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Blood NAD levels are reduced in very old patients hospitalized for heart failure
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Background: Age-associated decline in nicotinamide adenine dinucleotide (NAD) tissue levels has emerged as potential driving mechanism in the establishment of energy metabolism perturbations in the context of chronic diseases, notably heart failure. Objective: The aim of this study was to measure the blood NAD levels in a healthy blood donor population and in a population of elderly patients hospitalized for decompensated heart failure. Method: Whole blood sample was collected from 151 healthy voluntary blood donors, aged 19 to 68 years, and from 19 patients aged 75 to 101 years and hospitalized for decompensated heart failure in a geriatric ward.

Metabolites were extracted by the hot buffered ethanol procedure and NAD was quantified in triplicate for each sample. Results: The mean concentration of NAD in blood of healthy donors was 23.4 (SD 4.05) µmol/L. There was no significant correlation between NAD levels and donors' age nor sex in the healthy population when studied as a whole. However, the linear regression curves of NAD concentration plotted against age differed between males and females (p=0.0283) with a trend in males to decline with age that was not observed in females. The mean concentration of NAD in whole blood samples of the geriatric population was 20.7 (SD 3.6) µmol/L (p=0.007 versus the healthy blood donor population). There were no differences between males and females (p=0.7) nor between patients with ejection fraction inferior or superior to 50% (p=0.86) in the geriatric population. Conclusion:

This study highlighted a diminution of NAD blood levels for elderly patients hospitalized for decompensated heart failure in comparison to a healthy population, suggesting that new therapeutics to restore NAD stock and energy metabolism would be a major progress in the management of this type of geriatric patients.

