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Abstract

:

Increasing disability-free life expectancy is a crucial issue to optimize active ageing and to reduce the burden of evitable medical costs. One of the main challenges is to develop pragmatic and personalized prevention strategies in order to prevent frailty, counteract adverse outcomes such as falls and mobility disability, and to improve quality of life. Strong evidence reports the effectiveness of exercise interventions to improve various physical parameters and muscle function that are cornerstones of frailty. Other findings also suggest that the interactions between nutrition and physical exercise with or without health behavior promotion prevent the development of frailty. Multimodal programs, including structured exercise, adequate dietary intervention and health behavior promotion, appear increasingly consensual. However, in order for implementation in real-life settings, some pitfalls need to be addressed. In this perspective, structuring and tailoring feasible, acceptable and sustainable interventions to optimize exercise training responses are essential conditions to warrant short, medium and long-term individual benefits. The different components of exercise programs appear to be fairly consensual and effective. However, specific composition of the programs proposed (frequency, intensity, type, time, volume and progressiveness) have to be tailored to individual characteristics and objectives in order to improve exercise responses. The intervention approaches, behavioral strategies and indications for these programs also need to be refined and framed. The main objective of this work is to guide the actions of healthcare professionals and enable them to widely and effectively implement multimodal programs including exercise, nutrition and behavioral strategies in real-life settings.
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1. Introduction


Frailty is a complex but recognizable geriatric syndrome defined as a clinical state in which the ability of older adults to cope with everyday or acute stressors is compromised by an increased vulnerability brought about by age-associated declines in physiological reserve and function across multiple organ systems [1]. Frailty was originally described as physical and cumulative deficits, characterized by the Frailty Phenotype (FP) as unintentional weight loss, self-reported exhaustion, physical inactivity, slowness and weakness [2]. The etiology of frailty remains uncertain but evidence suggests an interaction with genetic factors, nutrition, social determinants, cognitive decline and sedentary behaviors [3]. Thus, pathogenesis of frailty is multidimensional and requires an approach that encompasses medical, environmental and social domains to also monitor intrinsic capacity as proposed by the World Health Organization (WHO) (i.e., locomotion, vitality, cognition, psychological, sensorial) [4,5]. Pre-frailty, an intermediate clinical state between robustness and frailty, is also a widespread syndrome in older adults [6,7,8]. In a systematic review and meta-analysis, the incidence rate was approximately 151 and 43 new cases per 1000 person-years for pre-frailty and frailty, respectively [7]. Although being more prevalent in hospitalized and institutionalized older adults, community-dwelling older adults are also prone to develop frailty [7,8]. While frailty accelerates the decline of functional capacity with aging, it remains a preventable and reversible condition [4,9].



The main mediator that counteracts frailty occurrence and its progression is physical activity (PA) [10,11,12]. A sedentary lifestyle worsens the functional trajectory of aging and is associated with frailty, sarcopenia and mobility disability [11,13,14]. An observational study, including 1529 community-dwelling older adults, showed that low PA, defined by the FP index, was the main predictor of frailty [15]. Thus, promoting active aging through regular PA is of the utmost relevance to increase years lived without mobility disability, improve quality of life and reduce evitable medical costs, in particular in high-risk frail individuals (>3 criteria in the FB) [16,17,18,19,20]. In this regard, strategies resolutely focusing on PA are essential to prevent the onset of frailty and its detrimental effects [4,21].



The guidance of healthcare professionals (HCP) through primary and secondary preventive strategies developed towards pragmatic, personalized, participative and cost-effective approaches is essential [20,22,23,24,25,26]. Strong evidence supports the effectiveness of structured exercise interventions to improve various physical parameters and muscle function that are cornerstones of frailty and sarcopenia [27,28,29]. Evidence also suggests that adding nutrition to exercise programs reinforces its effectiveness [29,30,31]. Moreover, health literacy promotion and behavioral strategies appear also to be important interventions to foster older adults’ involvement in health-related behaviors, such as regular PA [32,33,34,35]. Thus, although multicomponent exercise programs are generally recognized as a reference strategy to prevent frailty, practical implementation on a wide scale remains challenging due to intra and interpersonal factors, human resources, environment and involvement of stakeholders [23,34]. In this perspective, implementing structured and tailored exercise programs must be in line with feasibility, acceptability, fidelity and sustainability to optimize exercise responses and to ensure long-term individual uptake [20,23,36,37]. These conditions need to be completed to warrant individual benefits in the short- and, mostly, in the medium- and long-term [14,17,38,39,40,41].



It Is generally admitted that exercise programs for older adults with frailty should include resistance (strength and power), endurance, balance and functional training; all of these types can be combined into multicomponent exercise training [21,27,42,43]. In a complementary way, other type of exercise might include Nordic walk, tai-chi or yoga [44,45,46]. The different components of exercise programs appear to be fairly consensual and effective. However, the specific composition of the programs proposed (frequency, intensity, type, time, volume and progressiveness) has to be tailored to individual characteristics and objectives in order to improve exercise responses. The intervention approaches, behavioral strategies and indications for these programs need also to be refined and framed [47]. The main objective of this work is to guide the actions of HCP and enable them to widely and effectively implement multimodal programs including exercise, nutrition and behavioral strategies in real-life settings. In this narrative review, we have focused on the following points: exercise components and intervention settings description for the prevention and treatment of frailty. In addition, we briefly discussed behavioral strategies, nutrition and the synergistic approach between exercise and nutritional supplementation.




2. Method


We conducted a narrative review to update the available literature on the field of the prevention and treatment of frailty based on exercise interventions, nutrition and/or both combined. We searched for the study selection on PubMed, Medline and Google Scholar. We selected published articles in the last twenty years (2003–2023). A particular interest was on recent systematic reviews and meta-analyses (between 2018 and 2023). Older articles (prior to 2003) were kept in selection in some cases when considered relevant for the narrative review (i.e., princeps studies). A search strategy including the following terms was used: [frail older adults]; [frailty]; [exercise training]; [exercise interventions]; [nutrition exercise]; [nutritional supplementation]. Exclusion terms were used in some cases, such as NOT [healthy older adults]. We performed backward citation tracking to increase the number of selected publications and evidence. Publications selected were mainly related to community-dwelling older adults living with frailty, preferably defined by the FP. Publication disciplines included sports science, especially adapted physical activity (exercise training, exercise physiology and kinesiology), gerontology, public health, behavioral sciences and human nutrition. We placed a strong emphasis on publications that provided evidence to address gaps in practice and knowledge. Tables were used to gather studies and to note their main characteristics (population, methods, main objective, results, conclusions, perspectives), as recommended by others [48]. We used the Scale for the Assessment of Narrative Review Articles (SANRA) to prepare a qualitative selection of studies supporting the narrative review [49]. We included a total of 344 studies in the review. Finally, we made a synoptic table (Table 1) proposing the main characteristics of a multimodal program composition, including exercise, nutrition and behavioral strategy, in order to prevent and treat older adults with frailty. We summarize each sections at the end by key points, gathered in another synoptic table (Table 2).




3. Screening Strategies


3.1. Screening Tools


Determining an efficient screening strategy is challenging for HCP as multiple and distinctive approaches exist to describe frailty [83]. Most of the instruments used for screening purposes display a relative poor agreement, a high heterogeneity for detecting frailty and require additional resources [84,85]. The screening of older adults at risk of frailty must be based on a performant, feasible and predictive indicator designed for the intended setting and population in order to implement a targeted and personalized management of frailty [4,84,86]. In primary care, screening instruments must be rapid, easy to uptake and applicable [84]. In this regard, the FRAIL scale, The Clinical Frailty Scale and the Gérontopole Frailty Screening Tool (GFST) are appropriate considering their time-effectiveness and feasibility [87]. In the same study, frailty prevalence was higher using the GFST (32.2%), the SHARE Frailty Instrument (30.5%) and the FP (16.2%) [87]. However, a recent study concluded that in primary care, none of these instruments were predictable of adverse outcomes, displaying a poor sensibility and specificity [88]. Alternatively, the electronic frailty index, an automated method developed from routine primary care data, represents a promising solution with robust predictive values for several frailty outcomes (i.e., hospitalization, institutionalization and mortality) [89].




3.2. Physical Performances


The use of physical performances to screen physical frailty may be relevant as they are strongly related to functional decline, risk of adverse outcomes and overlap several approaches of frailty [90,91,92,93]. A systematic review and meta-analysis showed that the strongest correlation obtained for physical fitness components with frailty was usual gait speed, regardless of the method used [93]. This last point is consistent with the age-related change in function which emphasizes the importance of the rate of decline in gait speed to predict mobility disability [91]. Moreover, gait speed performances are strongly associated with functional independence and quality of life in older adults [94,95,96]. Recently, a longitudinal analysis on 3070 older adults showed that low gait speed, as defined by the FP (≤0.65 m.s and ≤0.75 m.s regarding gender and height), was the only discriminator of incident disability regarding basal and instrumental activities of daily living [97]. Additionally, it was demonstrated that six spatio-temporal gait parameters were associated with frailty and that stride variability under fast conditions was the most prominent variable [98]. Yet, it remains essential to determine clinical changes in usual gait speed relative to the onset of self-reported mobility disability [99]. While gait speed tends to be a determinant factor in the apparition of frailty, it is also noteworthy to mention the five repetitions Sit-To-Stand (5-STS) performance for screening purposes as it is associated with global muscle weakness and strongly predicts falls incidence [100,101]. Furthermore, 5-STS represents the gold standard for reduced functional capacity in the Integrated Care for Older PEople (ICOPE) program [5].




3.3. Physical Activity


Supported evidence shows that poor energy expenditure leads to an increased risk of developing frailty and that sedentary behaviors increase the risk of mortality in older adults with frailty [3,11,102]. However, PA (PA) remains rarely embedded among the variety of frailty approaches. Physical inactivity (i.e., <150 min of moderate PA per week or <90 min of vigorous PA per week) and/or sedentary behaviors (i.e., activities close to resting energy expenditure <3 Metabolic Equivalent of Tasks or METs) should also be considered as warning signs when screening physical frailty as it was associated with higher frailty prevalence, incident disability in autonomy for daily living and mortality [11,97,103]. HCP could also use digital technologies to more objectively address PA (i.e., intensity and volume) and, thus, improve screening measures. Recent studies showed that higher levels of PA (i.e., less time in sedentary activities) measured by wearable accelerometers was associated with less odds of being frail [104,105,106].




3.4. Self-Screening


With the complexity of integrating screening procedures of frailty into routine care (time-consuming, lack of resources, etc.), self-screening tools represent an important opportunity to move forward in this field. It may also be of interest to avoid unnecessary Comprehensive Geriatric Assessments (CGA) given the scarcity of resources in particular in low-income countries and rural communities [107]. Interestingly, self-reported frailty and test-based measures of frailty (e.g., gait speed, grip strength, etc.) highlight frailty similarly in community-dwelling older adults [108]. Furthermore, older adults self-screened at risk of frailty might be able to empower themselves in the management of their health [107]. Remote self-screening by smartphone applications may be meaningful to manage frailty screening on a larger scale. For instance, the ICOPE program encourages older adults to assess their own intrinsic capacity every 4–6 months by using a website or a dedicated application [5]. However, self-screening based on mobile devices or websites requires cultural adoption, sufficient literacy and tailored configuration in order to improve its feasibility [109]. In older adults with mild cognitive impairment or dementia, wearable accelerometers measuring PA might be of interest to detect frailty, although lack of standardization methods, protocols and metrics limit the level of evidence [110,111].



Key points




	
Screening strategy has to be based on performant and feasible tools designed for the intended setting.



	
Physical performances could be appropriate surrogates of frailty indexes and can be easily assessed.



	
PA is a predominant risk factor of frailty and must be a primary variable to assess.



	
Self-screening using new technologies represents a great opportunity to move forward in this field and can be used with confidence.










4. Assessments Methodologies


While the majority of screening tools display a sufficient sensibility to rule out frailty in clinical practice, their specificity remains low in community-dwelling settings [112]. At-risk older adults screened positively should therefore be assessed more thoroughly within a complete evaluation as part of a CGA [84]. Prior to an exercise intervention, a CGA may help to reduce frailty [52]. As such, investigations should notably assess an in-depth evaluation of the components of frailty, physical and functional capacities, nutritional status, level of PA and must also dismiss potential contraindications to exercise [113]. Additionally, the complete assessment should be conducted towards a holistic approach in order to determine individual objectives tailored to older adult’s capacities, motivation, personal needs and preferences. Delivered personalized interventions are valuable as it may improve outcomes for individuals [114]. Assessments must be followed by a post-intervention reassessment in order to highlight endpoints and adjust individual objectives.



4.1. General Assessments


A CGA should be focused on uncovering deficits that may accelerate the development or progression of frailty [84]. Some approaches may be more appropriate to assess frailty accurately during a CGA. Notably, the Multidimensional Prognostic Index of frailty could predict mortality with higher performance in community-dwelling older adults than the FP index [115] and may be useful to improve the cost-effectiveness of interventions in multimorbid older adults with frailty [116]. Similarly, the Multidimensional Frailty Score was superior to predict post-operative complications at 6 months follow-up than traditional variables alone (age, grip strength, gait speed and other classifications for post-operative complications) [117].



In sight of exercise interventions, it remains essential to dismiss potential absolute contraindications, including: non-stabilized coronary illness, decompensated heart failure, non-stabilized arrhythmia, severe and symptomatic aortic stenosis, uncontrolled arterial hypertension (>180/110 mm Hg), aortic dissection, acute myocarditis, pericarditis or endocarditis, acute thromboembolic disease, severe pulmonary hypertension (>55 mm Hg), Marfan syndrome, non stabilized type 2 diabetes mellitus, non-stabilized orthostatic hypotension [50]. Relative contraindications should be taken on a case-by-case basis to adapt the exercise intervention in consequence: high systolic and diastolic blood pressure (>160/>100 mm Hg), coronary risk factors, chronic inflammatory rheumatisms, high risk of fall and fractures, etc. [21].




4.2. Physical Performances Assessments


Measurements of several physical performances often overlap within some approaches of frailty. Amongst various tests enabled for clinicians, the Short Physical Performance Battery (SPPB; a compounding score on/12 which embed the 4 or 6 m usual pace, 5-STS, and static bipodal balance) and the handgrip strength are the most used methods. Older adults exhibiting a score ≤8 may be relevant to underscore frailty [118]. Alternatively, the 30 s STS can be used for older adults who fail to perform 5-STS but also to measure fatigue [119]. Timed-up and Go (TUG) performance is also a reliable procedure to identify and discriminate frailty and may be a surrogate when full application of the FP, for instance, is unpracticable [120,121,122]. Grip strength is a strong marker of overall health and independence but its measurement should respect test-based realization conditions and be interpreted according to the device used, BMI and health conditions [2,123,124,125].



In older adults with a history of falls (at least one) within the last 12 months, frailty itself is considered as a criterion of high risk of fall, whereas pre-frail or non-frail older adults who exhibited impaired gait speed (≤0.8 m.s) or dynamic balance (TUG > 15 s) have an intermediate risk of fall [75]. Additionally, lower limb muscle power measurement seems to be relevant as it was associated with increased hazards of developing pre-frailty or frailty over four years [126]. Derived equations of the 5-STS and 30 s-STS performances can easily provide clinicians with a validated procedure to determine lower limb muscle power [119,127].



Collecting physical performances is also relevant to allocate participants to a tailored exercise program and, therefore, create homogenous group-based interventions [62,65,128,129]. Specifically, the SPPB was shown to be predictive of exercise responses and may be useful to improve participants’ outcomes [130,131,132].




4.3. Nutritional Assessments


The main objective when assessing nutritional status is to analyze eating habits, determine if the caloric and protein intakes covers the daily needs, and seek malnutrition in accordance with national guidelines based on the Global Leadership Initiative on Malnutrition (GLIM) consensus [133,134]. Malnutrition and frailty share common factors in their pathogenesis and are often coexisting conditions [135,136,137]. Although no longer being used for malnutrition diagnosis, the Mini Nutritional Assessment (MNA) remains widely used and strongly recommended among community-dwelling elders for assessing malnutrition (cut points ranging from <17 for malnourished older adults, ≥17 to ≤23.5 for those at-risk and >23.5 for those normally nourished) [113,138,139,140].



Unintended weight loss, often characterized by a decreased Skeletal Muscle Mass (SMM) which may lead to sarcopenia (defined by a skeletal muscle index of <5.5 kg·m2 in women and <7.0 kg·m2 in men together with a decreased in muscle strength), is prevalent among frail individuals and should therefore be measured [136]. While weight loss can be easily determined, a measurement of SMM requires advanced equipment (e.g., Dual X-ray Absorptiometry or DXA, computed tomography, D3-creatine dilution test, etc.) and lengthy examinations that are not compatible with routine care. Derived equations of SMM calculated by a Bioimpedance Analysis (BIA) represents a validated, feasible, time-efficient and cost-effective alternative, but leads to an overestimation of SMM in cases of obesity or oedema [141,142,143]. Additionally, calf circumference measurement is a suitable method to predict frailty and is positively associated with functional performances and SMM values measured by DXA or BIA [144,145,146]. Cut-points for low SMM are defined by <35 cm in men and <33 cm in women [145].



In a complementary way, the plasma concentration in vitamin D might be relevant to measure as a low level of vitamin D was associated with a higher prevalence of frailty [147]. Assessments should be followed by providing personalized nutritional counseling tailored to individual characteristics (e.g., age-related changes in appetite, comorbidities, socioeconomic status, lifestyle factors) and achievable objectives to augment the quality, the variety and the quantity of intakes [148,149]. Defining these objectives needs to take into account a higher energy expenditure for older adults who participate in the consecutive exercise program [79].




4.4. Physical Activity Level Assessment


The most widely used methodologies to measure PA are interviewed or self-administered validated questionnaires [150]. PA questionnaires often display poor agreement between each other and large inconsistencies in the definition of PA [151]. Only 5 of 18 PA questionnaires applicable for older adults (i.e., the European Prospective Investigation into Cancer-Norfolk questionnaire and its short form; the International Physical Activity Questionnaire-Long; the revised Morgenstern Physical Activity Questionnaire and the Physical Activity Scale for the Elderly or PASE) matched the four domains of the International Classification of Functioning, Disability and Health developed by the WHO (body function, body structures, activity and participation, and environmental factors) [151]. Moreover, sedentary behaviors and light physical activities are rarely integrated in those questionnaires which, in turn, may lead to an over or underestimation of total energy expenditure [151]. Apart from a few questionnaires used in different frailty indexes (the Minnesota Leisure Time Activity and the PASE), most of them are often time-consuming and measure PA inaccurately in a frail population. Alternatively, other approaches of PA measurement in older adults with frailty could be based on digital technologies: pedometers, accelerometers or a heart rate monitor [152]. A systematic review reported that an objective measurement of PA with wearable accelerometers discriminates frailty status and one study reported that it could help assessors distinguish the intensity of each PA behavior [153,154]. For a larger implementation, these technologies should be affordable, acceptable, feasible and easy-to-learn. These technologies need also to be studied in various settings and populations [153].




4.5. Additional Assessments


4.5.1. Fear of Falling


Fear of falling (FoF) is characterized by a low self-efficacy or confidence at avoiding falls during essential, non hazardous activities of daily living [155]. In community-dwelling older adults, FoF was associated with an increased risk of developing frailty [156]. Measurement of FoF can be based on the Falls Efficiency Scale International (FES-I) or its short form (Short FES-I), from which scores correlate with frailty [157]. FoF should be considered with a score >23 points with FES-I and >10 with the Short FES-I [157]. Furthermore, self-reported FoF should refer to a fall severity assessment [75].




4.5.2. Quality of Life


Frailty is associated with a worsening of quality of life (QoL) with strong evidence reported [158,159]. The short form 36 item (SF36), the abbreviated World Health Organization Quality Of Life or WHOQOL-BREF, the Quality of Life Scale or CASP-19 and the European Health Iinterview Survey-Quality Of Life or EUROHIS-QOL were reported to be the most frequently used methods to measure QoL in older adults with frailty [159]. However, these questionnaires displayed inconsistencies in the items used for QoL measurement and some are not specifically designed for older adults with frailty. Recently, Geerinck et al. (2021) proposed to use the Sarcopenia Quality of Life or SarQoL® questionnaire to measure more accurately the QoL of older adults with frailty [160]. This questionnaire, which also includes a short form (SF-SarQoL®), was previously validated on older adults with sarcopenia and, thus, may be more appropriate and relevant to address the QoL.





4.6. Action Plan


Building an action plan may be essential to involve and empower older adults with frailty to change their lifestyle habits (in PA and nutrition). Proactive empowered participants are known to increase their intention to exercise and may increase self-efficacy [161,162,163] Still, there are multiple barriers to exercise participation and self-engagement in PA, notably poor motivation, perceived limitations due to chronic conditions, accessibility, affordability and concerns over negative health outcomes [23,77,164] To overcome these barriers, HCP should set specific achievable goals tailored to individual resources, capacities, competence and environment [37,76,165]. Additionally, HCP should provide knowledge acquisition in exercise and nutrition [77].



Key points




	
Assessments of physical capacity, nutritional intake and physical activity level as part of a CGA must be undertaken to deliver personalized interventions.



	
A complete assessment ensures the safety, the acceptability and the efficacy of the exercise program.



	
Assessments should be followed by building an action plan to involve and empower older adults with frailty during the multimodal program.



	
Action plans should be focused on personalized goal setting and provide knowledge acquisition in exercise and nutrition.










5. Exercise Training Components


Multicomponent exercise programs (including resistance, power, endurance, balance, functional and flexibility training) conducted to prevent and reverse frailty have to focus on individual objectives. To optimize benefits and ensure the safety of older adults with frailty, exercise programs have to be tailored, structured and progressive [21,52]. It should be noted that an exercise program may be effective for one, while being less effective or even ineffective for another [166]. Indeed, there are multiple factors that could explain an exercise response, generally classified into non-modifiable factors (genetic, age, gender, genotype) as well as modifiable factors (baseline fitness, comorbidities, polypharmacy, exercise dose, behaviors, environment, phenotype) [21,166,167]. Thus, exercise specialists should take these baseline characteristics into consideration to adjust the exercise program in order to obtain the best individual outcomes. Overall, it is considered that there are no non-responders to exercise, regarding the high and various magnitude of positive effects induced for older adults [168]. Finally, each selected intervention has to fulfill prerequisites that have been strongly established in accordance with Frequency, Intensity, Time, Type, Volume and Progressiveness (FITT-VP), generally described in this order.



5.1. Frequency


The frequency is generally defined by the number of exercise sessions per week. In older adults with frailty, current recommendations indicate to perform two or three sessions per week [50,51,52,53,54,56,57]. Somes studies experimented with higher frequency in older adults living with frailty and/or sarcopenia. Indeed, recent meta-analyses showed positive improvements on several outcomes with one to five sessions per week [21,50,56,169]. Although one session per week can be sufficient to improve strength and physical performances, greater gains on muscle strength and muscle size are induced with two to three sessions per week [50,51,61,170]. However, attending more than three exercise sessions per week may be difficult for older adults with frailty, as suggested by authors, and it may interfere with adherence [27,43,47].



