Aurélie Mailliez 
  
Axel Guilbaud 
  
François Puisieux 
  
Luc Dauchet 
  
Éric Boulanger 
email: eric.boulanger@univ-lille.fr
  
  
Circulating biomarkers characterizing physical frailty: CRP, hemoglobin, albumin, 25OHD and free testosterone as best biomarkers. Results of a meta-analysis

Keywords: frailty, biomarkers, aging, meta-analysis

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

Introduction

The proportion of the population over 65 years old is growing and the World Health Organization estimates that it will account for around 30% of the general population by 2050. It is important, for both socio-economic and public health reasons, to adapt to this worldwide phenomenon with the aim of increasing "successful aging", sometimes described as "healthspan". However, aging is very heterogeneous between individuals: the changes that occur are non-linear and not always directly related to chronological age.
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During aging, an individual can be described as being in one of 3 different states (Figure 1). If he or she undergoes successful aging, he or she can be defined as robust; if he or she experiences multiple pathologies and loses autonomy, he or she is defined as dependent, which is an irreversible status. Between these two states exists an intermediate, reversible status denoted frailty. Frailty has been described as a syndrome in which a decreased reserve and resistance to stressors, resulting from cumulative decline across multiple physiological systems, increases vulnerability to adverse outcomes [START_REF] Fried | Frailty in older adults: evidence for a phenotype[END_REF]. This syndrome is associated with incident falls, functional limitation, disability, hospitalization and mortality.

Many frailty scales have been proposed in the literature, but one of the best-known is the Fried Frailty Scale or Frailty Phenotype [START_REF] Cesari | The frailty phenotype and the frailty index: different instruments for different purposes[END_REF]. It is a binary scoring system based upon five criteria: weight loss, weakness, exhaustion, slowness and low physical activity (Supplementary table 1). If the individual possesses none of these criteria, they will be defined as robust; if they score three or more, they will be defined as frail.

Between these two states, scoring one or two criteria, they will be defined as pre-frail. We will not focus on prefrailty here, because it seems to us more important to first better understand frailty before exploring pre-frailty.

Frailty is a state linked to advancing age. The prevalence is estimated at 4% between 65 and 69 years old, rising to 26% in those over 85. Frail subjects are more frequently women [START_REF] Ofori-Asenso | Global Incidence of Frailty and Prefrailty Among Community-Dwelling Older Adults[END_REF] and around 10% of the community-dwelling over-65s are frail [START_REF] Collard | Prevalence of frailty in communitydwelling older persons: a systematic review[END_REF].

Frailty is reversible, but requires intervention -in a recent review and meta-analysis, Kojima and colleagues found that only 3% of frail older people spontaneously reverted to a robust state at a later date [START_REF] Kojima | Transitions between frailty states among community-dwelling older people: A systematic review and meta-analysis[END_REF]. Hence, early and efficient detection within the context of daily clinical practice is desirable (for example in general medicine, in surgery before a programmed intervention, or in oncology before deciding on the most suitable treatment). Timely identification of frail subjects would allow action to be taken before the onset of clinical complications or chronic disease results in dependency. However the different frailty scales available are insufficiently employed in clinical practice for multiple reasons, in particular lack of time and specialized equipment. An international, online survey from 2016 demonstrated that among a panel of clinicians involved in care of the elderly only 52.8% always assessed frailty in their daily practice [START_REF] Bruyère | How clinical practitioners assess frailty in their daily practice: an international survey[END_REF].

We are of the opinion that, if a list of easily-measured biomarkers were available, and their relationship with frailty well-defined, it would facilitate assessment of frailty in the daily clinical practice of all specialties. Today, despite a growing body of research on this topic, there remains a lack of widely-adopted, well-defined, reliable and pertinent frailty biomarkers. Some authors have proposed reviews and meta-analyses to summarize and clarify the knowledge, but have tended to focus on a particular biological system (for example inflammation [START_REF] Soysal | Inflammation and frailty in the elderly: A systematic review and meta-analysis[END_REF], or oxidative stress [START_REF] Soysal | Oxidative stress and frailty: A systematic review and synthesis of the best evidence[END_REF]). Many physiological systems are involved, however, in particular inflammation, coagulation, renal and endocrine functions are thought to be altered and responsible for frailty [START_REF] Sanchis | Usefulness of Clinical Data and Biomarkers for the Identification of Frailty After Acute Coronary Syndromes[END_REF].

The objective of our work was thus to realize a review of the literature concerning the entirety of biomarkers so far associated with frailty and to realize a meta-analysis comparing the difference in the plasmatic value of each biomarker in the frail with the robust group. Our aim was to obtain a list of easily-measured biomarkers associated with frailty. author (EB) made the final decision.

The inclusion criteria were the following:

-in each study, a frail group and a control group called "robust" or "non-frail" must be clearly defined;

-the frailty scale used must only be the Fried frailty scale [START_REF] Fried | Frailty in older adults: evidence for a phenotype[END_REF]; -the biomarkers must only be plasmatic ones;

-the plasmatic levels of the studied as frailty biomarkers must be available in both the robust and frail groups.

The exclusion criteria were the following:

-studies based on animal models; -reviews of the literature;

There are over 40 different scales proposed to define frailty [START_REF] Theou | Operationalization of frailty using eight commonly used scales and comparison of their ability to predict all-cause mortality[END_REF]. The most widely used is the Fried Frailty scale [START_REF] Cesari | The frailty phenotype and the frailty index: different instruments for different purposes[END_REF]. In addition, to perform a meta-analysis, the methods of the included studies must be as homogeneous as possible.

Data extraction

The same two authors independently extracted the data from the selected publications. Two types of data were extracted: quantitative data for use in the meta-analysis, and qualitative data in order to characterize the population being studied. We collated the data with a Microsoft Excel® spreadsheet, identical for AM and AG.

