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Abstract

:

Recently the European Working Group on Sarcopenia in Older People (EWGSOP2) has updated diagnostic criteria for sarcopenia, which consist of one or more measures of muscle strength, muscle mass, and physical performance, plus an initial screening test called SARC-F. The main objective was to compare the number of cases of sarcopenia, using the different measurements and screening options. A cross-sectional study was conducted on Spanish older adults (n = 272, 72% women). Combining the different measures proposed by the steps described in the EWGSOP2 algorithm, 12 options were obtained (A–L). These options were studied in each of the three models: (1) using SARC-F as initial screening; (2) not using SARC-F; and (3) using SARC-CalF instead of SARC-F. A χ2 independence test was statistically significant (χ2(6) = 88.41, p < 0.001), and the association between the algorithm used and the classification of sarcopenia was moderate (Cramer’s V = 0.226). We conclude that the different EWGSOP2 measurement options imply case-finding differences in the studied population. Moreover, when applying the SARC-F, the number of people classified as sarcopenic decreases. Finally, when SARC-CalF is used as screening, case finding of sarcopenic people decreases. Thus, clinical settings should consider these outcomes, since these steps can make preventive and therapeutic interventions on sarcopenia vary widely.
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1. Introduction


The prevalence and impact of sarcopenia increase with age, and consequently, global aging of the population has turned sarcopenia into a public health concern of great priority both for clinicians and researchers [1]. Thus, the concept of sarcopenia has evolved in recent years at the same time that the number of scientific publications has increased in order to identify its possible causes and consequences [2,3,4].



Although there are different international teams which have published their guidelines or consensus for sarcopenia [5], the European Working Group on Sarcopenia in Older People of 2010 (EWGSOP) guideline has been one of the most widely used and has catalyzed research activity of sarcopenia worldwide [6,7,8]. In 2018, the Working Group updated the original definition (EWGSOP2), which since then considers low muscle strength as an essential characteristic of sarcopenia, uses detection of low muscle quantity or quality to confirm its diagnosis, and regards poor physical performance as confirmation of severe sarcopenia [7].



Therefore, in this recent definition (EWGSOP2), muscle strength is brought to the forefront of the diagnostic algorithm [9]. To measure muscle strength, handgrip strength or chair stand are recommended; for measuring muscle mass, two different options are given in order to adjust Appendicular Skeletal Muscle Mass (ASM) either by height squared, weight, or body mass index (BMI); finally, for physical performance, four assessment options are given: gait speed, the Short Physical Performance Battery (SPPB), the Timed-Up and Go test (TUG), and the 400 m walk [7]. Therefore, one or more measures of muscle strength, muscle mass, and/or physical performance together with gender-specific cut-off points for some of these measurements are needed for diagnosing sarcopenia [10,11]. From the clinical perspective, it has to be taken into account that these different options imply that the correct implementation of sarcopenia diagnosis in daily clinical practices requires many factors such as acquisition and financial costs of diagnostic measurement equipment, evaluator training and knowledge, and time constraints of diagnostic measures, among other factors [12]. The assessment in sarcopenia has become a challenge for healthcare professionals in order to identify those who may benefit from intervention [13], leading to a small percentage using diagnostic measures in clinical practice [12]. Therefore, while all different options of the definition are convenient and reliable [12,14], the impact of the different measurements on case finding of sarcopenia is to be elucidated and could help transfer the diagnosis of sarcopenia from research to the clinical context [12,14].



In addition, to facilitate the detection of sarcopenia, a screening test called SARC-F has been proposed to be carried out, before performing the measurements of strength and muscle mass, as indicative of the risk of sarcopenia [15]. SARC-F consists of five questions answered by the patients themselves, so it is a simple, practical, and easily applied screening tool for older adults and for the applicant. However, the use of SARC-F is not mandatory for healthcare professionals, except with screening purposes in high-risk patients [16]. Thus, EWGSOP2 recommends the SARC-F questionnaire as a way to obtain self-reports from patients with signs of sarcopenia and as a formal approach [16].



Moreover, although in previous studies conducted in community-dwelling older adults, SARC-F has shown very good specificity to diagnose sarcopenia, its sensitivity is low, which may be not desirable for a questionnaire aimed at screening purposes [17,18,19,20]. With the intention to solve this, SARC-CalF, which adds calf circumference (CC) to SARC-F, has been suggested as an option that may significantly increase the sensitivity of SARC-F [21]. If not only community-dwelling people are studied, but also institutionalized older adults are included, a broader population is characterized and therefore clinicians have more information about the use of these tools. Therefore, they should be validated in different populations and living settings [21], plus the new EWGSOP2 definition has to be taken into account.



It was hypothesized that although there are different measurement options for each step of the algorithm of the EWGSOP2 definition, no difference in case finding will be found in older adults, allowing healthcare professionals to use the most feasible in their daily clinical practice. We also hypothesized that by not using the SARC-F, case finding of sarcopenia could be increased. Moreover, it may be increased when using the SARC-CalF instead of the SARC-F in these populations.



Therefore, the aim of this study was to compare the number of cases of sarcopenia in older adults using the different measurement options of each step of the algorithm of the European Working Group on Sarcopenia in Older People 2018 (EWGSOP2). We also aimed to evaluate the impact of using SARC-F, SARC-CalF, or no screening on the case finding of sarcopenia in Spanish older adults living in the province of Valencia.




2. Experimental Section


2.1. Study Design


A multicenter cross-sectional study was carried out between January 2019 and February 2020 in institutionalized and community-dwelling older adults, living in the province of Valencia (Spain). This study was approved by the Ethics Committee for Human Research of the University of Valencia (H1542733812827) and was conducted in accordance with the Declaration of Helsinki. This research was registered in the ClinicalTrials.gov database (ID: NCT03832608). Before entering in the study, participants signed a written consent, briefed beforehand.




2.2. Participants


The sample included 272 adults aged 65 or older, living in the community (n = 139) or institutionalized in residential facilities (n = 133). Candidates were not included if they: (1) had edema which could interfere with the bioimpedance analysis (BIA); (2) had a cognitive impairment measured with the Mini-Mental State Examination (MMSE) < 18 points [22]; (3) were suffering from any acute or unstable chronic disease, or had a hospital admission in the last month.




2.3. Sarcopenia Definition


The algorithm of the EWGSOP2 was followed for case finding and diagnosing sarcopenia and determining its severity [7]. It included the SARC-F and the measurements of muscle strength, muscle quantity, and physical performance.



The SARC-F questionnaire is composed of five items questioning strength, assistance in walking, rise from a chair, stair climbing, and falls. It is scored between 0 and 2, and it allows identifying cases with a score of ≥4 points from a total of 12 points [15].