Defining frequency should embed rest periods, especially in older adults with frailty. Indeed, the process of muscle regeneration following exercise-induced mechanical stress by satellite cells is impaired by prolonged periods of inactivation; in other terms, sedentary, a common adverse behavior in older adults with frailty, may reduce the ability to recover from exercise sessions [171,172]. In the beginning of an exercise program, sedentary older adults with frailty may also experience Delayed Onset Muscle Soreness (DOMS). Thus, rest periods are often expected by older adults with frailty to recover from DOMS and fatigue. As a result, it is recommended to set non-consecutive exercise sessions and leave at least one day of resting [57,173]. It is important to underline that multimorbid frail individuals, notably with sarcopenia, might require longer rest periods [68].



In-between sessions should be stimulated by self-engagement in PA, minimally, to reduce the time spent in sedentary activities [11]. To this end, exercise specialists should foster involvement by stimulating simple and feasible physical activities of daily living (e.g., walking, shopping, garden and household activities, etc.). This stimulation should take into account individual physical and cognitive capacity, chronic conditions, motivation, social support and environment.




5.2. Intensity


Intensity is one of the key components (with volume) to induce training-related adaptations (i.e., strength) and, thus, its adjustment may optimize individual outcomes [57,60]. Although low-intensity exercise programs demonstrated benefits, comparative studies showed that moderate-to-vigorous intensity exercise programs produced greater outcomes on strength in healthy and older adults with frailty [50,61,174,175,176]. Progressive moderate-to-vigorous intensity exercises tailored to individual capacity, limitations and comorbidities have also demonstrated their feasibility, acceptability and safety [21,177]. However, it remains important to gradually modulate intensity in order to ensure proper exercise tolerance, avoiding adverse events (injuries, DOMS, etc.) and potential drop-outs [21,50]. Finally, moderate-to-vigorous intensity should be set on exercises being mastered by participants, notably to avoid the risk of fall and fractures [50,178].



For resistance training purposes, intensity is generally considered as the training load, expressed in percent or in absolute value, relative to maximal dynamic strength known as the “One Repetition Maximum” or 1RM [50]. Generally, the 1RM evaluation in older adults is measured by submaximal measures or estimated by specific equations [179]. Because 1RM evaluation protocols are not easily implementable in older adults with frailty, an increasing number of authors are using Rating of Perceived Exertion (RPE) scales (i.e., Borg scale) that have been validated in older adults to monitor intensity [54,180,181,182]. Perception of effort is a subjective self-reported perception and is defined by how a physical task is hard, heavy and strenuous [183]. The most commonly validated and used scales are Borg Category-Ratio 10 (CR10); Borg CR100 and Borg 6-20. If used correctly, these scales offer a feasible alternative to monitor intensity and studies showed that Borg scales correlate moderately with the 1RM [184,185,186]. Other approaches include Repetitions in Reserve (RiR; i.e., exerting until one repetition is left in reserve) or velocity monitoring (i.e., exerting until reaching 10% loss of velocity of the exercise performed) [187,188]. Interestingly, while it has been established that RM, RPE, %1RM and RiR were equally effective to improve physical performance in older adults, RPE appears to be the most tolerable and enjoyable method. Thus, it may be recommended in older adults with frailty [67].



In practice, exercise programs are generally based on intensities ranging from 20% to 50% of 1RM (Borg CR10 to 2-3/10) in the initial phases of training, progressing to 70–85% 1RM (Borg CR10 to 8/10) [27,43,50]. This progressive approach has proved to be effective for a wide range of physical and functional performances (muscular strength and power, gait speed, etc.) [27,50,175,176]. Strength and functional improvements induced by moderate-to-vigorous intensity resistance training are firstly associated with muscle reinnervation, an increase in motor units discharge, fiber-type-specific myonuclear adaptations, type IIa fiber shifting and mitochondrial remodeling [189,190,191]. To achieve significant body composition improvements (i.e., increase in muscle mass), it may be necessary to use higher intensities (70–85% of 1RM) than those required to achieve significant improvements in strength (45–80% of 1RM) [51,191]. The main physiological-related cause may lie in architectural adaptations to exercise training, characterized by mechanical overload and activation of specific molecular pathways which, in turn, increase muscle cell growth and, thus, increase the muscle cross-sectional area [56]. This mechanistic explanation has reinforced the importance of progressing the intensity, as it was already associated with an increase in muscle protein synthesis [54]. In contrast, power training should be performed at lower intensities from 30 to 60% of 1RM [50].



Both in session and in between endurance activities should focus on light-to-moderate or moderate-to-vigorous intensities [192]. Exercise specialists can refer to MET (computing resting energy expenditure equivalent of 3.5 mL·min−1·kg−1 of oxygen consumption) to guide older adults in such PA in order to achieve goals close to the WHO recommendations (i.e., at least 150 min of moderate intensity PA per week) [193]. To this end, moderate intensity PA can be computed by MET, encouraging PA between ≥3.0 and ≤6.0 METs.




5.3. Time and Rest Periods


For older adults with frailty, meta-analyses and guidelines agreed upon a minimum of 12 weeks of training to improve strength, functional and balance outcomes [27,53,54,55]. Indeed, authors observed improvements in strength during the first 3 months of moderate-to-vigorous activity, induced by rapid neuromuscular adaptations [189,194,195]. However, a longer duration combined with an increase in intensity and volume (i.e., 16 weeks) could favor greater outcomes and, thus, may increase responder prevalence [168,196]. Borde et al. found consistent evidence as the longest exercise program analyzed was also the one with the greatest increase in strength [51]. Nonetheless, 6 to 9 weeks may be sufficient to induce strength improvements in healthy older adults, but those with frailty may require longer duration to have substantial gains [27,51,196].



The duration of an exercise session is about ~1 h in order to achieve a complete multicomponent session (strength, power, endurance, functional, balance and flexibility) [17,53,56,65]. From a practical point of view, resistance training should be incorporated first, balance and functional training second and endurance activities last [21]. Prior to each exercise session, a complete warm-up of 10 to 15 min including cardiovascular, respiratory and musculo-articular movements must be integrated [197]. Resistance-based exercises should last 20 to 30 min to induce sufficient adaptations as it is recommended to set 2–3 exercises per major muscle group per day [43,50]. Balance exercises should last approximately 10 min. Endurance activities should last 5 to 10 min and should progress to 15–20 min [21,43]. At the end of each session, 5 to 10 min of low-intensity stretching exercises (i.e., passive stretching without discomfort) should be included as part of the cool-down phase [43].



Shorter forms, such as circuit resistance training, might also be of interest in regards to its advantage to improve muscle strength with time efficiency (around 40 min) at lower intensities (i.e., modest: ~40–60% of 1RM), with reduced resting time between exercise sets (10–30 s or no rest vs. 1 to 2 min) [198]. However, this approach included non-frail older adults with a younger age (mean 64.5) and requires specific adaptations to comorbidities (i.e., cardiovascular diseases, etc.) to manage exercise tolerance [50]. Other time-efficient approaches, such as high-intensity interval training, are safe and well-tolerated but provide limited evidence in older adults. Thus, it may not be recommended as a single approach and should be implemented with caution in older adults living with frailty [199].



The rest time was also presented to have influences on muscle strength and muscle mass gains. Overall, it is recommended to set 1 to 2 min of resting intervals between exercises [59]. Interestingly, a systematic review found a tendency toward significance for 60 s of rest between sets that produced the largest effect on muscle strength [51]. In adults, shorter rest periods (i.e., 30 to 60 s) between exercise sets may result in greater exercise-induced circulating anabolic hormones and, thus, may produce hypertrophic gains [200]. However, this phenomenon remains unknown in older adults with frailty [200].



The time under tension per repetition should be taken into consideration by exercise specialists as it is involved in the various neuromuscular adaptations to training, notably in the recruitment of motor units and their firing rates. Borde et al. (2015) showed that the most effective time under tension to improve strength appears to be 2.5 s for concentric, 2.0 s for isometric and 3.0 s for eccentric contractions [51].



Overall rest time should be determined in accordance with exercise tolerance and RPE [68]. This is particularly important at the very beginning of exercise programs to avoid excessive fatigue, pain and potential injuries. Furthermore, sufficient rest time should also be necessary to bring corrections upon proper techniques to adopt [57]. In early training phases for older adults with frailty, exercise specialists should give closer attention to rest time rather than the number of sets per exercise, as volume was not the primary variable responsible for muscle strength improvements [50].




5.4. Type


Multicomponent exercise programs including resistance (i.e., strength and power), endurance, balance, functional and flexibility training are the most effective interventions for older adults living with frailty to induce substantial improvements, notably in muscle strength and function [21,27,28,39,55]. This may be explained by the different intrinsic adaptations related to each type of exercise [50]. During such programs, emphasis should be placed on functional-based resistance and power training [21].



Strong evidence supports the benefits of resistance training in strength, functional and balance outcomes, and with low-to-moderate evidence in body composition [63]. Resistance-based training is recognized as a reference method to tackle neuromuscular impairments with aging and enhance myofiber hypertrophy, fiber shifting to type IIa, motor unit efficacy, muscle protein synthesis, neuromuscular performances and functional capacity [92,167]. Moreover, resistance-based training leads to additional significant improvements in cognition, fall risk, functional independence, quality of life, self-efficacy and reduces several chronic disease risks [18,50,64,163,201,202,203]. Progressive power training integrating generally high velocity concentric contractions is also crucial given the close relationship between muscle power and functional activities of daily living [21,67]. In older adults with frailty, increasing the evidence of power training demonstrated significant improvements in muscle power output and functional performances to prevent the incidence of falls [42,204].



Interestingly, studies have demonstrated that resistance-based training induced some similar adaptations related to endurance training (i.e., increase in mitochondrial density, oxidative enzymes and cardiovascular function), whereas comparative studies showed that endurance training alone led to much more modest improvements, or even no improvements at all in strength and hypertrophy outcomes [205,206,207]. However, endurance training remains essential to improve cardiorespiratory fitness and function (i.e., maximum oxygen consumption peak or VO2 peak), as well as to reduce cardiometabolic risk factors [208]. More specifically, combined exercise training (endurance and resistance) is recommended in obese older adults with sarcopenia with the objective of reducing the percentage of fat mass while preserving muscle mass [209,210].



In addition to resistance training, dynamic balance and functional training is important to improve autonomy for daily living and functional performances, and reduce fall risk [50,64]. Adapted physical and sport activities, such as dance, may also present an interest to enhance balance, social participation, well-being and adherence in older adults [211,212]. However, the dose-response relationships of balance exercises remain undetermined [213]. Balance exercises should not be predominant over resistance training. Flexibility training may also be recommended to increase the joint’s range of motion and gait performance in older adults with frailty [43,66]. However, evidence for functional outcome improvements remains scarce and controversial [27,214]. Finally, adding a cognitive intervention to the exercise program (separately or as part of the training components) may be useful to improve cognitive performances, especially of executive functions [215].



New technologies offer opportunities to implement interactive types of exercises such as exergames; remote home-based virtual exercise sessions and virtual reality gaming. In older adults with frailty, systematic reviews reported that exergames are safe and showed good adherence rates [216]. Exergames alone have been shown to improve mostly balance and functional outcomes but not strength [216]. Interestingly, exergames may foster PA engagement as a higher level of intrinsic motivation was observed in several exergaming interventions [217]. However, poor evidence is reported and high quality studies are required, as well as standardized protocols [216,217,218,219]. Remote home-based virtual exercise sessions were continuously developed during the COVID-19 pandemic and demonstrated significant improvements in function, psychological well-being and balance [220,221]. Between supervised exercise sessions, this intervention may be interesting to support PA maintenance and avoid decline in functional status [221]. Lastly, virtual reality gaming demonstrated benefits in older adults with a high risk of fall, improving balance and physical function following an intervention of 5 to 8 weeks, ≥3 sessions per week of 20 to 45 min [222].



Other evidence-based types of physical activities that may be beneficial for older adults with frailty include tai-chi, yoga, Nordic walk or whole body vibration. Poor-to-moderate evidence is reported for yoga and tai-chi interventions to improve physical function, strength and muscle mass [44,223]. However, yoga and tai-chi may be useful to improve psychological outcomes, notably, fear of falling, anxiety, self-efficacy and well-being [44,45,224]. Nordic walk may be interesting in older adults with osteopenia or osteoporosis as it has been shown to improve body composition, knee extensor strength and functional capacity [46]. Whole body vibration, associated with conventional resistance training, does not demonstrate any additional improvements but may be interesting in older adults with disease-related functional disabilities (e.g., hemiplegia, etc.) [169]. Overall, accurate protocols and dose-response relationships remain to be determined before selecting one of these practices as a single method.




5.5. Volume


In resistance training, volume is considered to be the absolute quantity of exercise performed during a session (i.e., sets × repetitions) [50]. Overall, it is recommended to perform a progressive volume ranging from 1 to 4 series to 6 to 15 repetitions [50,52,56,57]. Volume could be used as an indicator of training intensity [51]. Hence, volume is an important determinant for training-related adaptations [50,51,58]. Indeed, although older adults experienced less increase due to a blunted anabolic response, higher volume was significantly associated with greater gains in muscle mass in a previous study [58]. However, dose-response relationships in terms of the increase in muscle mass remain unknown as an insufficient number of studies were identified in the literature [51]. Still, in healthy older adults, effects on muscle morphology may be expected with a volume of 2–3 sets of 7 to 9 repetitions, performed at 51 to 69% of 1RM, during 50–53 weeks, 2 to 3 sessions per week, and with a rest time of 2.5 s between repetitions and 120 s between sets [51]. In older adults with frailty, volume augmentation must be in accordance with a subsequent decrease in intensity and have to be in line with the principles of individualization and exercise tolerance [21,50]. Setting repetitions until failure does not seem necessary as it does not influence neuromuscular adaptations [50]. Alternatively, older adults may benefit from a strategy consisting in lowering the exercise volume, together with an inverse relationship in intensity and frequency [225]. This minimal-dose strategy may be an interesting surrogate to overcome the traditional increase in volume that could be difficult to reach at some points. Furthermore, it may help to implement a sustainable strategy toward PA across the lifespan. Although being a promising strategy, several questions remain unanswered and this strategy needs to be investigated on frailty.



Conversely to resistance training volume, a dose-response relationship of the global PA volume has been highlighted. Indeed, older adults meeting WHO guidelines (i.e., 150 min of moderate-to-vigorous physical activities per week) had less frailty and better physical function [72]. However, for frailty management, other authors acknowledged that 150 min of moderate-to-vigorous physical activity per week may be unreachable for older adults with frailty [11]. Although higher doses of PA are required to obtain significant improvements in QoL (180 min per week), emerging evidence suggests that less than 150 min may be sufficient to induce positive results on physical function and mortality [226,227]. Indeed, among inactive older adults, less prolonged sedentary time and, thus, more light PA has been associated with lower frailty scores [10]. Moreover, data showed that non-prolonged sedentary time (<30 min per day) does not correlate with mortality risk in older adults with frailty, suggesting a protective effect of breaking sedentary time by light PA [11]. Similarly, in a 3 year observational study, Zhao et al. demonstrated that daily walking time (30 min to 1 h per day) displayed a greater association with decreased frailty risk [228]. Nonetheless, a higher dose-response effect seemed to be necessary to reduce mortality, in this case 375 min of light physical-activity per week [12]. In contrast, a smaller dose-response of moderate-to-vigorous PA (about 24 to 27 min per day) was necessary to offset the detrimental effects (notably mortality) of sedentary time on frailty [10,12]. During the follow-up of an exercise program, the most active quintile of older adults maintained their physical performances to a greater level and, thus, prevented the onset of mobility disability [14]. These benefits were induced with a relatively small and achievable dose-response effect with an additional 48 min per week of PA from the baseline volume of PA [14]. Regardless of intensity, the first step of self-engagement in PA should be focused on involving older adults to reduce sedentary behaviors by increasing light PA volume (e.g., increase in daily steps if pedometers are implementable).



New technologies may help older adults to monitor their PA level, in particular wearable pedometers. In older adults with frailty, Watanabe et al. observed a significant reduction in mortality from >5000 steps per day but it may be difficult to reach, as asserted by authors [229]. Instead of aiming for 5000 steps as a first objective, it is suggested that adding 10 min per day (~1000 steps) of moderate-to-vigorous activity may be achievable and relevant. Indeed, this behavioral change was associated with several positive outcomes (i.e., in mortality, chronic disease incidence and dementia risk) [230].




5.6. Progressiveness


Progressiveness refers to a gradual and systematic increase in workload (i.e., stress placed on the body) to induce continual training adaptations over time [68]. Generally, a progressive increase in workload includes an increase in intensity or in volume to optimize adaptations [50]. The concept of progressiveness takes the principle of individualization into account as older adults with frailty may benefit from an exercise program starting at an appropriate level tailored to their physical and cognitive capacity, medical conditions, motivation and goals before progressing to advance phases [50,175,176,231]. As it is generally admitted that neuromuscular and morphologic adaptations have different temporalities, training progressiveness could be divided into different phases embedded into a periodization process [50,70,189,194,195,232]. A meta-analysis showed that periodized exercise programs were superior to non-periodized exercise programs to induce strength gains, regardless of gender and age differences [233]. Conversely, Conlon et al. stated that periodized programs do not seem essential in older adults as no differences between periodized and non-periodized programs were observed in untrained individuals (mean age 72.9) [234,235]. Nonetheless, time-block programs might be interesting and feasible in older adults living with frailty, according to studies that used this strategy [132,181,236]. Overall, these programs embed a familiarization phase of 2 to 4 weeks at 20 to 50% of 1RM. Sedentary older adults with frailty might benefit from this strategy to increase their self-confidence, learn proper techniques, avoid DOMS and, thus, might help to increase their adherence [50,231]. As data are relatively scarce in this field, it remains difficult to conclude in favor of periodized exercise programs for older adults with frailty.



Key points (see Table 1).




	
Conception, elaboration and implementation of a tailored multicomponent exercise program for older adults with frailty have to integrate appropriate frequency, intensity, type, time, volume and progressiveness to warrant individual benefits.



	
Program has to be structured around 2 to 3 non-consecutive sessions per week of ~1 h each, at a progressive low-to-moderate-to-vigorous intensity of 20 to 85% 1RM or RPE 2 to 8/10, for a minimum of 12 weeks, with an emphasis on functional resistance training (strength and power) and endurance.



	
Progressive volume has to range from 1 to 4 sets of 6 to 15 repetitions, with a rest period of 1 to 2 min depending on exercise tolerance and chronic conditions.



	
Between exercise sessions, older adults with frailty have to be encouraged to increase the PA volume of light–to-moderate activities to maximize outcomes, minimally reducing time spent in sedentary activities.



	
Daily life PA has to be stimulated with step-to-step personalized and achievable goals tailored to physical and cognitive capacity, motivation, comorbidities and environment.










6. Exercise Program Contents


Conception, elaboration and implementation of a complete exercise session requires a precise construction that should be time-efficient, customizable and progressive to also deliver an appropriate training stimulus (i.e., what refers to overload).



6.1. Exercise Selection


Emphasis should be placed on lower body muscles regarding their higher age-related decline and their crucial role for performing functional activities of daily living [128]. Increasing strength of the thigh appears to be a central outcome as femoral muscles are a major contributor to physical function [237]. Moreover, maximum isometric strength of knee extensors was associated with fall risk in very old adults (mean age 88 ± 7 years) [238]. Plantar flexor strength and ankle mobility are important as they are associated with dynamic balance, static balance and functional capacity [239,240]. In cases of falls, hip and knee flexors are decisive to help older adults get up from the floor independently and should be strengthened to this end with additional knowledge on proper techniques to adopt [69,202]. Thus, strength and functional training of the quadriceps, hamstrings, iliopsoas, gluteal, plantar and dorsi flexors should be prioritized. Numerous lower limb exercises can be included, as long as they are adapted to participants’ capacities, limitations and tolerance. In the early phases of training, it is preferable to include multi-joint movements at bodyweight prior to mono-joint movements with additional resistance, given the close relationship of multi-joint exercises with functional capacity [50,57,64]. For instance, efficient resistance- and functional-based exercises should incorporate sets of squats; sit-to-stands (or leg press if machine-based); lunges; knee extensions; leg curls or plantar and dorsal flexions.



Upper-body adapted resistance exercises are significant to improve grip and trunk strength, both playing a role in maintaining independence for activities of daily living [68]. One study reported that core strength training could alleviate age-related deficits in trunk strength, improved functional performances, balance and reduced falls with small-to-medium effects [241]. Task-specific handgrip exercises should also be included to optimize gain in grip strength [242].



Endurance activities for older adults with frailty can include walking, treadmill walking, ergocycling, step-ups, stair climbing or adapted sport and physical activities. The choice of these activities depends on the feasibility, individual capacity, medical conditions and individual preferences [21].



Balance exercises can be grouped in gait retraining (e.g., walking with change pace, tandem walking, heel-to-toe walking, etc.), notably with dual-task exercises, which is an interesting modality to improve cognitive capacity [243,244].



Flexibility exercises should focus on constant angle stretching at a low intensity. Studies in adults and athletes agreed upon a progressive volume of no more than 60 s per muscle group to improve range of motion and avoid a decrease in maximal voluntary strength and power induced by a longer time [245]. In a comparative study, Sobolewski et al. reported that repeated 4 sets of 30 s increased the passive range of motion similarly between young and older adults [246]. In view of disparate protocols reported in the literature, it is difficult to recommend flexibility exercises that focus on specific muscle groups. Additionally, while no more than 60 s of tension appears to be relatively sufficient to induce improvements in adults, avoiding high-intensity stretching movements (i.e., when participants feel pain) may be important in older adults with frailty. Indeed, it might be associated with subsequent increased inflammation in participants with chronic conditions [247].




6.2. Exercise Regimens


Resistance-based exercises can be performed with different tensions (concentric, eccentric and isometric), each having specific advantages. Concentric contractions should be prioritized as concentric and isometric forces decrease twice more during the aging process than eccentric force [248,249]. However, changing contraction regimens to eccentric and/or isometric may be interesting to induce various adaptations on muscle [248,250]. The eccentric method is associated with multiple advantages, notably, less cardiovascular stress, lower oxygen consumption and, thus, lower RPE relative to higher loads [251,252]. Although studies reported that eccentric-based training did not demonstrate any superior strength improvements in lower limbs compared to concentric training at constant velocity, exercise specialists should consider its clinical relevance for older adults with frailty or those with chronic health conditions [71,252,253,254]. Indeed, eccentric training demonstrated greater gains in older adults with frailty on muscle strength, balance and hypertrophy, together with a reduced energy cost, compared to a conventional concentric resistance training [255]. Another argument is that eccentric force is relatively preserved in older adults and, thus, eccentric training offers a physiological advantage to induce substantial improvements [248,249,253]. Lastly, older adults may benefit from eccentric training to improve functional activities of daily living, notably stair climbing and descent [254,255]. Although eccentric training is feasible (does not necessarily require advanced equipment) and safe, it should be noted that premature eccentric training without familiarization beforehand may increase the likelihood of DOMS [253,254,256]. Eccentric exercises should therefore be performed at 4 to 8 weeks of an exercise program, given that eccentric and isometric neural activation increases were observed at this temporality [195].