Among the quantitative data, the plasmatic levels of each biomarker in the robust and frail groups was given in each study in one of the following forms:

-mean and standard deviation or standard error of the mean; -median and first and third interquartile or IQR (Interquartile Range); -geometric mean and standard deviation of the geometric mean or standard error of the geometric mean.

Among the descriptive data of the selected studies, we collected the publication date, the country in which the study was conducted and the population setting (community-dwelling, in-or out-patients, etc). We also recorded the name of the biomarkers studied, their unit of measure and method of measurement, the number of participants in the robust and frail groups, the gender distribution and average age and BMI (Body Mass Index) for each group.

We evaluated the quality of each study thanks to the 9-point NOS scale (Newcastle Ottawa Scale). This scale enabled us to determine the quality of the included studies' methods according to 3 parameters: the selection method, the comparability of the groups and the outcome measurements.

Data analysis

All analyses were performed using the R® statistical software, version 3.6.0, and Microsoft Excel® complement solver.

We converted the units of measurements in order to uniformize the data and collated the different quantitative da ta in order to recalculate both estimated means and estimated standard deviations (SD) for each biomarker in the robust and frail groups. Biological parameters usually follow either a normal or a lognormal distribution. To dete rmine whether a distribution was normal, we assessed the interquartile interval of the medians or the standard de viation of the means. If the interquartile intervals were asymmetric or if the standard deviation was very high wit h respect to the mean (greater than 60% of the mean), we considered the distribution was not normal and a log-tr ansformation was performed: the log of the mean and the log of the standard deviation were then estimated.

Cases of normal distribution

The mean and the standard deviation (SD) were used if the authors reported them. If the standard error (SE) was given, we estimated the SD using the formula: SD = SE*√ where N = number of participants.

If the median was reported, and the distribution was normal, we assumed that mean and median were equal. The SD was recalculated from the first (Q1) and the third interquartile (Q3), or from the interquartile range (IQR), with one of the following equations: ((Q3 -Q1) / Z25% *2) or (IQR / Z25%*2), where Z25% *2 equal to 1.35 correspond to the IQR of a normal distribution with a SD = 1.

If the geometric mean and the SD of the geometric mean were reported, the geometric mean and its SD were both assumed to be equivalent to the arithmetic mean and its SD.

Cases of lognormal distribution:

If the mean and the SD or the SE were reported, we used the equation proposed by [START_REF] Quan | Estimate of standard deviation for a log-transformed variable using arithmetic means and standard deviations[END_REF]Zang in 2003(Quan and[START_REF] Quan | Estimate of standard deviation for a log-transformed variable using arithmetic means and standard deviations[END_REF]:

-estimated mean of the ln (value) = ln (mean)-0.5 x (estimated SD of the ln (value)) 2 ; -estimated SD of the ln (value) = (ln (1 + SD 2 /mean 2 )) or estimated SD of the ln (value) = ln (SE)*√N .If the median and Q1 and Q3 were reported:

-estimated mean of the ln (value) = ln (median); -estimated SD of the ln (value) = (ln (Q3) -ln (Q1)) / (Z25% *2) If only the IQR was reported, then we estimated the SD of the ln (value) with Microsoft Excel® complement solver. We determined the SD for a normal distribution with a mean equal to ln (median) and for which the exponential of this variable would have an IQR equal to the IQR notified in the study concerned.

If the geometric mean and the SD of the geometric mean were reported:

-estimated mean of the ln (value) = ln (geometric mean); -estimated SD of the ln (value) = ln (SD of the geometric mean).

We analyzed each biomarker in the meta-analysis if at least three studies contributed data. We calculated the absolute difference (AD) in means between the robust and frail groups, as well as standardized mean difference (SMD) and their respective variances [START_REF] Egger | Systematic Reviews in Health Care: Meta-Analysis in Context[END_REF].

AD correspond to the estimated mean in the frail group -estimated mean in the robust group.

SMD represents the ratio of the AD to the common standard deviation, defined as:

Common standard deviation = (( -1) ( ) 2 + ( -1) ( ) 2 ) ((N total -2))
Where We used the RMA (Robust Multi-array Average) function of the R software® with a pattern of random effect [START_REF] Dersimonian | Meta-analysis in clinical trials[END_REF]. For the lognormal variables, an exponential transformation of the absolute mean differences between the frail and the robust group was necessary for it to be read as a ratio. This ratio is expressed as a percentage of increase or decrease according to the following calculation: ((ratio-1) x 100). The lognormal distributions concerned the following parameters: C-reactive protein (CRP), High sensitivity CRP (Hs CRP) InterLeukin-6 (IL-6), InterLeukin-10 (IL-10), Tumor Necrosis Factor alpha (TNFα), Monocyte

Chemoattractant Protein 1 (MCP 1), neopterin, Triglycerides, HbA1C, Free Testosterone (FT), Total Testosterone (TT), Sex Hormone-Binding Globulin (SHBG), Parathormone (PTH), fasting insulin. These biomarkers are identified with an asterisk in the following tables.

We measured the heterogeneity between the studies with an I2 test [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF]. In cases of large differences in age, BMI or gender between the frail and the robust groups which could constitute a potential bias, we explored this heterogeneity using a metaregression on age, BMI and gender differences between groups.

When heterogeneity was significant, the absolute difference and the predicted SMD for a null difference in age, BMI or gender between the frail and the robust groups was calculated. We indirectly evaluated the effect of the bias caused by differences in age, BMI and between frail and non-frail using metaregression. We thereby assume that, for example if age is a cofounding factor, then the difference in the biomarkers' values should be greater when differences in age are greater. Then the modulation effect of age should be significant and the expected value of the SMD for a null difference in age between groups provides an indirect estimation of the SMD when adjusted for age. While real adjustment or pair-wise adjustment should provide more accurate results, metaregression was used because the raw, individual data were not available.