Muscle strength was measured by:




	-

	
Handgrip strength technique, with a Jamar Plus+ digital hand dynamometer (Patterson Medical, Sammons Preston, Bolingbrook, IL, USA) [23]. Cut-off points were gender-specific for low grip strength: <27 kg for men and <16 kg for women [24].




	-

	
Chair stand, in which participants had to stand up five times as quickly as possible from a chair without stopping, with arms folded across the chest. Time (in seconds) was used for the present analyses. The cut-off point for strength was >15 s for five rises for both men and women [25].









Muscle quantity as Appendicular Skeletal Muscle Mass (ASM) was measured with BIA using the Bodystat® 1500MDD (Bodystat Ltd., Douglas, UK). This device was calibrated previous to the measurements. Prior to the assessment, the following criteria were checked [26,27]: participants could not have done previous physical exercise; 2–3 h of fasting was needed, including alcohol or a large amount of water, and emptying their bladder; every metal piece was taken off; and the test was not implemented if they were wearing a pacemaker and/or had edema (diagnosed by the physician). When applying the BIA test (alternating sinusoidal electric current of 200 µA at 50 kHz), the patient was asked to lie in supine position, on a nonconductive surface, with no contact between the limbs. Electrodes were applied with an ipsilateral tetrapolar method, on previously cleaned skin. The electrodes of the upper limb were placed at the knuckles and wrist, and those of the lower limb were placed at the metatarsal head bones line and the anterior side of the ankle. ASM was calculated following Sergi’s BIA equation: ASM (kg) = −3.964 + (0.227 × RI) + (0.095 × weight) + (1.384 × sex) + (0.064 × Xc) [28]. The proposed ASM cut-offs were:




	-

	
ASM: low muscle mass was <20 kg for men and <15 kg for women [29].




	-

	
ASM Index (ASMI, defined as ASM/height squared): low muscle mass was <7.0 kg/m2 for men and <5.5 kg/m2 for women [7,8].









Physical performance of participants was measured by:




	-

	
Gait speed (m/s): participants were asked to walk along a 4 m corridor at usual speed and, if needed, using an aid [30], with <0.8 m/s being the cut-off for men and women [31,32].




	-

	
Short Physical Performance Battery (SPPB): this test assessed balance, gait, strength, and endurance. Participants were asked to stand with the feet together, semi-tandem, and tandem positions, the time they needed to walk 4 m was measured, and also the time to rise five times from sitting position [33], with ≤8 points being the cut-off for men and women [34].




	-

	
Timed-Up and Go test (TUG): participants were asked to rise from sitting position, walk a 3 m distance, turn around, walk back, and sit down, with ≥20 s being the cut-off for men and women [35].









Following these assessments, participants were classified according to the EWGSOP2 algorithm [7,8]: (1) they had probable sarcopenia with a score of ≥4 points SARC-F and low muscle strength (grip strength < 27 kg for men and <16 kg for women; or chair stand > 15 s); (2) they had confirmed sarcopenia when low quantity muscle was also detected (ASM < 20 kg for men and <15 kg for women; or ASMI <7.0 kg/m2 for men and <5.5 kg/m2 for women); and (3) they had severe sarcopenia, when low physical performance was added (gait speed < 0.8 m/s; SPPB ≤ 8 points; or TUG ≥ 20 s).




2.4. Additional Measurements


Anthropometric variables: Age and gender were registered; body weight (kg) was measured using a Tanita BC 601 (TANITA Ltd., Amsterdam, The Netherlands); height (cm) was assessed with a stadiometer SECA 213 (Seca Ltd., Hamburg, Germany); and finally, BMI (kg/m2) was calculated.



SARC-CALF consists of the same five items as SARC-F which are scored the same [36] and adds the CC that was measured as the widest circumference of calf. The CC item is scored as 0 points when the participant had more than 31 cm circumference and as 10 points if it was less than or equal to 31 cm. A SARC-CalF ≥ 11 indicates positive screening for sarcopenia [37,38,39].



All the assessments were done on the same day for each participant, and different physiotherapists took these measurements for all the samples. Intraclass Correlation Coefficients (ICCs) were calculated to know the interrater reliability, and they ranged from 0.802 to 0.985, which may be considered very good reliability (values between 0.75 and 0.90 indicate good reliability; values over 0.90 show excellent reliability) [40].




2.5. Applied Models


Three models were applied: Model 1: using SARC-F as initial screening; Model 2: not using any initial screening; and Model 3: using SARC-CalF as initial screening instead of SARC-F. By combining the different measures proposed by the steps described in the EWGSOP2 algorithm (Find–Assess–Confirm–Severity), 12 options were obtained (A to L), and to each one of the three models, each of their twelve options was tested (Table 1).




2.6. Statistical Analyses


With descriptive purposes, means, standard deviations, and 95% confidence intervals (CI) for all variables were calculated. All statistical analyses were performed with R [41], also employing the packages vcd [42] and DescTools [43]. Descriptive statistics (proportions) of multinomial variables were performed [44] including 95% CI for the proportions of each category by the method of Glaz and Sison [45,46]. Chi-square tests of goodness-of-fit and independence were also performed together with their association measures (Pearson residuals and Cramer’s V). The CI for V coefficient was bias-corrected [47]. Whenever multiple statistical tests were made, the Sidak correction was employed.





3. Results


3.1. Sample Characteristics


A total of 272 participants were included in this study. The age range for all the participants was 65–97 years, the mean age was 77.0 (8.7) years old, and according to setting, the mean was 72.3 and 81.9 years old for community dwelling and institutionalized participants, respectively. Seventy-two percent of participants (n = 197) were women (Table 2).




3.2. Analysis of the Models


For each of the three models, and each of their 12 options (A to L), 95% CI and each category of classification (no sarcopenia, probable sarcopenia, confirmed sarcopenia, and severe sarcopenia) were calculated. These CIs are presented in Figure 1, Figure 2 and Figure 3.



Once these CIs were calculated, they were averaged for each model, and each of the 12 options (A to L) in each model was compared with a goodness-of-fit chi-square test with expected probabilities the average probabilities of each model. Therefore, the 12 tests within each model (algorithm) tested whether the classification of the different steps was statistically equal or different. Table 3 offers the results of all these chi-square tests. Regarding Model 1, all but two tests showed statistical significance, indicating that the different steps of the algorithm significantly affect the classification. Model 2 tests showed significant results in all cases, and therefore this supports that the different steps of the algorithm lead to different classifications. However, in Model 3, the results showed no statistical significance, and therefore for this algorithm, the different steps do not lead to significantly different classifications.



A chi-square independence test was performed to compare the classifications into the different groups the three algorithms made. This chi-square was statistically significant (χ2 (6) = 88.41, p < 0.001), and the association between the algorithm used and the classification of sarcopenia was moderate (Cramer’s V = 0.226, 95% CI [0.177, 0.276]).