Additionally, isometric training is known to provide a safe base for dynamic balance exercises but also for activities of daily living [70]. It also represents an interest in cases of joint discomfort or pain in order to progress to a tolerable range of motion, notably in older adults with arthritis or musculotendon-related pain [21,70].



Key points




	
Exercise selection has to emphasize lower limb exercises, in particular those recruiting femoral muscles, complemented by additional exercises of the upper body (especially grip and trunk).



	
Priority should be be given to functional multi-joint exercises to improve physical function.



	
For older adults with frailty, functional multi-joint exercises at bodyweight should be included at first before progressing with additional resistance.



	
Overall, concentric contractions should be predominant over eccentric, but progressing to eccentric contractions should be considered as a safe and relevant method to improve training performance and physical function.










7. Intervention Settings


7.1. Free-Weight or Machine-Based?


Engagement in an exercise program remains challenging for older adults with frailty due to intra-interpersonal and environmental factors [23,77,164]. Therefore, practical applications have to be feasible and acceptable to foster individual adoption. Generally, two distinct approaches meet these requirements and could be used to implement an exercise program: resistance-based with small equipment or weight-bearing; and resistance-based with machines. Although these approaches induce relatively similar results on muscle strength, power, function and balance, specific advantages should be taken into consideration for program implementation [175,257,258,259]. In older adults with mobility impairments and/or a limited range of motion, machine-based resistance training is generally recommended as both familiarization and safety are made easier [50,57]. Gain in muscle mass might be increased with machine-based training, but evidence remains poor [260]. However, advanced equipment poses a problem of accessibility and adaptability for older adults with frailty.



Resistance-based training with small equipment (dumbbells, elastic bands, ankle weights, etc.) represents an adequate alternative in terms of safety, feasibility and replicability for older adults with frailty [62,68,261]. In adults athletes, it was shown that muscle electrical activity was similar between machine-based and free-weight bench press, and was somehow higher in free-weight at specific intensities [262,263]. With small equipment, older adults could easily replicate movements at home to simulate activities of daily living [257]. With regard to additional muscular activity required to control movements in this approach, close attention should be paid to proper techniques to avoid risk of injury [57]. As such, a familiarization phase of 1–2 weeks should be included prior to increasing training stimulus [50]. In this phase, some exercises could be performed in seated positions, especially in mobility-impaired older adults [50,68]. The use of unstable surfaces (e.g., Swiss balls, Both Side-Ups or BOSU balls, etc.) could also be of interest if supervised. In healthy older adults, it has been shown that this approach is feasible and as effective as machine-based training to improve lower limb strength, power and balance [258].



To summarize, exercise-induced improvements appear to be independent of practical approaches. It is assumed that exercise-induced improvements are, rather, the results of the exercise training method. From a prevention perspective for older adults with frailty, HCP should implement an exercise program that is feasible, acceptable, easily accessible and replicable.




7.2. Unsupervised Home-Based or Supervised Group-Based?


Choosing between home-based or group-based settings is highly relevant for adherence and motivation. In older adults aged 50 to 65 years without frailty, studies found a significantly higher adherence rate in unsupervised home-based exercise programs than in group- or center-based settings [264,265]. In contrast, in higher ages (>65) and with the presence of frailty or sarcopenia, adherence is generally higher in group-based settings [181,266]. In addition, group-based settings appear to be superior to improve physical performances, reducing frailty status [20,267] and might be of interest in rural areas [268]. Besides beliefs and individual preferences, group-based settings may embed several interpersonal factors predictive to exercise engagement and maintenance. Indeed, qualitative studies reported that self-reliance, social bonds, peer support and exercise learning influence self-efficacy, which is highly determinant for long-term PA maintenance in older adults [76,77,269,270]. Additionally, group-based settings may support involvement and empowerment to promote self-efficacy [163], while home-based settings seem to induce only short-term improvements that were lost after follow-up [271]. In this perspective, supervised training appears to be essential and should be delivered by highly competent exercise specialists (e.g., kinesiologist, etc.). Indeed, a lack of professional guidance was considered as a main barrier for older adults before participating in an exercise program [272]. Moreover, a systematic review demonstrated that supervised exercise programs for older adults are superior to improve balance, power and strength outcomes in comparison with unsupervised programs [74]. However, tailoring allocation to either group- or home-based training to individual preferences remains important as some older adults may perceive group-based training as a barrier and rather prefer to practice alone [272]. HCP should therefore define a compromise between targeted individual outcomes and individual preferences in order to upvote program settings. Yet, systematic reviews and meta-analyses reported a high quality of evidence in favor of supervised group-based exercise programs for older adults with frailty [20,273].



Although group-based settings offer numerous advantages, several practical limitations have to be highlighted. Some regions face socio-territorial inequalities in terms of population characteristics (socio-economic status, socio-cultural, etc.), availability of specialized HCPs and accessibility to facilities. Thus, home-based exercise programs could represent an interesting alternative. Specifically, fall prevention could benefit from home-based settings as older adults at-risk would rather practice an exercise program at home or close to it [274]. Randomized Controlled Trials (RCT) reported that home-based exercise interventions with supervision are feasible and effective to reduce subsequent falls [275] and improve functional abilities [271]. Moreover, a systematic review concluded that home-based exercise programs are simple, safe, widely implementable and can prevent frailty, in particular in the pre-frailty state [276,277]. Finally, home-based exercise programs targeting participants aged ≥80 years with a high risk of falls may reduce health-related costs [278]. However, supervised exercise programs may save money to a greater level [279]. As a result, the supervision of home-based exercise programs for frailty management may be more suitable. Several studies show that unsupervised programs did not improve physical outcomes to a greater level, compared to supervision [73,276,280]. Thus, unsupervised home-based training may only be indicated for robust or pre-frail older adults without chronic conditions that would impose exercise adaptations (i.e., heart failure, diabetes mellitus, osteoporosis, etc.) [73]. Still, robust older adults improved their physical performances to a greater extent when participating in a virtual exercise program delivered in live, supervised sessions than in unsupervised recorded sessions [281]. In multimorbid frail individuals with severe functional impairments (i.e., SPPB < 5) and a high risk of fall, individual tailored interventions that are not only focused on exercise should be recommended [38,65,75].



Key points




	
Exercise intervention settings have to be in line with feasibility, acceptability, accessibility and replicability.



	
Advocate resistance training based on free-weight and small equipment.



	
For older adults with frailty and/or chronic health conditions, supervised group-based interventions are recommended as they provide several advantages that can foster involvement, empowerment and self-efficacy.



	
Unsupervised or remote home-based exercise programs are safe and effective but should be more indicated to robust older adults or those with pre-frailty.










8. Behavioral Strategies


In order to elicit sustainable changes in PA behaviors outside supervision, strategies should be focused on specific goal-setting behaviors, self-efficacy, intrinsic motivation for PA, outcome expectancies and continued peer-social support [76,78]. Increasing older adults’ intrinsic motivation for PA (i.e., satisfying their basic psychological needs: autonomy, competence and relatedness) may be critical as it was associated with better adherence, higher quality of life and improved body composition [282,283,284,285]. To foster self-determination in older adults with frailty, Ekelund et al. proposed to establish a person-centered approach: give them opportunities to feel involved and improve their health literacy and their confidence in social relationships (i.e., with family and caregivers) [35]. Additionally, older adults with frailty changing their behaviors may benefit from HCP who offer support, counseling and follow-up [77,272]. Embedding a behavioral-like strategy showed meaningful outcomes in older adults with frailty, as one RCT reported higher compliance and greater improvements on mobility and frailty status [33]. Behavioral strategies showed significant long-term benefits on physical outcomes and PA level, and may prevent detraining effects that, notably, occur rapidly in older adults with frailty following a supervised exercise intervention [39,286,287].



Key points




	
Behavioral strategies are strongly advocated to elicit sustainable changes in PA and prevent detraining effects.



	
Behavioral strategies should include specific goal-setting behavior, self-efficacy, intrinsic motivation for PA, outcome expectancies and continued peer-social support.









9. Nutrition


A balanced diet is essential for global health and musculoskeletal function [288]. Covering caloric and protein needs with sufficient intake is necessary to maintain muscle mass and function [79]. Interestingly, certain proteins appear to be of specific interest: leucine, citrulline, creatine and Hydroxy-Methyl-Butyrate (HMB). While the influence of proteins remains the most studied, other nutrients such as vitamin D, omega-3 fatty acids and antioxidants also seem to have an influence on muscle parameters.



9.1. Proteins and Amino Acids


Protein intake needs are generally higher in older adults [289]. The European Society of Clinical Nutrition and Metabolism (ESPEN) recommends at least 1.0–1.2 g protein/kg body weight/day for healthy older adults and 1.2–1.5 g protein/kg body weight/day for older adults with chronic or acute illness [80]. An association between low protein intake and sarcopenia is currently accepted, as shown by the results of recent meta-analyses on muscle mass and physical performance [81,82]. Among fast proteins, whey protein derived from milk appears to stimulate myogenesis more than casein derived from other protein sources [290]. Essential amino acids (EAA), particularly leucine, stimulate anabolism [291]. The main dietary sources of EAAs are lean meats, dairy products, soy, peas and lentils. HMB is a leucine derivative with an anti-catabolic effect on myoproliferation and myodifferentiation [292]. Its concentration decreases with age as leucine metabolizes less and less efficiently into HMB [80]. Its supplementation in older adults may therefore be rational and, thus, may help to prevent the onset of sarcopenia. According to a meta-analysis, leucine increases muscle mass, but this effect was only observed in older adults with sarcopenia [293]. Global concerns about environmental sustainability have led to a growing interest in plant-based proteins [294]. Care should be taken, however, as not all plant protein sources contain all the essential amino acids that animal sources do. Therefore, it may be important to vary plant protein sources and consume large quantities to cover all amino acid requirements [295].




9.2. Vitamin D


Low vitamin D levels are predictive of an increased risk of sarcopenia [296,297]. Recent research has suggested that vitamin D may also trigger skeletal muscle hypertrophy and promote protein synthesis via the Mamalian Target of Rapamycin (mTOR) complex 1 signaling pathway [298]. Vitamin D supplementation in highly deficient older adults with a threshold of less than 25 mmol/L has a beneficial effect on sarcopenia indicators, while there was no effect in non-deficient subjects [299]. A dose of 600–800 International Units (IU) per day is recommended, targeting a circulating level of 75 nmol/L in older adults [300]. The association of vitamin D and leucine-enriched whey protein has shown results in muscle mass and lower-limb function in older adults with sarcopenia [301,302].




9.3. Omega-3 Fatty Acids


Consumption of oily fish appears to have a positive effect on frailty status in adults, but this effect progressively disappears in older adults (at ages > to 70) [303]. A meta-analysis indicates that omega-3 supplementation has positive effects on muscle mass but also on quadriceps strength when exercise was combined [304]. Similarly, supplementation with omega-3 fatty acids (with a daily intake of >2 g per day) may contribute to muscle mass gain, but evidence is poor and interactions with exercise remain unknown [305]. As a result, more studies are needed before this supplementation could be recommended [306].




9.4. Antioxidants


Antioxidants help to reduce oxidative stress that may underlie, among other factors, sarcopenia [307]. Molecules with antioxidant properties, such as polyphenols and curcumin, are of particular interest. Interestingly, a recent study has suggested a possible muscle-specific response to curcumin treatment in aging mice [308]. However, the effect of antioxidant supplementation on muscle performance is still largely controversial and should be provided with caution. Indeed, excessive antioxidant supplementation in non-antioxidant-deficient individuals may compromise the exercise-induced antioxidative effect and, thus, may lead to less outcomes [309]. Overall, systematic supplementation is not recommended but instead promoting regular consumption of foods naturally rich in antioxidants may be beneficial in older adults [310].




9.5. Gut Microbiota


A recent review concluded the importance of the intestinal microbiota, known for its actions on energy balance and inflammation [311]. Aging is associated with intestinal dysbiosis and a more permeable intestinal barrier, leading to the passage of inflammatory compounds. This systemic inflammation may be a predisposing factor in sarcopenia [312]. The intestinal microbiota is thought to play a role in physical exercise adaptations [311]. Interventions focusing on the intestinal microbiota-muscle axis may be a useful means to counteract sarcopenia [311]. However, it should be stressed that evidence for the efficacy of prebiotics, probiotics and symbiotic comes mainly from animal studies [313,314,315].




9.6. Mediterranean Diet


The Mediterranean dietary pattern is characterized by a high consumption of fruit, vegetables, a variety of plant-based foods, the use of olive oil and a lower consumption of meat and dairy products. The Mediterranean diet helps to provide an increased intake of micronutrients and other bioactive compounds. Adherence to diets combining different nutrients in a more or less complex manner seem to have a positive and long-term role on muscle parameters [316,317]. More recently, adherence to the Mediterranean diet has been found to be associated with a lower prevalence of sarcopenia [318]. Still, evidence remains poor in this field.



Key points




	
Balanced diet covering caloric and protein demand that also provides essential nutrients is crucial to prevent sarcopenia and frailty.



	
Vitamin D, omega-3 fatty acids and antioxidants should have special considerations in the diet habits.



	
Evidence for nutritional interventions alone to improve sarcopenia outcomes does not support their implementation.










10. Exercise with Nutritional Interventions


Although most epidemiological data attest to a relationship between nutrition and frailty, nutritional interventions alone remain insufficient to prevent frailty and sarcopenia, a geriatric syndrome closely related to physical frailty [3,13,319]. Nonetheless, nutrition may play an adjuvant role in resistance-based exercise interventions in the prevention of sarcopenia [29,30,82,320].



10.1. Proteins and Amino Acids


When combining exercise and nutrition, greater musculoskeletal benefits are likely to be achieved with optimal nutrition (including mostly proteins) to stimulate muscle adaptations and outcomes [321]. Indeed, recent meta-analyses observed that exercise with nutrition performed best in reducing 5-STS time [29,320]. However, data remain controversial on physical performances as meta-analyses showed a larger effect on grip strength when combining nutrition [29,322], whereas another did not [320]. Still, exercise interventions alone are largely sufficient and superior to improve physical performances and quality of life in older adults with sarcopenia, with moderate-to-high evidence reported [29,322]. Nutritional interventions may also enhance gains in lean body mass induced by resistance exercise [302,320,323,324]. Older adults with sarcopenia may likely witness greater effects on lean body mass and lower body strength with a protein ingestion of 1.6 g/kg/day [325]. However, the anabolism response may be blunted in older adults and, thus, may impede nutritional adjuvant effects on muscle mass [326].



The combination of protein/amino acid administration with exercise has been shown to have a synergistic effect on increased muscle protein anabolism, compared with each intervention alone [322,327]. The combination of creatine supplementation and resistance training increases insulin-like Growth Factor-1 (IGF-1) at muscle level [328], resulting in increased muscle mass and strength [329]. Moreover, creatine supplementation combined with progressive resistance training showed large effects on muscle mass and strength [82]. However, no clear effect was reported on physical performances [330] as not all studies showed a benefit in terms of muscle strength with the use of creatine supplements in older adults [331]. Interestingly, whey supplementation produced additional improvements on lean mass and physical function, but only in older adults with frailty or sarcopenia [302]. A systematic review has also shown that citrulline (a non-essential alpha-amino acid) combined with exercise is more effective than exercise or citrulline alone on muscle function and physical performance [332]. Lastly, leucine supplementation combined with exercise requires at least 3 g per day to restore anabolism in older adults [333].



Overall, the level of evidence is, again, poorly reported and a higher number of studies is necessary. Nonetheless, protein or amino acid supplementation might be recommended in close temporal proximity with exercise, but data are controversial [301,334,335]. The available evidence shows no difference in lean mass or muscle strength depending on the protein source (animal vs. vegetal) [336].



In well-nourished subjects, the interactive effect of dietary supplements on muscle parameters is limited and appears to be superior in older adults living with frailty or sarcopenia [302,319]. Supplementation in cases of deficiency still remains valuable, but must not occult the superior effects of resistance exercise training.




10.2. Hydroxymethylbutyrate


HMB supplementation combined with resistance exercise in older adults has been shown to improve body composition, compared with exercise alone [337]. Similarly, in older adults undergoing rehabilitation following hip fracture, HMB was associated with functional and muscle mass improvements [338]. The expression of T-cell-specific inflammatory genes was significantly influenced by the combination of exercise and HMB supplementation in older adults with sarcopenia, and this was associated with lower limb muscle strength performance [339]. Conversely, another study showed that HMB only produced negligible benefits, which, as a result, could not be advocated to a larger scale [340].




10.3. Vitamin D


In a recent review, no additional effect of vitamin D supplementation and exercise was found for muscle mass and only contradictory results were found in terms of muscle performance [341]. However, in older adults with sarcopenia, the combination of vitamin D supplementation with protein supplementation and exercise has been shown to significantly increase grip strength and has also shown a tendency to increase muscle mass [342].




10.4. Polyunsaturated Fatty Acid


Results concerning the synergistic effect of polyunsaturated fatty acid supplementation and exercise on muscle mass and performance are contradictory [306]. Supplementation with omega-3 fatty acids may improve lower body strength and functionality in older adults [343], but has no effect on walking performance [344]. Consequently, there is insufficient evidence to recommend this nutritional intervention for older adults with sarcopenia.



Key Points



The combination of exercise and nutritional interventions display limited and controversial results, but it may be an interesting strategy in older adults with sarcopenia and those with deficiencies.



Protein and amino acids supplementation may present a higher interest, especially in older adults with sarcopenia and those with deficiencies regarding their intrinsic effects on muscle and the higher number of studies reported.





11. Conclusions


The implementation of a multimodal program including exercise, nutrition and behavioral strategies in the prevention and treatment of frailty in community-dwelling older adults has to be structured around five major steps: (1) screen older adults who are prone to or who may develop frailty with appropriate tools; (2) undertake a comprehensive geriatric assessment including PA level and nutritional assessments; (3) elaborate a structured and progressive multicomponent supervised and group-based exercise program, tailored to individual capacity and objectives; (4) implement the exercise program in feasible, acceptable, accessible and replicable settings; (5) foster older adult’s involvement and empowerment in health-related behaviors (in PA and nutrition) to elicit sustainable changes and maintain benefits. Following this strategy can help to obtain positive outcomes in the short-term, and, above all, in the middle- and long-term. Although epidemiological studies assert that nutrition, among others, underlies frailty and sarcopenia, the adjuvant effects of nutritional interventions to exercise remains limited and controversial. Promoting the whole-diet approach (i.e., emphasizing the overall quality and composition of an individual entire diet) may be an adequate strategy to obtain additional benefits induced by resistance training, before considering supplementation. This narrative review addressed several practical gaps and has proposed evidence-based recommendations to fill them. Trained HCP could use these recommendations to transpose evidence-based research into real-life implementation of prevention programs for older adults with frailty. Regarding exercise training for older adults with frailty, further research is needed (i.e., comparative studies) not only to clarify the optimal dose-response relationship, but also to highlight mechanisms that induce limited exercise responses. Consequently, exercise has to be prescribed according to individual characteristics and needs, in order to enhance exercise responders. Furthermore, stronger evidence is needed to assert that nutritional supplementation is beneficial for older adults with frailty undergoing exercise.







Author Contributions


All authors performed conceptualization and developed the study plan. All authors critically reviewed content. L.D. and M.B. wrote the abstract and introduction. L.D. and J.H. wrote Section 1, Section 2, Section 3 and Section 4. A.C. wrote Section 5. L.D. wrote Section 6, Section 7 and Section 8 and Conclusions. Z.N.-S. and M.B wrote Section 9 and Section 10. L.D., A.C., J.H., T.G., M.B., M.A.-L., F.M. and A.N.R. revised the manuscript. M.B. supervised the study. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No new data were created or analyzed in this study. Data sharing is not applicable to this article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



WHO. WHO Clinical Consortium on Healthy Ageing 2017: Focus: Development of Comprehensive Assessments and Care Plans: Report of Consortium Meeting, 21–22 November 2017 in Geneva Switzerland; Consortium WHO/FWC/ALC/18.1; World Health Organization: Geneva, Switzerland, 2018; Available online: https://apps.who.int/iris/handle/10665/272375 (accessed on 20 April 2018).

