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Abstract

:

Background: Admitted bedridden older patients are at risk of the development of sarcopenia during hospital stay (incident sarcopenia). The objective of this study was to assess the factors associated with sarcopenia (incident and chronic) and its impact on mortality in older people with hip fracture. Methods: A multicenter, pragmatic, prospective observational study was designed. Older subjects with hip fracture admitted to two rehabilitation units were included. Sarcopenia was assessed at admission and at discharge according to the revised EWGSOP (European Working Group on Sarcopenia in Older People) consensus definition. The mortality was evaluated after 7 years of follow-up. Results: A total of 187 subjects (73.8% women) age 85.2 ± 6.3 years were included. Risk factors associated to incident and chronic sarcopenia were undernutrition (body mass index—BMI and Mini Nutritional Assessment−Short Form—MNA-SF), hand-grip strength and skeletal muscle index. During follow-up 114 patients died (60.5% sarcopenic vs. 39.5% non-sarcopenic, p = 0.001). Cox regression analyses showed that factors associated to increased risk of mortality were sarcopenia (HR: 1.67, 95% CI 1.11–2.51) and low hand-grip strength (HR: 1.76, 95% CI 1.08–2.88). Conclusions: Older patients with undernutrition have a higher risk of developing sarcopenia during hospital stay, and sarcopenic patients have almost two times more risk of mortality than non-sarcopenic patients during follow-up after hip fracture.
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1. Introduction


Sarcopenia is a geriatric syndrome [1], characterized by the loss of muscle mass and function, which has been recognized as an independent clinical syndrome by the International Classification of Disease, tenth revision, Clinical Modification (ICD-10CM) code (M62.84), thus strengthening its clinical significance [2,3]. In 2019 the European Working Group on Sarcopenia in Older People (EWGSOP) published the revised criteria for sarcopenia diagnosis, which included low hand-grip strength, low muscle mass and low gait speed [4].



Sarcopenia shares physio-pathological mechanisms, and is associated with a high prevalence of osteoporosis [5,6]. This situation has brought the introduction of the concept of osteosarcopenia, where sarcopenia and osteoporosis overlap resulting in important functional consequences like falls and hip fractures among others [7,8].



Hip fractures have an important impact upon the daily lives of people above 65 years, as over 40% of those who suffer a hip fracture do not recover the functional status they had prior to the fracture [9], and sarcopenia could be a factor influencing the loss of function [10]. In addition, hip fractures are associated with a high prevalence of institutionalization and mortality after 3 years (above 35%) [11]. Malnutrition is one of the physio-pathological mechanisms involved in the development of sarcopenia [12,13,14]. Oral supplementation has shown to be an important treatment for muscle mass preservation in older people with hip fracture [15,16].



The prevalence of sarcopenia in older people admitted to acute units with hip fractures varies between 17% and 37% [17,18], and increases in rehabilitation units up to 34% and 59% [19,20]. However, the percentage of very old subjects included in studies carried out in rehabilitation units usually is very low [19]. Therefore, the mean age of subjects included is not representative of older patients with hip fracture.



Sarcopenia is an important prognostic factor for mortality in older patients admitted to acute units [21,22,23,24]. Evidence regarding the effect of sarcopenia on the survival of older people with a hip fracture admitted to rehabilitation units is relatively limited.



Older people are often excluded from clinical trials [25], thus results of such trials have limited relevance to clinical practice [26]. In this sense, results of pragmatic studies enrolling real-life older people are very important to help in the daily clinical practice [27,28].



In this sense, the aim of this pragmatic study was to identify relevant factors associated to the presence of sarcopenia at admission and to the development of sarcopenia during a hospital stay in older patients admitted to post-acute wards for hip fracture rehabilitation, and to investigate the influence of sarcopenia on the risk of mortality after 7 years of follow-up.




2. Methods


2.1. Study Population


This pragmatic, prospective observational study included 187 subjects, older than 65 years of age admitted for rehabilitation after surgery due to hip fracture. The study was carried out at the post-acute rehabilitation units of two hospitals: Hospital San Juan de Dios in Pamplona (between January 2012 and August 2014), and Hospital Viamed Valvanera in Logroño (between November 2014 and December 2015), both located in Spain. The characteristics of these rehabilitation units have already been described [15]. Briefly, all those subjects suffering from a hip fracture are subjected to an orthopedic surgery. Patients with active medical processes who cannot return to their homes are referred to rehabilitation units, which are physically separate from hospitals for acute cases. Patients with pathological or periprotesic fractures, patients with fractures caused by traffic accidents, those with active oncologic pathologies and those receiving palliative care with a life expectancy of less than one year were not included in the study.



The protocol for this study was approved by the local ethics committee (Comité de Ética de Investigación Clínica de la Comunidad Foral de Navarra; Code number No. 33 of 17/2/2012). All subjects included signed informed consent forms. The protocol for this study was registered at the NIH ClinicalTrials.gov on November 22, 2011 (Identifier: NCT01477086). The study was carried out in accordance with the Helsinki Declaration.