To verify any publication bias, funnel plots and Egger's tests were performed.

A few studies differed in their definition of the « non-frail group ». Sometimes, the non-frail group aggregated robust and pre-frail subjects and was not wholly composed of robust subjects. Hence, sensitivity analyzes were performed to assess whether the results of the meta-analysis were modified by the definition used. Sensitivity analyzes were also realized according to the country in which the studies were conducted and the setting of the population studied.

Statistical tests were considered to be significant when p<0.05.

Results

Literature search results

The search identified 1339 articles: 503 from PubMed, 467 from Scopus and 369 from Web Of Science (Fig 2).

642 duplicates were removed. Among the remaining 697 articles, 48 were included; among the exclusions at this stage were 45 reviews. Closer examination of the studies cited in those reviews revealed a further 25 eligible articles that not been selected in the initial search and which were included in this second stage, 9 of which were excluded. For 6 of these, exclusion was necessary because the biomarkers' plasmatic values were reported by quartile and so could not be used in the meta-analysis; for 2 articles, the median of the plasmatic value in one group was null due to detection problems, and for 1 article it was because we could not use the reported plasmatic value to calculate an estimation of the mean and SD. Finally, then, 64 articles were included in the meta-analysis.

Studies and patients' characteristics

Globally, the methodological quality of the studies included was good with a median NOS score of 6 and IQR [6][7]. 24 studies were conducted in the United States of America [START_REF] Ballew | Frailty, Kidney Function, and Polypharmacy: The Atherosclerosis Risk in Communities (ARIC) Study[END_REF][START_REF] Barzilay | Insulin resistance and inflammation as precursors of frailty: the Cardiovascular Health Study[END_REF]Cappola et al., 2009;[START_REF] Darvin | Plasma protein biomarkers of the geriatric syndrome of frailty[END_REF]De Fanis et al., 2008;[START_REF] Eichholzer | Serum sex steroid hormones and frailty in older American men of the Third National Health and Nutrition Examination Survey (NHANES III). Aging Male Off[END_REF]Ensrud et al., 2011;Hart et al., 2017;Hubbard et al., 2009a;(Kalyani et al., 2012a(Kalyani et al., , 2012b)); [START_REF] Leng | Serum interleukin-6 and hemoglobin as physiological correlates in the geriatric syndrome of frailty: a pilot study[END_REF][START_REF] Leng | Inflammation and frailty in older women[END_REF]Leng et al., , 2009aLeng et al., , 2009b[START_REF] Leng | IL-6independent association of elevated serum neopterin levels with prevalent frailty in communitydwelling older adults[END_REF][START_REF] Liu | Biomarkers of oxidative stress are associated with frailty: the Framingham Offspring Study[END_REF][START_REF] Margolick | Frailty and Circulating Markers of Inflammation in HIV+ and HIV-Men in the Multicenter AIDS Cohort Study[END_REF][START_REF] Mcadams-Demarco | Frailty, Inflammatory Markers, and Waitlist Mortality Among Patients With End-stage Renal Disease in a Prospective Cohort Study[END_REF][START_REF] Mohr | Testosterone, sex hormone-binding globulin, and frailty in older men[END_REF][START_REF] Piggott | Frailty, Inflammation, and Mortality Among Persons Aging With HIV Infection and Injection Drug Use[END_REF][START_REF] Qu | Upregulated monocytic expression of CXC chemokine ligand 10 (CXCL-10) and its relationship with serum interleukin-6 levels in the syndrome of frailty[END_REF][START_REF] Semba | T cell subsets and mortality in older community-dwelling women[END_REF][START_REF] Semba | Low serum micronutrient concentrations predict frailty among older women living in the community[END_REF][START_REF] Shamsi | Proteomic screening of glycoproteins in human plasma for frailty biomarkers[END_REF][START_REF] Singer | Frailty Phenotypes, Disability, and Outcomes in Adult Candidates for Lung Transplantation[END_REF][START_REF] Szanton | Allostatic load and frailty in the women's health and aging studies[END_REF][START_REF] Travison | Frailty, serum androgens, and the CAG repeat polymorphism: results from the Massachusetts Male Aging Study[END_REF]Voznesensky et al., 2009;Wang et al., 2010), 19 studies in Europe (Alonso-Bouzón et al., 2014;[START_REF] Alvarez-Ríos | Associations between frailty and serum Nterminal propeptide of type I procollagen and 25-hydroxyvitamin D in older Spanish women: The Toledo Study for Healthy Aging[END_REF][START_REF] Álvarez-Sánchez | Homocysteine levels are associated with bone resorption in pre-frail and frail Spanish women: The Toledo Study for Healthy Aging[END_REF][START_REF] Arts | Relationship Between Physical Frailty and Low-Grade Inflammation in Late-Life Depression[END_REF]Carcaillon et al., 2012;[START_REF] Gale | Inflammatory markers and incident frailty in men and women: the English Longitudinal Study of Ageing[END_REF][START_REF] Gale | Cognitive Ability in Late Life and Onset of Physical Frailty: The Lothian Birth Cohort 1936[END_REF][START_REF] Inglés | Oxidative stress is related to frailty, not to age or sex, in a geriatric population: lipid and protein oxidation as biomarkers of frailty[END_REF][START_REF] Krams | Is the 25-Hydroxy-Vitamin D Serum Concentration a Good Marker of Frailty?[END_REF]Lorenzi et al., 2016;[START_REF] Sánchez-Flores | Frailty Status in Older Adults Is Related to Alterations in Indoleamine 2,3-Dioxygenase 1 and Guanosine Triphosphate Cyclohydrolase I Enzymatic Pathways[END_REF]Marzetti et al., 2014;[START_REF] Mekli | Proinflammatory genotype is associated with the frailty phenotype in the English Longitudinal Study of Ageing[END_REF][START_REF] Sanchis | Usefulness of Clinical Data and Biomarkers for the Identification of Frailty After Acute Coronary Syndromes[END_REF][START_REF] Saum | Association between Oxidative Stress and Frailty in an Elderly German Population: Results from the ESTHER Cohort Study[END_REF][START_REF] Serra-Prat | Effect of age and frailty on ghrelin and cholecystokinin responses to a meal test[END_REF][START_REF] Shardell | Association of low vitamin D levels with the frailty syndrome in men and women[END_REF]Tajar et al., 2013;[START_REF] Valdiglesias | Immunological alterations in frail older adults: A cross sectional study[END_REF], 16 studies in Asia [START_REF] Chang | Association between frailty and carotid intima media thickness and inflammatory marker in an elderly population[END_REF][START_REF] Chen | Reduced cerebellar gray matter is a neural signature of physical frailty[END_REF][START_REF] Hong | Relationship between nutritional status and frailty in hospitalized older patients[END_REF][START_REF] Hwang | Association of Frailty and Cardiometabolic Risk Among Community-Dwelling Middle-Aged and Older People: Results from the I-Lan Longitudinal Aging Study[END_REF]Kumar et al., 2014;[START_REF] Lee | Soluble ICAM-1, Independent of IL-6, Is Associated with Prevalent Frailty in Community-Dwelling Elderly Taiwanese People[END_REF][START_REF] Lee | Relationship between chronic kidney disease without diabetes mellitus and components of frailty in community-dwelling Japanese older adults[END_REF][START_REF] Lu | Inflammatory and immune markers associated with physical frailty syndrome: findings from Singapore longitudinal aging studies[END_REF][START_REF] Ma | Elevated serum IL-6 and adiponectin levels are associated with frailty and physical function in Chinese older adults[END_REF][START_REF] Ma | Serum SIRT1 Is Associated with Frailty and Adipokines in Older Adults[END_REF][START_REF] Namioka | Oxidative stress and inflammation are associated with physical frailty in patients with Alzheimer's disease[END_REF]Pannérec et al., 2018;[START_REF] Su | Monocytes Related Inflammatory Biomarkers are Associated With Frailty Syndrome[END_REF][START_REF] Tsai | Plasma adiponectin levels correlate positively with an increasing number of components of frailty in male elders[END_REF][START_REF] Wu | High oxidative stress is correlated with frailty in elderly chinese[END_REF][START_REF] Wu | Low serum testosterone and frailty in older men and women[END_REF], 2 studies in South America (Coelho et al., 2012;[START_REF] Nascimento | Higher levels of tumor necrosis factor β are associated with frailty in socially vulnerable community-dwelling older adults[END_REF], 2 studies in Australia (Al [START_REF] Saedi | Lamin A expression in circulating osteoprogenitors as a potential biomarker for frailty: The Nepean Osteoporosis and Frailty (NOF) Study[END_REF]Le Couteur et al., 2011) and 1 study in Egypt (Mohamad et al., 2018) (Table1).