INTRODUCTION

Aging is characterized by a progressive decline in the ability of bioenergetic systems to sustain body needs due notably to systemic metabolic imbalance and mitochondrial dysfunction at the tissue level [START_REF] Jang | The Role of Mitochondria in Aging[END_REF] . Age-associated decline in nicotinamide adenine dinucleotide (NAD) tissue levels has recently emerged as a potential driving mechanism in the establishment of energy metabolism perturbations in the context of aging and in chronic degenerative diseases [START_REF] Yaku | NAD Metabolism: Implications in Aging and Longevity[END_REF][START_REF] Lee | Targeting NAD+ Metabolism as Interventions for Mitochondrial Disease[END_REF] . NAD is a major electron carrier coenzyme for all energy substrates oxidation, including glucose, fatty acids and ketone bodies. In its reduced form, NADH coenzyme is the major electron donor to the mitochondrial electron transport chain, providing the energy required to build the proton gradient in the mitochondrial intermembrane space whose driving force is used in turn by the ATP synthase to generate ATP. In its phosphorylated NADP(H) is the major coenzyme for reactive oxygen species (ROS) detoxification systems. In all these processes in which NAD(P) is used as a coenzyme, the total pool of NAD(P), i.e. the sum of oxidized NAD(P)+ and reduced NAD(P)H, is not changed. However, in its oxidized form, NAD + is also used as a substrate by a number of signaling pathways that regulate energy metabolism at the transcriptional and enzymatic levels (Sirtuins 1 to 7), the repair of DNA lesions induced by ROS (PARP1) or Ca2+ release from intracellular stores, notably the sarco-endoplasmic reticulum (CD38 ADPribose cyclase) [START_REF] Mericskay | Nicotinamide Adenine Dinucleotide Homeostasis and Signalling in Heart Disease: Pathophysiological Implications and Therapeutic Potential[END_REF] . All these signaling pathways irreversibly cleave the NAD + molecule into nicotinamide and ADP-ribose moieties. In physiological condition, the steady-state tissue level of total NAD (sum of NAD + and NADH) is maintained through compensative NAD biosynthetic pathways. These pathways start with different precursors that include the tryptophane amino acid through the de novo pathway or the vitamins B3, i.e. the nicotinamide, the nicotinic acid and the nicotinamide riboside through three different salvage pathways [START_REF] Belenky | NAD+ Metabolism in Health and Disease[END_REF] . In the body, the heart is a major energy consuming organ that is able to use all kind of substrates, including glucose, fatty acids and ketone bodies, all of them relying on NAD + coenzyme to be oxidized. Mitochondrial oxidative metabolism represents the major source of ATP production in the cardiac cells and contains a major fraction of the NAD pool. In heart disease, a severe mitochondrial dysfunction occurs and there is a mismatch between the energy demand and bioenergetic capacities of the myocardium [START_REF] Zhou | Mitochondrial Dysfunction in Pathophysiology of Heart Failure[END_REF] . In chronic heart failure, the elevated cytosolic concentration of sodium (Na + ) in the failing myocytes accelerates Ca 2+ efflux via mitochondrial Na + /Ca 2+ exchange and consequently, because of the role of Ca 2+ in the stimulation of Krebs cycle enzymes and oxidative phosphorylation metabolism, the NADH/NAD+ redox potential decreases [START_REF] Liu | Enhancing Mitochondrial Ca2+ Uptake in Myocytes from Failing Hearts Restores Energy Supply and Demand Matching[END_REF] . This mismatch between calcium flux perturbations, energy demand and contractility ends up in the generation of high oxidative stress that further contribute to the deterioration of cardiac cell survival and function [START_REF] Dietl | Targeting Mitochondrial Calcium Handling and Reactive Oxygen Species in Heart Failure[END_REF] . Beyond the alterations in the redox state of the coenzyme, the total pool of NAD can be depressed in upon cardiac injury. Acute ischemic injury was shown to severely depressed myocardial, and notably mitochondrial pool of NAD by 30% through the activation of a NAD glycohydrolase associated to the mitochondrial outer membrane [START_REF] Di Lisa | Opening of the Mitochondrial Permeability Transition Pore Causes Depletion of Mitochondrial and Cytosolic NAD+ and Is a Causative Event in the Death of Myocytes in Postischemic Reperfusion of the Heart[END_REF] . Recently, some studies showed that also, in chronic heart failure, myocardial NAD levels were reduced by 25 to 30% and that restoring NAD levels with NAD precursors supplementation would preserve cardiac NAD levels and cardiac function in preclinical models [START_REF] Diguet | Nicotinamide Riboside Preserves Cardiac Function in a Mouse Model of Dilated Cardiomyopathy[END_REF][START_REF] Vignier | Rescue of Biosynthesis of Nicotinamide Adenine Dinucleotide Protects the Heart in Cardiomyopathy Caused by Lamin A/C Gene Mutation[END_REF][START_REF] Lee | Normalization of NAD+ Redox Balance as a Therapy for Heart Failure[END_REF][START_REF] Horton | Mitochondrial Protein Hyperacetylation in the Failing Heart[END_REF] . We notably identified a new type of metabolic shift for the NAD biosynthetic pathways in the context of dilated cardiomyopathy leading to heart failure, with a repression of the nicotinamide phosphoribosyl transferase (NAMPT), a key enzyme for the recycling of the nicotinamide released by NAD signaling pathways and the activation of the nicotinamide riboside kinase 2 (NMRK2) [START_REF] Diguet | Nicotinamide Riboside Preserves Cardiac Function in a Mouse Model of Dilated Cardiomyopathy[END_REF] .

Heart failure is also a systemic syndrome presenting complex interactions with other diseases, directly altering the function of numerous peripheric organs such as the kidneys and the liver because of the reduction in blood perfusion and conversely, heart failure prevalence and outcome is modified by the presence of comorbidities such as arterial hypertension, kidney failure, diabetes or obesity. Most of these disease conditions have also been shown to present alterations in tissue NAD levels or redox states [START_REF] Kane | Sirtuins and NAD+ in the Development and Treatment of Metabolic and Cardiovascular Diseases[END_REF] . NAD metabolism is not only regulated at the tissue level by the bioenergetic activity of the cells and the rate of NAD consumption by NAD signaling pathways but also at the systemic level by the circulation of NAD and precursors. Blood NAD levels are often measured in clinical studies aiming at evaluating the efficacy of NAD precursors treatment in different condition [START_REF] Dollerup | A Randomized Placebo-Controlled Clinical Trial of Nicotinamide Riboside in Obese Men: Safety, Insulin-Sensitivity, and Lipid-Mobilizing Effects[END_REF][START_REF] Conze | Safety and Metabolism of Long-Term Administration of NIAGEN (Nicotinamide Riboside Chloride) in a Randomized, Double-Blind, Placebo-Controlled Clinical Trial of Healthy Overweight Adults[END_REF][START_REF] Trammell | Nicotinamide Riboside Is Uniquely and Orally Bioavailable in Mice and Humans[END_REF][START_REF] Airhart | An Open-Label, Non-Randomized Study of the Pharmacokinetics of the Nutritional Supplement Nicotinamide Riboside (NR) and Its Effects on Blood NAD+ Levels in Healthy Volunteers[END_REF] .