2.2. Sarcopenia Assessment


Sarcopenia assessment was carried out upon admission, according to revised EWGSOP consensus definition [4]. Grip strength was measured with a digital dynamometer (DynX® Akern, Florence) following the standard protocol [29]. Grip strength was measured in both hands, and the better of two trials with each hand was recorded. Scores <27 kg in men or <16 kg in women were considered as low grip strength [4]. Muscle mass was assessed by bioimpedance analysis (BIA, Akern, Florence), resulting in scores for resistance (Rz) and reactance (Xc) expressed in ohms. The phase angle (PA) was also calculated, and expressed in degrees. The phase angle could be a representative marker of cell membrane integrity and vitality [30]. Low PA was considered for values <4.5 degrees [31]. Measurements were made in the morning, on fasting state, placing the electrodes (BIA Akern electrodes) on the ankle of the leg not subjected to surgery and on the wrist on the same side. Patients were placed in a supine position, on a non-conductive surface, arms separated from the upper body and legs slightly apart, so as to avoid contact between them. Appendicular skeletal muscle mass (ASMM) was calculated according to the formula [32]:


ASMM = −3.964 + (0.227 × RI) + (0.095 × weight) + (1.384 × sex) + (0.064 × Xc)



(1)




where RI is the resistive index calculated as (height in centimeters squared/Rz), weight in kg, and for the sex variable assuming values of 0 for women and 1 for men. Among the formulae validated for the assessment of muscle mass with BIA in older people, the formula put forward by Sergi et al. has demonstrated higher sensitivity and specificity [33]. The skeletal muscle mass index (SMI), corrected for height, was calculated with the following formula: SMI = ASMM/height in meters squared. SMI was defined as reduced for scores <7.0 kg/m2 in men and <6.0 kg/m2 in women [4].



Walking speed was measured with the 4 m walking test, considering scores ≤0.8 m/s as low gait speed. This measurement has been used as criterion for the sarcopenia severity assessment. Both measurements, muscle mass by BIA and hand-grip strength were carried out upon admission and 48 h before discharge. Walking speed was only measured upon discharge, due to patients’ inability to walk steadily upon admission.



Sarcopenic patients have been defined as those with low hand-grip strength and low SMI considering the EWGSOP criteria recently published [4].




2.3. Patients Assessment


Demographic data (age, sex and marital status) were collected through an interview with the patient or a direct relative. Data concerning the type of fracture, time to surgery, type of surgery as well as post-surgery complications were collected throughout the medical history. The assessment of the nutritional status as well as anthropometric measurements (weight and height) and sarcopenia assessment (hand-grip strength, bio-impedance analysis and gait speed) were carried out by direct examination. Nutritional assessment was carried out by a nutritionist who used the Mini Nutritional Assessment-Short Form (MNA-SF) that classified patients as well nourished (12–14 points), at risk of malnutrition (8–11 points) and malnourished (0–7 points) [34]. Changes of weight, grip strength and SMI have been calculated as the difference between discharge and admission.



Functional capacity in the activities of daily living (ADL) was assessed by means of the Barthel index [35], which scores range from 0, totally dependent and 100, totally independent in the ADL. Information on previous BI scores from 15 days before the fracture was collected by an interview with patients or caregivers and upon discharge by direct examination (24 h before discharge). Cognitive capacities were assessed with the Spanish version of the Mini Mental State Examination (MMSE) [36]. MMSE was carried out during the first two weeks after admission to hospital.



Blood samples were analyzed in the first 72 h since admission and 48 h prior to discharge in order to determine hemoglobin, total proteins and albumin, Vitamin-D concentration and kidney function. In addition, inflammatory cytokines such as C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-alpha) were analyzed. For the study of insulin resistance the homeostasis model assessment (HOMA) index was calculated: HOMA = insulin (mcU/mL) × (glycemia (mmol/l)/22.5) [37].




2.4. Statistical Analysis


Patients were classified into four groups: Subjects with no sarcopenia neither admission nor discharge (control group); subjects with sarcopenia at admission and at discharge (chronic sarcopenia group); subjects with no sarcopenia at admission but develop sarcopenia during the hospital stay (incident sarcopenia group) and patients with sarcopenia at admission but revert this state during the hospital stay (reverted sarcopenia group). Variables are presented as the median and inter-quartile range (IQR) with the exception of categorized variables, which are presented as frequencies. Differences between the groups were assessed by the analysis of variance (ANOVA) for continuous data and by Pearson’s χ2 test for categorical data. The change of variables such as weight, SMI and hand-grip strength was calculated by the difference between values at discharge minus the values at admission. In order to investigate relevant factors associated with the risk of sarcopenia (chronic and incident) multiple logistic regression analyses were performed. Thus, the relationship between sarcopenia and clinical and functional variables was estimated by deriving odds ratios (ORs) from multiple logistic regression models. Sarcopenia (incident and chronic) was included as the dependent variable, and age, sex, length of hospital stay, functional ability (gait speed, hand-grip strength and Barthel index,), cognitive performance, nutritional assessment and body mass index (BMI) as independent factors.



In order to investigate the influence of sarcopenia (incident, chronic and the combination of the two types), as well as clinical and functional variables on the risk of mortality after 7-years of follow-up survival analyses were performed by means of Cox regression and Kaplan–Meier plots. The duration of the follow-up was calculated as the interval between the date of study entry (admission to the rehabilitation unit) and the date of death, loss to follow-up or the date the follow-up ended (31st of July of 2019), whichever came first. All the variables fitted the proportional hazard assumption. The Cox regression models were adjusted for potential confounders; sex, age and centre.



Values p < 0.05 were considered significant. Statistical analysis was done using SPSS and STATA.





3. Results


During the study period 206 patients with hip fracture were admitted of whom nine patients were excluded (five due to a serious clinical condition, two due to colon cancer and two due to having periprosthetic fractures). Of the 197 patients eligible for this study, 10 (5.1%) subjects died in the hospital. The final sample included a total of 187 subjects (73.8% women) with a mean age of 85.2 ± 6.3 years. Baseline characteristics are presented in Table 1. At admission sarcopenia was more prevalent in women (91.3%), without age differences between men and women (data not showed). Almost all patients lived at their own home before the fracture (99%), and only two (1%) patients lived in nursing homes.