The included studies represented a total of 58 917 participants, among which 32 934 were robust and 6 864 frail according to the Fried frailty scale (19 119 were classified as pre-frail). The total population was mainly women (69.4%). The frail subjects were more often older (median years of age [Q1-Q3]: 78.8 [74.6-84]) and more frequently women (70.5%) than the robust subjects (median age 72.4 [61-77] and 66.7% women). The frail subjects tended to have a higher BMI (median BMI (kg/m2): 27.4 [25.1-28.2]) than robust subjects (27 [24.8-27.3]). The population included community-dwelling subjects (64.4%), outpatients (9.5%), inpatients (5.5%), institutionalized subjects (4.1%) and composite groups from among these (12.4%).

Association between biomarkers and frailty

We identified 152 biomarkers which were evaluated according to the frailty status in at least one study. We arbitrarily chose a minimum threshold of 3 studies evaluating the same biomarker for it to be included in the meta-analysis, and it was thus possible to include 28 biomarkers covering four sets of physiological parameters:

• Inflammatory and hematological parameters: (C-reactive protein (CRP), high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), interleukin-10 (IL-10), TNF-alpha (TNF-a), leucocytes, hemoglobin, fibrinogen, monocyte chemoattractant protein-1 (MCP-1), neopterin);

• Metabolism and nutritional parameters: (albumin, 25-hydroxyvitamin D (25OHD), high-density lipoprotein cholesterol (HDL-cholesterol), low-density lipoprotein cholesterol (LDL-cholesterol), total cholesterol, triglycerides, fasting glucose, hemoglobin A1c (HbA1C), plasmatic protein, transferrin, uric acid);

• Renal function parameters: (creatinine, eGFR (estimated glomerular filtration rate (creatinine));

• Endocrine parameters: (free testosterone (FT, only measured in men), total testosterone (TT, only measured in men), sex hormone binding globulin (SHBG, only measured in men), parathyroid hormone (PTH) and fasting insulin).

The studies and patients' characteristics evaluating these 28 biomarkers are shown in There was no significant differences in fasting insulin between frail and robust.

Metaregression and Sensitivity analysis

To try to explain the heterogeneity between the studies, we performed metaregression analyses on 3 potentially responsible variables: age, BMI and sex.

Concerning age, metaregressions were statistically significant for the AD and SMD of eGFR (respectively, p<0.001 and p=0.003). If there was null difference concerning age between frail and robust groups, the frail individuals exhibited a decrease of 5.19 mL/min in their eGFR compared with the robust group (DA:-5.19

[-9.15; -1.22]; SMD predicted 0.52 [0.13; 0.90]).

Concerning BMI, metaregressions were statistically significant for AD and SMD of CRP (respectively, p=0.002 and p=0.016). If there was null difference concerning BMI between frail and robust, the frail individuals had an increase of 31% of their CRP compared with the robust group (AD: +31% [16; 49]; SMD predicted: 0.31 [0.16; 0.47]).