Here, we thought to address whether we could detect a change in blood NAD levels : first in a healthy blood donor population following age and sex ; second in a population of elderly patients hospitalized for decompensated heart failure, in order to determine whether this type of patients might present an alteration in blood NAD levels and might be in need of NAD precursor supplementation.

MATERIAL AND METHOD

Design and population of the study Design This cross-sectional case control study aimed to measure and compare whole blood NAD levels of participants between two populations: elderly patients hospitalized for an unstable heart failure and voluntary blood donors (VBD) from the French national blood service "Établissement français du Sang" (EFS). This study was conducted from March the 21st to June the 3rd 2016 under the convention #16/EFS/009.

Patients

Elderly patients hospitalized for an unstable heart failure in a geriatric ward of the Charles Foix Hospital (Ivry Sur Seine, part of the university hospital trust operating in Paris and its surroundings: APHP, "Assistance publique des hôpitaux de Paris") were included between the 21 st of March and the 3 rd of June 2016. Patients received oral information about the study and then signed up a written consent. Their participation in the study did not modify the medical care given. Whole blood samples were picked by venipuncture on EDTA tubes, during routine care planned by the doctors in charge of the patient. From their medical file, we collected sociodemographic characteristics (gender, age), received treatment (beta blocker, ACE inhibitor, Angiotensin II receptor antagonist, calcic inhibitor, furosemide), medical history (atrial fibrillation, arterial hypertension, type II diabetes), echocardiographic parameters (left ventricular hypertrophy, left ventricular ejection fraction) and biological parameters (hemoglobin, albumin, creatinine, C reactive protein). Data were anonymized and gathered in an Excel ® table.

Patients with severe dementia (MMSE < 15) and/or heart failure caused by infection were not included.

Control population: Blood was picked up from voluntary, non-remunerated donors during a period of 2 weeks from March the 21 st to April the 8 th 2016. Date of birth and gender were gathered. Blood samples were collected from the French national blood service EFS (Etablissement Français du Sang) collection site of the Pitié-Salpêtrière Hospital and Saint-Antoine/Crozatier Hospital (Assistance publique des hôpitaux de Paris). Written informed consent to use a fraction of their blood gift for research was obtained by EFS from all the donors before enrollment. General criteria of exclusion for blood donation included an age below 18 or above 70, body weight under 50 kg, blood donation less than 8 weeks, platelets donation less than 4 weeks, plasma donation less than 2 weeks before the visit, contagious viral infection, use of drugs, notably by intravenous route, previous treatment for cancer even once in lifetime, current medical treatment for chronic disease including notably diabetes treated by insulin, inflammatory bowel disease, autoimmune disease, being followed by a doctor for anemia or iron deficiency, abnormal dyspnea or thoracic pain after a physical exercise within the weeks before the visit, fever or infection, or cough, or diarrhea, or urinary infection or skin injury within 2 weeks before the visit, having surgery in the last 4 months, having pulmonary or gastric fibroscopy or colonoscopy in the last 4 months, new piercing, including earrings, or new tattoo in the last 4 months, dental care (caries, dental scaling) within the last 24 hours, teeth root treatment or teeth removal within the last week, having more than one sexual partner within the last 4 months, being the recipient of blood, platelets or plasma transfusion or organ graft even once in life time, having stayed in United Kingdom for more than one year (cumulated time) between January 1rst, 1980 and December 31rst, 1996, traveled in a foreign country in the last 4 months. Additional exclusion criteria include for males, having male homosexual intercourse within the last 4 months and for females, being pregnant or having delivered a baby in the last 6 months. In addition, the volunteers were asked whether they practiced recently unusually intensive exercises in the context of sport activities or for other reasons and if the answer was yes, the doctor advise to report the blood donation.

