis but not in multivariate analysis. This is consistent with recent studies recommending iron supplementation in these patients, especially the AFFIRM-HF study [START_REF] Ponikowski | Ferric carboxymaltose for iron deficiency at discharge after acute heart failure: a multicentre, double-blind, randomized, con-trolled trial[END_REF]. Further studies are needed to clarify this last point, especially in the acute phase of HFpEF.

Limitations

The present study has several limitations. First, this is a retrospective analysis of a cohort of consecutive elderly patients admitted for AHF, based on the experience of a single internal medicine unit. However, as a tertiary center, this population could be considered representative of the large region (2 million inhabitants). Another limitation is a relatively small sample size. which may have implied relatively low power, and may not have identified significant associations. For example, the lack of association between discharge treatments and mortality should be taken with caution. Nevertheless, the sample size appears to be similar to other studies conducted in internal medicine departments, for example the study of Martinez et al. [START_REF] Martínez | Multimorbidity and acute heart failure in internal medi-cine[END_REF]. The exclusion of patients who died during or immediately after hospitalization may have created a bias. However, we believe that it allowed us to analyze the factors and comorbidities involved only in the medium-and long-term mortality of patients hospitalized for AHF. Moreover, we do not have information about muscle mass and body composition, which would have been of interest to further explore the association we found between malnutrition, BMI, and death. However, this appears to be related to the design of our study, which aimed to explore the association between non-selected comorbidities and death, without specifically focusing on malnutrition outcomes. Furthermore, all the criteria investigated here are widely available in clinical routine, which enables translation in clinical practice. In summary, in this retrospective study of a cohort of elderly patients with AHF hospitalized in an internal medicine unit, BMI, albuminemia, ferritinemia and uricemia may provide additive prognostic values after hospital dis-charge, given their association with mortality. These results highlight the need to consider nutritional support in elderly patients with HFpEF admitted for acute HF and paves the way for interventional studies in the field.
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