	



Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al. Frailty in Older Adults: Evidence for a Phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, M146–M157. [Google Scholar] [CrossRef] [PubMed]

	



O’Connell, M.L.; Coppinger, T.; McCarthy, A.L. The role of nutrition and physical activity in frailty: A review. Clin. Nutr. ESPEN 2020, 35, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Merchant, R.A.; Morley, J.E.; Izquierdo, M. Exercise, Aging and Frailty: Guidelines for Increasing Function. J. Nutr. Health Aging 2021, 25, 405–409. [Google Scholar] [CrossRef]

	



Tavassoli, N.; Piau, A.; Berbon, C.; De Kerimel, J.; Lafont, C.; De Souto Barreto, P.; Guyonnet, S.; Takeda, C.; Carrie, I.; Angioni, D.; et al. Framework Implementation of the INSPIRE ICOPE-CARE program in collaboration with the World Health Organization (WHO) in the Occitania region. J. Frailty Aging 2020, 10, 103–109. [Google Scholar] [CrossRef]

	



Hanlon, P.; Nicholl, B.I.; Jani, B.D.; Lee, D.; McQueenie, R.; Mair, F.S. Frailty and pre-frailty in middle-aged and older adults and its association with multimorbidity and mortality: A prospective analysis of 493 737 UK Biobank participants. Lancet Public Health 2018, 3, e323–e332. [Google Scholar] [CrossRef]

	



Ofori-Asenso, R.; Chin, K.L.; Mazidi, M.; Zomer, E.; Ilomaki, J.; Zullo, A.R.; Gasevic, D.; Ademi, Z.; Korhonen, M.J.; LoGiudice, D.; et al. Global Incidence of Frailty and Prefrailty Among Community-Dwelling Older Adults: A Systematic Review and Meta-analysis. JAMA Netw. Open 2019, 2, e198398. [Google Scholar] [CrossRef] [PubMed]

	



Veronese, N.; Custodero, C.; Cella, A.; Demurtas, J.; Zora, S.; Maggi, S.; Barbagallo, M.; Sabbà, C.; Ferrucci, L.; Pilotto, A. Prevalence of multidimensional frailty and pre-frailty in older people in different settings: A systematic review and meta-analysis. Ageing Res. Rev. 2021, 72, 101498. [Google Scholar] [CrossRef]

	



Bonnefoy, M.; Cornu, C.; Normand, S.; Boutitie, F.; Bugnard, F.; Rahmani, A.; Lacour, J.R.; Laville, M. The effects of exercise and protein-energy supplements on body composition and muscle function in frail elderly individuals: A long-term controlled randomised study. Br. J. Nutr. 2003, 89, 731–739. [Google Scholar] [CrossRef]

	



Mañas, A.; Pozo-Cruz, B.D.; Rodríguez-Gómez, I.; Losa-Reyna, J.; Rodríguez-Mañas, L.; García-García, F.J.; Ara, I. Can Physical Activity Offset the Detrimental Consequences of Sedentary Time on Frailty? A Moderation Analysis in 749 Older Adults Measured with Accelerometers. J. Am. Med. Dir. Assoc. 2019, 20, 634–638.e1. [Google Scholar] [CrossRef] [PubMed]

	



Kehler, D.S.; Theou, O. The impact of physical activity and sedentary behaviors on frailty levels. Mech. Ageing Dev. 2019, 180, 29–41. [Google Scholar] [CrossRef] [PubMed]

	



Ekelund, U.; Tarp, J.; Steene-Johannessen, J.; Hansen, B.H.; Jefferis, B.; Fagerland, M.W.; Whincup, P.; Diaz, K.M.; Hooker, S.P.; Chernofsky, A.; et al. Dose-response associations between accelerometry measured physical activity and sedentary time and all cause mortality: Systematic review and harmonised meta-analysis. BMJ 2019, 366, l4570. [Google Scholar] [CrossRef]

	



Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [Google Scholar] [CrossRef] [PubMed]

	



Fielding, R.A.; Guralnik, J.M.; King, A.C.; Pahor, M.; McDermott, M.M.; Tudor-Locke, C.; Manini, T.M.; Glynn, N.W.; Marsh, A.P.; Axtell, R.S.; et al. Dose of physical activity, physical functioning and disability risk in mobility-limited older adults: Results from the LIFE study randomized trial. PLoS ONE 2017, 12, e0182155. [Google Scholar] [CrossRef]

	



Sobhani, A.; Sharifi, F.; Fadayevatan, R.; Akbari Kamrani, A.A.; Moodi, M.; Khorashadizadeh, M.; Kazemi, T.; Khodabakhshi, H.; Fakhrzadeh, H.; Arzaghi, M.; et al. Low physical activity is the strongest factor associated with frailty phenotype and frailty index: Data from baseline phase of Birjand Longitudinal Aging Study (BLAS). BMC Geriatr. 2022, 22, 498. [Google Scholar] [CrossRef] [PubMed]

	



Moreno-Agostino, D.; Daskalopoulou, C.; Wu, Y.-T.; Koukounari, A.; Haro, J.M.; Tyrovolas, S.; Panagiotakos, D.B.; Prince, M.; Prina, A.M. The impact of physical activity on healthy ageing trajectories: Evidence from eight cohort studies. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 92. [Google Scholar] [CrossRef] [PubMed]

	



Pahor, M.; Guralnik, J.M.; Ambrosius, W.T.; Blair, S.; Bonds, D.E.; Church, T.S.; Espeland, M.A.; Fielding, R.A.; Gill, T.M.; Groessl, E.J.; et al. Effect of Structured Physical Activity on Prevention of Major Mobility Disability in Older Adults: The LIFE Study Randomized Clinical Trial. JAMA 2014, 311, 2387. [Google Scholar] [CrossRef] [PubMed]

	



Groessl, E.J.; Kaplan, R.M.; Rejeski, W.J.; Katula, J.A.; Glynn, N.W.; King, A.C.; Anton, S.D.; Walkup, M.; Lu, C.-J.; Reid, K.; et al. Physical Activity and Performance Impact Long-term Quality of Life in Older Adults at Risk for Major Mobility Disability. Am. J. Prev. Med. 2019, 56, 141–146. [Google Scholar] [CrossRef]

	



Liu-Ambrose, T.Y.L.; Ashe, M.C.; Marra, C.; Physical Activity and Chronic Conditions Research Team. Independent and inverse association of healthcare utilisation with physical activity in older adults with multiple chronic conditions. Br. J. Sports Med. 2010, 44, 1024–1028. [Google Scholar] [CrossRef]

	



Apóstolo, J.; Cooke, R.; Bobrowicz-Campos, E.; Santana, S.; Marcucci, M.; Cano, A.; Vollenbroek-Hutten, M.; Germini, F.; D’Avanzo, B.; Gwyther, H.; et al. Effectiveness of interventions to prevent pre-frailty and frailty progression in older adults: A systematic review. JBI Database Syst. Rev. Implement. Rep. 2018, 16, 140–232. [Google Scholar] [CrossRef]

	



Izquierdo, M.; Merchant, R.A.; Morley, J.E.; Anker, S.D.; Aprahamian, I.; Arai, H.; Aubertin-Leheudre, M.; Bernabei, R.; Cadore, E.L.; Cesari, M.; et al. International Exercise Recommendations in Older Adults (ICFSR): Expert Consensus Guidelines. J. Nutr. Health Aging 2021, 25, 824–853. [Google Scholar] [CrossRef]

	



Vellas, B.; Cestac, P.; Morley, J.E. Implementing frailty into clinical practice: We cannot wait. J. Nutr. Health Aging 2012, 16, 599–600. [Google Scholar] [CrossRef]

	



Freiberger, E.; Kemmler, W.; Siegrist, M.; Sieber, C. Frailty and exercise interventions: Evidence and barriers for exercise programs. Z. Gerontol. Geriatr. 2016, 49, 606–611. [Google Scholar] [CrossRef] [PubMed]

	



Dionyssiotis, Y.; Masiero, S.; Maccarone, M.C.; Prokopidis, K.; Dzhafer, N.; Matzaroglou, C.; Tsekoura, M.; Panayotov, K.; Papathanasiou, J. Frailty: Future prospectives in rehabilitation medicine. Eur. J. Transl. Myol. 2023, 33, 11347. [Google Scholar] [CrossRef] [PubMed]

	



Subías-Perié, J.; Navarrete-Villanueva, D.; Gómez-Cabello, A.; Vicente-Rodríguez, G.; Casajús, J.A. Health economic evaluation of exercise interventions in people over 60 years old: A systematic review. Exp. Gerontol. 2022, 161, 111713. [Google Scholar] [CrossRef] [PubMed]

	



Snowsill, T.M.; Stathi, A.; Green, C.; Withall, J.; Greaves, C.J.; Thompson, J.L.; Taylor, G.; Gray, S.; Johansen-Berg, H.; Bilzon, J.L.J.; et al. Cost-effectiveness of a physical activity and behaviour maintenance programme on functional mobility decline in older adults: An economic evaluation of the REACT (Retirement in Action) trial. Lancet Public Health 2022, 7, e327–e334. [Google Scholar] [CrossRef]

	



Jadczak, A.D.; Makwana, N.; Luscombe-Marsh, N.; Visvanathan, R.; Schultz, T.J. Effectiveness of exercise interventions on physical function in community-dwelling frail older people: An umbrella review of systematic reviews. JBI Database Syst. Rev. Implement. Rep. 2018, 16, 752–775. [Google Scholar] [CrossRef]

	



Casas-Herrero, Á.; Sáez De Asteasu, M.L.; Antón-Rodrigo, I.; Sánchez-Sánchez, J.L.; Montero-Odasso, M.; Marín-Epelde, I.; Ramón-Espinoza, F.; Zambom-Ferraresi, F.; Petidier-Torregrosa, R.; Elexpuru-Estomba, J.; et al. Effects of Vivifrail multicomponent intervention on functional capacity: A multicentre, randomized controlled trial. J. Cachexia Sarcopenia Muscle 2022, 13, 884–893. [Google Scholar] [CrossRef]

	



Shen, Y.; Shi, Q.; Nong, K.; Li, S.; Yue, J.; Hunag, J.; Dong, B.; Beauchamp, M.; Hao, Q. Exercise for sarcopenia in older people: A systematic review and network meta-analysis. J. Cachexia Sarcopenia Muscle 2023, 14, 1199–1211. [Google Scholar] [CrossRef]

	



Martone, A.M.; Marzetti, E.; Calvani, R.; Picca, A.; Tosato, M.; Santoro, L.; Di Giorgio, A.; Nesci, A.; Sisto, A.; Santoliquido, A.; et al. Exercise and Protein Intake: A Synergistic Approach against Sarcopenia. BioMed Res. Int. 2017, 2017, 2672435. [Google Scholar] [CrossRef]

	



Wu, P.-Y.; Huang, K.-S.; Chen, K.-M.; Chou, C.-P.; Tu, Y.-K. Exercise, Nutrition, and Combined Exercise and Nutrition in Older Adults with Sarcopenia: A Systematic Review and Network Meta-analysis. Maturitas 2021, 145, 38–48. [Google Scholar] [CrossRef]

	



WHO. Promotion de la Santé: Charte d’Ottawa; Bureau Régional de l’Europe, WHO/EURO:1986-4044-43803-61666; World Health Organization: Geneva, Switzerland, 1986; Available online: https://apps.who.int/iris/handle/10665/349653 (accessed on 27 November 2021).

	



Fairhall, N.; Sherrington, C.; Cameron, I.D.; Kurrle, S.E.; Lord, S.R.; Lockwood, K.; Herbert, R.D. A multifactorial intervention for frail older people is more than twice as effective among those who are compliant: Complier average causal effect analysis of a randomised trial. J. Physiother. 2017, 63, 40–44. [Google Scholar] [CrossRef]

	



Choma, E.A.; Treat-Jacobson, D.J.; Keller-Ross, M.L.; Wolfson, J.; Martin, L.; McMahon, S.K. Using the RE-AIM framework to evaluate physical activity-based fall prevention interventions in older adults with chronic conditions: A systematic review. Transl. Behav. Med. 2023, 13, 42–52. [Google Scholar] [CrossRef] [PubMed]

	



Ekelund, C.; Mårtensson, L.; Eklund, K. Self-determination among frail older persons—A desirable goal older persons’ conceptions of self-determination. Qual. Ageing Older Adults 2014, 15, 90–101. [Google Scholar] [CrossRef]

	



Witham, M.D.; Chawner, M.; De Biase, S.; Offord, N.; Todd, O.; Clegg, A.; Sayer, A.A. Content of exercise programmes targeting older people with sarcopenia or frailty—Findings from a UK survey. J. Frailty Sarcopenia Falls 2020, 5, 17–23. [Google Scholar] [CrossRef] [PubMed]

	



Cross, R.; Greaves, C.J.; Withall, J.; Rejeski, W.J.; Stathi, A. Delivery fidelity of the REACT (REtirement in ACTion) physical activity and behaviour maintenance intervention for community dwelling older people with mobility limitations. BMC Public Health 2022, 22, 1112. [Google Scholar] [CrossRef] [PubMed]

	



Treacy, D.; Hassett, L.; Schurr, K.; Fairhall, N.J.; Cameron, I.D.; Sherrington, C. Mobility training for increasing mobility and functioning in older people with frailty. Cochrane Database Syst. Rev. 2022, 2022, CD010494. [Google Scholar] [CrossRef]

	



Bernabei, R.; Landi, F.; Calvani, R.; Cesari, M.; Del Signore, S.; Anker, S.D.; Bejuit, R.; Bordes, P.; Cherubini, A.; Cruz-Jentoft, A.J.; et al. Multicomponent intervention to prevent mobility disability in frail older adults: Randomised controlled trial (SPRINTT project). BMJ 2022, 377, e068788. [Google Scholar] [CrossRef]

	



Kennis, E.; Verschueren, S.M.; Bogaerts, A.; Van Roie, E.; Boonen, S.; Delecluse, C. Long-Term Impact of Strength Training on Muscle Strength Characteristics in Older Adults. Arch. Phys. Med. Rehabil. 2013, 94, 2054–2060. [Google Scholar] [CrossRef]

	



Monti, E.; Tagliaferri, S.; Zampieri, S.; Sarto, F.; Sirago, G.; Franchi, M.V.; Ticinesi, A.; Longobucco, Y.; Adorni, E.; Lauretani, F.; et al. Effects of a 2-year exercise training on neuromuscular system health in older individuals with low muscle function. J. Cachexia Sarcopenia Muscle 2023, 14, 794–804. [Google Scholar] [CrossRef]

	



Cadore, E.L.; Casas-Herrero, A.; Zambom-Ferraresi, F.; Idoate, F.; Millor, N.; Gómez, M.; Rodriguez-Mañas, L.; Izquierdo, M. Multicomponent exercises including muscle power training enhance muscle mass, power output, and functional outcomes in institutionalized frail nonagenarians. AGE 2014, 36, 773–785. [Google Scholar] [CrossRef]

	



Bray, N.W.; Smart, R.R.; Jakobi, J.M.; Jones, G.R. Exercise prescription to reverse frailty. Appl. Physiol. Nutr. Metab. 2016, 41, 1112–1116. [Google Scholar] [CrossRef]

	



Huang, C.-Y.; Mayer, P.K.; Wu, M.-Y.; Liu, D.-H.; Wu, P.-C.; Yen, H.-R. The effect of Tai Chi in elderly individuals with sarcopenia and frailty: A systematic review and meta-analysis of randomized controlled trials. Ageing Res. Rev. 2022, 82, 101747. [Google Scholar] [CrossRef]

	



Martens, N.L. Yoga Interventions Involving Older Adults: Integrative Review. J. Gerontol. Nurs. 2022, 48, 43–52. [Google Scholar] [CrossRef] [PubMed]

	



Ossowski, Z.M.; Skrobot, W.; Aschenbrenner, P.; Cesnaitiene, V.J.; Smaruj, M. Effects of short-term Nordic walking training on sarcopenia-related parameters in women with low bone mass: A preliminary study. Clin. Interv. Aging 2016, 11, 1763–1771. [Google Scholar] [CrossRef] [PubMed]

	



Millan-Domingo, F.; Tarazona-Santabalbina, F.J.; Carretero, A.; Olaso-Gonzalez, G.; Viña, J.; Gomez-Cabrera, M.C. Real-Life Outcomes of a Multicomponent Exercise Intervention in Community-Dwelling Frail Older Adults and Its Association with Nutritional-Related Factors. Nutrients 2022, 14, 5147. [Google Scholar] [CrossRef] [PubMed]

	



Saracci, C.; Mahamat, M.; Jacquérioz, F. How to write a narrative literature review article? Rev. Med. Suisse 2019, 15, 1694–1698. [Google Scholar]

	



Baethge, C.; Goldbeck-Wood, S.; Mertens, S. SANRA-a scale for the quality assessment of narrative review articles. Res. Integr. Peer Rev. 2019, 4, 5. [Google Scholar] [CrossRef] [PubMed]

	



Fragala, M.S.; Cadore, E.L.; Dorgo, S.; Izquierdo, M.; Kraemer, W.J.; Peterson, M.D.; Ryan, E.D. Resistance Training for Older Adults: Position Statement from the National Strength and Conditioning Association. J. Strength Cond. Res. 2019, 33, 2019–2052. [Google Scholar] [CrossRef]

	



Borde, R.; Hortobágyi, T.; Granacher, U. Dose-Response Relationships of Resistance Training in Healthy Old Adults: A Systematic Review and Meta-Analysis. Sports Med. Auckl. NZ 2015, 45, 1693–1720. [Google Scholar] [CrossRef]

	



Macdonald, S.H.-F.; Travers, J.; Shé, É.N.; Bailey, J.; Romero-Ortuno, R.; Keyes, M.; O’Shea, D.; Cooney, M.T. Primary care interventions to address physical frailty among community-dwelling adults aged 60 years or older: A meta-analysis. PLoS ONE 2020, 15, e0228821. [Google Scholar] [CrossRef]

	



Li, P.-S.; Hsieh, C.-J.; Tallutondok, E.B.; Peng, H.-J. The Dose-Response Efficacy of Physical Training on Frailty Status and Physical Performance in Community-Dwelling Elderly: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Healthcare 2022, 10, 586. [Google Scholar] [CrossRef] [PubMed]

	



Wang, H.; Huang, W.Y.; Zhao, Y. Efficacy of Exercise on Muscle Function and Physical Performance in Older Adults with Sarcopenia: An Updated Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public. Health 2022, 19, 8212. [Google Scholar] [CrossRef]

	



de Labra, C.; Guimaraes-Pinheiro, C.; Maseda, A.; Lorenzo, T.; Millán-Calenti, J.C. Effects of physical exercise interventions in frail older adults: A systematic review of randomized controlled trials. BMC Geriatr. 2015, 15, 154. [Google Scholar] [CrossRef] [PubMed]

	



Ferreira, L.F.; Scariot, E.L.; da Rosa, L.H.T. The effect of different exercise programs on sarcopenia criteria in older people: A systematic review of systematic reviews with meta-analysis. Arch. Gerontol. Geriatr. 2023, 105, 104868. [Google Scholar] [CrossRef] [PubMed]

	



Law, T.D.; Clark, L.A.; Clark, B.C. Resistance Exercise to Prevent and Manage Sarcopenia and Dynapenia. Annu. Rev. Gerontol. Geriatr. 2016, 36, 205–228. [Google Scholar] [CrossRef]

	



Peterson, M.D.; Sen, A.; Gordon, P.M. Influence of Resistance Exercise on Lean Body Mass in Aging Adults: A Meta-Analysis. Med. Sci. Sports Exerc. 2011, 43, 249–258. [Google Scholar] [CrossRef]

	



Grgic, J.; Schoenfeld, B.J.; Skrepnik, M.; Davies, T.B.; Mikulic, P. Effects of Rest Interval Duration in Resistance Training on Measures of Muscular Strength: A Systematic Review. Sports Med. 2018, 48, 137–151. [Google Scholar] [CrossRef]

	



Peterson, M.D.; Rhea, M.R.; Sen, A.; Gordon, P.M. Resistance exercise for muscular strength in older adults: A meta-analysis. Ageing Res. Rev. 2010, 9, 226–237. [Google Scholar] [CrossRef]

	



Steib, S.; Schoene, D.; Pfeifer, K. Dose-Response Relationship of Resistance Training in Older Adults: A Meta-Analysis. Med. Sci. Sports Exerc. 2010, 42, 902–914. [Google Scholar] [CrossRef]

	



Izquierdo, M. Multicomponent physical exercise program: Vivifrail. Nutr. Hosp. 2019, 36, 50–56. [Google Scholar] [CrossRef]

	



Talar, K.; Hernández-Belmonte, A.; Vetrovsky, T.; Steffl, M.; Kałamacka, E.; Courel-Ibáñez, J. Benefits of Resistance Training in Early and Late Stages of Frailty and Sarcopenia: A Systematic Review and Meta-Analysis of Randomized Controlled Studies. J. Clin. Med. 2021, 10, 1630. [Google Scholar] [CrossRef]

	



Clemson, L.; Fiatarone Singh, M.A.; Bundy, A.; Cumming, R.G.; Manollaras, K.; O’Loughlin, P.; Black, D. Integration of balance and strength training into daily life activity to reduce rate of falls in older people (the LiFE study): Randomised parallel trial. BMJ 2012, 345, e4547. [Google Scholar] [CrossRef]

	



Delaire, L.; Courtay, A.; Pageaux, B.; Gautier, C.; Rayon, F.J.; Mourey, F.; Racine, A.N.; Humblot, J.; Bonnefoy, M. Conducting a multimodal exercise program in primary and secondary prevention of mobility disabilty in older adults at risk: Guidelines and practical applications. Gériatr. Psychol. Neuropsychiatr. Vieil. 2023, 21, 37–50. [Google Scholar] [CrossRef] [PubMed]

	



Watt, J.R.; Jackson, K.; Franz, J.R.; Dicharry, J.; Evans, J.; Kerrigan, D.C. Effect of a Supervised Hip Flexor Stretching Program on Gait in Frail Elderly Patients. PM&R 2011, 3, 330–335. [Google Scholar] [CrossRef]

	



Buskard, A.N.L.; Jacobs, K.A.; Eltoukhy, M.M.; Strand, K.L.; Villanueva, L.; Desai, P.P.; Signorile, J.F. Optimal Approach to Load Progressions during Strength Training in Older Adults. Med. Sci. Sports Exerc. 2019, 51, 2224–2233. [Google Scholar] [CrossRef] [PubMed]

	



Hurst, C.; Robinson, S.M.; Witham, M.D.; Dodds, R.M.; Granic, A.; Buckland, C.; De Biase, S.; Finnegan, S.; Rochester, L.; Skelton, D.A.; et al. Resistance exercise as a treatment for sarcopenia: Prescription and delivery. Age Ageing 2022, 51, afac003. [Google Scholar] [CrossRef] [PubMed]

	



Burton, E.; Hill, K.D.; Davey, P.; Ng, Y.L.; Williams, S.A. The Biomechanics of Healthy Older Adults Rising from the Floor Independently. Int. J. Environ. Res. Public Health 2023, 20, 3507. [Google Scholar] [CrossRef]

	



Gabriel, D.A.; Kamen, G.; Frost, G. Neural Adaptations to Resistive Exercise: Mechanisms and Recommendations for Training Practices. Sports Med. 2006, 36, 133–149. [Google Scholar] [CrossRef]

	



Roig, M.; O’Brien, K.; Kirk, G.; Murray, R.; McKinnon, P.; Shadgan, B.; Reid, W.D. The effects of eccentric versus concentric resistance training on muscle strength and mass in healthy adults: A systematic review with meta-analysis. Br. J. Sports Med. 2009, 43, 556–568. [Google Scholar] [CrossRef]

	



Mañas, A.; del Pozo-Cruz, B.; Rodríguez-Gómez, I.; Leal-Martín, J.; Losa-Reyna, J.; Rodríguez-Mañas, L.; García-García, F.J.; Ara, I. Dose-response association between physical activity and sedentary time categories on ageing biomarkers. BMC Geriatr. 2019, 19, 270. [Google Scholar] [CrossRef]

	



Mañas, A.; Gómez-Redondo, P.; Valenzuela, P.L.; Morales, J.S.; Lucía, A.; Ara, I. Unsupervised home-based resistance training for community-dwelling older adults: A systematic review and meta-analysis of randomized controlled trials. Ageing Res. Rev. 2021, 69, 101368. [Google Scholar] [CrossRef]

	



Lacroix, A.; Hortobágyi, T.; Beurskens, R.; Granacher, U. Effects of Supervised vs. Unsupervised Training Programs on Balance and Muscle Strength in Older Adults: A Systematic Review and Meta-Analysis. Sports Med. Auckl. NZ 2017, 47, 2341–2361. [Google Scholar] [CrossRef] [PubMed]

	



Montero-Odasso, M.; Van Der Velde, N.; Martin, F.C.; Petrovic, M.; Tan, M.P.; Ryg, J.; Aguilar-Navarro, S.; Alexander, N.B.; Becker, C.; Blain, H.; et al. World guidelines for falls prevention and management for older adults: A global initiative. Age Ageing 2022, 51, afac205. [Google Scholar] [CrossRef] [PubMed]

	



Floegel, T.A.; Giacobbi, P.R.; Dzierzewski, J.M.; Aiken-Morgan, A.T.; Roberts, B.; McCrae, C.S.; Marsiske, M.; Buman, M.P. Intervention markers of physical activity maintenance in older adults. Am. J. Health Behav. 2015, 39, 487–499. [Google Scholar] [CrossRef]

	



Dismore, L.; Hurst, C.; Sayer, A.A.; Stevenson, E.; Aspray, T.; Granic, A. Study of the Older Adults’ Motivators and Barriers Engaging in a Nutrition and Resistance Exercise Intervention for Sarcopenia: An Embedded Qualitative Project in the MIlkMAN Pilot Study. Gerontol. Geriatr. Med. 2020, 6, 2333721420920398. [Google Scholar] [CrossRef]

