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Factors associated with changes of the frailty status after age 70: findings in the MAPT study
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Purpose: Frailty has become a major issue in the prevention of functional decline and disability in aged populations. Using repeated measurements of frailty over 3 years, this work aimed to describe transitions between frailty states and associated factors. Methods: This study used the data from the Multidomain Alzheimer Prevention Trial (MAPT) and included the 842 participants aged 70 and over who did not receive the multidomain intervention. Frailty was assessed using the phenotype proposed by Fried et al. at baseline and at 6, 12, 24, and 36 months. Factors influencing the transitions across frailty states were examined using multistate modelling. Results: The study population included 548 women and 294 men, mean age 75.4 +/-4.5 years. At baseline, 430 (53%) participants were non-frail, 349 (43%) pre-frail, and 28 (4%) frail. A total of 2271 pairs of consecutive measurements of frailty status were available over the 3 years of follow-up, with no change in frailty status in 1548 of them (68%), a worsening of frailty status in 426 of them (19%), and an improvement in frailty status in the remaining 297 (13%). Polypharmacy (i.e. ≥6 drugs) and probable depression were associated with incident pre-frailty. Female gender was systematically associated with a lower probability of recovering from pre-frailty and frailty. Older age, overweight, comorbidity, and abnormal CRP also reduced the probability of recovery from frailty or pre-frailty. Conclusions: This study sheds light on factors that should be further investigated in future research to help the prevention and management of frailty.

Introduction

Frailty is defined as an ageing-related state, resulting from a decrease in physiological reserves across multiple systems, increasing vulnerability to stressors. [START_REF] Clegg | Frailty in elderly people[END_REF] From this theoretical basis, multiple operational definitions of frailty have emerged. [START_REF] Buta | Frailty assessment instruments: Systematic characterization of the uses and contexts of highly-cited instruments[END_REF] The most commonly used is the frailty phenotype, which is based on a set of five criteria exploring physical strength, physical activity, nutrition, mobility and energy. [START_REF] Fried | Frailty in older adults: evidence for a phenotype[END_REF] Frailty has been shown to affect between 11 and 14% of people aged 65 years and over and to be a predictor of adverse health outcomes, such as falls, institutionalization, and mortality. [START_REF] Shamliyan | Association of frailty with survival: a systematic literature review[END_REF][START_REF] Collard | Prevalence of frailty in community-dwelling older persons: a systematic review[END_REF] As such, frailty has become a major issue in the prevention of functional decline and disability in aged populations. [START_REF] Bergman | Frailty: an emerging research and clinical paradigm--issues and controversies[END_REF][START_REF] Rodriguez-Manas | Searching for an operational definition of frailty: a Delphi method based consensus statement: the frailty operative definition-consensus conference project[END_REF] The concept of frailty is now incorporated in public health policies and primary care physicians are encouraged to screen their patients for frailty and to refer them, where necessary, to day hospitals for a full frailty assessment, enabling the provision of personalized interventions to delay health and functional decline. A wide range of interventions are available, including improved management of chronic conditions, physical activity, and nutritional skills. [START_REF] Morley | Frailty consensus: a call to action[END_REF][START_REF] Puts | Interventions to prevent or reduce the level of frailty in community-dwelling older adults: a scoping review of the literature and international policies[END_REF] Much research has focused on the dynamic of frailty in longitudinal settings in order to understand the multiple causes of and risk factors for pre-frailty and frailty. Valuable studies in the field [START_REF] Gill | Transitions between frailty states among community-living older persons[END_REF][START_REF] Shardell | Serum 25-hydroxyvitamin D, transitions between frailty states, and mortality in older adults: the Invecchiare in Chianti Study[END_REF][START_REF] Xue | Initial manifestations of frailty criteria and the development of frailty phenotype in the Women's Health and Aging Study II[END_REF][START_REF] Lee | Transitions in frailty states among community-living older adults and their associated factors[END_REF][START_REF] Jamsen | Effects of Changes in Number of Medications and Drug Burden Index Exposure on Transitions Between Frailty States and Death: The Concord Health and Ageing in Men Project Cohort Study[END_REF][START_REF] Arrighi | The impact of economic conditions on the disablement process: AMarkov transition approach using SHARE data[END_REF][START_REF] Pollack | Patterns and Predictors of Frailty Transitions in Older Men: The Osteoporotic Fractures in Men Study[END_REF][START_REF] Trevisan | Factors Influencing Transitions Between Frailty States in Elderly Adults: The Progetto Veneto Anziani Longitudinal Study[END_REF][START_REF] Stenholm | Natural Course of Frailty Components in People Who Develop Frailty Syndrome: Evidence From Two Cohort Studies[END_REF][START_REF] Balboa-Castillo | Low vitamin intake is associated with risk of frailty in older adults[END_REF][START_REF] Dapp | Long-term prediction of changes in health status, frailty, nursing care and mortality in community-dwelling senior citizens-results from the Longitudinal Urban Cohort Ageing Study (LUCAS)[END_REF] have contributed to the description of frailty transitions. However, large intervals between measurements of the frailty phenotype (from 18 months to more than 4 years depending on the study) fail to take into account any change in frailty status that occurred within shorter intervals and may result in transitions being related to risk factors that may have changed since the previous assessment (number of medications, for example). The close follow-up of participants included in the control arms of prevention trials can provide useful information about the natural history of frailty. Due to eligibility criteria, participants in prevention trials are initially mostly non-frail, enabling us to observe the occurrence of frailty longitudinally. [START_REF] Dapp | Long-term prediction of changes in health status, frailty, nursing care and mortality in community-dwelling senior citizens-results from the Longitudinal Urban Cohort Ageing Study (LUCAS)[END_REF] In this context, this study aimed to describe changes in frailty status among individuals included in the non-multidomain intervention arms of the Multidomain Alzheimer Preventive Trial (MAPT) during the first 3 years of their participation, and the factors associated with the different transitions.