None of metaregressions were significant for sex and there were no significant differences for the other biomarkers.

Our results remained the same after sensitivity analyses in different subgroups, namely the setting, the country in which the study was conducted, or the definition of the non-frail group (Supplementary table 3).

Publication bias

We performed funnel plots and Egger's tests to assess publication bias. We noted that albumin (Fig 11)

presented a publication bias with an asymmetric funnel plot (p<0.001 Egger's test). We found another asymmetric funnel plot for transferrin (p=0.03), but since only 3 studies evaluated it, an assessment of publication bias was not possible. No other biomarker assessed here presented a publication bias.

Discussion

Our results suggest that clinical frailty is associated on a biological level with inflammation, anemia, malnutrition and dysfunction of the endocrine system.

Among the inflammatory and hematological parameters, CRP, HsCRP, IL-6, TNF-a and leucocytes were significantly higher in frail subjects. On the contrary, hemoglobin was significantly lower in frail compared with robust subjects. Among the metabolism and nutritional parameters, albumin and 25OHD were significantly lower in frail compared with robust subjects. Among the endocrine system parameters, free testosterone and total testosterone were lower in frail compared with robust men. On the contrary, SHBG and PTH were higher in frail men compared with robust men.

The aim of our work was to conduct a meta-analysis to identify easily-measured biomarkers that were significantly associated with frailty, but that were also simply and economically measurable in daily, clinical practice. The maximal absolute value of each SMD (standardized mean differences) was 0.77, hence it is not possible to propose a single biomarker to screen for frailty. A recent article has found that an effect size of between 0.3 and 0.5 should be considered as a minimum in determining clinical or subjective importance [START_REF] Angst | The minimal clinically important difference raised the significance of outcome effects above the statistical level, with methodological implications for future studies[END_REF]. Hence, among the statistically significant biomarkers, we arbitrarily decided to only retain those with an absolute SMD value above 0. ). Despite a SMD above 0.4, we did not retain IL-6 because CRP is also an inflammatory parameter and it is easier to measure in daily practice; similarly, we did not retain either SHBG or total testosterone over free testosterone. Indeed, contrary to testosterone linked to SHBG, free testosterone is biologically active and may better reflect the androgen status than total testosterone. SHBG displayed a trend in the opposite direction than that of free or total testosterone [START_REF] Yang | Association of total testosterone, free testosterone, bioavailable testosterone, sex hormone-binding globulin, and hypertension[END_REF]; moreover, free testosterone had the best absolute SMD among the endocrine system parameters. Although these biomarker are strongly associated with frailty none of them alone are sufficient alone for the diagnosis of frailty. For example with a SMD at 0.77 if we assume a normal distribution for testosterone and use a threshold half way between the mean of frailty and robust the sensibility and the specificity of the test should be at 0.65. Only a large study including all these biomarker could demonstrate the efficiency of the combination of marker. Nevertheless the fact that these biological value are biomarker of various biological system suggest that they may be complementary and not redundant and that a combine approach should greatly improve sensibility and specificity. That is consistent with the definition of frailty as a multidimensional syndrome caused by multiple biological alterations that we can call biological frailty. All impaired biological system are equally important. Indeed, it has been shown that the risk of becoming frail increases non-linearly with the number of dysfunctions in physiological systems and that the number of these dysfunctions is more important than the extent to which any individual system is impaired [START_REF] Fried | Nonlinear multisystem physiological dysregulation associated with frailty in older women: implications for etiology and treatment[END_REF]. In supplementary figures , we provide the forest plot of the significant biomarkers which have an absolute value of SMD inferior to 0.4.

The immune system is an important protective system for the organism. It undergoes many changes during aging, include changes in immunity and adaptive responses, grouped under the term "immunosenescence".

Inflammation is a key mechanism of aging and many aging-related diseases [START_REF] Franceschi | Inflammaging: a new immunemetabolic viewpoint for age-related diseases[END_REF][START_REF] Teissier | The receptor for advanced glycation end-products (RAGE) is an important pattern recognition receptor (PRR) for inflammaging[END_REF]. The umbrella term "inflammaging" has been proposed to characterize this process. It describes a chronic, low-grade and sterile process. It is also linked with multiple endogenous signals occurring during aging [START_REF] Franceschi | Inflammaging: a new immunemetabolic viewpoint for age-related diseases[END_REF]. It has been suggested that an acceleration of "inflammaging" could be one of the causes underlying the frailty syndrome [START_REF] Saedi | Current and emerging biomarkers of frailty in the elderly[END_REF]. Senescent progenitor cells increase with aging in many tissues such as kidney, liver, skin, or adipose tissues, and including those that constitute cardiovascular system. These cells develop a senescence-associated secretory phenotype (SASP) with production of proinflammatory molecules and cytokines [START_REF] Xu | JAK inhibition alleviates the cellular senescence-associated secretory phenotype and frailty in old age[END_REF] and are related to aging and age-related diseases. Hence, many studies in the literature evaluated inflammatory parameters as potential frailty biomarkers, mainly CRP, IL-6 and TNF-a [START_REF] Barzilay | Insulin resistance and inflammation as precursors of frailty: the Cardiovascular Health Study[END_REF]Carcaillon et al., 2012;[START_REF] Gale | Inflammatory markers and incident frailty in men and women: the English Longitudinal Study of Ageing[END_REF][START_REF] Saum | Association between Oxidative Stress and Frailty in an Elderly German Population: Results from the ESTHER Cohort Study[END_REF]. Many authors showed that CRP [START_REF] Barzilay | Insulin resistance and inflammation as precursors of frailty: the Cardiovascular Health Study[END_REF]Carcaillon et al., 2012;[START_REF] Gale | Inflammatory markers and incident frailty in men and women: the English Longitudinal Study of Ageing[END_REF][START_REF] Saum | Association between Oxidative Stress and Frailty in an Elderly German Population: Results from the ESTHER Cohort Study[END_REF], IL-6