	



Zhang, J.; Bloom, I.; Dennison, E.M.; Ward, K.A.; Robinson, S.M.; Barker, M.; Cooper, C.; Lawrence, W. Understanding influences on physical activity participation by older adults: A qualitative study of community-dwelling older adults from the Hertfordshire Cohort Study, UK. PLoS ONE 2022, 17, e0263050. [Google Scholar] [CrossRef]

	



Volkert, D.; Beck, A.M.; Cederholm, T.; Cruz-Jentoft, A.; Goisser, S.; Hooper, L.; Kiesswetter, E.; Maggio, M.; Raynaud-Simon, A.; Sieber, C.C.; et al. ESPEN guideline on clinical nutrition and hydration in geriatrics. Clin. Nutr. Edinb. Scotl. 2019, 38, 10–47. [Google Scholar] [CrossRef]

	



Deutz, N.E.P.; Bauer, J.M.; Barazzoni, R.; Biolo, G.; Boirie, Y.; Bosy-Westphal, A.; Cederholm, T.; Cruz-Jentoft, A.; Krznariç, Z.; Nair, K.S.; et al. Protein intake and exercise for optimal muscle function with aging: Recommendations from the ESPEN Expert Group. Clin. Nutr. Edinb. Scotl. 2014, 33, 929–936. [Google Scholar] [CrossRef]

	



Coelho-Junior, H.J.; Calvani, R.; Azzolino, D.; Picca, A.; Tosato, M.; Landi, F.; Cesari, M.; Marzetti, E. Protein Intake and Sarcopenia in Older Adults: A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2022, 19, 8718. [Google Scholar] [CrossRef]

	



Gielen, E.; Beckwée, D.; Delaere, A.; De Breucker, S.; Vandewoude, M.; Bautmans, I.; Sarcopenia Guidelines Development Group of the Belgian Society of Gerontology and Geriatrics (BSGG). Nutritional interventions to improve muscle mass, muscle strength, and physical performance in older people: An umbrella review of systematic reviews and meta-analyses. Nutr. Rev. 2021, 79, 121–147. [Google Scholar] [CrossRef]

	



Walston, J.; Buta, B.; Xue, Q.-L. Frailty Screening and Interventions. Clin. Geriatr. Med. 2018, 34, 25–38. [Google Scholar] [CrossRef]

	



Ruiz, J.G.; Dent, E.; Morley, J.E.; Merchant, R.A.; Beilby, J.; Beard, J.; Tripathy, C.; Sorin, M.; Andrieu, S.; Aprahamian, I.; et al. Screening for and Managing the Person with Frailty in Primary Care: ICFSR Consensus Guidelines. J. Nutr. Health Aging 2020, 24, 920–927. [Google Scholar] [CrossRef] [PubMed]

	



Aguayo, G.A.; Donneau, A.-F.; Vaillant, M.T.; Schritz, A.; Franco, O.H.; Stranges, S.; Malisoux, L.; Guillaume, M.; Witte, D.R. Agreement Between 35 Published Frailty Scores in the General Population. Am. J. Epidemiol. 2017, 186, 420–434. [Google Scholar] [CrossRef]

	



Checa-López, M.; Oviedo-Briones, M.; Pardo-Gómez, A.; Gonzales-Turín, J.; Guevara-Guevara, T.; Carnicero, J.A.; Alamo-Ascencio, S.; Landi, F.; Cesari, M.; Grodzicki, T.; et al. FRAILTOOLS study protocol: A comprehensive validation of frailty assessment tools to screen and diagnose frailty in different clinical and social settings and to provide instruments for integrated care in older adults. BMC Geriatr. 2019, 19, 86. [Google Scholar] [CrossRef]

	



Oviedo-Briones, M.; Laso, Á.R.; Carnicero, J.A.; Cesari, M.; Grodzicki, T.; Gryglewska, B.; Sinclair, A.; Landi, F.; Vellas, B.; Checa-López, M.; et al. A Comparison of Frailty Assessment Instruments in Different Clinical and Social Care Settings: The Frailtools Project. J. Am. Med. Dir. Assoc. 2021, 22, 607.e7–607.e12. [Google Scholar] [CrossRef]

	



Oviedo-Briones, M.; Rodríguez-Laso, Á.; Carnicero, J.A.; Gryglewska, B.; Sinclair, A.J.; Landi, F.; Vellas, B.; Rodríguez Artalejo, F.; Checa-López, M.; Rodriguez-Mañas, L. The ability of eight frailty instruments to identify adverse outcomes across different settings: The FRAILTOOLS project. J. Cachexia Sarcopenia Muscle 2022, 13, 1487–1501. [Google Scholar] [CrossRef] [PubMed]

	



Clegg, A.; Bates, C.; Young, J.; Ryan, R.; Nichols, L.; Ann Teale, E.; Mohammed, M.A.; Parry, J.; Marshall, T. Development and validation of an electronic frailty index using routine primary care electronic health record data. Age Ageing 2016, 45, 353–360. [Google Scholar] [CrossRef] [PubMed]

	



Cesari, M.; Leeuwenburgh, C.; Lauretani, F.; Onder, G.; Bandinelli, S.; Maraldi, C.; Guralnik, J.M.; Pahor, M.; Ferrucci, L. Frailty syndrome and skeletal muscle: Results from the Invecchiare in Chianti study. Am. J. Clin. Nutr. 2006, 83, 1142–1148. [Google Scholar] [CrossRef]

	



Ferrucci, L.; Cooper, R.; Shardell, M.; Simonsick, E.M.; Schrack, J.A.; Kuh, D. Age-Related Change in Mobility: Perspectives from Life Course Epidemiology and Geroscience. J. Gerontol. A Biol. Sci. Med. Sci. 2016, 71, 1184–1194. [Google Scholar] [CrossRef]

	



Tieland, M.; Trouwborst, I.; Clark, B.C. Skeletal muscle performance and ageing: Skeletal muscle performance and ageing. J. Cachexia Sarcopenia Muscle 2018, 9, 3–19. [Google Scholar] [CrossRef]

	



Navarrete-Villanueva, D.; Gómez-Cabello, A.; Marín-Puyalto, J.; Moreno, L.A.; Vicente-Rodríguez, G.; Casajús, J.A. Frailty and Physical Fitness in Elderly People: A Systematic Review and Meta-analysis. Sports Med. 2021, 51, 143–160. [Google Scholar] [CrossRef] [PubMed]

	



Perera, S.; Patel, K.V.; Rosano, C.; Rubin, S.M.; Satterfield, S.; Harris, T.; Ensrud, K.; Orwoll, E.; Lee, C.G.; Chandler, J.M.; et al. Gait Speed Predicts Incident Disability: A Pooled Analysis. J. Gerontol. A Biol. Sci. Med. Sci. 2016, 71, 63–71. [Google Scholar] [CrossRef]

	



Perez-Sousa, M.A.; Venegas-Sanabria, L.C.; Chavarro-Carvajal, D.A.; Cano-Gutierrez, C.A.; Izquierdo, M.; Correa-Bautista, J.E.; Ramírez-Vélez, R. Gait speed as a mediator of the effect of sarcopenia on dependency in activities of daily living. J. Cachexia Sarcopenia Muscle 2019, 10, 1009–1015. [Google Scholar] [CrossRef] [PubMed]

	



Oh, B.; Cho, B.; Choi, H.-C.; Son, K.-Y.; Park, S.M.; Chun, S.; Cho, S.-I. The influence of lower-extremity function in elderly individuals’ quality of life (QOL): An analysis of the correlation between SPPB and EQ-5D. Arch. Gerontol. Geriatr. 2014, 58, 278–282. [Google Scholar] [CrossRef]

	



Oliveira, D.C.; Máximo, R.; Ramírez, P.C.; Souza, A.F.; Luiz, M.M.; Delinocente, M.L.B.; Chagas, M.H.N.; Steptoe, A.; Oliveira, C.; Alexandre, T. Is slowness a better discriminator of disability than frailty in older adults? J. Cachexia Sarcopenia Muscle 2021, 12, 2069–2078. [Google Scholar] [CrossRef]

	



Montero-Odasso, M.; Muir, S.W.; Hall, M.; Doherty, T.J.; Kloseck, M.; Beauchet, O.; Speechley, M. Gait Variability Is Associated with Frailty in Community-dwelling Older Adults. J. Gerontol. A Biol. Sci. Med. Sci. 2011, 66A, 568–576. [Google Scholar] [CrossRef]

	



Miller, M.E.; Magaziner, J.; Marsh, A.P.; Fielding, R.A.; Gill, T.M.; King, A.C.; Kritchevsky, S.; Manini, T.; McDermott, M.M.; Neiberg, R.; et al. Gait Speed and Mobility Disability: Revisiting Meaningful Levels in Diverse Clinical Populations. J. Am. Geriatr. Soc. 2018, 66, 954–961. [Google Scholar] [CrossRef]

	



Porto, J.M.; Peres-Ueno, M.J.; De Matos Brunelli Braghin, R.; Scudilio, G.M.; De Abreu, D.C.C. Diagnostic accuracy of the five times stand-to-sit test for the screening of global muscle weakness in community-dwelling older women. Exp. Gerontol. 2023, 171, 112027. [Google Scholar] [CrossRef] [PubMed]

	



Zanker, J.; Scott, D.; Alajlouni, D.; Kirk, B.; Bird, S.; DeBruin, D.; Vogrin, S.; Bliuc, D.; Tran, T.; Cawthon, P.; et al. Mortality, falls and slow walking speed are predicted by different muscle strength and physical performance measures in women and men. Arch. Gerontol. Geriatr. 2023, 114, 105084. [Google Scholar] [CrossRef]

	



McPhee, J.S.; French, D.P.; Jackson, D.; Nazroo, J.; Pendleton, N.; Degens, H. Physical activity in older age: Perspectives for healthy ageing and frailty. Biogerontology 2016, 17, 567–580. [Google Scholar] [CrossRef] [PubMed]

	



Kehler, D.S.; Hay, J.L.; Stammers, A.N.; Hamm, N.C.; Kimber, D.E.; Schultz, A.S.H.; Szwajcer, A.; Arora, R.C.; Tangri, N.; Duhamel, T.A. A systematic review of the association between sedentary behaviors with frailty. Exp. Gerontol. 2018, 114, 1–12. [Google Scholar] [CrossRef]

	



Wanigatunga, A.A.; Cai, Y.; Urbanek, J.K.; Mitchell, C.M.; Roth, D.L.; Miller, E.R.; Michos, E.D.; Juraschek, S.P.; Walston, J.; Xue, Q.-L.; et al. Objectively Measured Patterns of Daily Physical Activity and Phenotypic Frailty. J. Gerontol. Ser. A 2022, 77, 1882–1889. [Google Scholar] [CrossRef] [PubMed]

	



Pond, H.M.; Kehler, S.; Seaman, K.; Bouchard, D.R.; Sénéchal, M. Association between physical activity & sedentary time on frailty status in males and females living with diabetes mellitus: A cross-sectional analysis. Exp. Gerontol. 2022, 161, 111741. [Google Scholar] [CrossRef] [PubMed]

	



Lefferts, E.C.; Bakker, E.A.; Carbone, S.; Lavie, C.J.; Lee, D. Associations of total and aerobic steps with the prevalence and incidence of frailty in older adults with hypertension. Prog. Cardiovasc. Dis. 2021, 67, 18–25. [Google Scholar] [CrossRef] [PubMed]

	



Shourick, J.; Lucas, P.; Tavassoli, N.; Rego-Lopes, M.; Seux, M.L.; Hanon, O.; Andrieu, S.; Vellas, B.; Forette, F. Sensitivity, Specificity, Positive and Negative Predictive Values of a Postal Mail Self-Screening Tool for Frailty in French Older Adults. J. Frailty Aging 2023, 12, 175–181. [Google Scholar] [CrossRef]

	



Theou, O.; O‘Connell, M.D.L.; King-Kallimanis, B.L.; O’Halloran, A.M.; Rockwood, K.; Kenny, R.A. Measuring frailty using self-report and test-based health measures. Age Ageing 2015, 44, 471–477. [Google Scholar] [CrossRef]

	



Sum, G.; Lau, L.K.; Jabbar, K.A.; Lun, P.; George, P.P.; Munro, Y.L.; Ding, Y.Y. The World Health Organization (WHO) Integrated Care for Older People (ICOPE) Framework: A Narrative Review on Its Adoption Worldwide and Lessons Learnt. Int. J. Environ. Res. Public Health 2022, 20, 154. [Google Scholar] [CrossRef]

	



Piau, A.; Wild, K.; Mattek, N.; Kaye, J. Current State of Digital Biomarker Technologies for Real-Life, Home-Based Monitoring of Cognitive Function for Mild Cognitive Impairment to Mild Alzheimer Disease and Implications for Clinical Care: Systematic Review. J. Med. Internet Res. 2019, 21, e12785. [Google Scholar] [CrossRef]

	



Mc Ardle, R.; Jabbar, K.A.; Del Din, S.; Thomas, A.J.; Robinson, L.; Kerse, N.; Rochester, L.; Callisaya, M. Using Digital Technology to Quantify Habitual Physical Activity in Community Dwellers with Cognitive Impairment: Systematic Review. J. Med. Internet Res. 2023, 25, e44352. [Google Scholar] [CrossRef]

	



Clegg, A.; Rogers, L.; Young, J. Diagnostic test accuracy of simple instruments for identifying frailty in community-dwelling older people: A systematic review. Age Ageing 2015, 44, 148–152. [Google Scholar] [CrossRef]

	



Rodriguez Mañas, L.; García-Sánchez, I.; Hendry, A.; Bernabei, R.; Roller-Wirnsberger, R.; Gabrovec, B.; Liew, A.; Carriazo, A.M.; Redon, J.; Galluzzo, L.; et al. Key Messages for a Frailty Prevention and Management Policy in Europe from the Advantage Joint Action Consortium. J. Nutr. Health Aging 2018, 22, 892–897. [Google Scholar] [CrossRef] [PubMed]

	



Lee, H.; Lee, E.; Jang, I.-Y. Frailty and Comprehensive Geriatric Assessment. J. Korean Med. Sci. 2020, 35, e16. [Google Scholar] [CrossRef] [PubMed]

	



Cella, A.; Veronese, N.; Pomata, M.; Quispe Guerrero, K.L.; Musacchio, C.; Senesi, B.; Prete, C.; Tavella, E.; Zigoura, E.; Siri, G.; et al. Multidimensional Frailty Predicts Mortality Better than Physical Frailty in Community-Dwelling Older People: A Five-Year Longitudinal Cohort Study. Int. J. Environ. Res. Public Health 2021, 18, 12435. [Google Scholar] [CrossRef]

	



Cruz-Jentoft, A.J.; Daragjati, J.; Fratiglioni, L.; Maggi, S.; Mangoni, A.A.; Mattace-Raso, F.; Paccalin, M.; Polidori, M.C.; Topinkova, E.; Ferrucci, L.; et al. Using the Multidimensional Prognostic Index (MPI) to improve cost-effectiveness of interventions in multimorbid frail older persons: Results and final recommendations from the MPI_AGE European Project. Aging Clin. Exp. Res. 2020, 32, 861–868. [Google Scholar] [CrossRef] [PubMed]

	



Choi, J.-Y.; Kim, J.-K.; Kim, K.; Lee, Y.-K.; Koo, K.-H.; Kim, C.-H. How does the multidimensional frailty score compare with grip strength for predicting outcomes after hip fracture surgery in older patients? A retrospective cohort study. BMC Geriatr. 2021, 21, 234. [Google Scholar] [CrossRef]

	



Perracini, M.R.; Mello, M.; De Oliveira Máximo, R.; Bilton, T.L.; Ferriolli, E.; Lustosa, L.P.; Da Silva Alexandre, T. Diagnostic Accuracy of the Short Physical Performance Battery for Detecting Frailty in Older People. Phys. Ther. 2020, 100, 90–98. [Google Scholar] [CrossRef] [PubMed]

	



Alcazar, J.; Kamper, R.S.; Aagaard, P.; Haddock, B.; Prescott, E.; Ara, I.; Suetta, C. Relation between leg extension power and 30-s sit-to-stand muscle power in older adults: Validation and translation to functional performance. Sci. Rep. 2020, 10, 16337. [Google Scholar] [CrossRef] [PubMed]

	



Savva, G.M.; Donoghue, O.A.; Horgan, F.; O’Regan, C.; Cronin, H.; Kenny, R.A. Using Timed Up-and-Go to Identify Frail Members of the Older Population. J. Gerontol. Ser. A 2013, 68, 441–446. [Google Scholar] [CrossRef]

	



Ansai, J.H.; Farche, A.C.S.; Rossi, P.G.; de Andrade, L.P.; Nakagawa, T.H.; de Medeiros Takahashi, A.C. Performance of Different Timed Up and Go Subtasks in Frailty Syndrome. J. Geriatr. Phys. Ther. 2019, 42, 287–293. [Google Scholar] [CrossRef]

	



Albarrati, A.M.; Gale, N.S.; Munnery, M.M.; Reid, N.; Cockcroft, J.R.; Shale, D.J. The Timed Up and Go test predicts frailty in patients with COPD. NPJ Prim. Care Respir. Med. 2022, 32, 24. [Google Scholar] [CrossRef]

	



Bohannon, R.W. Grip Strength: An Indispensable Biomarker For Older Adults. Clin. Interv. Aging 2019, 14, 1681–1691. [Google Scholar] [CrossRef]

	



Sousa-Santos, A.R.; Amaral, T.F. Differences in handgrip strength protocols to identify sarcopenia and frailty—A systematic review. BMC Geriatr. 2017, 17, 238. [Google Scholar] [CrossRef] [PubMed]

	



Carson, R.G. Get a grip: Individual variations in grip strength are a marker of brain health. Neurobiol. Aging 2018, 71, 189–222. [Google Scholar] [CrossRef] [PubMed]

	



Burbank, C.M.; Branscum, A.; Bovbjerg, M.L.; Hooker, K.; Smit, E. Muscle power predicts frailty status over four years: A retrospective cohort study of the National Health and Aging Trends Study. J. Frailty Sarcopenia Falls 2023, 8, 1–8. [Google Scholar] [CrossRef]

	



Alcazar, J.; Losa-Reyna, J.; Rodriguez-Lopez, C.; Alfaro-Acha, A.; Rodriguez-Mañas, L.; Ara, I.; García-García, F.J.; Alegre, L.M. The sit-to-stand muscle power test: An easy, inexpensive and portable procedure to assess muscle power in older people. Exp. Gerontol. 2018, 112, 38–43. [Google Scholar] [CrossRef] [PubMed]

	



Guralnik, J.M.; Ferrucci, L.; Simonsick, E.M.; Salive, M.E.; Wallace, R.B. Lower-Extremity Function in Persons over the Age of 70 Years as a Predictor of Subsequent Disability. N. Engl. J. Med. 1995, 332, 556–562. [Google Scholar] [CrossRef]

	



Peyrusqué, E.; Buckinx, F.; Kergoat, M.-J.; Aubertin-Leheudre, M. Exercise Guidelines to Counteract Physical Deconditioning in Long-Term Care Facilities: What to Do and How to Do It? J. Am. Med. Dir. Assoc. 2023, 24, 583–598. [Google Scholar] [CrossRef]

	



Layne, A.S.; Hsu, F.-C.; Blair, S.N.; Chen, S.-H.; Dungan, J.; Fielding, R.A.; Glynn, N.W.; Hajduk, A.M.; King, A.C.; Manini, T.M.; et al. Predictors of Change in Physical Function in Older Adults in Response to Long-Term, Structured Physical Activity: The LIFE Study. Arch. Phys. Med. Rehabil. 2017, 98, 11–24.e3. [Google Scholar] [CrossRef]

	



De Asteasu, M.L.S.; Martínez-Velilla, N.; Zambom-Ferraresi, F.; Casas-Herrero, Á.; Cadore, E.L.; Ramirez-Velez, R.; Izquierdo, M. Inter-individual variability in response to exercise intervention or usual care in hospitalized older adults. J. Cachexia Sarcopenia Muscle 2019, 10, 1266–1275. [Google Scholar] [CrossRef]

	



Delaire, L.; Courtay, A.; Fauvernier, M.; Humblot, J.; Bonnefoy, M. Integrating a Prevention Care Path into the Daily Life of Older Adults with Mobility Disability Risk: Introducing a Predictive Response Model to Exercise. Clin. Interv. Aging 2021, 16, 1617–1629. [Google Scholar] [CrossRef]

	



Norman, K.; Haß, U.; Pirlich, M. Malnutrition in Older Adults—Recent Advances and Remaining Challenges. Nutrients 2021, 13, 2764. [Google Scholar] [CrossRef] [PubMed]

	



Haute Autorité de Santé. Diagnostic de la Dénutrition Chez la Personne de 70 Ans et Plus; Recommandations de Bonnes Pratiques; Haute Autorité de Santé, Service Communication et Information: Saint-Denis La Plaine, France, 2021. [Google Scholar]

	



Roberts, S.; Collins, P.; Rattray, M. Identifying and Managing Malnutrition, Frailty and Sarcopenia in the Community: A Narrative Review. Nutrients 2021, 13, 2316. [Google Scholar] [CrossRef] [PubMed]

	



Martone, A.; Onder, G.; Vetrano, D.; Ortolani, E.; Tosato, M.; Marzetti, E.; Landi, F. Anorexia of Aging: A Modifiable Risk Factor for Frailty. Nutrients 2013, 5, 4126–4133. [Google Scholar] [CrossRef] [PubMed]

	



Landi, F.; Calvani, R.; Tosato, M.; Martone, A.; Ortolani, E.; Savera, G.; Sisto, A.; Marzetti, E. Anorexia of Aging: Risk Factors, Consequences, and Potential Treatments. Nutrients 2016, 8, 69. [Google Scholar] [CrossRef]

	



Lorenzo-López, L.; Maseda, A.; De Labra, C.; Regueiro-Folgueira, L.; Rodríguez-Villamil, J.L.; Millán-Calenti, J.C. Nutritional determinants of frailty in older adults: A systematic review. BMC Geriatr. 2017, 17, 108. [Google Scholar] [CrossRef]

	



Liang, H.; Li, X.; Lin, X.; Ju, Y.; Leng, J. The correlation between nutrition and frailty and the receiver operating characteristic curve of different nutritional indexes for frailty. BMC Geriatr. 2021, 21, 619. [Google Scholar] [CrossRef]

	



Taveira, A.; Sousa, B.; Costa, P.; Macedo, A.P. Health management of malnourished elderly in primary health care: A scoping review. BMC Prim. Care 2022, 23, 272. [Google Scholar] [CrossRef]

	



Janssen, I.; Heymsfield, S.B.; Wang, Z.M.; Ross, R. Skeletal muscle mass and distribution in 468 men and women aged 18–88 yr. J. Appl. Physiol. 2000, 89, 81–88. [Google Scholar] [CrossRef]

	