Material and methods

Study design and population

The MAPT study is a phase III, multicenter (n=13), randomized, placebo-controlled trial, using a four-arm design with three treatment groups (omega-3 alone, multidomain intervention alone, and omega-3 plus multidomain intervention) and a placebo group. [START_REF] Vellas | Mapt Study: A Multidomain Approach for Preventing Alzheimer's Disease: Design and Baseline Data[END_REF] The MAPT study was designed to assess the efficacy of isolated supplementation with omega-3 fatty acid, an isolated Subjects with dementia were excluded as well as subjects with a Mini Mental State Examination (MMSE) score lower than 24, subjects assessed as dependent for any of the basic activities of daily living (an ADL score lower than 6 [range: 0-6]), and subjects with any disease that could compromise their participation. In addition, subjects who had taken omega-3 supplements within the past 6 months were not included.

The MAPT study included 1680 participants, of whom only those included in the nonmultidomain intervention arms were considered in the present study (420 in the control arm and 423 in the omega-3 arm). As mentioned above, the use of the control arm was intended to enable observation of the natural history of frailty in the absence of specific interventions. In order to increase the power of the study and because the omega-3 supplementation did not significantly affect frailty status over time in the MAPT study [START_REF] Andrieu | Effect of longterm omega 3 polyunsaturated fatty acid supplementation with or without multidomain intervention on cognitive function in elderly adults with memory complaints (MAPT): a randomised, placebo-controlled trial[END_REF] , the subjects included in the omega-3 arm were also considered in the analysis. Although the multidomain intervention did not affect frailty status either, caution prompted us to exclude the individuals who received the multidomain intervention; multidomain interventions are one of the most promising strategies for modifying the course of frailty among older adults [START_REF] Dedeyne | Effects of multi-domain interventions in (pre)frail elderly on frailty, functional, and cognitive status: a systematic review[END_REF] and the MAPT study was not designed to assess the efficacy of the multidomain intervention on frailty. One subject withdrew from the omega-3 arm, resulting in a final sample of 842.

Data collection

Follow-up visits were scheduled every 6 months up to 36 months. Assessment of frailty and other variables was conducted at baseline, 6 months and annually at 1, 2 and 3 years by research staff blinded to the intervention.