and TNF-a [START_REF] Darvin | Plasma protein biomarkers of the geriatric syndrome of frailty[END_REF]Hubbard et al., 2009a;[START_REF] Leng | Serum interleukin-6 and hemoglobin as physiological correlates in the geriatric syndrome of frailty: a pilot study[END_REF][START_REF] Leng | Serum levels of insulin-like growth factor-I (IGF-I) and dehydroepiandrosterone sulfate (DHEA-S), and their relationships with serum interleukin-6, in the geriatric syndrome of frailty[END_REF][START_REF] Leng | Inflammation and frailty in older women[END_REF][START_REF] Liu | Biomarkers of oxidative stress are associated with frailty: the Framingham Offspring Study[END_REF] are significantly higher in frail compared with robust subjects. Our results are concordant with a previous metaanalysis concerning frailty and inflammatory parameters [START_REF] Soysal | Inflammation and frailty in the elderly: A systematic review and meta-analysis[END_REF].

Our metaregressions were significant for CRP with respect to the difference of BMI between groups. Thus, a large difference in BMI between frail and robust subjects may represent a bias for the association between CRP levels and frailty. This may be explained by the inflammatory remodeling in the adipose tissue with the SASP. In significantly overweight subjects, there is a greater proportion of adipose tissue and this inflammatory parameters production may be of greater biological importance [START_REF] Trayhurn | Adipokines: inflammation and the pleiotropic role of white adipose tissue[END_REF]. In our metaregression, the estimated difference between the frail and robust groups of equal BMI was much lower than our original calculation (SMD=0.31[0.16; 0.47] vs. SMD=0.49[0.37; 0.61], respectively), suggesting that any association between CRP and frailty should be further adjusted by the BMI.

Anemia is a common condition in elderly people. It represent an independent predictor of mortality and comorbidity [START_REF] Zakai | A prospective study of anemia status, hemoglobin concentration, and mortality in an elderly cohort: the Cardiovascular Health Study[END_REF]. Anemia is described as an independent risk factor for frailty [START_REF] Chaves | Impact of anemia and cardiovascular disease on frailty status of community-dwelling older women: the Women's Health and Aging Studies I and II[END_REF][START_REF] Corona | The Relationship between Anemia, Hemoglobin Concentration and Frailty in Brazilian Older Adults[END_REF]. A meta-analysis has recently shown that anemia was present in 24% [17-30] of frail subjects [START_REF] Palmer | The Relationship between Anaemia and Frailty: A Systematic Review and Meta-Analysis of Observational Studies[END_REF], while individuals with anemia had a two-fold increased risk of becoming frail. [START_REF] Palmer | The Relationship between Anaemia and Frailty: A Systematic Review and Meta-Analysis of Observational Studies[END_REF]. Anemia is usually multifactorial with nutritional deficiencies, inflammation background or the impact of chronic comorbidities (especially renal failure) that increase with age (Woodman et al., 2005). Lack of hemoglobin can lead to poor muscle oxygenation and decreased muscular strength and physical mobility, which are two important parameters of the frailty phenotype [START_REF] Juárez-Cedillo | Prevalence of anemia and its impact on the state of frailty in elderly people living in the community: SADEM study[END_REF].

Plasmatic albumin levels enable the evaluation of the nutritional status of an individual. Low albumin levels at hospital admission and at discharge are associated with increased short-and long-term mortality after adjustment for age, BMI, gender and several chronic comorbidities [START_REF] Akirov | Low Albumin Levels Are Associated with Mortality Risk in Hospitalized Patients[END_REF]. Daily energy intake is described as lowest in frail individuals, independent of BMI [START_REF] Smit | Lower nutritional status and higher food insufficiency in frail older US adults[END_REF]. Lower albumin levels are negatively correlated with lower gait speed and lower handgrip strength, both linked to sarcopenia and parameters used to define frailty phenotype [START_REF] Van Atteveld | Erythrocyte sedimentation rate and albumin as markers of inflammation are associated with measures of sarcopenia: a cross-sectional study[END_REF]. Several authors have previously shown that plasmatic albumin levels are lower in frail compared with robust subjects [START_REF] Hong | Relationship between nutritional status and frailty in hospitalized older patients[END_REF]Hubbard et al., 2009b;[START_REF] Smit | Lower nutritional status and higher food insufficiency in frail older US adults[END_REF][START_REF] Wu | High oxidative stress is correlated with frailty in elderly chinese[END_REF]. Denutrition therefore seems to be an important parameter in the frailty syndrome.

25OHD deficiency is often evident in community-dwelling people, and especially among the elderly of both sexes, and seems to be related to frailty via sarcopenia [START_REF] Bruyère | How clinical practitioners assess frailty in their daily practice: an international survey[END_REF]. Indeed, 25OHD is necessary to maintain normal muscular function [START_REF] Barone | Hypovitaminosis D and secondary hyperparathyroidism in the elderly: risk factors for hip fracture or markers of frailty?[END_REF] and it regulates parameters in muscle cells such as calcium flux, mineral homeostasis and signaling pathways involved in protein anabolism [START_REF] Visser | Low vitamin D and high parathyroid hormone levels as determinants of loss of muscle strength and muscle mass (sarcopenia): the Longitudinal Aging Study Amsterdam[END_REF].