During hospitalization some patients developed sarcopenia and others who had sarcopenia at admission reverted this state. Thus, four different groups of patients were considered in this study: (1) Those patients who were not sarcopenic at admission nor at discharge (controls, n = 75), (2) those that were not sarcopenic at admission but developed sarcopenia during their hospital stay (incident sarcopenia, n = 54), (3) those with sarcopenia at admission and at discharge (chronic sarcopenia, n = 41) and (4) those patients who were sarcopenic at admission, but reverted sarcopenia during the admission period (reverted sarcopenia, n = 17; Figure 1, flow chart of study population).



During admission 54 subjects developed sarcopenia, and 17 reverted sarcopenia. Differences between experimental groups were analyzed and are shown in Table 2. The chronic sarcopenia group was older than the other groups. No sarcopenic patients registered higher BMI than the rest of the subjects (p < 0.0001). Sex distribution differences were observed between groups (p < 0.0001). Men who were sarcopenic at admission reverted this state during the hospital stay. Among the 44 men who were non-sarcopenic at admission, 35 (79.5%) developed sarcopenia during the hospital stay. Regarding women, 53 (91.4%) were sarcopenic at admission and 12 of them reverted sarcopenia (p < 0.0001). Only 19 (35.2%) women developed sarcopenia during the hospital stay.



The chronic sarcopenia group registered lower PA value compared to controls (Table 2).



Variables included in the sarcopenia diagnosis criteria (SMI, hand-grip strength and gait speed) were statistically different among groups.



Men registered higher loss of skeletal muscle mass during the hospital stay without differences between experimental groups. On the other hand, women showed significant differences between groups on the change observed in skeletal muscle mass. Women in the incident sarcopenia group showed significantly higher muscle mass loss than the other groups, while those with reverted sarcopenia registered a slightly muscle mass increment reaching significant differences between groups (Table 2).



Functional status as assessed by the Barthel index did not show relevant differences between experimental groups as well as the mini mental state examination. Interestingly, the mini nutritional assessment revealed significant differences between groups (Table 2).



Results from logistic regression analyses are shown in Table 3. Risk factors associated to both incident and chronic sarcopenia were low BMI, low hand-grip strength and low SMI.



In the logistic regression analysis performed considering chronic sarcopenia and reverted sarcopenia groups, main factors associated to sarcopenia reversion were the previous Barthel index (OR 0.95, 95% CI 0.90–0.99), hand-grip strength (OR 0.75, 95% CI 0.57–0.97) and SMI (OR 0.05, 95% CI 0.005–0.63), MNA-SF (OR 0.57, 95% CI 0.34–0.96) and CRP (OR 0.96, 95% CI 0.93–0.99).



3.1. Discharge Differences


At discharge 154 (82.4%) patients returned to their own homes, 19 (10.2%) were institutionalized in nursing homes and 14 patients (7.5%) were derived to another hospital due to complications or to complete the rehabilitation process.



Table 4 shows differences between sarcopenic patients (chronic and incident sarcopenic groups) and no sarcopenic patients (control and reverted sarcopenic groups). At discharge sarcopenia was more prevalent in men that in women (71% vs. 43%, p = 0.001). Patients with sarcopenia had lower BMI, higher TNF-alpha, lower hand-grip strength, SMI and gait speed.




3.2. Mortality


After a mean follow-up period of 3.9 ± 2.1 years, 114 (61%) patients died (71.9% women vs. 28.1% men, p = 0.468) 60.5% were sarcopenic vs. 39.5% non-sarcopenic (p = 0.001). Mortality was more frequent among sarcopenic than non-sarcopenic patients (72.6% vs. 48.9%, p = 0.001). Deceased were older than alive patients (86.6 ± 6.0 vs. 83.0 ± 6.1 years; p = 0.0001).



Cox regression analyses as well as Kaplan–Meier plots showed that sarcopenia was associated with the risk of total mortality (Figure 2, panel A). On the other hand, low hand-grip also presented a significant association with mortality (Figure 2 panel B), while SMI and gait speed showed a non-significant association with the risk of mortality (Figure 2 panel C and D).



When different sarcopenic groups were considered, chronic and incident sarcopenia showed a similar association with the risk of mortality HR: 1.60 (0.93–2.76; p = 0.087) and HR: 1.59 (0.97–2.63; p = 0.065), respectively, without reaching statistical significance, while the reverted sarcopenia group was not associated to the risk of mortality HR: 0.98 (0.45–2.12; p = 0.960).





4. Discussion


The present research aimed to identify factors involved in the incidence of sarcopenia, and also to assess the association of sarcopenia with the risk of mortality during a follow-up period of 7 years in older patients with hip fracture.



Our results show that almost 42% of patients developed sarcopenia during hospitalization. As it could be expected, higher muscle mass and hand-grip strength, but also a correct nutritional status, are important protective factors against the incidence of sarcopenia. Many factors favor muscular atrophy, such as age [38], bedrest and a sedentary lifestyle [39]. It is known that the loss of muscle mass is associated with the reduction of strength [40]. However, in line with previous observations [22,41], a significant association between nutritional status and the incidence of sarcopenia was observed in the present study, being patients with higher BMI and MNA-SF those with lower risk for developing sarcopenia. The BMI of the subjects included in this study was within the range defined as normal, but we observed that higher values of BMI (slight overweight) protected against incident sarcopenia. In this sense, it is very important to pay attention to the nutritional status of the elderly with hip fractures and a normal BMI [42,43] since these subjects should be beneficiaries of nutritional supplements, as recommended in the last ESPEN guidelines [44,45]. On the other hand, the relatively high BMI observed in non-sarcopenic subjects could also suggest that being slightly overweight might be a protective factor against adverse events and mortality in older people [16].