In addition, we have analyzed how each model on the whole is associated with severity levels. Figure 4 graphically presents the association based on the Pearson’s residuals. It can be seen that Model 1 is not significantly associated with any classification as represented by the grey color. However, Model 2 is associated with the classification into the different groups of sarcopenia with a positive association (blue color) with the levels of severity, being higher with probable sarcopenia, and with negative association (red color) with nonsarcopenic older adults. On the contrary, Model 3 is associated positively (blue color) with no sarcopenia.





4. Discussion


The present study showed that using the different measurement options for each step of the EWGSOP2 implied differences in case finding in the studied population. These differences have been analyzed in relation to each of the steps, describing which measurements detect more or less cases of sarcopenia. Moreover, our results indicate that when applying the SARC-F, case finding of sarcopenia decreases, thus by not applying it, more cases are found, especially among those with probable sarcopenia. Finally, when SARC-CalF is used as screening, the number of people classified as sarcopenic decreases.



To the best of our knowledge, this is the first study to analyze the different measurement options of the EWGSOP2 in Spanish older adults, and the fact that there are differences in case finding has important clinical consequences. Taking into account that sarcopenia is frequently not noticeable in earlier stages [48], detecting probable sarcopenia is of paramount importance in order to be able to start intervention. In Model 1, using SARC-F, and Model 2, using no screening, there are significant differences in case finding among most of the options. When analyzing these differences, it can globally be seen that those which use the chair stand for measuring muscle strength (G to L) are the ones that find more probable sarcopenic participants. This is interesting considering that previous research has highlighted that handgrip strength seems to be used widely for the measurement of muscle strength [13]. However, it requires the use of a calibrated handheld dynamometer under well-defined test conditions [23]. Therefore, commercial dynamometers are usually limited in clinical settings by the need to purchase specialized equipment, the relative expense, and the lack of trained staff [13]. In addition, sometimes measurement of grip is not possible due to hand disability, such as with patients who are suffering from advanced arthritis or stroke [7]. On the whole, these facts could explain why only a small percentage of healthcare professionals use diagnostic measures in clinical practice as stated before [12]. On the other hand, in previous research, the chair stand has been shown to be able to provide a valid tool for assessing lower body strength [49]. This is in line with our results, which seem to show chair stand can be a reliable method for case finding of probable sarcopenia in the studied population. From the clinical approach, detection of cases as early as possible is important considering that it is better to prevent the skeletal muscle mass depletion and loss of strength and function rather than trying to restore them when they have progressed [50]. Therefore, for clinical settings where a handgrip dynamometer is not always available, the chair stand could be used as an alternative assessment of muscle strength [13]. This way, preventive strategies together with treatment interventions could be implemented before the muscle deterioration occurs [50].



After detecting probable sarcopenia cases, the second step of the EWGSOP2 algorithm evaluates muscle quantity. The EWGSOP2 consensus presents cut-off points for both ASMI (kg/height squared) [51] and ASM (kg) [29] for use when calculating muscle mass. In relation to Model 1, when analyzing the different options, there are more cases of severe sarcopenia in those options that previously have confirmed it by using the ASM (kg) cut-off for muscle quantity (B1, C1, E1, H1, I1, K1). Considering that low muscle mass is highly related to disability and frailty in older adults [52], measuring muscle mass in a precise way is crucial for confirming sarcopenia in this population. There is an ongoing debate about the preferred adjustment for muscle mass indices and whether the same method can be used for all populations [7]. For our population, the results show the ASMI is a more restrictive cut-off, whereas with the ASM, more sarcopenic participants are detected and, consequently, more are classified as suffering severe sarcopenia. This could also explain why G1, J1, and L1 show more cases of probable sarcopenia, since they are using the ASMI and therefore more participants are not being confirmed with sarcopenia and stay as probable. Therefore, some participants could present low strength, however, their amount of muscle mass would still be within the EWGSOP2 criteria, preventing categorization in more advanced stages of the pathology, as similarly stated in previous research [53]. Although the most accurate way to define muscle mass remains uncertain [54], our results show ASMI is more restrictive for our population, classifying them mostly as probable, whereas they could have been classified as severe if the ASM had been used. Thus, methods used to define low lean mass can make preventive and therapeutic interventions on sarcopenia vary widely.



In relation to Model 2, with no initial screening, there are significant differences in case finding among all of the options. When analyzing them individually, again the same trend can be found in relation to muscle strength and muscle mass, that is, chair stand detects more probable sarcopenia (options G to L) and ASMI is more restrictive (A, D, F, G, J, L). In relation to physical performance, the options which confirm sarcopenia with the ASM and then classify its severity with the SPPB or gait speed (B, C, and G to J) are the ones which detect more cases of severe sarcopenia. Detection of low physical performance predicts adverse outcomes [7], so it becomes of paramount importance for the clinical approach. However, in older populations, physical performance is frequently difficult to measure due to acute illness or because of dementia, gait disorder, or a balance disorder [55,56,57], thus finding a safe and valid assessment becomes necessary. Gait speed is considered a quick and reliable test for sarcopenia, which is why it is widely used in practice [58]. Although the SPPB also predicts outcomes [34], it is a more time-consuming test to apply and therefore, it is more used in research than in clinical practice. Therefore, and considering our results, clinicians can rely on SPPB and gait speed to detect the severe cases, although the latter can be considered as a more approachable measurement in the clinical context.



Regarding the use or not of SARC-F, it was not implemented in Model 2, and more cases were found as probable, confirmed, or severe sarcopenia. Therefore, when using SARC-F for screening in our population, it is at the expense of missing cases who would have been at least in the category of probable sarcopenia, since more cases were detected in Model 2. Although the SARC-F has shown excellent specificity [15,17,18,59,60,61], it has shown some problems in relation to its low sensitivity [17,59], which means that there is a high risk of missed diagnosis of individuals who have sarcopenia. Moreover, as noted in the EWGSOP2 definition, in clinical settings, case finding should start when a patient has symptoms or signs of sarcopenia, and in these situations, further testing is recommended, the use of any screening tool not being mandatory [16]. This is in line with our results, which suggest SARC-F does not always detect possible cases of sarcopenia in our sample.