This study was approved by the local ethics committee, the advisory committee on information processing in the field of health and the National Council on Information and Computerized Freedom. Patients had the right to access and request rectification of personal data concerned, according to the law. All clinical investigation was conducted according to the principles expressed in the Declaration of Helsinki.

Written informed consent was obtained from all participants.

Blood sample collection and NAD analysis

Whole blood was collected in Vacutainer tubes containing EDTA (BD diagnostics ® ) tubes were gently inverted ten times. One hundred microliters of whole blood were put into a micro tube containing 4 volumes of a buffer HEPES 25 mM pH 7.2-75 % ethanol. The mixture was immersed in a hot water bath at 80 °c for exactly 3 min, cooled on ice for 20 min, and then centrifuged at 16,000 RCF for 20 minutes at 4°c).

The supernatant was stored at -80°c until the analysis. The treatment was done within 2 hours after blood collection. One hundred microliters of buffer tampon (10% ethanol, 0,5 mM methylthiazolyldiphenyl-tetrazolium bromide (MTT), 2 mM phenazine ethosulfate (PES), 120 mM of Bicine pH 7.8, alcohol dehydrogenase (ADH) 0,5 mg/ml, in 100 mM Bicine, pH 7.8) were added to 25 µL of the supernatant at room temperature. As PES is unstable in the presence of light, the PES solution was kept in a brown bottle and the reaction was carried out in a brown tube. The PES solution and the alcohol dehydrogenase solution were prepared just before use.

The rate of reduction of MTT measured at 556 nm, is proportional to the concentration of NAD+(H) present when all other components of the system are in excess. NAD calibration curve from 0.5 to 6 µM was analyzed for each series of measurements. Absorbance was measured during 20 minutes at 556 nm every 30 seconds. Concentrations are given in µmol/L in blood after correction for dilution of blood during the extraction. The supernatants were analyzed in triplicates on 96 well plates. For every extract analyzed in triplicates, mean, standard-deviation (SD) and a variation coefficient were calculated. A new measurement was done when the variation coefficient was superior to 5%.

Outcomes

The primary outcome was the difference between whole blood NAD level between case (e.g. elderly patients with acute heart failure) and control (e.g. volunteer blood donors). The secondary outcome was the variation of whole blood NAD levels in the case population depending on gender and on Left Ventricular Ejection Fraction (LVEF).

Data analysis

Categorical variable was provided as percentages and quantitative variable as mean ± standard deviation m(SD).

Bivariate analyses were performed as appropriate to compare patients and controls. Pearson's correlation or Spearman's Rho were performed to assess whether NAD blood levels, age and Left Ventricular Ejection Fraction (LVEF) were in correlation.

RESULTS

Control population

One hundred and fifty-one volunteer blood donors were included in this study: 72 females and 79 males aged from 19 up to 68 years (mean age = 41 years; SD=15, see Table 1). In this population, the mean concentration of NAD in whole blood samples was 23.4 (SD 4.05) µmol/L; 95% confidence interval of the mean was [22.75-24.05] (Figure 1A).

The analysis of the donors' age profile suggest that women more often give their blood before the age of 30 and after 56 (Figure 1B), contrary to men who give it between 30 and 56 years. Although the donors were included randomly, sex and age distributions were not homogenous.

The analysis of NAD blood levels from the 151 volunteer blood donors showed no difference between male and female (Figure 2A). There was no significant correlation between NAD levels and donors' age when assessing the complete population, (NAD (µM)= -0,0045 x years + 23,609; R² = 6,007E-4, not shown) or when males and females were analyzed separately (Figure 2B). However, for the males, the linear regression curve showed a trend toward reduction of NAD levels with age (R 2 =0.04105, p=0.0734) and differed significantly (p= 0.0283) from the linear regression curve of the females that showed no decline.

Patients

Population Nineteen patients were included: 14 females (mean age = 85.6; SD=5.3 years) and five males (mean age = 83.6; SD=6.9 years). Mean time between hospitalization date and blood collect for NAD measurement was 32 days (SD= 25.8). Characteristics of this population are shown in Table I.