Frailty

Frailty phenotype was determined according to the following five criteria, adapted from Fried et al 3 :

-Unintentional weight loss >4.5 kg in the past year; -Fatigue, measured by 2 questions from the CES-D depression scale; -Low grip strength, based on the best of 3 measurements with preferred hand; -Slow walking speed, based on the best of two measurements over 4 meters; -Low level of physical activity, expressed in weekly energy expenditure relating to time spent doing leisure and physical activities. [START_REF] Ainsworth | Compendium of physical activities: classification of energy costs of human physical activities[END_REF] Further details about the assessment of frailty (exact formulation of the questions and coding) are given in Appendix 1.

Frail subjects were those meeting three or more of the five criteria. Those meeting one or two of the five criteria were considered pre-frail. The frailty phenotype could only be determined if information about all 5 criteria was available (no imputation of missing data).

Other variables

Baseline information included age, gender, and treatment arm, as well as the following variables that were also collected at each follow-up:

-Body Mass Index (BMI); -Biochemical abnormalities (whether clinically significant or not) reported by investigators in the case report form. Based on individual test results (not available for the present study), the investigators rated for each parameter whether the result was normal or not and, if not, whether a clinical effect could be related to the biochemical abnormality.

All variables except gender were updated at each follow-up.

Statistics

The characteristics of the participants were described for the study sample and by frailty group in terms of proportions for categorical variables and means +/-standard deviation for continuous variables. Comparison between groups used Chi-square test or Fisher's exact test for categorical variables and analysis of variance for continuous variables.

As recommended for panel data where individuals are observed at arbitrary continuous times, here periodical medical visits, we used multistate modelling to describe how individuals moved between frailty states during the follow-up (states were unknown between observation times).

Intensity of transition (i.e. instantaneous risk of moving from one state to another) may depend on time t (but we assume here time-homogenous intensities) or, more generally, on a set of individual-level or time-dependent explanatory variables. Factors associated with the 4 main transitions (from non-frail to pre-frail, from pre-frail to frail, from frail to pre-frail, and from pre-frail to non-frail) were assessed by introducing covariates in the multistate model. The model was specified so that covariates applied to all intensities. Time-dependent covariates were assumed to be constant between the times they were observed, and the transition probability between a pair of times (t1; t2) is assumed to depend on the covariate value at t1. 

Results

Characteristics of the study sample at baseline

The study sample was composed of 65.1% women and mean age was 75.4 +/-4.5. Memory complaint was the main reason for inclusion (n=836; 99.3%), far ahead of IADL limitations (54; 6.4%) and slow walking speed 68; 8.1%). We were able to determine the frailty phenotype of 807 individuals at baseline (95.8%). Of these, 430 (53.3%) were non-frail, 349 (43.2%) prefrail, and 28 (3.5%) frail. Fatigue, low grip strength and low level of physical activity were the factors that contributed most to frailty. The characteristics of the study sample by frailty status are described further in Table 1. 

Table 1. Characteristics of the study sample at baseline by frailty status

Follow-up of frailty

We were able to determine the frailty phenotype of 711 individuals at 6 months (86.8%), 626 at 12 months (83.0%), 550 at 24 months (81.7%), and 562 at 36 months (84.6%). The proportion of non-frail individuals decreased during the follow-up (Figure 1). We recorded 18 deaths during the follow-up. 

Figures are n (%).

Note: Transitions are defined between 2 consecutive assessments of frailty.

Factors influencing transitions

Results of the multistate model are presented in Table 3. We did not identify factors associated with the transition from pre-frail to frail states. The only factors associated with the transition from non-frail to pre-frail state were polypharmacy and probable depression. Female gender was systematically associated with a lower probability of recovering from pre-frailty and frailty.

Older age, overweight, comorbidity, and abnormal CRP also reduced the probability of recovering from frailty or pre-frailty. Of note, the arm in the MAPT trial (control or omega-3)

was not included in the final model because it did not influence the likelihood of the transitions in bivariate analysis. 