In relation to Model 3, which screens using the SARC-CalF, our results show case finding of sarcopenic people is not increased. Moreover, it is the model with which a lower amount of sarcopenic people are found. Although previous research has shown promising results regarding SARC-CalF, with a better sensitivity than SARC-F [21,39], this does not concur with our results. This may be explained by the cut-offs that have been used, since again different options are found in this regard [37], and should be addressed in future research. Moreover, the few participants that were detected as suffering from sarcopenia with any of the options of Model 3 were classified as severe sarcopenia, thus indicating they were highly impaired in their physical performance, which allows less options of recovery. From the clinical approach, if a sarcopenia screening test is used, it is expected to dismiss from further testing as many healthy individuals as possible but should also guarantee diagnosis of those who do have sarcopenia [39] in order to start the appropriate intervention, thus this may not be possible using the SARC-CalF in a population like ours.



Considering that from the three models, Model 2 has shown the highest positive associative probability in case finding of participants with sarcopenia, especially in probable and confirmed, this finding would allow clinicians to detect sarcopenia in earlier stages. This model has different options which have shown statistical differences and using one or other to detect the presence of sarcopenia can be time consuming and expensive and might require highly specialized equipment [50]. Moreover, selecting a way of diagnosing sarcopenia requires balancing the possible benefit of including functional and ASM measurements against the difficulties related to their inclusion [62]. Therefore, on the whole, those options of Model 2 which include the chair stand and use the ASM may be finding more cases of sarcopenia in its different classifications.



Limitations and Strengths


The main limitation of our study, common to other studies, is related to sample size. A larger sample size would be advisable, as well as studying case finding and implementing this model analysis in other populations besides the Spanish one to confirm our promising results. Another limitation is that the sample had a higher percentage of women, and although this is characteristic related to aged population in Spain, greater gender equality would be important in future research. Another interesting line to be implemented in the future could be analyzing how those older adults found to be sarcopenic in one model behave in the other models. However, this study offers the novelty of analyzing the different options of the EWGSOP2 to show the one that can find sarcopenia cases in an accurate way, which would promote an adequate and early intervention.





5. Conclusions


There are differences in case finding of sarcopenia in the studied Spanish older adults when the different measurement options for each step of the EWGSOP2 definition are applied. For muscle strength, the chair stand seems to be detecting more cases of probable sarcopenia, for muscle mass, ASM detects more confirmed and severe, and for physical performance, SPPB and gait speed seem to be reliable options. In addition, more sarcopenia cases are identified when no initial screening is used, therefore, in clinical practice, when a patient shows symptoms or signs of sarcopenia, a screening questionnaire may be surpassed and further testing is recommended to confirm sarcopenia. Thus, clinical settings should take into consideration that the methods used to define these steps can make preventive and therapeutic interventions on sarcopenia vary widely.







Author Contributions


Conceptualization, M.A.C.i.I., A.A.-G. and N.C.-S.; methodology, M.A.C.i.I., A.A.-G., N.C.-S., M.A.T.-C., M.B.-B., S.F. and T.S.-M.; formal analysis, J.M.T., M.A.C.i.I., A.A.-G. and N.C.-S.; investigation, M.A.C.i.I., A.A.-G., N.C.-S., M.A.T.-C., M.B.-B., S.F. and T.S.-M.; resources, M.A.C.i.I., A.A.-G. and N.C.-S.; data curation, M.A.C.i.I., A.A.-G., N.C.-S. and M.B.-B.; writing—original draft preparation, M.A.C.i.I., A.A.-G., N.C.-S. and J.M.T.; writing—review and editing, A.A.-G., M.A.C.i.I., N.C.-S., M.A.T.-C., M.B.-B., S.F., T.S.-M. and J.M.T.; project administration, M.A.C.i.I.; funding acquisition, M.A.C.i.I. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Generalitat Valenciana (GV/2019/131) and by FEDER/Ministerio de Ciencia e Innovación—Agencia (RTI2018-093321-B-100).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee for Human Research of the University of Valencia (protocol code H1542733812827 approved 18 December 2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Acknowledgments


We gratefully acknowledge the participation of all community-dwelling participants as well as residents and staff of the residential facilities of La Saleta Care, Parque Luz Xirivella, Parque Luz Catarroja, El Mas Torrent, and especially Mary Martínez Martínez, the Technical Manager of La Saleta Care.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Tan, L.F.; Lim, Z.Y.; Choe, R.; Seetharaman, S.; Merchant, R. Screening for frailty and sarcopenia among older persons in medical outpatient clinics and its associations with healthcare burden. J. Am. Med. Dir. Assoc. 2017, 18, 583–587. [Google Scholar] [CrossRef]

	



Dennison, E.M.; Sayer, A.A.; Cooper, C. Epidemiology of sarcopenia and insight into possible therapeutic targets. Nat. Rev. Rheumatol. 2017, 13, 340–347. [Google Scholar] [CrossRef]

	



Marzetti, E.; Calvani, R.; Tosato, M.; Cesari, M.; di Bari, M.; Cherubini, A.; Collamati, A.; d’Angelo, E.; Pahor, M.; Bernabei, R.; et al. Sarcopenia: An overview. Aging Clin. Exp. Res. 2017, 29, 11–17. [Google Scholar] [CrossRef] [PubMed]

	



Norman, K.; Otten, L. Financial impact of sarcopenia or low muscle mass—A short review. Clin. Nutr. 2019, 38, 1489–1495. [Google Scholar] [CrossRef] [PubMed]

	



Dupuy, C.; Lauwers-Cances, V.; Guyonnet, S.; Gentil, C.; Abellan Van Kan, G.; Beauchet, O.; Schott, A.M.; Vellas, B.; Rolland, Y. Searching for a relevant definition of sarcopenia: Results from the cross-sectional EPIDOS study. J. Cachexia Sarcopenia Muscle 2015, 144–154. [Google Scholar] [CrossRef]

	



Witham, M.D.; Stott, D.J. A new dawn for sarcopenia. Age Ageing 2019, 48, 2–3. [Google Scholar] [CrossRef] [PubMed]

	



Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [Google Scholar] [CrossRef] [PubMed]

	



Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 601. [Google Scholar] [CrossRef]

	



Chew, J.; Yeo, A.; Yew, S.; Lim, J.P.; Tay, L.; Ding, Y.Y.; Lim, W.S. Muscle strength definitions matter: Prevalence of sarcopenia and predictive validity for adverse outcomes using the European working group on sarcopenia in older people 2 (EWGSOP2) criteria. J. Nutr. Health Aging 2020, 24, 614–618. [Google Scholar] [CrossRef]

	



Kim, H.; Hirano, H.; Edahiro, A.; Ohara, Y.; Watanabe, Y.; Kojima, N.; Kim, M.; Hosoi, E.; Yoshida, Y.; Yoshida, H.; et al. Sarcopenia: Prevalence and associated factors based on different suggested definitions in community-dwelling older adults. Geriatr. Gerotol. Int. 2016, 16, 110–122. [Google Scholar] [CrossRef]

	



