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The International Staging System(ISS) -calculated from serum albumin and beta-2 microglobulin(β2m)-is an established prognostic marker in multiple myeloma(MM), which has also been suggested to account for survival among general senior population. Our objective was to examine long-term survival of older women free of MM according to baseline ISS. The study included 230 community-dwelling healthy older women without known MM from the EPIDOS cohort(mean±SD, 80.4±3.4years). Serum albumin and β2m

were measured at baseline, and used to calculate the ISS a posteriori. Abnormal ISS was defined as ISS=2 or ISS=3, although ISS=1 was considered normal. The vital status was sought after a mean follow-up of 17.6±0.2years(range, 16.8-18.3). Age, body mass index, mean arterial pressure, diabetes mellitus, hypertension, coronary heart disease, stroke, use corticosteroids, number of drugs daily taken, smoking, physical activity, fall history, bone mineral density, and creatinine clearance were used as potential confounders. All participants died during the 17-year follow-up. Compared to women with normal ISS, those with abnormal ISS(n=24) had shorter survival time(4.9±4.3 versus 8.7±5.2years, P=0.001) and died earlier(85.6±4.8 versus 89.1±5.6years old, P=0.003). Survival time after blood test correlated with both serum albumin(r=0.16, P=0.015) and β2m(r=-0.27, P<0.001). Cox regression revealed that abnormal ISS was associated with mortality(adjusted HR=3.03, P<0.001). Kaplan-Meier distributions showed that participants with abnormal ISS died earlier than those with normal ISS(log-rank P<0.001). In conclusion, community-dwelling older women with abnormal ISS had shorter survival time than the others, suggesting that ISS could be considered as a universal prognostic "aging system" rather than a specific MM "staging system".

INTRODUCTION

The first step of any efficient geriatric care relies on the early identification of older adults most vulnerable to stress, who are at greater risk of failure of usual coping mechanisms, with consequent lower survival chance. This screening is yet limited by the difficulty of implementation into clinical practice due to the time consumption of standard validated tools [START_REF] Bergman | Frailty: an emerging research and clinical paradigm issues and controversies[END_REF][START_REF] Rodrigues-Manas | Searching for an operational definition of frailty: a Delphi method based concensus Statement. The Frailty Operativ Definition-Consensus Conference Project[END_REF]. A simple and easily accessible blood test is thus desirable to improve the feasibility of the screening for older adults with limited life expectancy in daily clinical practice.

There is ample evidence that serum albumin (SA) and beta-2 microglobulin (β2m) are both biological prognostic biomarkers of survival [START_REF] Goldwasser | Association of serum albumin and mortality risk[END_REF][START_REF] Corti | Serum albumin level and physical disability as predictors of mortality in older persons[END_REF][START_REF] Shinkai | Beta2-microglobulin for risk stratification of total mortality in the elderly population: comparison with cystatin C and C-reactive protein[END_REF]. The combination of SA and β2m constitutes a potent staging system in multiple myeloma (MM) [START_REF] Bataille | Prognostic factors and staging in multiple myeloma[END_REF][START_REF] Durie | A clinical staging system for muliple myeloma[END_REF][START_REF] Durie | Prognostic value of pre-treatment serum B2 microglobulin in myeloma: a Southwest Oncology Group study[END_REF][START_REF] Jacobson | A new staging system for multiple myeloma patients based on the Southwest Oncology Group (SWOG) experience[END_REF][START_REF] Ph | International staging system for Multiple Myeloma[END_REF], with a higher prognostic value compared to all other markers including gene expression profiles [START_REF] Jacobson | A new staging system for multiple myeloma patients based on the Southwest Oncology Group (SWOG) experience[END_REF]. In 2005, this SA/β2m combination was internationally recognized as the MM international staging system (ISS) [START_REF] Ph | International staging system for Multiple Myeloma[END_REF]. However and importantly, it was proposed that the ISS may actually take into account more the age-related comorbidity burden of MM older patients than the intrinsic malignancy of the MM clone [START_REF] Bataille | Multiple Myeloma International Staging System: "Staging" or Simply "Aging" System?[END_REF]. Decreased SA and increased β2m reflect declines across multiple physiologic systems and may account for the comorbidity burden among older adults [START_REF] Bataille | Multiple Myeloma International Staging System: "Staging" or Simply "Aging" System?[END_REF]. This suggests that the ISS should not be considered as a specific MM staging system, but rather as an "aging system", i.e. a universal prognostic biomarker in older adults.