Discussion

Transitions between frailty states

Nested in a prevention trial among older adults reporting memory or physical complaints, this study enabled us to describe transitions between frailty states over relatively short time intervals. We confirm that transitions occur most commonly between adjacent frailty states, [START_REF] Gill | Transitions between frailty states among community-living older persons[END_REF][START_REF] Lee | Transitions in frailty states among community-living older adults and their associated factors[END_REF][START_REF] Pollack | Patterns and Predictors of Frailty Transitions in Older Men: The Osteoporotic Fractures in Men Study[END_REF][START_REF] Trevisan | Factors Influencing Transitions Between Frailty States in Elderly Adults: The Progetto Veneto Anziani Longitudinal Study[END_REF][START_REF] Azevedo Da Silva | Transition Patterns of Frailty Syndrome in Comunity-Dwelling Elderly Individuals: A Longitudinal Study[END_REF] reinforcing the hypothesis of a progressive evolution across the frailty continuum.

Our results are also in line with previous findings showing that chances of recovery from frailty are usually equal or superior to chances of recovery from pre-frailty in longitudinal settings, [START_REF] Gill | Transitions between frailty states among community-living older persons[END_REF][START_REF] Lee | Transitions in frailty states among community-living older adults and their associated factors[END_REF][START_REF] Pollack | Patterns and Predictors of Frailty Transitions in Older Men: The Osteoporotic Fractures in Men Study[END_REF][START_REF] Trevisan | Factors Influencing Transitions Between Frailty States in Elderly Adults: The Progetto Veneto Anziani Longitudinal Study[END_REF] probably because of a selection effect where the most frail are more likely to be lost to follow-up. [START_REF] Stolz | Does Sample Attrition Affect the Assessment of Frailty Trajectories Among Older Adults? A Joint Model Approach[END_REF] 

Factors associated with the transitions

The analysis of the factors associated with the transitions showed that incident pre-frailty was associated with polypharmacy, defined as ≥6 drugs according to the recommended threshold for studies in the area of frailty. [START_REF] Moulis | Searching for a polypharmacy threshold associated with frailty[END_REF] The potential contribution of medications to frailty has been suggested previously [START_REF] Gnjidic | Potential contribution of medications to frailty[END_REF] , often based on cross-sectional associations. [START_REF] Herr | Polypharmacy and frailty: prevalence, relationship, and impact on mortality in a French sample of 2350 old people[END_REF][START_REF] Herr | Frailty, polypharmacy, and potentially inappropriate medications in old people: findings in a representative sample of the French population[END_REF] Our results supplement those of Wang et al and Saum et al who demonstrated that polypharmacy increased the risk of incident phenotypic frailty in longitudinal settings. [START_REF] Wang | Incidence and Effects of Polypharmacy on Clinical Outcome among Patients Aged 80+: A Five-Year Follow-Up Study[END_REF][START_REF] Saum | Is Polypharmacy Associated with Frailty in Older People? Results From the ESTHER Cohort Study[END_REF] Although contradictory results exist [START_REF] Jamsen | Effects of Changes in Number of Medications and Drug Burden Index Exposure on Transitions Between Frailty States and Death: The Concord Health and Ageing in Men Project Cohort Study[END_REF] and residual confounding bias by comorbidity cannot be excluded, this association seems plausible. Indeed, polypharmacy may increase the risk of receiving inappropriate prescriptions and of experiencing adverse drug events that can, in turn, cause or precipitate frailty. [START_REF] Fried | Health outcomes associated with polypharmacy in community-dwelling older adults: a systematic review[END_REF] Probable depression, assessed using the GDS-15, was also associated with incident pre-frailty, consistent with previous results from a US cohort that reported that depressive symptoms and antidepressant use increased the risk of incident frailty among women aged 65 and older and not frail at baseline. [START_REF] Lakey | Antidepressant use, depressive symptoms, and incident frailty in women aged 65 and older from the Women's Health Initiative Observational Study[END_REF] Other factors identified in the transition analysis were negatively associated with recovery.