Reijnierse, E.M.; Trappenburg, M.C.; Leter, M.J.; Blauw, G.J.; Sipilä, S.; Sillanpää, E.; Narici, M.V.; Hogrel, J.Y.; Butler-Browne, G.; McPhee, J.S.; et al. The impact of different diagnostic criteria on the prevalence of sarcopenia in healthy elderly participants and geriatric outpatients. Gerontology 2015, 61, 491–496. [Google Scholar] [CrossRef]

	



Reijnierse, E.M.; de van der Schueren, M.A.E.; Trappenburg, M.C.; Doves, M.; Meskers, C.G.M.; Maier, A.B. Lack of knowledge and availability of diagnostic equipment could hinder the diagnosis of sarcopenia and its management. PLoS ONE 2017, 12, e0185837. [Google Scholar] [CrossRef]

	



Beaudart, C.; McCloskey, E.; Bruyère, O.; Cesari, M.; Rolland, Y.; Rizzoli, R.; Araujo de Carvalho, I.; Thiyagarajan, J.A.; Bautmans, I.; Bertière, M.C.; et al. Sarcopenia in daily practice: Assessment and management. BMC Geriatr. 2016, 16, 170. [Google Scholar] [CrossRef]

	



Van Ancum, J.M.; Alcazar, J.; Meskers, C.G.M.; Rubaek Nielsen, B.; Suetta, C.; Maier, A.B. Impact of using the updated EWGSOP2 definition in diagnosing sarcopenia: A clinical perspective. Arch. Gerontol. Geriatr. 2020, 90, 104125. [Google Scholar] [CrossRef] [PubMed]

	



Malmstrom, T.K.; Miller, D.K.; Simonsick, E.M.; Ferrucci, L.; Morley, J.E. SARC-F: A symptom score to predict persons with sarcopenia at risk for poor functional outcomes. J. Cachexia Sarcopenia Muscle 2016, 7, 28–36. [Google Scholar] [CrossRef]

	



Bahat, G.; Cruz-Jentoft, A. Putting sarcopenia at the forefront of clinical practice. Eur. J. Geriatr. Gerontol. 2019, 1, 43–45. [Google Scholar] [CrossRef]

	



Woo, J.; Leung, J.; Morley, J.E. Validating the SARC-F: A suitable community screening tool for sarcopenia? J. Am. Med. Dir. Assoc. 2014, 15, 630–634. [Google Scholar] [CrossRef]

	



Parra-Rodríguez, L.; Szlejf, C.; García-González, A.I.; Malmstrom, T.K.; Cruz-Arenas, E.; Rosas-Carrasco, O. Cross-cultural adaptation and validation of the Spanish-language version of the SARC-F to assess sarcopenia in Mexican community-dwelling older adults. J. Am. Med. Dir. Assoc. 2016, 17, 1142–1146. [Google Scholar] [CrossRef]

	



Beaudart, C.; Locquet, M.; Bornheim, S.; Reginster, J.Y.; Bruyère, O. French translation and validation of the sarcopenia screening tool SARC-F. Eur. Geriatr. Med. 2018, 9, 29–37. [Google Scholar] [CrossRef]

	



Yang, M.; Hu, X.; Xie, L.; Zhang, L.; Zhou, J.; Lin, J.; Wang, Y.; Li, Y.; Han, Z.; Zhang, D.; et al. SARC-F for sarcopenia screening in community-dwelling older adults. Are 3 items enough? Medicine 2018, 97, e11726. [Google Scholar] [CrossRef]

	



Yang, M.; Hu, X.; Xie, L.; Zhang, L.; Zhou, J.; Lin, J.; Wang, Y.; Li, Y.; Han, Z.; Zhang, D.; et al. Screening sarcopenia in community-dwelling older adults: SARC-F vs SARC-F combined with calf circumference (SARC-CalF). J. Am. Med. Dir. Assoc. 2018, 19, 277.e1–277e8. [Google Scholar] [CrossRef]

	



Lobo, A.; Saz, P.; Marcos, G.; Día, J.L.; de la Cámara, C.; Ventura, T.; Morales Asín, F.; Pascual, L.F.; Montañés, J.A.; Aznar, S.; et al. Revalidación y normalización del Mini-Examen Cognoscitivo (primera versión en castellano del Mini-Mental Status Examination) en la población general geriátrica. Med. Clin. 1999, 112, 767–774. [Google Scholar]

	



Roberts, H.C.; Denison, H.J.; Martin, H.J.; Patel, H.P.; Syddall, H.; Cooper, C.; Sayer, A.A. A review of the measurement of grip strength in clinical and epidemiological studies: Towards a standardised approach. Age Ageing 2011, 40, 423–429. [Google Scholar] [CrossRef]

	



Dodds, R.M.; Syddall, H.E.; Cooper, R.; Benzeval, M.; Deary, I.J.; Dennison, E.M.; Der, G.; Gale, C.R.; Inskip, H.M.; Jagger, C.; et al. Grip strength across the life course: Normative data from twelve British studies. PLoS ONE 2014, 9, e113637. [Google Scholar] [CrossRef]

	



Cesari, M.; Kritchevsky, S.B.; Newman, A.B.; Simonsick, E.M.; Harris, T.B.; Penninx, B.W.; Brach, J.S.; Tylavsky, F.A.; Satterfield, S.; Bauer, D.C.; et al. Added value of physical performance measures in predicting adverse health-related events: Results from the health, aging and body composition study. J. Am. Geriatr. Soc. 2009, 57, 251–259. [Google Scholar] [CrossRef]

	



Bravo-José, P.; Moreno, E.; Espert, M.; Romeu, M.; Martínez, P.; Navarro, C. Prevalence of sarcopenia and associated factors in institutionalised older adult patients. Clin. Nutr. ESPEN 2018, 27, 113–119. [Google Scholar] [CrossRef]

	



Landi, F.; Liperoti, R.; Fusco, D.; Mastropaolo, S.; Quattrociocchi, D.; Proia, A.; Russo, A.; Bernabei, R.; Onder, G. Prevalence and Risk Factors of Sarcopenia Among Nursing Home Older Residents. J. Gerontol. A Biol. Sci. Med. Sci. 2012, 67, 48–55. [Google Scholar] [CrossRef] [PubMed]

	



Sergi, G.; de Rui, M.; Veronese, N.; Bolzetta, F.; Berton, L.; Carraro, G.; 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. 2015, 34, 667–673. [Google Scholar] [CrossRef]

	



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]

	



Working Group on Functional Outcome Measures for Clinical Trials. Functional outcomes for clinical trials in frail older persons: Time to be moving. J. Gerontol. A Biol. Sci. Med. Sci. 2008, 63, 160–164. [Google Scholar] [CrossRef]

	



Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider, S.M.; et al. European Working Group on Sarcopenia in Older People. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–414. [Google Scholar] [CrossRef] [PubMed]

	



Studenski, S.; Perera, S.; Patel, K. Gait speed and survival in older adults. J. Am. Med. Assoc. 2011, 305, 50–58. [Google Scholar] [CrossRef] [PubMed]

	



Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.G.; Scherr, P.A.; Wallace, R.B. A short physical performance battery assessing lower extremity function: Association with self-reported disability and prediction of mortality and nursing home admission. J. Gerontol. 1994, 49, M85–M94. [Google Scholar] [CrossRef]

	



Pavasini, R.; Guralnik, J.; Brown, J.C.; di Bari, M.; Cesari, M.; Landi, F.; Vaes, B.; Legrand, D.; Verghese, J.; Wang, C.; et al. Short physical performance battery and all-cause mortality: Systematic review and meta-analysis. BMC Med. 2016, 14, 215. [Google Scholar] [CrossRef]

	



Podsiadlo, D.; Richardson, S. The timed “Up & Go”: A test of basic functional mobility for frail elderly persons. J. Am. Geriatr. Soc. 1991, 39, 142–148. [Google Scholar] [CrossRef]

	



Fu, X.; Tian, Z.; Thapa, S.; Sun, H.; Wen, S.; Xiong, H.; Yu, S. Comparing SARC-F with SARC-CalF for screening sarcopenia in advanced cancer patients. Clin. Nutr. 2020, 39, 3337–3345. [Google Scholar] [CrossRef] [PubMed]

	



Bahat, G.; Oren, M.M.; Yilmaz, O.; Kiliç, C.; Aydin, K.; Karan, M.A. Comparing SARC-F with SARC-CalF to screen sarcopenia in community living older adults. J. Nutr. Health Aging 2018, 22, 1034–1038. [Google Scholar] [CrossRef]

	



Kaiser, M.J.; Bauer, J.M.; Ramsch, C.; Uter, W.; Guigoz, Y.; Cederholm, T.; Thomas, D.R.; Anthony, P.; Charlton, K.E.; Maggio, M.; et al. MNA-International Group. Validation of the Mini Nutritional assessment short-form (MNA-SF): A practical tool for identification of nutritional status. J. Nutr. Health Aging 2009, 13, 782–788. [Google Scholar] [CrossRef] [PubMed]

	



Gonzalez Barbosa-Silva, T.; Baptista Menezes, A.M.; Moraes Bielemann, R.; Malmstrom, T.K.; Gonzalez, M.C. Enhancing SARC-F: Improving sarcopenia screening in the clinical practice. J. Am. Med. Dir. Assoc. 2016, 17, 1136–1141. [Google Scholar] [CrossRef]

	



Koo, T.K.; Li, M.Y. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef]

	



R Core Team. 2017 R: A Language and Environment for Statistical Computing. Available online: http://www.R-project.org/ (accessed on 21 November 2020).

	



Meyer, D.; Zeileis, A.; Hornik, K. VCD: Visualizing Categorical Data. R Package Version 1.4-8. 2020. Available online: https://cran.r-project.org/web/packages/vcd/vcd.pdf (accessed on 21 November 2020).

	



Signorell, A.; Aho, K.; Alfons, A.; Anderegg, N.; Aragon, T.; Arachchige, C.; Arppe, A.; Baddeley, A.; Barton, K.; Bolker, B.; et al. DescTools: Tools for Descriptive Statistics. R Package Version 0.99.38. 2020. Available online: https://cran.r-project.org/package=DescTools (accessed on 21 November 2020).

	



Agresti, A. Introduction to Categorical Data Analysis; John Wiley and Sons: New York, NY, USA, 1996. [Google Scholar]

	



Glaz, J.; Sison, C.P. Simultaneous confidence intervals for multinomial proportions. J. Stat. Plan. Inference 1999, 82, 251–262. [Google Scholar] [CrossRef]

	



Sison, C.P.; Glaz, J. Simultaneous confidence intervals and sample size determination for multinomial proportions. J. Am. Stat. Assoc. 1995, 90, 366–369. [Google Scholar] [CrossRef]

	



Bergsma, W.; Bergsma, W. A bias-correction for Cramer’s V and Tschuprow’s T. J. Korean Stat. Soc. 2013, 42, 323–328. [Google Scholar] [CrossRef]

	



Visvanathan, R.; Chapman, I. Preventing sarcopenia in older people. Maturitas 2010, 66, 383–388. [Google Scholar] [CrossRef]

	



Jones, C.J.; Rikli, R.E.; Beam, W.C. A 30-s chair-stand test as a measure of lower body strength in community-residing older adults. Res. Q. Exerc. Sport 1999, 70, 113–119. [Google Scholar] [CrossRef] [PubMed]

	



Yu, S.C.Y.; Khow, K.S.F.; Jadczak, A.D.; Visvanathan, R. Clinical screening tools for sarcopenia and its management. Cur. Gerotol. Geriatr. Res. 2016, 2016, 5978523. [Google Scholar] [CrossRef] [PubMed]

	



Gould, H.; Brennan, S.L.; Kotowicz, M.A.; Nicholson, G.C.; Pasco, J.A. Total and appendicular lean mass reference ranges for Australian men and women: The geelong osteoporosis study. Calcif. Tissue Int. 2014, 94, 363–372. [Google Scholar] [CrossRef] [PubMed]

	



Cawthon, P.M.; Peters, K.W.; Shardell, M.D.; McLean, R.R.; Dam, T.-T.L.; Kenny, A.M.; Fragala, M.S.; Harris, T.B.; Kiel, D.P.; Guralnik, J.M.; et al. Cutpoints for low appendicular lean mass that identify older adults with clinically significant weakness. J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69, 567–575. [Google Scholar] [CrossRef]

	



Guillamón-Escudero, C.; Diago-Galmés, A.; Tenías-Burillo, J.M.; Soriano, J.M.; Fernández-Garrido, J.J. Prevalence of sarcopenia in community-dwelling older adults in Valencia, Spain. Int. J. Environ. Res. Public Health 2020, 17, 9130. [Google Scholar] [CrossRef] [PubMed]

	



Kim, K.M.; Jang, H.C.; Lim, S. Differences among skeletal muscle mass indices derived from height-, weight-, and body mass index-adjusted models in assessing sarcopenia. Korean J. Intern. Med. 2016, 31, 643–650. [Google Scholar] [CrossRef]

	



Coker, R.H.; Hays, N.P.; Williams, R.H.; Wolfe, R.R.; Evans, W.J. Bed rest promotes reductions in walking speed, functional parameters, and aerobic fitness in older, healthy adults. J. Gerontol. A 2014, 70, 91–96. [Google Scholar] [CrossRef]