Sergi, G.; De Rui, M.; Veronese, N.; Bolzetta, F.; Berton, L.; Carraro, S.; Bano, G.; Coin, A.; Manzato, E.; Perissinotto, E. Assessing appendicular skeletal muscle mass with bioelectrical impedance analysis in free-living Caucasian older adults. Clin. Nutr. Edinb. Scotl. 2015, 34, 667–673. [Google Scholar] [CrossRef]

	



Becroft, L.; Ooi, G.; Forsyth, A.; King, S.; Tierney, A. Validity of multi-frequency bioelectric impedance methods to measure body composition in obese patients: A systematic review. Int. J. Obes. 2019, 43, 1497–1507. [Google Scholar] [CrossRef]

	



Landi, F.; Onder, G.; Russo, A.; Liperoti, R.; Tosato, M.; Martone, A.M.; Capoluongo, E.; Bernabei, R. Calf circumference, frailty and physical performance among older adults living in the community. Clin. Nutr. Edinb. Scotl. 2014, 33, 539–544. [Google Scholar] [CrossRef] [PubMed]

	



Kawakami, R.; Miyachi, M.; Sawada, S.S.; Torii, S.; Midorikawa, T.; Tanisawa, K.; Ito, T.; Usui, C.; Ishii, K.; Suzuki, K.; et al. Cut-offs for calf circumference as a screening tool for low muscle mass: WASEDA’S Health Study. Geriatr. Gerontol. Int. 2020, 20, 943–950. [Google Scholar] [CrossRef] [PubMed]

	



Xu, K.Y.; Wang, J.J.; Chen, J.; Zhao, X.; Yuan, L.F.; Zhang, Q. Calf circumference predicts frailty in older adults: The Chinese longitudinal healthy longevity survey. BMC Geriatr. 2022, 22, 936. [Google Scholar] [CrossRef]

	



Kamwa, V.; Hassan-Smith, Z.K. The inter-relationship between marginal vitamin D deficiency and muscle. Curr. Opin. Endocrinol. Diabetes Obes. 2019, 26, 322–328. [Google Scholar] [CrossRef] [PubMed]

	



Ni Lochlainn, M.; Cox, N.J.; Wilson, T.; Hayhoe, R.P.G.; Ramsay, S.E.; Granic, A.; Isanejad, M.; Roberts, H.C.; Wilson, D.; Welch, C.; et al. Nutrition and Frailty: Opportunities for Prevention and Treatment. Nutrients 2021, 13, 2349. [Google Scholar] [CrossRef]

	



Shin, H.-R.; Kim, Y.-S.; Park, Y.-K.; Koo, S.-K.; Son, W.-H.; Han, J.-W.; Son, E.-H.; Kang, H.-J.; Choi, K.-H.; Han, J.-S.; et al. Nutritional Status and Frailty Improvement through Senior-Friendly Diet among Community-Dwelling Older Adults in South Korea. Nutrients 2023, 15, 1381. [Google Scholar] [CrossRef]

	



Bonnefoy, M.; Normand, S.; Pachiaudi, C.; Lacour, J.R.; Laville, M.; Kostka, T. Simultaneous Validation of Ten Physical Activity Questionnaires in Older Men: A Doubly Labeled Water Study. J. Am. Geriatr. Soc. 2001, 49, 28–35. [Google Scholar] [CrossRef]

	



Eckert, K.G.; Lange, M.A. Comparison of physical activity questionnaires for the elderly with the International Classification of Functioning, Disability and Health (ICF)—An analysis of content. BMC Public Health 2015, 15, 249. [Google Scholar] [CrossRef]

	



Theou, O.; Jakobi, J.M.; Vandervoort, A.A.; Jones, G.R. A comparison of physical activity (PA) assessment tools across levels of frailty. Arch. Gerontol. Geriatr. 2012, 54, e307–e314. [Google Scholar] [CrossRef]

	



Vavasour, G.; Giggins, O.M.; Doyle, J.; Kelly, D. How wearable sensors have been utilised to evaluate frailty in older adults: A systematic review. J. Neuroeng. Rehabil. 2021, 18, 112. [Google Scholar] [CrossRef]

	



Zanotto, T.; Mercer, T.H.; van der Linden, M.L.; Traynor, J.P.; Koufaki, P. Use of a wearable accelerometer to evaluate physical frailty in people receiving haemodialysis. BMC Nephrol. 2023, 24, 82. [Google Scholar] [CrossRef] [PubMed]

	



Tinetti, M.E.; Richman, D.; Powell, L. Falls efficacy as a measure of fear of falling. J. Gerontol. 1990, 45, P239–P243. [Google Scholar] [CrossRef]

	



de Souza, L.F.; Canever, J.B.; Moreira, B.d.S.; Danielewicz, A.L.; de Avelar, N.C.P. Association Between Fear of Falling and Frailty in Community-Dwelling Older Adults: A Systematic Review. Clin. Interv. Aging 2022, 17, 129–140. [Google Scholar] [CrossRef]

	



Dewan, N.; MacDermid, J.C. Fall Efficacy Scale—International (FES-I). J. Physiother. 2014, 60, 60. [Google Scholar] [CrossRef] [PubMed]

	



Kojima, G.; Iliffe, S.; Jivraj, S.; Walters, K. Association between frailty and quality of life among community-dwelling older people: A systematic review and meta-analysis. J. Epidemiol. Community Health 2016, 70, 716–721. [Google Scholar] [CrossRef]

	



Crocker, T.F.; Brown, L.; Clegg, A.; Farley, K.; Franklin, M.; Simpkins, S.; Young, J. Quality of life is substantially worse for community-dwelling older people living with frailty: Systematic review and meta-analysis. Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehabil. 2019, 28, 2041–2056. [Google Scholar] [CrossRef] [PubMed]

	



Geerinck, A.; Locquet, M.; Bruyère, O.; Reginster, J.; Beaudart, C. Evaluating quality of life in frailty: Applicability and clinimetric properties of the SarQoL® questionnaire. J. Cachexia Sarcopenia Muscle 2021, 12, 319–330. [Google Scholar] [CrossRef]

	



Feil, K.; Fritsch, J.; Rhodes, R.E. The intention-behaviour gap in physical activity: A systematic review and meta-analysis of the action control framework. Br. J. Sports Med. 2023. [Google Scholar] [CrossRef]

	



Caillouet, K.A.; Cosio-Lima, L. Association of health empowerment and handgrip strength with intention to participate in physical activity among community-dwelling older adults. Exp. Gerontol. 2019, 121, 99–105. [Google Scholar] [CrossRef]

	



Katula, J.A.; Sipe, M.; Rejeski, W.J.; Focht, B.C. Strength training in older adults: An empowering intervention. Med. Sci. Sports Exerc. 2006, 38, 106–111. [Google Scholar] [CrossRef]

	



Barnes, K.; Hladkowicz, E.; Dorrance, K.; Bryson, G.L.; Forster, A.J.; Gagné, S.; Huang, A.; Lalu, M.M.; Lavallée, L.T.; Saunders, C.; et al. Barriers and facilitators to participation in exercise prehabilitation before cancer surgery for older adults with frailty: A qualitative study. BMC Geriatr. 2023, 23, 356. [Google Scholar] [CrossRef] [PubMed]

	



Shearer, N.B.C.; Fleury, J.; Ward, K.A.; O’Brien, A.-M. Empowerment interventions for older adults. West. J. Nurs. Res. 2012, 34, 24–51. [Google Scholar] [CrossRef] [PubMed]

	



Izquierdo, M.; Fiatarone Singh, M. Promoting resilience in the face of ageing and disease: The central role of exercise and physical activity. Ageing Res. Rev. 2023, 88, 101940. [Google Scholar] [CrossRef]

	



Lavin, K.M.; Roberts, B.M.; Fry, C.S.; Moro, T.; Rasmussen, B.B.; Bamman, M.M. The Importance of Resistance Exercise Training to Combat Neuromuscular Aging. Physiology 2019, 34, 112–122. [Google Scholar] [CrossRef]

	



Churchward-Venne, T.A.; Tieland, M.; Verdijk, L.B.; Leenders, M.; Dirks, M.L.; de Groot, L.C.P.G.M.; van Loon, L.J.C. There Are No Nonresponders to Resistance-Type Exercise Training in Older Men and Women. J. Am. Med. Dir. Assoc. 2015, 16, 400–411. [Google Scholar] [CrossRef] [PubMed]

	



Lu, L.; Mao, L.; Feng, Y.; Ainsworth, B.E.; Liu, Y.; Chen, N. Effects of different exercise training modes on muscle strength and physical performance in older people with sarcopenia: A systematic review and meta-analysis. BMC Geriatr. 2021, 21, 708. [Google Scholar] [CrossRef] [PubMed]

	



DiFrancisco-Donoghue, J.; Werner, W.; Douris, P.C. Comparison of once-weekly and twice-weekly strength training in older adults. Br. J. Sports Med. 2007, 41, 19–22. [Google Scholar] [CrossRef]

	



Chen, W.; Datzkiw, D.; Rudnicki, M.A. Satellite cells in ageing: Use it or lose it. Open Biol. 2020, 10, 200048. [Google Scholar] [CrossRef]

	



Baar, M.P.; Perdiguero, E.; Muñoz-Cánoves, P.; De Keizer, P.L. Musculoskeletal senescence: A moving target ready to be eliminated. Curr. Opin. Pharmacol. 2018, 40, 147–155. [Google Scholar] [CrossRef]

	



Bell, K.E.; Séguin, C.; Parise, G.; Baker, S.K.; Phillips, S.M. Day-to-Day Changes in Muscle Protein Synthesis in Recovery from Resistance, Aerobic, and High-Intensity Interval Exercise in Older Men. J. Gerontol. A Biol. Sci. Med. Sci. 2015, 70, 1024–1029. [Google Scholar] [CrossRef]

	



Valenzuela, T. Efficacy of Progressive Resistance Training Interventions in Older Adults in Nursing Homes: A Systematic Review. J. Am. Med. Dir. Assoc. 2012, 13, 418–428. [Google Scholar] [CrossRef] [PubMed]

	



Seynnes, O.; Fiatarone Singh, M.A.; Hue, O.; Pras, P.; Legros, P.; Bernard, P.L. Physiological and Functional Responses to Low-Moderate Versus High-Intensity Progressive Resistance Training in Frail Elders. J. Gerontol. A Biol. Sci. Med. Sci. 2004, 59, M503–M509. [Google Scholar] [CrossRef] [PubMed]

	



Binder, E.F.; Yarasheski, K.E.; Steger-May, K.; Sinacore, D.R.; Brown, M.; Schechtman, K.B.; Holloszy, J.O. Effects of Progressive Resistance Training on Body Composition in Frail Older Adults: Results of a Randomized, Controlled Trial. J. Gerontol. A Biol. Sci. Med. Sci. 2005, 60, 1425–1431. [Google Scholar] [CrossRef]

	



Angulo, J.; El Assar, M.; Álvarez-Bustos, A.; Rodríguez-Mañas, L. Physical activity and exercise: Strategies to manage frailty. Redox Biol. 2020, 35, 101513. [Google Scholar] [CrossRef] [PubMed]

	



Giangregorio, L.M.; Papaioannou, A.; Macintyre, N.J.; Ashe, M.C.; Heinonen, A.; Shipp, K.; Wark, J.; McGill, S.; Keller, H.; Jain, R.; et al. Too Fit To Fracture: Exercise recommendations for individuals with osteoporosis or osteoporotic vertebral fracture. Osteoporos. Int. 2014, 25, 821–835. [Google Scholar] [CrossRef] [PubMed]

	



Desgorces, F.-D.; Thomasson, R.; Aboueb, S.; Toussaint, J.-F.; Noirez, P. Prediction of one-repetition maximum from submaximal ratings of perceived exertion in older adults pre- and post-training. Aging Clin. Exp. Res. 2015, 27, 603–609. [Google Scholar] [CrossRef]

	



Morishita, S.; Tsubaki, A.; Nakamura, M.; Nashimoto, S.; Fu, J.B.; Onishi, H. Rating of perceived exertion on resistance training in elderly subjects. Expert Rev. Cardiovasc. Ther. 2019, 17, 135–142. [Google Scholar] [CrossRef]

	



Tsekoura, M.; Billis, E.; Tsepis, E.; Dimitriadis, Z.; Matzaroglou, C.; Tyllianakis, M.; Panagiotopoulos, E.; Gliatis, J. The Effects of Group and Home-Based Exercise Programs in Elderly with Sarcopenia: A Randomized Controlled Trial. J. Clin. Med. 2018, 7, 480. [Google Scholar] [CrossRef]

	



Lopez, P.; Pinto, R.S.; Radaelli, R.; Rech, A.; Grazioli, R.; Izquierdo, M.; Cadore, E.L. Benefits of resistance training in physically frail elderly: A systematic review. Aging Clin. Exp. Res. 2018, 30, 889–899. [Google Scholar] [CrossRef]

	



Marcora, S.M. Effort: Perception of. In Encyclopedia of Perception; Goldstein, E.B., Ed.; SAGE Publications: Thousand Oaks, CA, USA, 2010; p. 380. [Google Scholar]

	



Morishita, S.; Tsubaki, A.; Takabayashi, T.; Fu, J.B. Relationship Between the Rating of Perceived Exertion Scale and the Load Intensity of Resistance Training. Strength Cond. J. 2018, 40, 94–109. [Google Scholar] [CrossRef]

	



Tiggemann, C.L.; Pietta-Dias, C.; Schoenell, M.C.W.; Noll, M.; Alberton, C.L.; Pinto, R.S.; Kruel, L.F.M. Rating of Perceived Exertion as a Method to Determine Training Loads in Strength Training in Elderly Women: A Randomized Controlled Study. Int. J. Environ. Res. Public Health 2021, 18, 7892. [Google Scholar] [CrossRef] [PubMed]

	



Row Lazzarini, B.S.; Dropp, M.W.; Lloyd, W. Upper-Extremity Explosive Resistance Training with Older Adults Can Be Regulated Using the Rating of Perceived Exertion. J. Strength Cond. Res. 2017, 31, 831–836. [Google Scholar] [CrossRef] [PubMed]

	



Zourdos, M.C.; Klemp, A.; Dolan, C.; Quiles, J.M.; Schau, K.A.; Jo, E.; Helms, E.; Esgro, B.; Duncan, S.; Garcia Merino, S.; et al. Novel Resistance Training–Specific Rating of Perceived Exertion Scale Measuring Repetitions in Reserve. J. Strength Cond. Res. 2016, 30, 267–275. [Google Scholar] [CrossRef] [PubMed]

	



Marques, D.L.; Neiva, H.P.; Marinho, D.A.; Pires, I.M.; Nunes, C.; Marques, M.C. Estimating the relative load from movement velocity in the seated chest press exercise in older adults. PLoS ONE 2023, 18, e0285386. [Google Scholar] [CrossRef] [PubMed]

	



Patten, C.; Kamen, G.; Rowland, D.M. Adaptations in maximal motor unit discharge rate to strength training in young and older adults. Muscle Nerve 2001, 24, 542–550. [Google Scholar] [CrossRef] [PubMed]

	



Aagaard, P.; Bojsen-Møller, J.; Lundbye-Jensen, J. Assessment of Neuroplasticity with Strength Training. Exerc. Sport Sci. Rev. 2020, 48, 151–162. [Google Scholar] [CrossRef]

	



Dowling, P.; Gargan, S.; Swandulla, D.; Ohlendieck, K. Fiber-Type Shifting in Sarcopenia of Old Age: Proteomic Profiling of the Contractile Apparatus of Skeletal Muscles. Int. J. Mol. Sci. 2023, 24, 2415. [Google Scholar] [CrossRef]

	



Chodzko-Zajko, W.J.; Proctor, D.N.; Fiatarone Singh, M.A.; Minson, C.T.; Nigg, C.R.; Salem, G.J.; Skinner, J.S. American College of Sports Medicine position stand. Exercise and physical activity for older adults. Med. Sci. Sports Exerc. 2009, 41, 1510–1530. [Google Scholar] [CrossRef]

	



Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.; Bassett, D.R.; Schmitz, K.H.; Emplaincourt, P.O.; et al. Compendium of Physical Activities: An update of activity codes and MET intensities: Med. Sci. Sports Exerc. 2000, 32, S498–S516. [Google Scholar] [CrossRef]

	



Kamen, G.; Knight, C.A. Training-related adaptations in motor unit discharge rate in young and older adults. J. Gerontol. A Biol. Sci. Med. Sci. 2004, 59, 1334–1338. [Google Scholar] [CrossRef]

	



Baroni, B.M.; Rodrigues, R.; Franke, R.A.; Geremia, J.M.; Rassier, D.E.; Vaz, M.A. Time course of neuromuscular adaptations to knee extensor eccentric training. Int. J. Sports Med. 2013, 34, 904–911. [Google Scholar] [CrossRef] [PubMed]

	



Formighieri, C.; Müller, D.C.; Sáez De Asteasu, M.L.; Mello, A.; Teodoro, J.L.; Boeno, F.; Grazioli, R.; Cunha, G.D.S.; Pietta-Dias, C.; Izquierdo, M.; et al. Interindividual variability of adaptations following either traditional strength or power training combined to endurance training in older men: A secondary analysis of a randomized clinical trial. Exp. Gerontol. 2022, 169, 111984. [Google Scholar] [CrossRef] [PubMed]

	



Resnick, B. Encouraging exercise in older adults with congestive heart failure. Geriatr. Nur. 2004, 25, 204–211. [Google Scholar] [CrossRef] [PubMed]

	



Buch, A.; Kis, O.; Carmeli, E.; Keinan-Boker, L.; Berner, Y.; Barer, Y.; Shefer, G.; Marcus, Y.; Stern, N. Circuit resistance training is an effective means to enhance muscle strength in older and middle aged adults. Ageing Res. Rev. 2017, 37, 16–27. [Google Scholar] [CrossRef]

	



Elboim-Gabyzon, M.; Buxbaum, R.; Klein, R. The Effects of High-Intensity Interval Training (HIIT) on Fall Risk Factors in Healthy Older Adults: A Systematic Review. Int. J. Environ. Res. Public Health 2021, 18, 11809. [Google Scholar] [CrossRef]

	



De Salles, B.F.; Simão, R.; Miranda, F.; Da Silva Novaes, J.; Lemos, A.; Willardson, J.M. Rest Interval between Sets in Strength Training. Sports Med. 2009, 39, 765–777. [Google Scholar] [CrossRef]

	



Li, Z.; Peng, X.; Xiang, W.; Han, J.; Li, K. The effect of resistance training on cognitive function in the older adults: A systematic review of randomized clinical trials. Aging Clin. Exp. Res. 2018, 30, 1259–1273. [Google Scholar] [CrossRef]

	



Burton, E.; Farrier, K.; Lewin, G.; Petrich, M.; Boyle, E.; Hill, K.D. Are interventions effective in improving the ability of older adults to rise from the floor independently? A mixed method systematic review. Disabil. Rehabil. 2020, 42, 743–753. [Google Scholar] [CrossRef]

	



Mcleod, J.C.; Stokes, T.; Phillips, S.M. Resistance Exercise Training as a Primary Countermeasure to Age-Related Chronic Disease. Front. Physiol. 2019, 10, 645. [Google Scholar] [CrossRef]

	



McKinnon, N.B.; Connelly, D.M.; Rice, C.L.; Hunter, S.W.; Doherty, T.J. Neuromuscular contributions to the age-related reduction in muscle power: Mechanisms and potential role of high velocity power training. Ageing Res. Rev. 2017, 35, 147–154. [Google Scholar] [CrossRef]

	



Lambert, C.P.; Evans, W.J. Adaptations to Aerobic and Resistance Exercise in the Elderly. Rev. Endocr. Metab. Disord. 2005, 6, 137–143. [Google Scholar] [CrossRef] [PubMed]

	



Villareal, D.T.; Aguirre, L.; Gurney, A.B.; Waters, D.L.; Sinacore, D.R.; Colombo, E.; Armamento-Villareal, R.; Qualls, C. Aerobic or Resistance Exercise, or Both, in Dieting Obese Older Adults. N. Engl. J. Med. 2017, 376, 1943–1955. [Google Scholar] [CrossRef] [PubMed]

	



Izquierdo, M.; Häkkinen, K.; Ibáñez, J.; Kraemer, W.J.; Gorostiaga, E.M. Effects of combined resistance and cardiovascular training on strength, power, muscle cross-sectional area, and endurance markers in middle-aged men. Eur. J. Appl. Physiol. 2005, 94, 70–75. [Google Scholar] [CrossRef] [PubMed]

	



Wu, Z.-J.; Han, C.; Wang, Z.-Y.; Li, F.-H. Combined training prescriptions for improving cardiorespiratory fitness, physical fitness, body composition, and cardiometabolic risk factors in older adults: Systematic review and meta-analysis of controlled trials. Sci. Sports 2023. [Google Scholar] [CrossRef]

	



Batsis, J.A.; Villareal, D.T. Sarcopenic obesity in older adults: Aetiology, epidemiology and treatment strategies. Nat. Rev. Endocrinol. 2018, 14, 513–537. [Google Scholar] [CrossRef]

	



Trouwborst, I.; Verreijen, A.; Memelink, R.; Massanet, P.; Boirie, Y.; Weijs, P.; Tieland, M. Exercise and Nutrition Strategies to Counteract Sarcopenic Obesity. Nutrients 2018, 10, 605. [Google Scholar] [CrossRef]

	



Hwang, P.W.-N.; Braun, K.L. The Effectiveness of Dance Interventions to Improve Older Adults’ Health: A Systematic Literature Review. Altern. Ther. Health Med. 2015, 21, 64–70. [Google Scholar]

	



Britten, L.; Addington, C.; Astill, S. Dancing in time: Feasibility and acceptability of a contemporary dance programme to modify risk factors for falling in community dwelling older adults. BMC Geriatr. 2017, 17, 83. [Google Scholar] [CrossRef]

	



Lesinski, M.; Hortobágyi, T.; Muehlbauer, T.; Gollhofer, A.; Granacher, U. Erratum to: Dose-Response Relationships of Balance Training in Healthy Young Adults: A Systematic Review and Meta-Analysis. Sports Med. 2016, 46, 455. [Google Scholar] [CrossRef]

	



Stathokostas, L.; Little, R.M.D.; Vandervoort, A.A.; Paterson, D.H. Flexibility Training and Functional Ability in Older Adults: A Systematic Review. J. Aging Res. 2012, 2012, 306818. [Google Scholar] [CrossRef]

	



Tan, L.F.; Chan, Y.H.; Seetharaman, S.; Denishkrshna, A.; Au, L.; Kwek, S.C.; Chen, M.Z.; Ng, S.E.; Hui, R.J.Y.; Merchant, R.A. Impact of Exercise and Cognitive Stimulation Therapy on Physical Function, Cognition and Muscle Mass in Pre-Frail Older Adults in the Primary Care Setting: A Cluster Randomized Controlled Trial. J. Nutr. Healthy Aging 2023, 27, 438–447. [Google Scholar] [CrossRef]

	