Among them, female sex and higher age were negatively associated with improvement in frailty status. The former association brings new elements to the "male-female health-survival paradox" , [START_REF] Oksuzyan | Gender gap in health expectancy[END_REF] i.e. the fact that women live longer despite bearing a larger burden of health deficits than men. The latter association has been previously shown in Chinese and Italian cohorts. [START_REF] Lee | Transitions in frailty states among community-living older adults and their associated factors[END_REF][START_REF] Trevisan | Factors Influencing Transitions Between Frailty States in Elderly Adults: The Progetto Veneto Anziani Longitudinal Study[END_REF] The same pattern was found regarding improvement of cognitive/physical function in older adults included in the New Mexico Aging Process Study. [START_REF] Qualls | Reversible states of physical and/or cognitive dysfunction: A 9-year longitudinal study[END_REF] Comorbidity also diminished the chances of recovery from frailty. Consistent with the strong overlap between frailty and comorbidity, diversity of health disorders was found to be associated with frailty transitions in the literature, notably respiratory, cardiovascular, metabolic, malignant diseases, osteoarthritis and stroke. [START_REF] Lee | Transitions in frailty states among community-living older adults and their associated factors[END_REF][START_REF] Pollack | Patterns and Predictors of Frailty Transitions in Older Men: The Osteoporotic Fractures in Men Study[END_REF][START_REF] Trevisan | Factors Influencing Transitions Between Frailty States in Elderly Adults: The Progetto Veneto Anziani Longitudinal Study[END_REF] The role of overweight and obesity in frailty transitions is controversial. In an Italian cohort of older adults, overweight and obesity raised the risk of pre-frailty among non-frail individuals whereas pre-frail individuals seemed to benefit from being overweight. [START_REF] Trevisan | Factors Influencing Transitions Between Frailty States in Elderly Adults: The Progetto Veneto Anziani Longitudinal Study[END_REF] Here, the results indicated the deleterious effect of overweight, with lower odds of recovery from a pre-frail state in overweight individuals compared with those not overweight.

Cross-sectional associations between frailty and increased levels of inflammatory mediators, especially IL-6 and its surrogate CRP, have been reported. [START_REF] Fulop | Aging, frailty and age-related diseases[END_REF] In a sample of >5000 older men in the United States, Pollack et al found that men with high levels of inflammatory markers were more likely to progress in frailty (CRP in highest quartile) and less likely to improve (IL-6 in the highest quartile). [START_REF] Pollack | Patterns and Predictors of Frailty Transitions in Older Men: The Osteoporotic Fractures in Men Study[END_REF] We confirmed the latter finding by showing that abnormal levels of CRP were negatively associated with recovery from pre-frailty to non-frail status.

Strength and limitations

The main strength of this study is the repeated assessment of the frailty phenotype over 3 years, with objective measurements of grip strength and walking speed. Intervals of 6 to 12 months between visits reduced the possibility of missed transitions over short intervals. Limitations included the low number of frail subjects at baseline. The prevalence of frailty was 3.5% whereas it is expected to be about 15% in a population of mean age 75 years. [START_REF] Herr | Frailty, polypharmacy, and potentially inappropriate medications in old people: findings in a representative sample of the French population[END_REF] This low prevalence may be explained by the fact that this study was conducted as part of randomized controlled trial whose population may not be representative of the elderly population. [START_REF] Van Deudekom | External validity of randomized controlled trials in older adults, a systematic review[END_REF] The low number of frail individuals at baseline (n=28) limited the power of this study to detect factors associated with worsening or improving frailty and made stratified analyses by age or gender impossible. Furthermore, this selection bias may have been aggravated by the fact that pre-frail and frail individuals were more likely to be lost to follow-up compared to non-frail ones, the proportions of individuals lost to follow-up at 36 months being 23%, 28% and 36% in non-frail, pre-frail and frail individuals at baseline respectively. As a consequence of the low number of frail individuals at baseline and of the attrition of the study sample, the generalizability of our results remains limited. Lastly, we did not have thorough information about biochemical parameters, except doctor-diagnosed abnormalities, nor could we take into account social factors.

Conclusion

In a sample of older adults participating in a 3-year prevention trial, this study showed that polypharmacy and depressive mood increased the risk of incident pre-frailty. On the other hand, we identified factors associated with poorer odds of recovery among frail or pre-frail individuals. They were: female gender, older age, multiple health problems, overweight and elevated CRP. The findings of this study should be confirmed in larger settings to guide policies directed at preventing or managing frailty.