	



Janssen, I.; Heymsfield, S.B.; Ross, R. Low relative skeletal muscle mass (sarcopenia) in older persons is associated with functional impairment and physical disability. J. Am. Geriatr. Soc. 2002, 50, 889–896. [Google Scholar] [CrossRef] [PubMed]

	



Kortebein, P.; Symons, T.B.; Ferrando, A.; Paddon-Jones, D.; Ronsen, O.; Protas, E.; Conger, S.; Lombeida, J.; Wolfe, R.; Evans, W.J. Functional impact of 10 days of bed rest in healthy older adults. J. Gerontol. A Biol. Sci. Med. Sci. 2008, 63, 1076–1081. [Google Scholar] [CrossRef] [PubMed]

	



Bruyère, O.; Beaudart, C.; Reginster, J.Y.; Buckinx, F.; Schoene, D.; Hirani, V.; Cooper, C.; Kanis, J.A.; Rizzoli, R.; McCloskey, E.; et al. Assessment of muscle mass, muscle strength and physical performance in clinical practice: An international survey. Eur. Geriatr. Med. 2016, 7, 243–246. [Google Scholar] [CrossRef]

	



Ida, S.; Murata, K.; Nakadachi, D.; Ishihara, Y.; Imataka, K.; Uchida, A.; Monguchi, K.; Kaneko, R.; Fujiwara, R.; Takahashi, H. Development of a Japanese version of the SARC-F for diabetic patients: An examination of reliability and validity. Aging Clin. Exp. Res. 2017, 29, 935–942. [Google Scholar] [CrossRef]

	



Wu, T.Y.; Liaw, C.K.; Chen, F.C.; Kuo, K.L.; Chie, W.C.; Yang, R.S. Sarcopenia screened with SARC-F questionnaire is associated with quality of life and 4-year mortality. J. Am. Med. Dir. Assoc. 2016, 17, 1129–1135. [Google Scholar] [CrossRef] [PubMed]

	



Yang, M.; Lu, J.; Jiang, J.; Zeng, Y.; Tang, H. Comparison of four sarcopenia screening tools in nursing home residents. Aging Clin. Exp. Res. 2019, 31, 1481–1489. [Google Scholar] [CrossRef]

	



Dawson-Hughes, B.; Bischoff-Ferrari, H. Considerations concerning the definition of sarcopenia. Osteoporos. Int. 2016, 27, 3139–3144. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 01018 g001 550] 





Figure 1. Multinomial 95% confidence intervals for the proportion of each category in the 12 options of Model 1. 
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Figure 2. Multinomial 95% confidence intervals for the proportion of each category in the 12 options of Model 2. 
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Figure 3. Multinomial 95% confidence intervals for the proportion of each category in the 12 options of Model 3. 
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Figure 4. Association between the three models and the severity levels of sarcopenia (no sarcopenia (NS), probable sarcopenia (PS), confirmed sarcopenia (CS), and severe sarcopenia (SS)). Note: blue indicates positive association of row and column and red negative association. 
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Table 1. Description of the three models and their 12 options.
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Name of Combination

	
Model *

	
Option

	
Muscle Strength Measurement

	
Muscle Quantity Measurement

	
Physical Performance Measurement






	
A1

	
1

	
A

	
Handgrip strength

	
ASMI

	
SPPB




	
A2

	
2




	
A3

	
3




	
B1

	
1

	
B

	
Handgrip strength

	
ASM

	
SPPB




	
B2

	
2




	
B3

	
3




	
C1

	
1

	
C

	
Handgrip strength

	
ASM

	
Gait speed




	
C2

	
2




	
C3

	
3




	
D1

	
1

	
D

	
Handgrip strength

	
ASMI

	
Gait speed




	
D2

	
2




	
D3

	
3




	
E1

	
1

	
E

	
Handgrip strength

	
ASM

	
TUG




	
E2

	
2




	
E3

	
3




	
F1

	
1

	
F

	
Handgrip strength

	
ASMI

	
TUG




	
F2

	
2




	
F3

	
3




	
G1

	
1

	
G

	
Chair stand

	
ASMI

	
SPPB




	
G2

	
2




	
G3

	
3




	
H1

	
1

	
H

	
Chair stand

	
ASM

	
SPPB




	
H2

	
2




	
H3

	
3




	
I1

	
1

	
I

	
Chair stand

	
ASM

	
Gait speed




	
I2

	
2




	
I3

	
3




	
J1

	
1

	
J

	
Chair stand

	
ASMI

	
Gait speed




	
J2

	
2




	
J3

	
3




	
K1

	
1

	
K

	
Chair stand

	
ASM

	
TUG




	
K2

	
2




	
K3

	
3




	
L1

	
1

	
L

	
Chair stand

	
ASMI

	
TUG




	
L2

	
2




	
L3

	
3








* Model 1: using SARC-F as initial screening; Model 2: not using any initial screening; and Model 3: using SARC-CalF instead of SARC-F.
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Table 2. Characteristics of the participants (n = 272) according to setting and gender: mean (standard deviation) and [95% confidence interval].






Table 2. Characteristics of the participants (n = 272) according to setting and gender: mean (standard deviation) and [95% confidence interval].





	

	
Community Dwelling (n = 139, 51.1%)

	
Institutionalized (n = 133, 48.9%)




	
Variable

	
Total

	
Men

(n = 44, 31.7%)

	
Women

(n = 95, 68.3%)

	
p-value

	
Total

	
Men

(n = 31, 23.3%)

	
Women

(n = 102, 76.7%)

	
p-Value






	
Anthropometrics




	
Age (years)

	
72.3 (6.1)

[71.2–73.3]

	
72.8 (6.32)

[70.9–74.7]

	
72.0 (6.1)

[70.8–73.3]

	
0.498

	
81.9 (8.4)

[80.5–83.3]

	
78.2 (9.0)

[74.9–81.5]

	
83.0 (7.9)

[81.5–84.6]

	
0.005 *




	
Weight (kg)

	
71.6 (12.4)

[69.5–73.7]

	
79.5 (10.5)

[76.3–82.7]

	
67.9 (11.5)

[65.6–70.3]

	
<0.001 †

	
66.6 (13.4)

[64.4–69.0]

	
75.6 (12.5)

[71.0–80.2]

	
63.9 (12.5)

[61.5–66.4]

	
<0.001 †




	
Height (cm)

	
158.9 (7.8)

[157.6–160.2]

	
166.5 (6.8)

[164.4–168.6]

	
155.4 (5.3)

[154.3–156.5]

	
<0.001 †

	
154.1 (9.1)

[152.5–155.6]

	
164.9 (7.9)

[162.0–167.8]

	
150.8 (6.5)

[149.5–152.0]