Zheng, L.; Li, G.; Wang, X.; Yin, H.; Jia, Y.; Leng, M.; Li, H.; Chen, L. Effect of exergames on physical outcomes in frail elderly: A systematic review. Aging Clin. Exp. Res. 2020, 32, 2187–2200. [Google Scholar] [CrossRef] [PubMed]

	



Pacheco, T.B.F.; De Medeiros, C.S.P.; De Oliveira, V.H.B.; Vieira, E.R.; De Cavalcanti, F.A.C. Effectiveness of exergames for improving mobility and balance in older adults: A systematic review and meta-analysis. Syst. Rev. 2020, 9, 163. [Google Scholar] [CrossRef] [PubMed]

	



Stojan, R.; Voelcker-Rehage, C. A Systematic Review on the Cognitive Benefits and Neurophysiological Correlates of Exergaming in Healthy Older Adults. J. Clin. Med. 2019, 8, 734. [Google Scholar] [CrossRef] [PubMed]

	



Manser, P.; Adcock-Omlin, M.; De Bruin, E.D. Design Considerations for an Exergame-Based Training Intervention for Older Adults with Mild Neurocognitive Disorder: Qualitative Study Including Focus Groups with Experts and Health Care Professionals and Individual Semistructured In-depth Patient Interviews. JMIR Serious Games 2023, 11, e37616. [Google Scholar] [CrossRef] [PubMed]

	



Yi, D.; Yim, J. Remote Home-Based Exercise Program to Improve the Mental State, Balance, and Physical Function and Prevent Falls in Adults Aged 65 Years and Older During the COVID-19 Pandemic in Seoul, Korea. Med. Sci. Monit. 2021, 27, e935496-1–e935496-11. [Google Scholar] [CrossRef] [PubMed]

	



Buckinx, F.; Aubertin-Leheudre, M.; Daoust, R.; Hegg, S.; Martel, D.; Martel-Thibault, M.; Sirois, M.-J. Impacts of Remote Physical Exercises on Functional Status and Mobility among Community-Dwelling Pre-Disabled Seniors during the COVID-19 Lockdown. J. Nutr. Health Aging 2023, 27, 354–361. [Google Scholar] [CrossRef]

	



Ren, Y.; Lin, C.; Zhou, Q.; Yingyuan, Z.; Wang, G.; Lu, A. Effectiveness of virtual reality games in improving physical function, balance and reducing falls in balance-impaired older adults: A systematic review and meta-analysis. Arch. Gerontol. Geriatr. 2023, 108, 104924. [Google Scholar] [CrossRef]

	



Loewenthal, J.; Innes, K.E.; Mitzner, M.; Mita, C.; Orkaby, A.R. Effect of Yoga on Frailty in Older Adults: A Systematic Review. Ann. Intern. Med. 2023, 176, 524–535. [Google Scholar] [CrossRef]

	



Kruisbrink, M.; Crutzen, R.; Kempen, G.I.J.M.; Delbaere, K.; Ambergen, T.; Cheung, K.L.; Kendrick, D.; Iliffe, S.; Zijlstra, G.A.R. Disentangling interventions to reduce fear of falling in community-dwelling older people: A systematic review and meta-analysis of intervention components. Disabil. Rehabil. 2022, 44, 6247–6257. [Google Scholar] [CrossRef]

	



Fyfe, J.J.; Hamilton, D.L.; Daly, R.M. Minimal-Dose Resistance Training for Improving Muscle Mass, Strength, and Function: A Narrative Review of Current Evidence and Practical Considerations. Sports Med. 2022, 52, 463–479. [Google Scholar] [CrossRef] [PubMed]

	



Kaushal, N.; Langlois, F.; Desjardins-Crépeau, L.; Hagger, M.S.; Bherer, L. Investigating dose-response effects of multimodal exercise programs on health-related quality of life in older adults. Clin. Interv. Aging 2019, 14, 209–217. [Google Scholar] [CrossRef]

	



Bangsbo, J.; Blackwell, J.; Boraxbekk, C.-J.; Caserotti, P.; Dela, F.; Evans, A.B.; Jespersen, A.P.; Gliemann, L.; Kramer, A.F.; Lundbye-Jensen, J.; et al. Copenhagen Consensus statement 2019: Physical activity and ageing. Br. J. Sports Med. 2019, 53, 856–858. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, W.; Ukawa, S.; Sasaki, S.; Okada, E.; Kishi, T.; Kondo, K.; Tamakoshi, A. Association Between Moderate Physical Activity Level and Subsequent Frailty Incidence Among Community-Dwelling Older Adults: A Population-Based Cohort Study. J. Aging Phys. Act. 2023, 1, 815–822. [Google Scholar] [CrossRef] [PubMed]

	



Watanabe, D.; Yoshida, T.; Watanabe, Y.; Yamada, Y.; Miyachi, M.; Kimura, M. Dose–Response Relationships between Objectively Measured Daily Steps and Mortality among Frail and Nonfrail Older Adults. Med. Sci. Sports Exerc. 2023, 55, 1044–1053. [Google Scholar] [CrossRef] [PubMed]

	



Murakami, H.; Tripette, J.; Kawakami, R.; Miyachi, M. “Add 10 min for your health”: The new Japanese recommendation for physical activity based on dose-response analysis. J. Am. Coll. Cardiol. 2015, 65, 1153–1154. [Google Scholar] [CrossRef] [PubMed]

	



Papa, E.V.; Dong, X.; Hassan, M. Resistance training for activity limitations in older adults with skeletal muscle function deficits: A systematic review. Clin. Interv. Aging 2017, 12, 955–961. [Google Scholar] [CrossRef]

	



Ratamess, N.; Alvar, B.A.; Evetoch, T.; Housh, T.; Kibler, W.; Kraemer, W.J. American College of Sports Medicine position stand. Progression models in resistance training for healthy adults. Med. Sci. Sports Exerc. 2009, 41, 687–708. [Google Scholar] [CrossRef]

	



Rhea, M.R.; Alderman, B.L. A meta-analysis of periodized versus nonperiodized strength and power training programs. Res. Q. Exerc. Sport 2004, 75, 413–422. [Google Scholar] [CrossRef]

	



Conlon, J.A.; Newton, R.U.; Tufano, J.J.; Banyard, H.G.; Hopper, A.J.; Ridge, A.J.; Haff, G.G. Periodization Strategies in Older Adults: Impact on Physical Function and Health. Med. Sci. Sports Exerc. 2016, 48, 2426–2436. [Google Scholar] [CrossRef]

	



Conlon, J.A.; Newton, R.U.; Tufano, J.J.; Peñailillo, L.E.; Banyard, H.G.; Hopper, A.J.; Ridge, A.J.; Haff, G.G. The efficacy of periodised resistance training on neuromuscular adaptation in older adults. Eur. J. Appl. Physiol. 2017, 117, 1181–1194. [Google Scholar] [CrossRef] [PubMed]

	



Lichtenberg, T.; von Stengel, S.; Sieber, C.; Kemmler, W. The Favorable Effects of a High-Intensity Resistance Training on Sarcopenia in Older Community-Dwelling Men with Osteosarcopenia: The Randomized Controlled FrOST Study. Clin. Interv. Aging 2019, 14, 2173–2186. [Google Scholar] [CrossRef] [PubMed]

	



Buford, T.W.; Lott, D.J.; Marzetti, E.; Wohlgemuth, S.E.; Vandenborne, K.; Pahor, M.; Leeuwenburgh, C.; Manini, T.M. Age-related differences in lower extremity tissue compartments and associations with physical function in older adults. Exp. Gerontol. 2012, 47, 38–44. [Google Scholar] [CrossRef]

	



Valenzuela, P.L.; Maffiuletti, N.A.; Saner, H.; Schütz, N.; Rudin, B.; Nef, T.; Urwyler, P. Isometric Strength Measures are Superior to the Timed Up and Go Test for Fall Prediction in Older Adults: Results from a Prospective Cohort Study. Clin. Interv. Aging 2020, 15, 2001–2008. [Google Scholar] [CrossRef] [PubMed]

	



Menz, H.B.; Morris, M.E.; Lord, S.R. Foot and ankle characteristics associated with impaired balance and functional ability in older people. J. Gerontol. A Biol. Sci. Med. Sci. 2005, 60, 1546–1552. [Google Scholar] [CrossRef] [PubMed]

	



Hill, M.W.; Roberts, M.; Price, M.J.; Kay, A.D. Association between knee extensor and ankle plantarflexor muscle thickness and echo intensity with postural sway, mobility and physical function in older adults. Exp. Gerontol. 2021, 150, 111385. [Google Scholar] [CrossRef]

	



Granacher, U.; Gollhofer, A.; Hortobágyi, T.; Kressig, R.W.; Muehlbauer, T. The importance of trunk muscle strength for balance, functional performance, and fall prevention in seniors: A systematic review. Sports Med. Auckl. NZ 2013, 43, 627–641. [Google Scholar] [CrossRef]

	



Labott, B.K.; Bucht, H.; Morat, M.; Morat, T.; Donath, L. Effects of Exercise Training on Handgrip Strength in Older Adults: A Meta-Analytical Review. Gerontology 2019, 65, 686–698. [Google Scholar] [CrossRef]

	



Bae, S.; Harada, K.; Lee, S.; Harada, K.; Makino, K.; Chiba, I.; Park, H.; Shimada, H. The Effect of a Multicomponent Dual-Task Exercise on Cortical Thickness in Older Adults with Cognitive Decline: A Randomized Controlled Trial. J. Clin. Med. 2020, 9, 1312. [Google Scholar] [CrossRef]

	



Merchant, R.A.; Chan, Y.H.; Hui, R.J.Y.; Tsoi, C.T.; Kwek, S.C.; Tan, W.M.; Lim, J.Y.; Sandrasageran, S.; Wong, B.L.L.; Chen, M.Z.; et al. Motoric cognitive risk syndrome, physio-cognitive decline syndrome, cognitive frailty and reversibility with dual-task exercise. Exp. Gerontol. 2021, 150, 111362. [Google Scholar] [CrossRef]

	



Chaabene, H.; Behm, D.G.; Negra, Y.; Granacher, U. Acute Effects of Static Stretching on Muscle Strength and Power: An Attempt to Clarify Previous Caveats. Front. Physiol. 2019, 10, 1468. [Google Scholar] [CrossRef] [PubMed]

	



Sobolewski, E.J.; Ryan, E.D.; Thompson, B.J.; McHugh, M.P.; Conchola, E.C. The influence of age on the viscoelastic stretch response. J. Strength Cond. Res. 2014, 28, 1106–1112. [Google Scholar] [CrossRef] [PubMed]

	



Apostolopoulos, N.; Metsios, G.S.; Flouris, A.D.; Koutedakis, Y.; Wyon, M.A. The relevance of stretch intensity and position—A systematic review. Front. Psychol. 2015, 6, 1128. [Google Scholar] [CrossRef]

	



Hortobagyi, T.; Zheng, D.; Weidner, M.; Lambert, N.J.; Westbrook, S.; Houmard, J.A. The Influence of Aging on Muscle Strength and Muscle Fiber Characteristics with Special Reference to Eccentric Strength. J. Gerontol. A Biol. Sci. Med. Sci. 1995, 50, B399–B406. [Google Scholar] [CrossRef] [PubMed]

	



Roig, M.; Macintyre, D.L.; Eng, J.J.; Narici, M.V.; Maganaris, C.N.; Reid, W.D. Preservation of eccentric strength in older adults: Evidence, mechanisms and implications for training and rehabilitation. Exp. Gerontol. 2010, 45, 400–409. [Google Scholar] [CrossRef]

	



Reeves, N.D.; Maganaris, C.N.; Longo, S.; Narici, M.V. Differential adaptations to eccentric versus conventional resistance training in older humans. Exp. Physiol. 2009, 94, 825–833. [Google Scholar] [CrossRef]

	



Selva Raj, I.; Bird, S.R.; Westfold, B.A.; Shield, A.J. Effects of eccentrically biased versus conventional weight training in older adults. Med. Sci. Sports Exerc. 2012, 44, 1167–1176. [Google Scholar] [CrossRef]

	



Molinari, T.; Steffens, T.; Roncada, C.; Rodrigues, R.; Dias, C.P. Effects of Eccentric-Focused Versus Conventional Training on Lower Limb Muscular Strength in Older People: A Systematic Review with Meta-Analysis. J. Aging Phys. Act. 2019, 27, 823–830. [Google Scholar] [CrossRef]

	



Harper, S.A.; Thompson, B.J. Potential Benefits of a Minimal Dose Eccentric Resistance Training Paradigm to Combat Sarcopenia and Age-Related Muscle and Physical Function Deficits in Older Adults. Front. Physiol. 2021, 12, 790034. [Google Scholar] [CrossRef]

	



Cvečka, J.; Vajda, M.; Novotná, A.; Löfler, S.; Hamar, D.; Krčmár, M. Benefits of Eccentric Training with Emphasis on Demands of Daily Living Activities and Feasibility in Older Adults: A Literature Review. Int. J. Environ. Res. Public Health 2023, 20, 3172. [Google Scholar] [CrossRef]

	



LaStayo, P.C.; Ewy, G.A.; Pierotti, D.D.; Johns, R.K.; Lindstedt, S. The Positive Effects of Negative Work: Increased Muscle Strength and Decreased Fall Risk in a Frail Elderly Population. J. Gerontol. A Biol. Sci. Med. Sci. 2003, 58, M419–M424. [Google Scholar] [CrossRef] [PubMed]

	



Tse, A.C.Y.; Wong, T.W.L.; Lee, P.H. Effect of Low-intensity Exercise on Physical and Cognitive Health in Older Adults: A Systematic Review. Sports Med. Open 2015, 1, 37. [Google Scholar] [CrossRef] [PubMed]

	



Haff, G.G. Roundtable Discussion: Machines Versus Free Weights. Strength Cond. J. 2000, 22, 18. [Google Scholar] [CrossRef]

	



Eckardt, N. Lower-extremity resistance training on unstable surfaces improves proxies of muscle strength, power and balance in healthy older adults: A randomised control trial. BMC Geriatr. 2016, 16, 191. [Google Scholar] [CrossRef]

	



Johnen, B.; Schott, N. Feasibility of a machine vs free weight strength training program and its effects on physical performance in nursing home residents: A pilot study. Aging Clin. Exp. Res. 2018, 30, 819–828. [Google Scholar] [CrossRef] [PubMed]

	



Mende, E.; Moeinnia, N.; Schaller, N.; Weiß, M.; Haller, B.; Halle, M.; Siegrist, M. Progressive machine-based resistance training for prevention and treatment of sarcopenia in the oldest old: A systematic review and meta-analysis. Exp. Gerontol. 2022, 163, 111767. [Google Scholar] [CrossRef]

	



Daryanti Saragih, I.; Yang, Y.-P.; Saragih, I.S.; Batubara, S.O.; Lin, C.-J. Effects of resistance bands exercise for frail older adults: A systematic review and meta-analysis of randomised controlled studies. J. Clin. Nurs. 2022, 31, 43–61. [Google Scholar] [CrossRef]

	



McCaw, S.T.; Friday, J.J. A comparison of muscle activity between a free weight and machine bench press. J. Strength Cond. Res. 1994, 8, 259–264. [Google Scholar]

	



Schick, E.E.; Coburn, J.W.; Brown, L.E.; Judelson, D.A.; Khamoui, A.V.; Tran, T.T.; Uribe, B.P. A comparison of muscle activation between a Smith machine and free weight bench press. J. Strength Cond. Res. 2010, 24, 779–784. [Google Scholar] [CrossRef]

	



King, A.C.; Haskell, W.L.; Taylor, C.B.; Kraemer, H.C.; DeBusk, R.F. Group- vs home-based exercise training in healthy older men and women. A community-based clinical trial. JAMA 1991, 266, 1535–1542. [Google Scholar] [CrossRef]

	



Ashworth, N.L.; Chad, K.E.; Harrison, E.L.; Reeder, B.A.; Marshall, S.C. Home versus center based physical activity programs in older adults. Cochrane Database Syst. Rev. 2005, 2005, CD004017. [Google Scholar] [CrossRef] [PubMed]

	



Picorelli, A.M.A.; Pereira, L.S.M.; Pereira, D.S.; Felício, D.; Sherrington, C. Adherence to exercise programs for older people is influenced by program characteristics and personal factors: A systematic review. J. Physiother. 2014, 60, 151–156. [Google Scholar] [CrossRef] [PubMed]

	



Lord, S.R.; Castell, S.; Corcoran, J.; Dayhew, J.; Matters, B.; Shan, A.; Williams, P. The effect of group exercise on physical functioning and falls in frail older people living in retirement villages: A randomized, controlled trial. J. Am. Geriatr. Soc. 2003, 51, 1685–1692. [Google Scholar] [CrossRef]

	



Fien, S.; Linton, C.; Mitchell, J.S.; Wadsworth, D.P.; Szabo, H.; Askew, C.D.; Schaumberg, M.A. Characteristics of community-based exercise programs for community-dwelling older adults in rural/regional areas: A scoping review. Aging Clin. Exp. Res. 2022, 34, 1511–1528. [Google Scholar] [CrossRef]

	



Mehra, S.; Dadema, T.; Kröse, B.J.A.; Visser, B.; Engelbert, R.H.H.; Van Den Helder, J.; Weijs, P.J.M. Attitudes of Older Adults in a Group-Based Exercise Program Toward a Blended Intervention; A Focus-Group Study. Front. Psychol. 2016, 7, 1827. [Google Scholar] [CrossRef] [PubMed]

	



Royse, L.A.; Baker, B.S.; Warne-Griggs, M.D.; Miller, K.; Weitzel, K.J.; Ball, S.D.; Duren, D.L. “It’s not time for us to sit down yet”: How group exercise programs can motivate physical activity and overcome barriers in inactive older adults. Int. J. Qual. Stud. Health Well-Being 2023, 18, 2216034. [Google Scholar] [CrossRef]

	



Helbostad, J.L.; Sletvold, O.; Moe-Nilssen, R. Effects of home exercises and group training on functional abilities in home-dwelling older persons with mobility and balance problems. A randomized study. Aging Clin. Exp. Res. 2004, 16, 113–121. [Google Scholar] [CrossRef]

	



Bethancourt, H.J.; Rosenberg, D.E.; Beatty, T.; Arterburn, D.E. Barriers to and facilitators of physical activity program use among older adults. Clin. Med. Res. 2014, 12, 10–20. [Google Scholar] [CrossRef]

	



Peng, Y.; Yi, J.; Zhang, Y.; Sha, L.; Jin, S.; Liu, Y. The effectiveness of a group-based Otago exercise program on physical function, frailty and health status in older nursing home residents: A systematic review and meta-analysis. Geriatr. Nurs. 2023, 49, 30–43. [Google Scholar] [CrossRef]

	



Franco, M.R.; Howard, K.; Sherrington, C.; Ferreira, P.H.; Rose, J.; Gomes, J.L.; Ferreira, M.L. Eliciting older people’s preferences for exercise programs: A best-worst scaling choice experiment. J. Physiother. 2015, 61, 34–41. [Google Scholar] [CrossRef]

	



Liu-Ambrose, T.; Davis, J.C.; Best, J.R.; Dian, L.; Madden, K.; Cook, W.; Hsu, C.L.; Khan, K.M. Effect of a Home-Based Exercise Program on Subsequent Falls Among Community-Dwelling High-Risk Older Adults After a Fall: A Randomized Clinical Trial. JAMA 2019, 321, 2092–2100. [Google Scholar] [CrossRef]

	



Clegg, A.P.; Barber, S.E.; Young, J.B.; Forster, A.; Iliffe, S.J. Do home-based exercise interventions improve outcomes for frail older people? Findings from a systematic review. Rev. Clin. Gerontol. 2012, 22, 68–78. [Google Scholar] [CrossRef] [PubMed]

	



Travers, J.; Romero-Ortuno, R.; Langan, J.; MacNamara, F.; McCormack, D.; McDermott, C.; McEntire, J.; McKiernan, J.; Lacey, S.; Doran, P.; et al. Building resilience and reversing frailty: A randomised controlled trial of a primary care intervention for older adults. Age Ageing 2023, 52, afad012. [Google Scholar] [CrossRef] [PubMed]

	



Davis, J.C.; Robertson, M.C.; Ashe, M.C.; Liu-Ambrose, T.; Khan, K.M.; Marra, C.A. Does a home-based strength and balance programme in people aged > or =80 years provide the best value for money to prevent falls? A systematic review of economic evaluations of falls prevention interventions. Br. J. Sports Med. 2010, 44, 80–89. [Google Scholar] [CrossRef]

	



Pinheiro, M.B.; Sherrington, C.; Howard, K.; Caldwell, P.; Tiedemann, A.; Wang, B.; Oliveira, J.S.; Santos, A.; Bull, F.C.; Willumsen, J.F.; et al. Economic evaluations of fall prevention exercise programs: A systematic review. Br. J. Sports Med. 2022, 56, 1353–1365. [Google Scholar] [CrossRef] [PubMed]

	



Thiebaud, R.S.; Funk, M.D.; Abe, T. Home-based resistance training for older adults: A systematic review. Geriatr. Gerontol. Int. 2014, 14, 750–757. [Google Scholar] [CrossRef]

	



Granet, J.; Peyrusqué, E.; Ruiz, F.; Buckinx, F.; Abdelkader, L.B.; Dang-Vu, T.T.; Sirois, M.J.; Gouin, J.P.; Pageaux, B.; Aubertin-Leheudre, M. Online physical exercise intervention in older adults during lockdown: Can we improve the recipe? Aging Clin. Exp. Res. 2023, 35, 551–560. [Google Scholar] [CrossRef]

	



Deci, E.L.; Ryan, R.M. Self-determination theory: A macrotheory of human motivation, development, and health. Can. Psychol. Psychol. Can. 2008, 49, 182–185. [Google Scholar] [CrossRef]

	



Marcos-Pardo, P.J.; Martínez-Rodríguez, A.; Gil-Arias, A. Impact of a motivational resistance-training programme on adherence and body composition in the elderly. Sci. Rep. 2018, 8, 1370. [Google Scholar] [CrossRef]

	



Ferrand, C.; Nasarre, S.; Hautier, C.; Bonnefoy, M. Aging and well-being in French older adults regularly practicing physical activity: A self-determination perspective. J. Aging Phys. Act. 2012, 20, 215–230. [Google Scholar] [CrossRef]

	



Stehr, P.; Luetke Lanfer, H.; Rossmann, C. Beliefs and motivation regarding physical activity among older adults in Germany: Results of a qualitative study. Int. J. Qual. Stud. Health Well-Being 2021, 16, 1932025. [Google Scholar] [CrossRef] [PubMed]

	



Opdenacker, J.; Boen, F.; Coorevits, N.; Delecluse, C. Effectiveness of a lifestyle intervention and a structured exercise intervention in older adults. Prev. Med. 2008, 46, 518–524. [Google Scholar] [CrossRef] [PubMed]

	



Courel-Ibáñez, J.; Buendía-Romero, Á.; Pallarés, J.G.; García-Conesa, S.; Martínez-Cava, A.; Izquierdo, M. Impact of Tailored Multicomponent Exercise for Preventing Weakness and Falls on Nursing Home Residents’ Functional Capacity. J. Am. Med. Dir. Assoc. 2022, 23, 98–104.e3. [Google Scholar] [CrossRef] [PubMed]