NAD blood level depending on the gender

There was no statistical difference of NAD blood levels between males (mean [NAD] = 21.52; SD=4.87 µmol/L) and females (mean [NAD] = 20.46; SD=3.18 µmol/L) hospitalized for heart failure in this geriatric ward (p=0.7) (Figure 3A). There was no significant correlation between NAD levels and patient's age (Figure 3B).

Association of NAD blood level with left ventricular ejection fraction (LVEF)

There were no statistical correlation between NAD blood level and LVEF for the geriatric patients hospitalized for heart failure (Spearman'Rho = -0.71 ; p=0.772). Our study revealed no statistical difference of NAD levels between patients with preserved LVEF > 50 % (mean [NAD] = 20.86; SD=2.57 µmol/L) or reduced LVEF < 50 % (mean [NAD] = 20.55; SD=5.12 µmol/L) (p=0.86) (Figure 4A). There was also no correlation between NAD levels and ntProBNP levels (p=0,853), left ventricular hypertrophy (p=0,961) nor left ventricular dilatation (p=0,883) (data not shown). 

Comparison between the geriatric and control population

DISCUSSION

The objective of this study was to assess the NAD blood level in very old patients hospitalized for heart failure and to evaluate the impact of age on this variable in a healthy blood donor control population.

We found a significantly lower NAD blood level in the case group of elderly patients hospitalized for decompensated HF (mean age of 86 years) in comparison to the control population of voluntary blood donors (mean age of 41 years), a priori free from diseases (23.4 vs 20.7 µmol/L ; p=0.007). We did not find any association between NAD blood levels and LVEF in elderly patients with decompensated HF, nor with ntProBNP levels. More than 50% of the patients suffered from HF with preserved ejection fraction as we could expect in this population of predominantly female, very old patients. Considering the limited number of elderly patients included (n<30), the absence of statistical difference might be related to a low statistical power. Future studies including a larger number of patients may allow to decipher whether blood NAD levels could be used as biomarker for HF.

We did not illustrate a statistical difference of NAD level depending on the gender, either in the control population nor the elderly patients. In a previous study on pellagra a niacin deficiency associated syndrome, a mean NAD level in blood of 24.3 ± 2.6 µmol/L was found in a community control population of 107 females (mean age 27.4 ± 9.4 years) from Angola in south African region [START_REF] Creeke | Whole Blood NAD and NADP Concentrations Are Not Depressed in Subjects with Clinical Pellagra[END_REF] . We measured a similar mean NAD level of 23.4 ± 3.78 µmol/L amongst 72 female blood donors from the Parisian population. In Japanese males (mean age 22.1 ± 2.3 years, n=10), the blood NAD level was 29.7 ± 4.6 µmol/L 20 . In the younger quartile of age of our male VBD population (age 19 to 30 years old, n=14), the blood NAD concentration was 25.6 ± 5.4 µmol/L. A North American study found a blood NAD concentration (mean ± SD) of 27 ± 5 µmol/L 18 based on eight participants (mean ± SD) of 33 ± 8 years old, with 75% female and 75% self-declared non-Hispanic white. Overall, the NAD levels seem to be in the same range in different populations. However, larger studies would be required to definitively determine the impact of ethnic origin and maybe more importantly, whether different type of diets could impact on NAD blood levels. NAD levels have also been reported to fluctuate with circadian rhythm in the liver and white adipose tissue of mice [START_REF] Ramsey | Circadian Clock Feedback Cycle through NAMPT-Mediated NAD+ Biosynthesis[END_REF] . However, other studies did not find evidence of major diurnal variation using repeated measures in the same group of volunteer over a period of at least 24 hours [START_REF] Fukuwatari | Consideration of Diurnal Variations in Human Blood NAD and NADP Concentrations[END_REF][START_REF] Liu | Surrogate Analyte Approach for Quantitation of Endogenous NAD(+) in Human Acidified Blood Samples Using Liquid Chromatography Coupled with Electrospray Ionization Tandem Mass Spectrometry[END_REF] . Nevertheless, these studies were performed in relatively small groups (n=10 in each study). At this stage of knowledge, we could not definitely exclude an influence of circadian rhythm on blood NAD levels. This led us to collect blood samples at the same period of the day (morning) for both the VBD and the elderly population, in order to avoid any interference of the time of collect on the results.