Undernutrition is an important mechanism that can promote the onset of sarcopenia [12,46,47], and could explain the increase in the prevalence and incidence of sarcopenia among subjects with no reduced BMI [48]. Insufficient intake contributes to the loss of muscle mass and strength [49], and nutritional supplementation could effectively treat sarcopenia [16,50]. In a previous publication by our group it was described how nutritional supplementation prevents the loss of muscle mass during the functional rehabilitation process after a hip fracture [15].



Considering our results it is interesting to note that 29% of patients reverted sarcopenia during hospitalization being the previous Barthel index, nutritional status, strength and muscle mass the main factors associated to this process.



Sarcopenia [51], as well as frailty [52], are two important reversible geriatric syndromes, and nutritional status has shown to play a very important role on evolution and mortality risk of older adults with hip fracture [16,53,54]. Nutritional intervention [55,56,57], as well as physical exercise [58,59], have been described as effective therapies in the prevention and treatment of sarcopenia.



In the present study only 10% of males were sarcopenic at admission, and the 65% of those who developed sarcopenia during hospitalization were males. In agreement with previous studies [19,60,61], the prevalence of sarcopenia at discharge was greater in males (71%) than in females (43%).



Various possible mechanisms have been proposed to explain the pathophysiological differences of sarcopenia between males and females [62,63]. It will be interesting in the future to analyze in more detail the muscle metabolism of older people after a hip fracture.



In this study we found very high mortality (61%) considering the large follow-up, showing that sarcopenia, defined with the revised EWGSOP criteria, was significantly associated with 1.7 times more risk of death. Other research studies have shown the association between sarcopenia, defined by the EWGSOP, and the increased risk of mortality in older patients admitted to a geriatric acute wards [64].



On the other hand, and as it was expected, hand-grip strength was associated with a higher probability of death with 1.8 times more mortality risk in patients with reduced hand grip strength in comparison to those with normal hand grip strength. Accordingly, previous studies had shown an increase in mortality associated with both low grip strength [65] and loss of hand-grip strength [66] in older community dwelling subjects.



We did not find any studies that evaluated the association of sarcopenia, defined with the revised EWGSOP criteria, and mortality in elderly with hip fractures hospitalized in rehabilitation units.



Regarding gait speed, no significant associations were observed between gait speed and mortality. This result could be explained due to the fact that almost the totality of the sample showed a low gait speed.



Prior studies have demonstrated that the ability to walk is relatively swiftly recovered following a hip fracture [67], but the recovery of the ability to walk (gait-speed) that patients had before the fracture is usually slow and partial [68], sometimes the recovery is only partial and associated with the onset of a physical disability [69]. In 2011 Studensky et al. already observed the reduced impact of gait speed on survival in very old patients [70].



This study has a number of limitations. Firstly, characteristics of patients not admitted to the rehabilitation units were not available. It is possible that these patients made more rapid progress, and they probably had less sarcopenia, so that the actual prevalence of sarcopenia could be lower in older patients with a hip fracture. Secondly, the measurement of muscle mass was carried out indirectly by BIA, which it is known to present some drawbacks associated with the state of hydration. Nevertheless, we tried to make a measurement of the BIA in the same conditions in all patients. It must be taken into account that BIA is very cheap, easy to use and quickly reproducible, being the better method to assess body composition in ambulatory and bedridden patients. Third, we do not know the cause of death, not knowing whether it was associated directly with sarcopenia or with its possible complications, or if it was secondary to other causes. Finally, taking into account the observational design of the study we cannot discard other possible confounding factors that are not being considered. Nevertheless the sample was very homogeneous and the prospective design of the study allowed us to evaluate the evolution of patients during hospitalization.



Despite these possible limitations, this study has several strengths. The average age of the participants is quite high, so it could be considered as representative of the geriatric population. There are not many studies of sarcopenia, defined according to recently revised EWGSOP criteria, with a very old population and such a large follow-up. Probably the main strength of this study was its pragmatic design [28], which allowed us to hypothesize that the results could be extrapolated to the rest of geriatric patients admitted to rehabilitation units.




5. Conclusions and Implications


Sarcopenia is very prevalent in older people with fractures admitted to rehabilitation units and is associated with long-term mortality. Fall prevention and early treatment of sarcopenia (with correction of nutritional deficits and physical exercise) should be two important healthcare policies in the ageing population. Sarcopenia is considered a reversible geriatric syndrome, so future research should assess whether the reversion of sarcopenia is associated with a decrease in mortality. Sarcopenia is associated with malnutrition, which at the same time is associated with adverse events in older people with a hip fracture, so that, an in-depth nutritional assessment to assure the proper treatment may be effective in the prevention or reversion of sarcopenia, improving the recovery of very old patients with a hip fracture.







Author Contributions


Study concept and design: V.M. Acquisition of data: V.M. Analysis and interpretation of data: V.M., I.A.G., M.A.Z. Drafting of the manuscript: V.M., C.M., A.B.U., J.A.M., I.A.G., M.A.Z. Critical revision of the manuscript for important intellectual content: V.M., C.M., A.B.U., J.A.M., I.A.G., M.A.Z. V.M. was the principal investigator. This research is part of V.M.’s Ph.D. project. M.A.Z. was the supervisor of the Ph.D. project, and contributed to the critical analysis of findings and the writing and editing of this paper.