Two recent meta-analyses confirmed a significant association between low plasmatic levels of 25OHD and frailty [START_REF] Ju | Low 25-hydroxyvitamin D levels and the risk of frailty syndrome: a systematic review and dose-response meta-analysis[END_REF][START_REF] Zhou | Association of vitamin D deficiency and frailty: A systematic review and meta-analysis[END_REF]. In cases of secondary hyperparathyroidism, high PTH levels were linked to lack of 25OHD and an increased risk of sarcopenia in old age [START_REF] Visser | Low vitamin D and high parathyroid hormone levels as determinants of loss of muscle strength and muscle mass (sarcopenia): the Longitudinal Aging Study Amsterdam[END_REF]. Malnutrition, and especially vitamin deficiencies like 25OHD, are associated with immunosenescence and could lead to immunodefiency in the elderly [START_REF] Tannou | Multifactorial immunodeficiency in frail elderly patients: Contributing factors and management[END_REF], while a lack of 25OHD had also be linked with the occurrence of heart failure [START_REF] D'amore | Vitamin D deficiency and clinical outcome in patients with chronic heart failure: A review[END_REF].

With regard to renal function, our results suggest that creatinine and eGFR may not be accurate biomarkers for identifying frailty. Owing to a diminution of muscular mass with aging, plasmatic creatinine level could inaccurately reflect renal function in the elderly, with an attendant risk of under-estimating renal insufficiency.

Moreover, plasmatic creatinine may have extreme high or low values in frail individuals. It can potentially be high in case of chronic kidney insufficiency, or else low in cases of sarcopenia. Frail subjects are vulnerable to both of these pathologies and so may be misidentified when creatinine alone is used as a biomarker of frailty.

Concerning eGFR, metaregressions showed that age difference between the frail and robust groups represented an important potential bias. Indeed, age is one of the parameters used for its calculation, so eGFR may instead be considered a specific biomarker of kidney aging. Before metaregression, the mean difference in eGFR between frail and robust groups was 11.15 mL/min. The estimated mean difference in eGFR between the two groups if their ages were equalized was more than halved to 5.19 mL/min, suggesting any association between eGFR and frailty should be further adjusted by age. Nevertheless, previous studies have shown that the prevalence of frailty increased with increased incidence of kidney failure, and was greater among patients undergoing dialysis [START_REF] Chowdhury | Frailty and chronic kidney disease: A systematic review[END_REF]. As in the general population, the presence of frailty in dialysis patients is an independent predictor for falls, risk of hospitalization and death [START_REF] Bao | Frailty, dialysis initiation, and mortality in end-stage renal disease[END_REF][START_REF] Mcadams-Demarco | Frailty and falls among adult patients undergoing chronic hemodialysis: a prospective cohort study[END_REF] Finally, the endocrine system is also a key parameter in frailty because of its many interactions with the whole organism, in particular the brain, the skeletal muscles and the immune system [START_REF] Clegg | Frailty and the endocrine system[END_REF].

The hypothalamic-pituitary-gonadal axis is responsive to testicular production of testosterone. There also exists adrenal androgens synthesis in both men and women via dehydroepiandrosterone and androstenedione [START_REF] Clegg | Frailty and the endocrine system[END_REF]. Androgens have many target organs especially skeletal muscles: for example, testosterone increases the production of muscle proteins by stimulating muscle androgen receptors and by intervening on the IGF-1 system within the muscle [START_REF] Afilalo | Androgen deficiency as a biological determinant of frailty: hope or hype?[END_REF]. A parallel, age-related decrease of both free and total testosterone with an increase of SHBG has also been demonstrated [START_REF] Harman | Longitudinal Effects of Aging on Serum Total and Free Testosterone Levels in[END_REF]. Despite the fact that the decline in testosterone could be considered as merely physiological aging, some studies have shown an association between low plasmatic testosterone and frailty [START_REF] Eichholzer | Serum sex steroid hormones and frailty in older American men of the Third National Health and Nutrition Examination Survey (NHANES III). Aging Male Off[END_REF][START_REF] Wu | Low serum testosterone and frailty in older men and women[END_REF] and between elevated plasmatic SHBG and frailty [START_REF] Mohr | Testosterone, sex hormone-binding globulin, and frailty in older men[END_REF]. In a study in community-dwelling men from 8

European centers, Swiecicka and colleagues found that higher luteinizing hormone and follicle-stimulating hormone levels were associated with the risk of a decrease in another frailty measure (the Frailty Index) only in men younger than 60 years old. Moreover, higher estradiol levels in men have been shown to be associated with a decreased probability of later improvements in their Frailty Phenotype score [START_REF] Swiecicka | Reproductive Hormone Levels Predict Changes in Frailty Status in Community-Dwelling Older Men: European Male Ageing Study Prospective Data[END_REF]. In women from the Spanish Toledo Study for Healthy Aging, higher plasmatic levels of endogenous estradiol was associated with frailty in women up to the age of 79, but not thereafter (Carcaillon et al., 2012). In this study, the association of estradiol and frailty was stronger in women from the highest tertile of CRP. Moreover, women with the highest level of both estradiol and hsCRP had an increased risk of becoming frail (OR: 4.2 [1.7-10.5], p= 0.002). This double association suggests an important link between sex hormones and inflammation in frailty, and that variation in hormonal status could be a relevant mechanism in frailty. Other endocrine parameters, though not retained in our work, also seem to be promising such as insuline-like growth factor 1, growth hormone or cortisol levels [START_REF] Clegg | Frailty and the endocrine system[END_REF][START_REF] Maggio | IGF-1, the cross road of the nutritional, inflammatory and hormonal pathways to frailty[END_REF] The strength of our work is that it is, to our knowledge, the first which proposes a review and meta-analysis on frailty biomarkers without any restriction on the included parameters. Previous studies of this type have focused on a particular biological pathway and its association with frailty, for instance inflammatory parameters [START_REF] Soysal | Inflammation and frailty in the elderly: A systematic review and meta-analysis[END_REF], oxidative stress [START_REF] Soysal | Oxidative stress and frailty: A systematic review and synthesis of the best evidence[END_REF] or anemia [START_REF] Palmer | The Relationship between Anaemia and Frailty: A Systematic Review and Meta-Analysis of Observational Studies[END_REF]). Our work was a necessary step to globally evaluate the available knowledge in the literature on the topic and to obtain a list of biomarkers that could be examined in further cohort studies However, our work does have some limits. Sensibility, specificity and ROC curve should be better indicator to evaluate the acurancy of these biomarker for the diagnosis of frailty. To calculate sensibility, specificity and ROC curve we needed individual data. That was out of the scop of this study.