Statements Ethics

The 

  multidomain intervention (consisting of nutritional counseling, physical exercise, and cognitive stimulation) or a combination of the two interventions on changes in cognitive function in community-dwelling individuals aged 70 years and older for a period of 3 years. Participants were recruited between May 2008 and February 2011 from community-dwelling elderly people aged 70 years or older who met at least one of three criteria: -Spontaneous memory complaint expressed to the general practitioner; -Limitation in one instrumental activity of daily living (IADL, i.e., ability to use the telephone, shop, prepare meals, do housekeeping, do one's laundry, use transportation, follow a medication schedule, or manage money); -Slow walking speed (lower than 0.8 m/s, i.e. more than 5 seconds required to walk 4 meters).

- 25 - 26 - 27 -

 252627 Polypharmacy defined as ≥6 drugs; Health disorders using the MedDRA System Organ Class classification (considering diseases up to 12 months before baseline); -Probable depression, measured by a Geriatric Depression Scale 15-item version (GDS-15) score of >5; Cognitive impairment, measured by a Mini-Mental State Examination (MMSE) score of ≤26; Physical function as measured by the Alzheimer's Disease Cooperative Study-Activities of Daily Living Prevention Instrument (ADCS-ADL PI), 28 dichotomized according to the median value in the study sample;

Figure 1 .

 1 Figure 1. Evolution of the proportion of individuals in each frailty state during the follow-

  study protocol was approved by the French Ethics Committee located in Toulouse (CPP SOOM II) on December 6, 2007 and authorized by French health authority (Ministry of Health) on December 31, 2007. Written consent was obtained from all participants. The protocol is registered on a public-access clinical trial database (www.clinicaltrials.gov) [NCT00672685)].

  Variables significantly associated with at least one transition in bivariate analysis were introduced in the final model (namely gender, age, ADCS-ADL score, BMI category, polypharmacy, number of health disorders, probable depression, and abnormal CRP). More details about the model are given in Appendix 2. Results are given in terms of transition intensities with adjusted Hazard Ratios (HR) and 95% Confidence Intervals (CI) for each covariate. Analyses were performed using Stata® v13 and R (MSM package).[START_REF] Jackson | Multi-State Models for Panel Data: The msm Package for R[END_REF] 

Table 2 )

 2 shows that non-frail and pre-frail people often remained in the same state from one assessment to another; 70.8% of non-frail people remained non-frail and 67.4% of pre-frail people remained pre-frail. Worsening transitions represented 29.1% of consecutive measurements from the non-frail state and 8.2% from the pre-frail state. Transitions in the direction of recovery amounted to 24.4% of consecutive measurements from the pre-frail state and to 64.8% of those from the frail state. Of note, direct transitions from non-frail to frail or from frail to non-frail were very rare.

Table 2 . Transition matrix

 2 

			To			Total
			Non-frail	Pre-frail	Frail	
	From	Non-frail	831 (70.8)	335 (28.6)	7 (0.6)	1173 (100.0)
		Prefrail	251 (24.4)	692 (67.4)	84 (8.2)	1027 (100.0)
		Frail	5 (7.0)	41 (57.8)	25 (35.2)	71 (100.0)

Table 3 . Multistate model assessing factors influencing transitions between frailty states Variables Transitions between frailty states From non-frail to pre-frail N=335 From pre-frail to non-frail N=251 From pre-frail to frail N=84 From frail to pre- frail N=41

 3 

	Gender				
	Male	1	1	1	1
	Female	1.12 (0.82-1.53)	0.70 (0.49-0.98)	0.69 (0.30-1.58)	0.32 (0.12-0.84)
	Age				
	70-74 years	1	1	1	1
	75-79 years	1.05 (0.78-1.41)	0.57 (0.40-0.81)	0.94 (0.37-2.38)	0.36 (0.11-1.12)
	80 years and over 1.45 (0.98-2.16)	0.43 (0.27-0.68)	1.27 (0.47-3.44)	0.39 (0.12-1.31)
	ADCS score <41	1.13 (0.84-1.52)	0.93 (0.66-1.29)	1.79 (0.84-3.85)	1.50 (0.55-4.08)
	BMI				
	16-24 kg/m²	1	1	1	1
	25-29 kg/m²	1.09 (0.81-1.46)	0.64 (0.45-0.90)	0.52 (0.21-1.30)	0.52 (0.15-1.77)
	30 kg/m² and over 1.26 (0.84-1.91)	0.64 (0.40-1.02)	1.79 (0.58-5.54)	1.28 (0.28-5.94)
	Polypharmacy (≥6 drugs)	1.44 (1.07-1.96)	1.19 (0.83-1.69)	0.98 (0.44-2.20)	0.85 (0.29-2.46)
	Number of health disorders	1.02 (0.97-1.08)	0.98 (0.92-1.05)	0.92 (0.78-1.07)	0.
	(+1)*				