We hypothesized that the ISS could predict survival time in general senior population. We had the opportunity to examine the association of ISS with survival time in a sample of healthy women aged ≥75years from the large representative community-based EPIDémiologie de l'OStéoporose (EPIDOS) cohort. The objective of this historical, longitudinal cohort study was to examine long-term survival of older women according to baseline ISS.

MATERIALS AND METHODS

We studied 230 participants without known MM, a subset recruited from 1992 to 1994 in the EPIDOS study, a French large observational prospective multicenter cohort study designed to evaluate risk factors for hip fractures among healthy community-dwelling women aged 75 years and older [START_REF] Dargent-Molina | Fall-related factors and risk of hip fracture: the EPIDOS prospective study[END_REF]. The present analysis considered data from all women who had: i) full data on serum measures; and ii) full data on mortality up to October 1, 2010.

All study participants had a blood test at the time of inclusion. Sera were stored at -100°C until analyses were performed in a sample of women drawn using a random number table that generated in an unpredictable, haphazard a sequence of number corresponding to the number of participants included in the study [START_REF] Annweiler | Cross-sectional association between serum vitamin D concentration and walking speed measured at usual and fast pace among older women: the EPIDOS study[END_REF]. SA (g/L) and β2m (mg/L) concentrations were determined using automated standard laboratory methods at the University Hospital of Lyon, France. The ISS was scored in 3 stages as previously described [START_REF] Ph | International staging system for Multiple Myeloma[END_REF]: stage 1 defined as β2m<3.5mg/L with SA≥3.5g/dL; stage 2 defined as β2m between 3.5-5.5mg/L with any SA level, or β2m<3.5mg/L with SA<3.5g/L; stage 3 defined as β2m≥5.5mg/L. Abnormal ISS was defined as ISS=2 or ISS=3, and ISS=1 was considered normal.

Mortality data were collected either via telephone or through a search of the French national death registry CépiDC [Centre d'épidémiologie sur les causes médicales de décès] up to October 1, 2010 [START_REF] Bailly | Mortality and profiles of community-dwelling fallers. Results from the EPIDOS cohort[END_REF]. The survival time was calculated between the date of recruitment in the EPIDOS study and the date of death or end of the follow-up.

All participants had a full examination consisting of clinical examination and structured questionnaires on socio-demographic data, health status, and physical functioning. Age, body mass index, mean arterial pressure, diabetes mellitus, hypertension, coronary heart disease, history of stroke, current use of corticosteroids, number of drugs taken per day, smoking, regular practice of physical activity, history of falls in preceding 6 months, whole-body bone mineral density, and estimated glomerular filtration rate (estimated from the Cockcroft-Gault formula: [[(140-ageyears)x weight] / creatininemol/L] x 1.04) were measured and used as potential confounders.

The study was conducted in accordance with the ethical standards set by Helsinki declaration (1983). The EPIDOS study was approved by the local ethics committee. All participants gave written informed consents.