The loss of NAD with aging has been well demonstrated in different rodents 'organs [START_REF] Braidy | Age Related Changes in NAD+ Metabolism Oxidative Stress and Sirt1 Activity in Wistar Rats[END_REF][START_REF] Camacho-Pereira | CD38 Dictates Age-Related NAD Decline and Mitochondrial Dysfunction through an SIRT3-Dependent Mechanism[END_REF] . In humans, several studies also reported a diminution of NAD level with aging in tissues including pelvic skin, cerebrospinal fluid and brain [START_REF] Massudi | Age-Associated Changes in Oxidative Stress and NAD+ Metabolism in Human Tissue[END_REF][START_REF] Guest | Changes in Oxidative Damage, Inflammation and [NAD(H)] with Age in Cerebrospinal Fluid[END_REF][START_REF] Zhu | In Vivo NAD Assay Reveals the Intracellular NAD Contents and Redox State in Healthy Human Brain and Their Age Dependences[END_REF] . Blood NAD levels were not measured in these studies. Our study did not reveal a significant decrease of NAD blood level with age amongst the control population of voluntary blood donors between the age of 18 to 68 years when both sex were analyzed together, or each one separately. This result supports another study on 50 healthy subjects (29 males and 21 females) across the age of 18-69 years in which there was no significant correlation of NAD blood level with age [START_REF] Liu | Surrogate Analyte Approach for Quantitation of Endogenous NAD(+) in Human Acidified Blood Samples Using Liquid Chromatography Coupled with Electrospray Ionization Tandem Mass Spectrometry[END_REF] . However, we observed a significant difference between males and females in the correlation between blood NAD levels and age, reflecting a trend to decline in males only. Further studies including a larger number of individuals may be required to conclude definitively on the impact of age on blood NAD levels in each sex. Interestingly, a study reported a decrease in plasma levels of NAD + with age [START_REF] Clement | The Plasma NAD+ Metabolome Is Dysregulated in "Normal[END_REF] . Plasma NAD levels are very low, in the range of nMol concentration as expected for a phosphorylated compound, and about three orders of magnitude below the whole blood NAD concentration (µMol).

Still, it is not known if the presence of NAD in plasma might reflect a leak from an increased number of dead cells with aging or another more specific process.

Nevertheless, it represents only an infinitesimal part of the blood cells' NAD pool that apparently does not vary with age, at least, until the seventh decade. We cannot exclude a biphasic evolution in which NAD blood level would decline during the eighth decade or later. Further studies would be necessary to assess the impact of "healthy" aging on blood NAD levels in a selected population of ambulatory patients without major chronic diseases.

There could be multiple causes for the reduction in blood NAD levels in this type of patients. Decompensated heart failure is a systemic syndrome affecting the function of peripheral organs. Hypoperfusion of liver and kidneys function could alter the level of circulating NAD precursors, affecting the bioavailability for tissues and blood cells.

In addition, this type of very old patients will almost never suffer from sole HF but rather show a history of comorbidities leading to a global frailty syndrome, which may affect nutritional status and energy metabolism [START_REF] Sieber | Frailty -From Concept to Clinical Practice[END_REF] . This may also contribute to the perturbation of energy metabolism, and in particular NAD metabolism.

Further investigations would allow a better understanding whether NAD blood level might be a biomarker of heart failure itself or rather of the cumulated burden of comorbidities in elderly patients. To determine the sole impact of heart failure on blood NAD level, it would be interesting to investigate these levels in a population of younger patients suffering from chronic heart failure with less comorbidity in order to restrict confusion factors. In elderly heart failure patients, an alternative to discriminate the impact of heart failure versus the other comorbidities could be to compare them with another population of ambulatory patients older than 75 years, matched on gender, age and comorbidities but without clinically relevant heart failure syndrome.

Ultimately, although those scientific questions will have to be solved, it may not be so relevant to the clinician. The important fact is that our study showed that elderly patients with HF and comorbidities who represent the vast majority of heart failure cases worldwide, did show a reduced blood NAD level. It remains to be determined whether this decline in blood NAD level is related to a general decline in NAD levels in other tissues and whether it has an impact on the outcome and quality of life in chronic heart disease. In order to test such a hypothesis, future clinical studies should assess the benefit of administration of NAD precursors to this type of patients.