	



Papadopoulou, S.K.; Papadimitriou, K.; Voulgaridou, G.; Georgaki, E.; Tsotidou, E.; Zantidou, O.; Papandreou, D. Exercise and Nutrition Impact on Osteoporosis and Sarcopenia—The Incidence of Osteosarcopenia: A Narrative Review. Nutrients 2021, 13, 4499. [Google Scholar] [CrossRef]

	



Morley, J.E.; Argiles, J.M.; Evans, W.J.; Bhasin, S.; Cella, D.; Deutz, N.E.P.; Doehner, W.; Fearon, K.C.H.; Ferrucci, L.; Hellerstein, M.K.; et al. Nutritional recommendations for the management of sarcopenia. J. Am. Med. Dir. Assoc. 2010, 11, 391–396. [Google Scholar] [CrossRef]

	



Dideriksen, K.; Reitelseder, S.; Holm, L. Influence of amino acids, dietary protein, and physical activity on muscle mass development in humans. Nutrients 2013, 5, 852–876. [Google Scholar] [CrossRef]

	



Koopman, R.; Verdijk, L.; Manders, R.J.F.; Gijsen, A.P.; Gorselink, M.; Pijpers, E.; Wagenmakers, A.J.M.; van Loon, L.J.C. Co-ingestion of protein and leucine stimulates muscle protein synthesis rates to the same extent in young and elderly lean men. Am. J. Clin. Nutr. 2006, 84, 623–632. [Google Scholar] [CrossRef]

	



Wilkinson, D.J.; Hossain, T.; Hill, D.S.; Phillips, B.E.; Crossland, H.; Williams, J.; Loughna, P.; Churchward-Venne, T.A.; Breen, L.; Phillips, S.M.; et al. Effects of leucine and its metabolite β-hydroxy-β-methylbutyrate on human skeletal muscle protein metabolism. J. Physiol. 2013, 591, 2911–2923. [Google Scholar] [CrossRef]

	



Komar, B.; Schwingshackl, L.; Hoffmann, G. Effects of leucine-rich protein supplements on anthropometric parameter and muscle strength in the elderly: A systematic review and meta-analysis. J. Nutr. Health Aging 2015, 19, 437–446. [Google Scholar] [CrossRef]

	



Deane, C.S.; Bass, J.J.; Crossland, H.; Phillips, B.E.; Atherton, P.J. Animal, Plant, Collagen and Blended Dietary Proteins: Effects on Musculoskeletal Outcomes. Nutrients 2020, 12, 2670. [Google Scholar] [CrossRef]

	



van Vliet, S.; Burd, N.A.; van Loon, L.J.C. The Skeletal Muscle Anabolic Response to Plant- versus Animal-Based Protein Consumption. J. Nutr. 2015, 145, 1981–1991. [Google Scholar] [CrossRef]

	



Remelli, F.; Vitali, A.; Zurlo, A.; Volpato, S. Vitamin D Deficiency and Sarcopenia in Older Persons. Nutrients 2019, 11, 2861. [Google Scholar] [CrossRef]

	



Uchitomi, R.; Oyabu, M.; Kamei, Y. Vitamin D and Sarcopenia: Potential of Vitamin D Supplementation in Sarcopenia Prevention and Treatment. Nutrients 2020, 12, 3189. [Google Scholar] [CrossRef] [PubMed]

	



Bass, J.J.; Nakhuda, A.; Deane, C.S.; Brook, M.S.; Wilkinson, D.J.; Phillips, B.E.; Philp, A.; Tarum, J.; Kadi, F.; Andersen, D.; et al. Overexpression of the vitamin D receptor (VDR) induces skeletal muscle hypertrophy. Mol. Metab. 2020, 42, 101059. [Google Scholar] [CrossRef] [PubMed]

	



Muir, S.W.; Montero-Odasso, M. Effect of vitamin D supplementation on muscle strength, gait and balance in older adults: A systematic review and meta-analysis. J. Am. Geriatr. Soc. 2011, 59, 2291–2300. [Google Scholar] [CrossRef] [PubMed]

	



Webster, J.; Dalla Via, J.; Langley, C.; Smith, C.; Sale, C.; Sim, M. Nutritional strategies to optimise musculoskeletal health for fall and fracture prevention: Looking beyond calcium, vitamin D and protein. Bone Rep. 2023, 101684. [Google Scholar] [CrossRef]

	



Bauer, J.M.; Verlaan, S.; Bautmans, I.; Brandt, K.; Donini, L.M.; Maggio, M.; McMurdo, M.E.T.; Mets, T.; Seal, C.; Wijers, S.L.; et al. Effects of a vitamin D and leucine-enriched whey protein nutritional supplement on measures of sarcopenia in older adults, the PROVIDE study: A randomized, double-blind, placebo-controlled trial. J. Am. Med. Dir. Assoc. 2015, 16, 740–747. [Google Scholar] [CrossRef]

	



Nasimi, N.; Sohrabi, Z.; Nunes, E.A.; Sadeghi, E.; Jamshidi, S.; Gholami, Z.; Akbarzadeh, M.; Faghih, S.; Akhlaghi, M.; Phillips, S.M. Whey Protein Supplementation with or without Vitamin D on Sarcopenia-Related Measures: A Systematic Review and Meta-Analysis. Adv. Nutr. 2023, 14, 762–773. [Google Scholar] [CrossRef]

	



Del Brutto, O.H.; Mera, R.M.; Ha, J.-E.; Gillman, J.; Zambrano, M.; Sedler, M.J. Dietary Oily Fish Intake and Frailty. A Population-Based Study in Frequent Fish Consumers Living in Rural Coastal Ecuador (the Atahualpa Project). J. Nutr. Gerontol. Geriatr. 2020, 39, 88–97. [Google Scholar] [CrossRef]

	



Bird, J.K.; Troesch, B.; Warnke, I.; Calder, P.C. The effect of long chain omega-3 polyunsaturated fatty acids on muscle mass and function in sarcopenia: A scoping systematic review and meta-analysis. Clin. Nutr. ESPEN 2021, 46, 73–86. [Google Scholar] [CrossRef]

	



Huang, Y.-H.; Chiu, W.-C.; Hsu, Y.-P.; Lo, Y.-L.; Wang, Y.-H. Effects of Omega-3 Fatty Acids on Muscle Mass, Muscle Strength and Muscle Performance among the Elderly: A Meta-Analysis. Nutrients 2020, 12, 3739. [Google Scholar] [CrossRef] [PubMed]

	



Rossato, L.T.; Schoenfeld, B.J.; de Oliveira, E.P. Is there sufficient evidence to supplement omega-3 fatty acids to increase muscle mass and strength in young and older adults? Clin. Nutr. Edinb. Scotl. 2020, 39, 23–32. [Google Scholar] [CrossRef] [PubMed]

	



Cerullo, F.; Gambassi, G.; Cesari, M. Rationale for Antioxidant Supplementation in Sarcopenia. J. Aging Res. 2012, 2012, 316943. [Google Scholar] [CrossRef] [PubMed]

	



Saud Gany, S.L.; Chin, K.-Y.; Tan, J.K.; Aminuddin, A.; Makpol, S. Curcumin as a Therapeutic Agent for Sarcopenia. Nutrients 2023, 15, 2526. [Google Scholar] [CrossRef]

	



Ristow, M.; Zarse, K.; Oberbach, A.; Klöting, N.; Birringer, M.; Kiehntopf, M.; Stumvoll, M.; Kahn, C.R.; Blüher, M. Antioxidants prevent health-promoting effects of physical exercise in humans. Proc. Natl. Acad. Sci. USA 2009, 106, 8665–8670. [Google Scholar] [CrossRef]

	



Bouayed, J.; Bohn, T. Exogenous antioxidants--Double-edged swords in cellular redox state: Health beneficial effects at physiologic doses versus deleterious effects at high doses. Oxid. Med. Cell. Longev. 2010, 3, 228–237. [Google Scholar] [CrossRef]

	



Agostini, D.; Gervasi, M.; Ferrini, F.; Bartolacci, A.; Stranieri, A.; Piccoli, G.; Barbieri, E.; Sestili, P.; Patti, A.; Stocchi, V.; et al. An Integrated Approach to Skeletal Muscle Health in Aging. Nutrients 2023, 15, 1802. [Google Scholar] [CrossRef]

	



Nardone, O.M.; de Sire, R.; Petito, V.; Testa, A.; Villani, G.; Scaldaferri, F.; Castiglione, F. Inflammatory Bowel Diseases and Sarcopenia: The Role of Inflammation and Gut Microbiota in the Development of Muscle Failure. Front. Immunol. 2021, 12, 694217. [Google Scholar] [CrossRef]

	



Liu, R.T.; Walsh, R.F.L.; Sheehan, A.E. Prebiotics and probiotics for depression and anxiety: A systematic review and meta-analysis of controlled clinical trials. Neurosci. Biobehav. Rev. 2019, 102, 13–23. [Google Scholar] [CrossRef]

	



Ticinesi, A.; Nouvenne, A.; Cerundolo, N.; Catania, P.; Prati, B.; Tana, C.; Meschi, T. Gut Microbiota, Muscle Mass and Function in Aging: A Focus on Physical Frailty and Sarcopenia. Nutrients 2019, 11, 1633. [Google Scholar] [CrossRef]

	



Li, C.; Niu, Z.; Zou, M.; Liu, S.; Wang, M.; Gu, X.; Lu, H.; Tian, H.; Jha, R. Probiotics, prebiotics, and synbiotics regulate the intestinal microbiota differentially and restore the relative abundance of specific gut microorganisms. J. Dairy Sci. 2020, 103, 5816–5829. [Google Scholar] [CrossRef] [PubMed]

	



Shahar, D.R.; Houston, D.K.; Hue, T.F.; Lee, J.-S.; Sahyoun, N.R.; Tylavsky, F.A.; Geva, D.; Vardi, H.; Harris, T.B. Adherence to mediterranean diet and decline in walking speed over 8 years in community-dwelling older adults. J. Am. Geriatr. Soc. 2012, 60, 1881–1888. [Google Scholar] [CrossRef] [PubMed]

	



Henríquez Sánchez, P.; Ruano, C.; de Irala, J.; Ruiz-Canela, M.; Martínez-González, M.A.; Sánchez-Villegas, A. Adherence to the Mediterranean diet and quality of life in the SUN Project. Eur. J. Clin. Nutr. 2012, 66, 360–368. [Google Scholar] [CrossRef] [PubMed]

	



Cacciatore, S.; Calvani, R.; Marzetti, E.; Picca, A.; Coelho-Júnior, H.J.; Martone, A.M.; Massaro, C.; Tosato, M.; Landi, F. Low Adherence to Mediterranean Diet Is Associated with Probable Sarcopenia in Community-Dwelling Older Adults: Results from the Longevity Check-Up (Lookup) 7+ Project. Nutrients 2023, 15, 1026. [Google Scholar] [CrossRef]

	



Beaudart, C.; Dawson, A.; Shaw, S.C.; Harvey, N.C.; Kanis, J.A.; Binkley, N.; Reginster, J.Y.; Chapurlat, R.; Chan, D.C.; Bruyère, O.; et al. Nutrition and physical activity in the prevention and treatment of sarcopenia: Systematic review. Osteoporos. Int. 2017, 28, 1817–1833. [Google Scholar] [CrossRef]

	



Geng, Q.; Zhai, H.; Wang, L.; Wei, H.; Hou, S. The efficacy of different interventions in the treatment of sarcopenia in middle-aged and elderly people: A network meta-analysis. Medicine 2023, 102, e34254. [Google Scholar] [CrossRef]

	



Daly, R.M.; Duckham, R.L.; Gianoudis, J. Evidence for an Interaction Between Exercise and Nutrition for Improving Bone and Muscle Health. Curr. Osteoporos. Rep. 2014, 12, 219–226. [Google Scholar] [CrossRef]

	



Park, S.-H.; Roh, Y. Which intervention is more effective in improving sarcopenia in older adults? A systematic review with meta-analysis of randomized controlled trials. Mech. Ageing Dev. 2023, 210, 111773. [Google Scholar] [CrossRef]

	



Morton, R.W.; Murphy, K.T.; McKellar, S.R.; Schoenfeld, B.J.; Henselmans, M.; Helms, E.; Aragon, A.A.; Devries, M.C.; Banfield, L.; Krieger, J.W.; et al. A systematic review, meta-analysis and meta-regression of the effect of protein supplementation on resistance training-induced gains in muscle mass and strength in healthy adults. Br. J. Sports Med. 2018, 52, 376–384. [Google Scholar] [CrossRef]

	



Chang, M.C.; Choo, Y.J. Effects of Whey Protein, Leucine, and Vitamin D Supplementation in Patients with Sarcopenia: A Systematic Review and Meta-Analysis. Nutrients 2023, 15, 521. [Google Scholar] [CrossRef]

	



Nunes, E.A.; Colenso-Semple, L.; McKellar, S.R.; Yau, T.; Ali, M.U.; Fitzpatrick-Lewis, D.; Sherifali, D.; Gaudichon, C.; Tomé, D.; Atherton, P.J.; et al. Systematic review and meta-analysis of protein intake to support muscle mass and function in healthy adults. J. Cachexia Sarcopenia Muscle 2022, 13, 795–810. [Google Scholar] [CrossRef] [PubMed]

	



Studenski, S.A.; Peters, K.W.; Alley, D.E.; Cawthon, P.M.; McLean, R.R.; Harris, T.B.; Ferrucci, L.; Guralnik, J.M.; Fragala, M.S.; Kenny, A.M.; et al. The FNIH sarcopenia project: Rationale, study description, conference recommendations, and final estimates. J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69, 547–558. [Google Scholar] [CrossRef] [PubMed]

	



Takeuchi, I.; Yoshimura, Y.; Shimazu, S.; Jeong, S.; Yamaga, M.; Koga, H. Effects of branched-chain amino acids and vitamin D supplementation on physical function, muscle mass and strength, and nutritional status in sarcopenic older adults undergoing hospital-based rehabilitation: A multicenter randomized controlled trial. Geriatr. Gerontol. Int. 2019, 19, 12–17. [Google Scholar] [CrossRef] [PubMed]

	



Burke, D.G.; Candow, D.G.; Chilibeck, P.D.; MacNeil, L.G.; Roy, B.D.; Tarnopolsky, M.A.; Ziegenfuss, T. Effect of creatine supplementation and resistance-exercise training on muscle insulin-like growth factor in young adults. Int. J. Sport Nutr. Exerc. Metab. 2008, 18, 389–398. [Google Scholar] [CrossRef] [PubMed]

	



Dolan, E.; Gualano, B.; Rawson, E.S. Beyond muscle: The effects of creatine supplementation on brain creatine, cognitive processing, and traumatic brain injury. Eur. J. Sport Sci. 2019, 19, 1–14. [Google Scholar] [CrossRef]

	



Candow, D.G.; Chilibeck, P.D.; Forbes, S.C.; Fairman, C.M.; Gualano, B.; Roschel, H. Creatine supplementation for older adults: Focus on sarcopenia, osteoporosis, frailty and Cachexia. Bone 2022, 162, 116467. [Google Scholar] [CrossRef]

	



Bemben, M.G.; Witten, M.S.; Carter, J.M.; Eliot, K.A.; Knehans, A.W.; Bemben, D.A. The effects of supplementation with creatine and protein on muscle strength following a traditional resistance training program in middle-aged and older men. J. Nutr. Health Aging 2010, 14, 155–159. [Google Scholar] [CrossRef] [PubMed]

	



Aubertin-Leheudre, M.; Buckinx, F. Effects of Citrulline alone or combined with exercise on muscle mass, muscle strength, and physical performance among older adults: A systematic review. Curr. Opin. Clin. Nutr. Metab. Care 2020, 23, 8–16. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.K.; Suzuki, T.; Saito, K.; Yoshida, H.; Kobayashi, H.; Kato, H.; Katayama, M. Effects of exercise and amino acid supplementation on body composition and physical function in community-dwelling elderly Japanese sarcopenic women: A randomized controlled trial. J. Am. Geriatr. Soc. 2012, 60, 16–23. [Google Scholar] [CrossRef]

	



Esmarck, B.; Andersen, J.L.; Olsen, S.; Richter, E.A.; Mizuno, M.; Kjær, M. Timing of postexercise protein intake is important for muscle hypertrophy with resistance training in elderly humans. J. Physiol. 2001, 535, 301–311. [Google Scholar] [CrossRef]

	



Candow, D.G.; Forbes, S.C.; Roberts, M.D.; Roy, B.D.; Antonio, J.; Smith-Ryan, A.E.; Rawson, E.S.; Gualano, B.; Roschel, H. Creatine O’Clock: Does Timing of Ingestion Really Influence Muscle Mass and Performance? Front. Sports Act. Living 2022, 4, 893714. [Google Scholar] [CrossRef] [PubMed]

	



Lim, M.T.; Pan, B.J.; Toh, D.W.K.; Sutanto, C.N.; Kim, J.E. Animal Protein versus Plant Protein in Supporting Lean Mass and Muscle Strength: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Nutrients 2021, 13, 661. [Google Scholar] [CrossRef] [PubMed]

	



Vukovich, M.D.; Stubbs, N.B.; Bohlken, R.M. Body composition in 70-year-old adults responds to dietary beta-hydroxy-beta-methylbutyrate similarly to that of young adults. J. Nutr. 2001, 131, 2049–2052. [Google Scholar] [CrossRef] [PubMed]

	



Malafarina, V.; Uriz-Otano, F.; Malafarina, C.; Martinez, J.A.; Zulet, M.A. Effectiveness of nutritional supplementation on sarcopenia and recovery in hip fracture patients. A multi-centre randomized trial. Maturitas 2017, 101, 42–50. [Google Scholar] [CrossRef] [PubMed]

	



Ma, S.-L.; Wu, J.; Zhu, L.; Chan, R.S.-M.; Wang, X.; Huang, D.; Tang, N.L.-S.; Woo, J. Peripheral Blood T Cell Gene Expression Responses to Exercise and HMB in Sarcopenia. Nutrients 2021, 13, 2313. [Google Scholar] [CrossRef]

	



Osuka, Y.; Kojima, N.; Sasai, H.; Wakaba, K.; Miyauchi, D.; Tanaka, K.; Kim, H. Effects of exercise and/or β-hydroxy-β-methylbutyrate supplementation on muscle mass, muscle strength, and physical performance in older women with low muscle mass: A randomized, double-blind, placebo-controlled trial. Am. J. Clin. Nutr. 2021, 114, 1371–1385. [Google Scholar] [CrossRef]

	



Bello, H.J.; Caballero-García, A.; Pérez-Valdecantos, D.; Roche, E.; Noriega, D.C.; Córdova-Martínez, A. Effects of Vitamin D in Post-Exercise Muscle Recovery. A Systematic Review and Meta-Analysis. Nutrients 2021, 13, 4013. [CrossRef]

	



Yamada, M.; Kimura, Y.; Ishiyama, D.; Nishio, N.; Otobe, Y.; Tanaka, T.; Ohji, S.; Koyama, S.; Sato, A.; Suzuki, M.; et al. Synergistic effect of bodyweight resistance exercise and protein supplementation on skeletal muscle in sarcopenic or dynapenic older adults. Geriatr. Gerontol. Int. 2019, 19, 429–437. [Google Scholar] [CrossRef]

	



Dupont, J.; Dedeyne, L.; Dalle, S.; Koppo, K.; Gielen, E. The role of omega-3 in the prevention and treatment of sarcopenia. Aging Clin. Exp. Res. 2019, 31, 825–836. [Google Scholar] [CrossRef]

	



Cornish, S.M.; Cordingley, D.M.; Shaw, K.A.; Forbes, S.C.; Leonhardt, T.; Bristol, A.; Candow, D.G.; Chilibeck, P.D. Effects of Omega-3 Supplementation Alone and Combined with Resistance Exercise on Skeletal Muscle in Older Adults: A Systematic Review and Meta-Analysis. Nutrients 2022, 14, 2221. [Google Scholar] [CrossRef]








 





Table 1. Composition of a multimodal program including exercise, nutrition and behavioral strategy. 1 Supervised Resistance Training; 2 Between sets; 3 One-Repetition Maximum.4 Endurance Training.
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Phase 1 (First 4 Weeks)

	
Phase 2 (from Week 5 to 8)

	
Phase 3 (from Week 8 to 12)






	
Frequency and time

	
2 to 3 days/week of ~1 h each [27,43,50,51,52,53]




	
Supervised duration

	
9 to 12 weeks [27,51,53,54,55]




	
Volume in SRT 1

	
1–3 × (6–10 reps) [50,51,56,57,58]

	
2–3 × (8–15 reps) [50,51,56,57,58]

	
2–3 × (10–15 reps) [50,51,56,57,58]




	
Rest periods 2 in SRT 1

	
Non-fixed [51,59]

	
~1 to 2 min [51,59]

	
~1 to 2 min [51,59]




	
Intensity in SRT 1

	

	

	




	
Borg CR10

	
2 to 3/10 [27,50,51,60,61]

	
3 to 5/10 [27,50,51,60,61]

	
3 to 8/10 [27,50,51,60,61]




	
% 1RM 3

	
20 to 50%

	
50 to 70%

	
50 to 85%




	
Type of training

	
Multicomponent including:

Functional-resistance [62,63]

Balance [50,64]

Endurance between sessions [11,65]

Flexibility [43,66]

	
Multicomponent including:

Functional-resistance [21,27,62,63]

Balance [50,64]

Endurance during and between

sessions [11,21,65]

Flexibility [43,66]

	
Multicomponent including:

Functional and power-resistance [50,62,63,67]

Balance [50,64]

Endurance during and between sessions [11,21,65]

Flexibility [43,66]




	
Exercise selection

	
Functional and multi-joint movements with emphasis on the lower limbs [21,68,69]




	
Exercise regimens

	
Concentric [50]

Isometric [21,70]

	
Concentric and eccentric [50,71]

Isometric [21,70]

	
High-velocity concentric [67]

Eccentric [71]

Isometric [21,70]




	
Volume in ET 4

	
Reducing time spent in sedentary behaviors [10,11]

	
120 to 150 min/week of light-to-moderate PA [72]

	
150 to 300 min/week of light-to-moderate PA [12]




	
Intervention settings

	
Unsupervised home-based for robust older adults with pre-frailty [20,73]

Supervised group-based for older adults with frailty [20,74]

Individual interventions for older adults with severe limitations and frailty [65,75]

Preferably, use free weight and/or small equipment [62,68]




	
Behavioral strategy

	
Knowledge acquisition [76,77,78]

Goals settings

Self-efficacy

Intrinsic motivation

Accessible support and follow-up




	
Nutrition

	
Mainly caloric and protein intake [79,80,81,82]

Protein sources and quality











 





Table 2. Summary table of each section’s key points.
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	Screening strategies
	
	
Screening strategy has to be based on performant and feasible tools designed for the intended setting.



	
Physical performances could be appropriate surrogates of frailty indexes and can be eas