	
<0.001 †




	
BMI (kg/m2)

	
28.3 (4.2)

[27.6–29.0]

	
28.7 (3.7)

[27.5–29.8]

	
28.1 (4.4)

[27.2–29.0]

	
0.486

	
28.0 (4.9)

[27.2–28.9]

	
27.8 (3.8)

[26.4–29.2]

	
28.1 (5.2)

[27.1–29.1]

	
0.075




	
Calf circumference

	
36.3 (3.2)

[35.7–36.8]

	
37.5 (3.1)

[36.6–38.5]

	
35.7 (3.0)

[35.1–36.3]

	
0.001 *

	
33.4 (3.4)

[32.8–34.0]

	
33.9 (3.0)

[32.8–35.0]

	
33.3 (3.5)

[32.6–34.0]

	
0.387




	
EWSGOP2 algorithm




	
SARC-F (0–10 score)

	
0.7 (1.2)

[0.5–0.9]

	
0.3 (0.6)

[0.1–0.5]

	
0.9 (1.3)

[0.7–1.2]

	
<0.001 †

	
3.9 (2.6)

[3.5 – 4.4]

	
3.5 (2.8)

[2.5–4.5]

	
4.0 (6.5)

[3.5–4.5]

	
0.330




	
SARC-CalF (0–20 score)

	
0.9 (2.0)

[0.6–1.3]

	
0.5 (1.6)

[0.04–1.0]

	
1.1 (2.1)

[0.7–1.6]

	
0.088

	
5.6 (5.1)

[4.7–6.5]

	
4.8 (5.1)

[2.9–6.7]

	
5.8 (5.2)

[4.8–6.9]

	
0.338




	
Grip strength

	
28.4 (9.0)

[26.9–29.9]

	
38.1 (8.4)

[35.6–40.7]

	
23.8 (4.7)

[22.9–24.8]

	
<0.001 †

	
18.8 (7.8)

[17.4–20.1]

	
26.6 (9.8)

[23.0–30.2]

	
16.4 (5.1)

[15.4–17.4]

	
<0.001 †




	
Chair Stand

	
15.3 (13.0)

[13.1–17.5]

	
11.4 (3.5)

[10.4–12.5]

	
17.1 (15.2)

[14.0–20.2]

	
0.001 *

	
31.2 (20.0)

[27.8–34.7]

	
29.4 (19.2)

[22.4–36.5]

	
31.8 (20.3)

[27.8–35.8]

	
0.564




	
ASM (kg)

	
17.8 (4.0)

[17.1–18.5]

	
22.3 (2.8)

[21.4–23.2]

	
15.8 (2.5)

[15.3–16.3]

	
<0.001 †

	
15.1 (3.5)

[14.5–15.7]

	
19.5 (3.2)

[18.3–20.7]

	
13.8 (2.3)

[13.4–14.3]

	
<0.001 †




	
ASM/height2 (kg/m2)

	
7.0 (1.1)

[6.8–7.2]

	
8.1 (0.9)

[7.8–8.3]

	
6.5 (0.9)

[6.3–6.7]

	
<0.001 †

	
6.3 (1.0)

[6.2–6.5]

	
7.2 (0.8)

[6.8–7.5]

	
6.1 (0.9)

[5.9–6.2]

	
<0.001 †




	
Gait speed (m/s)

	
1.1 (0.3)

[1.1–1.2]

	
1.2 (0.2)

[1.1–1.3]

	
1.1 (0.3)

[1.0–1.1]

	
0.012 *

	
0.6 (0.3)

[0.5–0.6]

	
0.6 (0.3)

[0.5–0.7]

	
0.6 (0.3)

[0.5 –0.6]

	
0.576




	
SPPB (0–12 score)

	
10.4 (2.0)

[10.1–10.8]

	
11.1 (1.1)

[10.8–11.4]

	
10.4 (2.0)

[9.6–10.6]

	
0.001 *

	
5.3 (3.0)

[4.8 –5.8]

	
6.1 (2.8)

[5.1–7.2]

	
5.0 (3.0)

[4.4–5.6]

	
0.064




	
TUG (s)

	
9.8 (3.3)

[9.2–10.3]

	
9.1 (2.0)

[8.5–9.7]

	
10.1 (3.7)

[9.3–10.8]

	
0.044 *

	
26.9 (18.7)

[23.6–30.1]

	
28.8 (24.1)

[20.0–37.6]

	
26.3 (16.7)

[23.0–29.6]

	
0.588








Abbreviations: BMI = Body Mass Index; ASM = Appendicular Skeletal Muscle Mass; SPPB = Short Physical Performance Battery; TUG = Timed-Up and Go test. p-value unpaired Student’s t-test. * p < 0.05; † p < 0.001.
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Table 3. Goodness-of-fit chi-square tests, probability level corrected with Sidak method.
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	Model 1
	χ2
	df
	p-Value
	Model 2
	χ2
	df
	p-Value
	Model 3
	χ2
	df
	p-Value





	A1
	10.45
	3
	>0.05
	A2
	30.43
	3
	<0.05
	A3
	1.64
	3
	>0.05



	B1
	21.47
	3
	<0.05
	B2
	48.49
	3
	<0.05
	B3
	3.12
	3
	>0.05



	C1
	21.47
	3
	<0.05
	C2
	44.05
	3
	<0.05
	C3
	3.12
	3
	>0.05



	D1
	10.45
	3
	>0.05
	D2
	27.92
	3
	<0.05
	D3
	1.64
	3
	>0.05



	E1
	31.86
	3
	<0.05
	E2
	57.01
	3
	<0.05
	E3
	8.39
	3
	>0.05



	F1
	10.45
	3
	<0.05
	F2
	34.16
	3
	<0.05
	F3
	8.12
	3
	>0.05



	G1
	37.98
	3
	<0.05
	G2
	72.80
	3
	<0.05
	G3
	4.35
	3
	>0.05



	H1
	26.07
	3
	<0.05
	H2
	56.71
	3
	<0.05
	H3
	5.78
	3
	>0.05



	I1
	22.79
	3
	<0.05
	I2
	46.70
	3
	<0.05
	I3
	5.78
	3
	>0.05



	J1
	37.98
	3
	<0.05
	J2
	69.28
	3
	<0.05
	J3
	4.35
	3
	>0.05



	K1
	41.36
	3
	<0.05
	K2
	90.20
	3
	<0.05
	K3
	14.45
	3
	<0.05



	L1
	42.65
	3
	<0.05
	L2
	81.24
	3
	<0.05
	L3
	9.56
	3
	>0.05







Notes: Model 1: using SARC-F; Model 2: not using any initial screening; Model 3: using SARC-CalF; p-values corrected with Sidak’s correction.
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