Funding


This research received no external funding.




Acknowledgments


We wish to thank the medical doctors, nurses, nurses’ aides, physical therapists, psychologists and social workers of the Hospital San Juan de Dios in Pamplona, and Hospital Viamed Valvanera in Logroño, for their help in the acquisition of the data for this study. We also wish to thank Fernando Martín Ciancas and Francisco Uriz Otano MD PhD for their support in the whole process of preparing and conducting this study. We are extremely thankful to all patients and their families for their participation in this study.




Conflicts of Interest


V.M. has received lecture fees and honoraria from Rovi, Lacer, Novartis, Nestle Health care, Abbott nutrition, Nutricia, Grünenthal, Ferrer; research grants from Nutricia. C.M., A.B.U., J.A.M., I.A.G., M.A.Z. declare no COI related to this research. None of the authors received specific founding for this study.




References


	



Sloane, P.D.; Marzetti, E.; Landi, F.; Zimmerman, S. Understanding and Addressing Muscle Strength, Mass, and Function in Older Persons. J. Am. Med. Dir. Assoc. 2019, 20, 4. [Google Scholar] [CrossRef] [PubMed]

	



Cao, L.; Morley, J.E. Sarcopenia Is Recognized as an Independent Condition by an International Classification of Disease, Tenth Revision, Clinical Modification (ICD-10-CM) Code. J. Am. Med. Dir. Assoc. 2016, 17, 675–677. [Google Scholar] [CrossRef] [PubMed]

	



Anker, S.D.; Morley, J.E.; von Haehling, S. Welcome to the ICD-10 code for sarcopenia. J. Cachexia Sarcopenia Muscle 2016, 7, 512–514. [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]

	



Hirschfeld, H.P.; Kinsella, R.; Duque, G. Osteosarcopenia: Where bone, muscle, and fat collide. Osteoporos Int. 2017, 28, 2781–2790. [Google Scholar] [CrossRef] [PubMed]

	



Mathieu, S.-V.; Fischer, K.; Dawson-Hughes, B.; Freystaetter, G.; Beuschlein, F.; Schietzel, S.; Egli, A.; Bischoff-Ferrari, H. Association between 25-Hydroxyvitamin D Status and Components of Body Composition and Glucose Metabolism in Older Men and Women. Nutrients 2018, 10, 1826. [Google Scholar] [CrossRef] [PubMed]

	



Oliveira, A.; Vaz, C. The role of sarcopenia in the risk of osteoporotic hip fracture. Clin. Rheumatol. 2015, 34, 1673–1680. [Google Scholar] [CrossRef]

	



Pérez-Ros, P.; Martinez-Arnau, F.M.; Malafarina, V.; Tarazona-Santabalbina, F.J. A one-year proprioceptive exercise programme reduces the incidence of falls in community-dwelling elderly people: A before–after non-randomised intervention study. Maturitas 2016, 94, 155–160. [Google Scholar] [CrossRef]

	



Uriz-Otano, F.; Uriz-Otano, J.I.; Malafarina, V. Factors associated with short-term functional recovery in elderly people with a hip fracture. Influence of cognitive impairment. J. Am. Med. Dir. Assoc. 2015, 16, 215–220. [Google Scholar] [CrossRef]

	



Steihaug, O.M.; Gjesdal, C.G.; Bogen, B.; Kristoffersen, M.H.; Lien, G.; Hufthammer, K.O.; Ranhoff, A.H. Does sarcopenia predict change in mobility after hip fracture? a multicenter observational study with one-year follow-up. BMC Geriatr. 2018, 18, 10. [Google Scholar] [CrossRef]

	



Uriz-Otano, F.; Pla-Vidal, J.; Tiberio-Lopez, G.; Malafarina, V. Factors associated to institutionalization and mortality over three years, in elderly people with a hip fracture-An observational study. Maturitas 2016, 89, 9–15. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, S.M.; Reginster, J.Y.; Rizzoli, R.; Shaw, S.C.; Kanis, J.A.; Bautmans, I.; Bischoff-Ferrari, H.; Bruyère, O.; Cesari, M.; Dawson-Hughes, B.; et al. Does nutrition play a role in the prevention and management of sarcopenia? Clin. Nutr. 2018, 37, 1121–1132. [Google Scholar] [CrossRef] [PubMed]

	



Argilés, J.M.; Campos, N.; Lopez-pedrosa, J.M.; Rueda, R.; Rodriguez-mañas, L. Skeletal Muscle Regulates Metabolism via Interorgan Crosstalk: Roles in Health and Disease. J. Am. Med. Dir. Assoc. 2016, 17, 789–796. [Google Scholar] [CrossRef] [PubMed]

	



Agostini, D.; Zeppa, S.D.; Lucertini, F.; Annibalini, G.; Gervasi, M.; Marini, C.F.; Piccoli, G.; Stocchi, V.; Barbieri, E.; Sestili, P. Muscle and Bone Health in Postmenopausal Women: Role of Protein and Vitamin D Supplementation Combined with Exercise Training. Nutrients 2018, 10, 1103. [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]

	