Statistical analysis

The participants' baseline characteristics were summarized using means and standard deviations or frequencies and percentages, as appropriate. Participants were separated into 2 groups according to ISS at baseline (i.e., normal ISS versus abnormal ISS). Firstly, betweengroup comparisons were performed using the independent samples t-test or Chi-square test, as appropriate. Secondly, three consecutive Cox regression models were used to examine the associations of mortality (dependent variable) with SA, β2m and abnormal ISS adjusted on baseline characteristics (independent variables). The models produce a survival function that provides the probability of death at a given time for the characteristics supplied for the independent variables. Third, the elapsed time to death was studied by survival curves computed according to the Kaplan-Meier method and compared by the log-rank test. P-values<0.05 were considered statistically significant. All statistics were performed using SPSS (version 19.0; SPSS, Inc., Chicago, IL). Survival time after blood test correlated positively with SA concentration (r=0.16, P=0.015), and negatively with serum β2m concentration (r=-0.27, P<0.001) (Figure 1). Cox regression models revealed an inverse association between SA and mortality (fully adjusted hazard ratio (HR)=0.96, P=0.036) and a positive association between β2m and mortality (fully adjusted HR=1.30, P=0.004) (Table 2). Abnormal ISS was also associated positively with mortality (HR=2.29, P<0.001), even after adjustment for potential confounders (fully adjusted HR=3.03, P<0.001) (Table 2). Consistently, Kaplan-Meier distributions showed in Figure 2 that participants with abnormal ISS had shorter survival time than those with normal ISS (logrank P<0.001).

RESULTS

DISCUSSION

Our results show that abnormal ISS predicted, irrespective of studied potential confounders, shorter long-term survival time in community-dwelling healthy older women.

To the best of our knowledge, we provide here the first evidence of the prognostic value of the ISS in general senior population. This finding is consistent with previous studies reporting that SA and β2m are both biological prognostic factors of survival [START_REF] Goldwasser | Association of serum albumin and mortality risk[END_REF][START_REF] Corti | Serum albumin level and physical disability as predictors of mortality in older persons[END_REF][START_REF] Shinkai | Beta2-microglobulin for risk stratification of total mortality in the elderly population: comparison with cystatin C and C-reactive protein[END_REF]. Numerous epidemiological studies have showed an association between lower SA concentrations and increased morbid-mortality [START_REF] Goldwasser | Association of serum albumin and mortality risk[END_REF][START_REF] Corti | Serum albumin level and physical disability as predictors of mortality in older persons[END_REF][START_REF] Gom | Relationship between serum albumin level and aging in community-dwelling self-supported elderly population[END_REF][START_REF] Herrmann | Serum albumin level on admission as a predictor of death, length of stay, and readmission[END_REF]. The estimated increase in the odds of death ranges from 24% to 56% for each 2.5 g/L decrement in SA concentration [START_REF] Goldwasser | Association of serum albumin and mortality risk[END_REF]. This association predicts overall and cause-specific mortality including cardiovascular mortality. Several biological mechanisms have been suggested to explain the association of lower SA concentrations with increased mortality [START_REF] Goldwasser | Association of serum albumin and mortality risk[END_REF]. First, a protective effect of SA is likely based on its potential nitrovasodilator effect, which could modulate cardiovascular diseases processes.