We could not be as exhaustive as we wished for two main reasons. First, we had to exclude 20 studies lacking mean or median values for the biomarkers. Secondly, and as remarked upon above, the keyword "biomarkers" was only included in MeSH terminology in 2016. Before 2016, all of the articles studying the association between a biological parameter and physical frailty were only indexed with the name of the biomarker concerned (eg. "CRP") associated with the key-word "frailty". This is probably why 25 studies, published before 2016, not identified by the initial research, were added after reading all the bibliographic references cited in the 45 excluded reviews. It is also possible that other potentially eligible articles were not identified in this work.

Furthermore, our assumptions regarding the normal and lognormal distributions of the biological parameters studied could not be verified without access to the original data for each study. Finally, we were unable to completely account for the confounding of age, BMI or gender. On the one hand, robust and frail groups were only rarely matched for these parameters in the included studies, while on the other hand we were unable to use the multivariate analysis and determine an odds ratio because the statistical analyses were very heterogeneous among the studies. These observations led us to use only the absolute difference of means and the SMD in this work.

In this work, the biomarkers were analyzed independently from each other. It will be interesting to confirm the biomarkers identified here in further studies where several biomarkers are evaluated simultaneously, with particular attention being paid to potential confounding factors such as age, BMI and sex. It will also be important to study their sensitivity and specificity for predicting the occurrence of frailty in longitudinal studies.

The advantage of the frailty biomarkers that we have highlighted here is that they are simply and economically measured by clinicians and provide a biological basis for defining patients as frail or robust. They should be routinely measured in many specialties such as general medicine and surgery, and not only in geriatric medicine.

In future, the frailty syndrome should be more widely screened for, taking the biomarkers identified here as an initial starting point, and with the aim of constructing more relevant and more easily comparable data than the use of several different frailty scales.

Conclusion

To conclude, we have identified 5 biomarkers (CRP, hemoglobin, albumin, 25OHD and, in men only, free testosterone) which were strongly associated with frailty. Importantly, they take into account the fact that frailty is a multidimensional clinical syndrome involving multiple biological alterations. They are all equally important and should accordingly be used in a combination, with no one of them used singly, in order to screen for frailty.

Further studies are needed to verify their ability to predict and/or detect frailty in daily practice. In the future, we suggest that detection and classification of frailty should rely more upon measures of clinically relevant biomarkers. [START_REF] Gale | Cognitive Ability in Late Life and Onset of Physical Frailty: The Lothian Birth Cohort 1936[END_REF] The horizontal distance between the lateral points of the diamond represents the confidence interval. The vertical, dotted line represents the line of significance; if any study crosses the line, its SMD is not significant; if the black diamond crosses it, the result of the meta-analysis is not significant. 

  N frail= Number of frail participants, SD frail= Standard Deviation of the frail, N robust = Number of robust participants, SD robust= Standard Deviation of the robust, N total= Number of total participants.

  3.3.4. Endocrine parametersThe frail men had lower plasmatic free testosterone (AD = -30%[-40;-18], SMD: -0.77[-1.05;-0.49] (I2: 41.1%), p value <0.001) and lower plasmatic total testosterone (AD = -22% [-38; -1], SMD: -0.52 [-1.01; -0.03] (I2: 78.5%), p value = 0.04) than robust men (Fig 8 and 9). The frail individuals had higher plasmatic SHBG levels (AD =+27% [18-37], SMD: 0.59 [0.35-0.83] (I2: 24.4 %), p value <0.001, (Fig 10)) and higher plasmatic PTH levels (AD = +16% [11-21], SMD: 0.36 [0.25-0.47] (I2: 0 %), p value <0.001, (Supplementary Fig 18)) than robust individuals.

  4. The parameters thus identified were CRP (SMD: 0.49 [0.37; 0.61]), hemoglobin (SMD: -0.67 [-0.90;-0.44]), 25OHD (SMD:-0.43 [-0.64;-0.21]), albumin (SMD: -0.62 [-0.84;-0.41]) and, in men only, SHBG (SMD: 0.59 [0.35;0.83]), free testosterone (SMD: -0.77 [-1.05;-0.49]) and total testosterone (SMD: -0.52 [-1.01;-0.03]

  AD: absolute difference, CI: confidence interval, SMD: standardized mean differences, CRP: C-reactive protein, hsCRP: high sensitivity C-reactive protein, IL-6: interleukin-6, IL-10: interleukin-10, TNF-a: tumor necrosis factor-alpha, MCP-1: monocyte chemo attractant protein 1, 25OHD: 25 hydroxy vitamin D, SHBG: sex hormone-binding globulin, PTH: parathormone. * Results were log-transformed and then an exponential transformation was performed. They are expressed as percentage of increase or decrease between frail and robust subjects.

Figure 3

 3 Figure 3-10: Forest plot of the biomarkers with significant SMD >0.4: Legend Figures 3-10:Interpreting the forest plot: at the right of the graph, black squares and horizontal line represent SMD and confidence interval, respectively, for each study. At the bottom of the graph, a black diamond represents the average SMD of all included studies.
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 1 Figure 1: The 3 main states occurring during aging
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Table 2 :

 2 Meta-analysis results for the 28 included biomarkers

	CRP, fibrinogen	Frail: 85	Scotland	Community-dwelling subjects	51.8	69.7+/-0.77■	Not available	6
		Robust: 230			47	69.4+/-0.83■		
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