Malafarina, V.; Reginster, J.-Y.; Cabrerizo, S.; Bruyère, O.; Kanis, J.A.; Martinez, J.A.; Zulet, M.A. Nutritional Status and Nutritional Treatment Are Related to Outcomes and Mortality in Older Adults with Hip Fracture. Nutrients 2018, 10, 555. [Google Scholar] [CrossRef] [PubMed]

	



González-Montalvo, J.I.; Alarcón, T.; Gotor, P.; Queipo, R.; Velasco, R.; Hoyos, R.; Pardo, A.; Otero, A. Prevalence of sarcopenia in acute hip fracture patients and its influence on short-term clinical outcome. Geriatr. Gerontol. Int. 2016, 16, 1021–1027. [Google Scholar] [CrossRef]

	



Steihaug, O.M.; Gram Gjesdal, C.; Bogen, B.; Kristoffersen, M.H.; Lien, G.; Ranhoff, A.H. Sarcopenia in patients with hip fracture: A multicenter cross-sectional study. PLoS ONE 2017, 12, e0184780. [Google Scholar] [CrossRef]

	



Landi, F.; Calvani, R.; Ortolani, E.; Salini, S.; Martone, A.M.; Santoro, L.; Santoliquido, A.; Sisto, A.; Picca, A.; Marzetti, E. The association between sarcopenia and functional outcomes among older patients with hip fracture undergoing in-hospital rehabilitation. Osteoporos Int. 2017, 28, 1569–1576. [Google Scholar] [CrossRef]

	



Yoshimura, Y.; Wakabayashi, H.; Bise, T.; Tanoue, M. Prevalence of sarcopenia and its association with activities of daily living and dysphagia in convalescent rehabilitation ward inpatients. Clin. Nutr. 2018, 37, 2022–2028. [Google Scholar] [CrossRef]

	



Vetrano, D.L.; Landi, F.; Volpato, S.; Corsonello, A.; Meloni, E.; Bernabei, R.; Onder, G. Association of sarcopenia with short- and long-term mortality in older adults admitted to acute care wards: Results from the CRIME study. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2014, 69, 1154–1161. [Google Scholar] [CrossRef] [PubMed]

	



Cerri, A.P.; Bellelli, G.; Mazzone, A.; Pittella, F.; Landi, F.; Zambon, A.; Annoni, G. Sarcopenia and malnutrition in acutely ill hospitalized elderly: Prevalence and outcomes. Clin. Nutr. 2015, 34, 745–751. [Google Scholar] [CrossRef] [PubMed]

	



Gariballa, S.; Alessa, A. Sarcopenia: Prevalence and prognostic significance in hospitalized patients. Clin. Nutr. 2013, 32, 772–776. [Google Scholar] [CrossRef] [PubMed]

	



Yang, M.; Hu, X.; Wang, H.; Zhang, L.; Hao, Q.; Dong, B. Sarcopenia predicts readmission and mortality in elderly patients in acute care wards: A prospective study. J. Cachexia Sarcopenia Muscle 2017, 8, 251–258. [Google Scholar] [CrossRef] [PubMed]

	



Mody, L.; Miller, D.K.; McGloin, J.M.; Freeman, M.; Marcantonio, E.R.; Magaziner, J.; Studenski, S. Recruitment and retention of older adults in aging research. J. Am. Geriatr. Soc. 2008, 56, 2340–2348. [Google Scholar] [CrossRef] [PubMed]

	



Ware, J.H.; Hamel, M.B. Pragmatic trials—Guides to better patient care? N. Engl. J. Med. 2011, 364, 1685–1687. [Google Scholar] [CrossRef] [PubMed]

	



Zimmerman, S.; Sloane, P.D. Making Pragmatic Trials Pragmatic in Post-acute and Long-term Care Settings. J. Am. Med. Dir. Assoc. 2019, 20, 107–109. [Google Scholar] [CrossRef]

	



Thorpe, K.E.; Zwarenstein, M.; Oxman, A.D.; Treweek, S.; Furberg, C.D.; Altman, D.G.; Tunis, S.; Bergel, E.; Harvey, I.; Magid, D.J.; et al. A pragmatic-explanatory continuum indicator summary (PRECIS): A tool to help trial designers. J. Clin. Epidemiol. 2009, 62, 464–475. [Google Scholar] [CrossRef]

	



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]

	



Lukaski, H.C.; Kyle, U.G.; Kondrup, J. Assessment of adult malnutrition and prognosis with bioelectrical impedance analysis: Phase angle and impedance ratio. Curr. Opin. Clin. Nutr. Metab. Care 2017, 20, 330–339. [Google Scholar] [CrossRef]

	



Wirth, R.; Volkert, D.; Rösler, A.; Sieber, C.C.; Bauer, J.M. Bioelectric impedance phase angle is associated with hospital mortality of geriatric patients. Arch. Gerontol. Geriatr. 2010, 51, 290–294. [Google Scholar] [CrossRef] [PubMed]

	



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. 2015, 34, 667–673. [Google Scholar] [CrossRef] [PubMed]

	



Steihaug, O.M.; Gjesdal, C.G.; Bogen, B.; Ranhoff, A.H. Identifying Low Muscle Mass in Patients with Hip Fracture: Validation of Biolectrical Impedance Analysis and Anthropometry Compared to Dual Energy X-ray Absorptiometry. J. Nutr. Health Aging 2016, 20, 685–690. [Google Scholar] [CrossRef] [PubMed]

	



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. 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]

	



Mahoney, F.I.; Barthel, D.W. Functional Evaluation: The Barthel Index. Md. State Med. J. 1965, 14, 61–65. [Google Scholar]

	



Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [Google Scholar] [CrossRef]

	



Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419. [Google Scholar] [CrossRef]

	



Short, K.R.; Bigelow, M.L.; Kahl, J.; Singh, R.; Coenen-Schimke, J.; Raghavakaimal, S.; Nair, K.S. Decline in skeletal muscle mitochondrial function with aging in humans. Proc. Natl. Acad. Sci. USA 2005, 102, 5618–5623. [Google Scholar] [CrossRef]

	



Martone, A.M.; Bianchi, L.; Abete, P.; Bellelli, G.; Bo, M.; Cherubini, A.; Corica, F.; Di Bari, M.; Maggio, M.; Manca, G.M.; et al. The incidence of sarcopenia among hospitalized older patients: Results from the Glisten study. J. Cachexia Sarcopenia Muscle 2017, 8, 907–914. [Google Scholar] [CrossRef]

	



Masanes, F.; Culla, A.; Navarro-Gonzalez, M.; Navarro-Lopez, M.; Sacanella, E.; Torres, B.; Lopez-Soto, A. Prevalence of sarcopenia in healthy community-dwelling elderly in an urban area of Barcelona (Spain). J. Nutr. Health Aging 2012, 16, 184–187. [Google Scholar] [CrossRef]

	



Landi, F.; Liperoti, R.; Russo, A.; Giovannini, S.; Tosato, M.; Barillaro, C.; Capoluongo, E.; Bernabei, R.; Onder, G. Association of anorexia with sarcopenia in a community-dwelling elderly population: Results from the ilSIRENTE study. Eur. J. Nutr. 2013, 52, 1261–1268. [Google Scholar] [CrossRef] [PubMed]

	



Parr, E.B.; Coffey, V.G.; Hawley, J.A. “Sarcobesity”: A metabolic conundrum. Maturitas 2013, 74, 109–113. [Google Scholar] [CrossRef] [PubMed]

	



Gómez-Cabello, A.; Ara, I.; González-Agüero, A.; Casajús, J.A.; Vicente-Rodríguez, G. Fat mass influence on bone mass is mediated by the independent association between lean mass and bone mass among elderly women: A cross-sectional study. Maturitas 2013, 74, 44–53. [Google Scholar] [CrossRef] [PubMed]

	



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. 2019, 38, 10–47. [Google Scholar] [CrossRef] [PubMed]

	



Hita-Contreras, F. Traditional body mass index cut-offs in older people: Time for a rethink with altered fat distribution, sarcopenia and shrinking height. Maturitas 2018, 113, A1–A2. [Google Scholar] [CrossRef] [PubMed]

	



Del Mar Bibiloni, M.; Karam, J.; Bouzas, C.; Aparicio-Ugarriza, R.; Pedrero-Chamizo, R.; Sureda, A.; González-Gross, M.; Tur, J. Association between Physical Condition and Body Composition, Nutrient Intake, Sociodemographic Characteristics, and Lifestyle Habits in Older Spanish Adults. Nutrients 2018, 10, 1608. [Google Scholar] [CrossRef] [PubMed]

	



Sánchez-Rodríguez, D.; Annweiler, C.; Cederholm, T. A translational approach for the clinical application of recently updated definitions of malnutrition (GLIM) and sarcopenia (EWGSOP2). Maturitas 2019, 122, 89–90. [Google Scholar] [CrossRef]

	



Landi, F.; Camprubi-Robles, M.; Bear, D.E.; Cederholm, T.; Malafarina, V.; Welch, A.A.; Cruz-Jentoft, A.J. Muscle loss: The new malnutrition challenge in clinical practice. Clin. Nutr. 2018. [Google Scholar] [CrossRef]

	



Malafarina, V.; Uriz-Otano, F.; Gil-Guerrero, L.; Iniesta, R. The anorexia of ageing: Physiopathology, prevalence, associated comorbidity and mortality. A systematic review. Maturitas 2013, 74, 293–302. [Google Scholar] [CrossRef]

	



Malafarina, V.; Uriz-Otano, F.; Iniesta, R.; Gil-Guerrero, L. Effectiveness of nutritional supplementation on muscle mass in treatment of sarcopenia in old age: A systematic review. J. Am. Med. Dir. Assoc. 2013, 14, 10–17. [Google Scholar] [CrossRef]

	



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

	



Lorenzo-López, L.; López-López, R.; Maseda, A.; Buján, A.; Rodríguez-Villamil, J.L.; Millán-Calenti, J.C. Changes in frailty status in a community-dwelling cohort of older adults: The VERISAÚDE study. Maturitas 2019, 119, 54–60. [Google Scholar] [CrossRef] [PubMed]

	



Granic, A.; Mendonça, N.; Hill, T.; Jagger, C.; Stevenson, E.; Mathers, J.; Sayer, A. Nutrition in the Very Old. Nutrients 2018, 10, 269. [Google Scholar] [CrossRef] [PubMed]

	



Clegg, M.E.; Williams, E.A. Optimizing nutrition in older people. Maturitas 2018, 112, 34–38. [Google Scholar] [CrossRef] [PubMed]

	



Sanz-Paris, A.; Camprubi-Robles, M.; Lopez-Pedrosa, J.M.; Pereira, S.L.; Rueda, R.; Ballesteros-Pomar, M.D.; Garcia Almeida, J.M.; Cruz-Jentoft, A.J. Role of Oral Nutritional Supplements Enriched with B-hydroxy-B-Methylbutyrate in Maintaining Muscle Function and Improving Clinical Outcomes in Various Clinical Settings. J. Nutr. Health Aging 2018, 22, 664–675. [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, 21. [Google Scholar] [CrossRef] [PubMed]