75 (0.61-0.93)

  

	Probable depression	1.49 (1.01-2.18)	0.72 (0.48-1.10)	1.92 (0.81-4.55)	0.86 (0.26-2.18)
	Abnormal CRP	1.16 (0.79-1.70)	0.58 (0.35-0.97)	1.20 (0.51-2.81)	1.05 (0.37-2.98)
	Values are adjusted hazard ratios + 95%CI			
	Abbreviations: ADCS=Alzheimer's disease cooperative Study-Activities of Daily Living Prevention Instrument,
	BMI=Body Mass Index, GDS=Geriatric Depression Scale, CRP=C-Reactive Protein	
	* Hazard ratios for each additional health disorder; for instance each additional health disorder reduced the
	probability of recovery from frailty to pre-frailty of 25%.		

Acknowledgments

We are grateful to Grégory Guernec for his statistical counseling. *MAPT study group: Principal investigator: Bruno Vellas (Toulouse); Coordination: Sophie Guyonnet; Project leader: Isabelle Carrié; CRA: Lauréane Brigitte; Investigators: Catherine Faisant, Françoise Lala, Julien Delrieu, Hélène Villars;; Psychologists: Emeline Combrouze, Carole Badufle, Audrey Zueras; Methodology, statistical analysis and data management: Sandrine Andrieu, Christelle Cantet, Christophe Morin; Multidomain group: Gabor Abellan Van Kan, Charlotte Dupuy, Yves Rolland (physical and nutritional components), Céline Caillaud, Pierre-Jean Ousset (cognitive component), Françoise Lala (preventive consultation), Bertrand Fougère (Toulouse). The cognitive component was designed in collaboration with Sherry Willis from the University of Seattle, and Sylvie Belleville, Brigitte Gilbert and Francine Fontaine from the University of Montreal. Co-Investigators at associated centres: Jean-François Dartigues, Isabelle Marcet, Fleur Delva, Alexandra Foubert, Sandrine Cerda (Bordeaux); Marie-Noëlle-Cuffi, Corinne Costes (Castres);

Funding

The MAPT study was supported by grants from the Gérontopôle of Toulouse, the French Ministry of Health (PHRC 2008(PHRC , 2009)), Pierre Fabre Research Institute (manufacturer of the omega-3 supplement), Exhonit Therapeutics SA, and Avid Radiopharmaceuticals Inc. The promotion of this study was supported by the University Hospital Center of Toulouse. The data sharing activity was supported by the Association Monegasque pour la Recherche sur la maladie d'Alzheimer (AMPA) and the UMR 1027 Unit INSERM-University of Toulouse III.

Competing interests

The authors have no conflicts of interest to declare.

Authors' contribution

All the authors meet the ICMJE criteria for authorship:

-Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; AND -Drafting the work or revising it critically for important intellectual content; AND -Final approval of the version to be published; AND -Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. 

Appendix 2. Details about the multi-state model

By supposing {X(t) ; t ≥ 0} a stochastic process which can take 3 possible states (1: for "nonfrail" state; 2: for "pre-frailty" state and 3: for "frailty" state), we defined the associated transition intensities, αij(t) (with i and j vary between 1 and 3), as the following hazard function:

Where Z(t) is the vector of covariates considered, and αij, the coefficient of interest, included in a 3*3 transition matrix verifying:

In this study, αij(t) is estimated by a cox model which could be written as following:

Where α0ij corresponded to the baseline non parametric hazard function and β the vector of unknown parameters linked to covariates.