NAD precursor therapy is a rapidly evolving field. In the recent period, one of the most intensively studied precursor in clinical trials is the nicotinamide riboside (NR).

NR would be highly relevant for the purpose of treating heart failure patients since we showed that the metabolic pathway NMRK2 that uses NR as a precursor is upregulated in mouse and human failing heart [START_REF] Diguet | Nicotinamide Riboside Preserves Cardiac Function in a Mouse Model of Dilated Cardiomyopathy[END_REF] . Recent open label phase I studies examined the effect of NR supplementation, at therapeutic dose (up to 2 grams per day), on NAD blood level in healthy volunteers. The authors showed a significant rise of NAD blood level after NR supplementation [START_REF] Trammell | Nicotinamide Riboside Is Uniquely and Orally Bioavailable in Mice and Humans[END_REF][START_REF] Airhart | An Open-Label, Non-Randomized Study of the Pharmacokinetics of the Nutritional Supplement Nicotinamide Riboside (NR) and Its Effects on Blood NAD+ Levels in Healthy Volunteers[END_REF] . Given the role of NAD/NADH in the energetic metabolism of the myocardium, especially in the mitochondria, NR appears to be well positioned as a novel therapy for systolic heart failure in aged patients, where impaired mitochondrial oxidative phosphorylation and disturbed NAD + metabolism are contributory factors for its development and progression [START_REF] Diguet | Nicotinamide Riboside Preserves Cardiac Function in a Mouse Model of Dilated Cardiomyopathy[END_REF][START_REF] Walker | Raising NAD in Heart Failure: Time to Translate?[END_REF] . For instance, a doubled blind cross over study showed that NR supplementation increased NAD(P)H levels, decreased oxidative stress, and improved physical performance only in older subjects (12 males, mean age 75.1±1) in comparison to younger subjects (12 males, mean age 22.9 ±1), substantiating that redox supplementation may be particularly beneficial in elderly individuals with deficient antioxidant defenses [START_REF] Dolopikou | Acute Nicotinamide Riboside Supplementation Improves Redox Homeostasis and Exercise Performance in Old Individuals: A Double-Blind Cross-over Study[END_REF] . 

CONCLUSION

  Parametric (Student's t-test) or non-parametric (U Mann-Whitney test) tests were performed for quantitative variables and chi-square tests to compare qualitative variables. Visual distribution and Shapiro-Wilk normality tests were performed to examine the normality of each continuous variable.

  a significant higher concentration of NAD blood levels in control in comparison to the elderly population, mean [NAD] = 23.4; SD=4.0 µmol/L m(sd) vs mean [NAD] = 20.7; SD=3.6 µmol/L, respectively, p=0.007. (Figure 4B).

  This original study explored NAD blood level within a French population of 151 volunteer blood donors aged from 19 up to 68 years and in case population of elderly patients with decompensated heart failure and multiple comorbidities. It highlighted a diminution of NAD blood levels amongst the elderly patients in comparison to the population of volunteer blood donors. With time, research in new therapeutics to restore NAD stock and energy metabolism could be a major progress in the management of this type of very old patients.
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 12 Figure 1: graphical description of the voluntary blood donors. A: distribution of the population depending on NAD blood levels [µmol/L]. B: distribution of the population depending on the gender and age group (quartiles of age)
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 3 Figure 3 : NAD blood levels [µmol/L] amongst the population of elderly patients hospitalized for heart failure. A: comparison of NAD levels between males (n=5) and females (n=14) (p=0.7). U-Mann-Whitney Test. B: NAD level correlation depending on age for each sex. The slope of the curve did not differ significantly from 0, p=0.86 for males and p=0.67 for females. The two curves did not differ from each other, p=0.91 Dotted curve: confidence interval 95%
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 4 Figure 4 : NAD blood levels amongst the elderly patients and the Volunteer Blood Donors (VBD). A: comparison of NAD levels between elderly patients with LVEF < 50 % (n=7) and > 50 % (n=12) (p=0.86). B: comparison of NAD levels between elderly patients (n=19) and VBD (n=151) (p = 0.007). U Mann-Whitney test; **p< 0.01
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