Another protective mechanism may be related to a significant antioxidant effect of SA in blood and extracellular fluids. SA enhances the removal of reactive oxygen species involved in the pathogenesis of numerous diseases such as atherosclerosis. SA may also be directly beneficial by increasing the ability of serum to bind potential toxins. Finally, SA is an inhibitor of human endothelial apoptosis and lower SA concentrations may result in a general increased vascular permeability leading to tissue damage [START_REF] Goldwasser | Association of serum albumin and mortality risk[END_REF][START_REF] Corti | Serum albumin level and physical disability as predictors of mortality in older persons[END_REF][START_REF] Herrmann | Serum albumin level on admission as a predictor of death, length of stay, and readmission[END_REF]. Like SA, higher β2m has been associated with increased morbi-mortality while aging, independent of any history of MM [START_REF] Shinkai | Beta2-microglobulin for risk stratification of total mortality in the elderly population: comparison with cystatin C and C-reactive protein[END_REF][START_REF] Bataille | Beta-2-microglobulin in myeloma: optimal use for staging, prognosis, and treatment. A prospective study of 160 patients[END_REF][START_REF] Vincent | Serum beta2-microglobulin in hemodialyzed patients[END_REF][START_REF] Erez | Increased production of B2-microglobulin after heart transplantation[END_REF][START_REF] Annweiler | Plasma Beta-2 Microglobulin as a Marker of Frailty in Older Adults: A Pilot Study[END_REF][START_REF] Shinkai | Predictors for the onset of functional decline among initially non-disabled older people living in a community during a 6-year follow-up[END_REF]. Firstly, greater levels of serum β2m have been reported in healthy older adults compared to younger ones [START_REF] Vincent | Serum beta2-microglobulin in hemodialyzed patients[END_REF][START_REF] Shinkai | Predictors for the onset of functional decline among initially non-disabled older people living in a community during a 6-year follow-up[END_REF]. Secondly, β2m is an established biomarker of disease activity not only in malignancies and chronic renal dysfunction, but also in autoimmune affections and infections [START_REF] Bataille | Beta-2-microglobulin in myeloma: optimal use for staging, prognosis, and treatment. A prospective study of 160 patients[END_REF][START_REF] Erez | Increased production of B2-microglobulin after heart transplantation[END_REF][START_REF] Annweiler | Plasma Beta-2 Microglobulin as a Marker of Frailty in Older Adults: A Pilot Study[END_REF][START_REF] Shinkai | Predictors for the onset of functional decline among initially non-disabled older people living in a community during a 6-year follow-up[END_REF]. Thus, an increase in serum β2m concentration reflects pathological aging across multiple physiologic systems. In line with this, increased β2m concentrations were used as a marker of frailty phenotype in geriatric inpatients [START_REF] Annweiler | Plasma Beta-2 Microglobulin as a Marker of Frailty in Older Adults: A Pilot Study[END_REF]. Thirdly, a strong association has been reported among older adults between increased serum β2m concentration and higher rate of all-cause mortality, specifically cardiovascular mortality [START_REF] Shinkai | Beta2-microglobulin for risk stratification of total mortality in the elderly population: comparison with cystatin C and C-reactive protein[END_REF].

All these findings suggest that the combination of SA with β2m adequately explores the balance of inflammation proteins and constitutive proteins, and may reflect the physiological reserves available to the senior, making it an "aging system". Some limitations of our study should be considered. Firstly, the study cohort was restricted to relatively vigorous older women with interest in personal health issues who may be unrepresentative of older adults in general. Secondly, although we were able to control for important characteristics that could modify the association between ISS and mortality, residual potential confounders such as the presence of inflammatory systemic diseases or the causes of deaths might still be present. Thirdly, data were recorded before 2000. It is possible, though unproven, that the profiles and the risks of the participants have changed since then, as well as the implementation and enforcement of various prevention programs. The present results show thus trends that would better be confirmed by an independent survey in another cohort.

In conclusion, abnormal ISS predicted shorter survival time in community-dwelling healthy older women. Further studies with different cohorts are warranted to corroborate this finding, and assess the value of the ISS as an "aging system" and a universal marker of frailty phenotype in older adults. 
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 2 Figure 2. Kaplan-Meier estimates of the cumulative probability of participants' survival

  

  All 230 participants (mean age at baseline, 80.4±3.4years) died during the follow-up (mean, 17.6±0.2years; range, 16.8-18.3years). As shown in Table 1, women with abnormal ISS (n=24) had shorter survival time than those with normal ISS (4.9±4.3 versus 8.7±5.2years; P=0.001) and died earlier (mean age of death, 85.6±4.8 versus 89.1±5.6years; P=0.003).

Table 1 .

 1 Characteristics and comparison of participants separated into two groups based on the International Staging System* (n=230)

	Whole sample (n = 230)	International Staging System Normal* Abnormal* (n = 206) (n = 24)	P-value †
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