	



Aquilani, R.; Zuccarelli, G.; Condino, A.; Catani, M.; Rutili, C.; Del Vecchio, C.; Pisano, P.; Verri, M.; Iadarola, P.; Viglio, S.; et al. Despite Inflammation, Supplemented Essential Amino Acids May Improve Circulating Levels of Albumin and Haemoglobin in Patients after Hip Fractures. Nutrients 2017, 9, 637. [Google Scholar] [CrossRef]

	



Hita-Contreras, F.; Bueno-Notivol, J.; Martínez-Amat, A.; Cruz-Díaz, D.; Hernandez, A.V.; Pérez-López, F.R. Effect of exercise alone or combined with dietary supplements on anthropometric and physical performance measures in community-dwelling elderly people with sarcopenic obesity: A meta-analysis of randomized controlled trials. Maturitas 2018, 116, 24–35. [Google Scholar] [CrossRef]

	



Martínez-Amat, A.; Aibar-Almazán, A.; Fábrega-Cuadros, R.; Cruz-Díaz, D.; Jiménez-García, J.D.; Pérez-López, F.R.; Achalandabaso, A.; Barranco-Zafra, R.; Hita-Contreras, F. Exercise alone or combined with dietary supplements for sarcopenic obesity in community-dwelling older people: A systematic review of randomized controlled trials. Maturitas 2018, 110, 92–103. [Google Scholar] [CrossRef]

	



Newman, A.B.; Lee, J.S.; Visser, M.; Goodpaster, B.H.; Kritchevsky, S.B.; Tylavsky, F.A.; Nevitt, M.; Harris, T.B. Weight change and the conservation of lean mass in old age: The Health, Aging and Body Composition Study. Am. J. Clin. Nutr. 2005, 82, 872–878. [Google Scholar] [CrossRef]

	



Di Monaco, M.; Castiglioni, C.; Vallero, F.; Di Monaco, R.; Tappero, R. Sarcopenia is more prevalent in men than in women after hip fracture: A cross-sectional study of 591 inpatients. Arch. Gerontol. Geriatr. 2012, 55, e48–e52. [Google Scholar] [CrossRef] [PubMed]

	



Tay, L.; Ding, Y.Y.; Leung, B.P.; Ismail, N.H.; Yeo, A.; Yew, S.; Tay, K.S.; Tan, C.H.; Chong, M.S. Sex-specific differences in risk factors for sarcopenia amongst community-dwelling older adults. Age (Omaha) 2015, 37, 12. [Google Scholar] [CrossRef] [PubMed]

	



Renoud, A.; Ecochard, R.; Marchand, F.; Chapurlat, R.; Szulc, P. Predictive parameters of accelerated muscle loss in men-MINOS study. Am. J. Med. 2014, 127, 554–561. [Google Scholar] [CrossRef] [PubMed]

	



Sipers, W.M.W.H.; de Blois, W.; Schols, J.M.G.A.; van Loon, L.J.C.; Verdijk, L.B. Sarcopenia is Related to Mortality in the Acutely Hospitalized Geriatric Patient. J. Nutr. Health Aging 2019, 23, 128–137. [Google Scholar] [CrossRef] [PubMed]

	



Granic, A.; Davies, K.; Jagger, C.; Dodds, R.M.; Kirkwood, T.B.L.; Sayer, A.A. Initial level and rate of change in grip strength predict all-cause mortality in very old adults. Age Ageing 2017, 46, 970–976. [Google Scholar] [CrossRef] [PubMed]

	



Syddall, H.E.; Westbury, L.D.; Dodds, R.; Dennison, E.; Cooper, C.; Sayer, A.A. Mortality in the Hertfordshire Ageing Study: Association with level and loss of hand grip strength in later life. Age Ageing 2017, 46, 407–412. [Google Scholar] [CrossRef] [PubMed]

	



Ortiz-Alonso, F.J.; Vidan-Astiz, M.; Alonso-Armesto, M.; Toledano-Iglesias, M.; Alvarez-Nebreda, L.; Branas-Baztan, F.; Serra-Rexach, J.A. The pattern of recovery of ambulation after hip fracture differs with age in elderly patients. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2012, 67, 690–697. [Google Scholar] [CrossRef] [PubMed]

	



Karlsson, Å.; Berggren, M.; Gustafson, Y.; Olofsson, B.; Lindelöf, N.; Stenvall, M. Effects of Geriatric Interdisciplinary Home Rehabilitation on Walking Ability and Length of Hospital Stay After Hip Fracture: A Randomized Controlled Trial. J. Am. Med. Dir. Assoc. 2016, 17, 464.e9–464.e15. [Google Scholar] [CrossRef] [PubMed]

	



Uemura, K.; Makizako, H.; Lee, S.; Doi, T.; Lee, S.; Tsutsumimoto, K.; Shimada, H. The impact of sarcopenia on incident homebound status among community-dwelling older adults: A prospective cohort study. Maturitas 2018, 113, 26–31. [Google Scholar] [CrossRef] [PubMed]

	



Studenski, S.; Perera, S.; Patel, K.; Rosano, C.; Faulkner, K.; Inzitari, M.; Brach, J.; Chandler, J.; Cawthon, P.; Connor, E.B.; et al. Gait speed and survival in older adults. JAMA 2011, 305, 50–58. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 11 02243 g001 550] 





Figure 1. Flow chart of the study population and sarcopenia diagnosis at admission and at discharge. The assessment for sarcopenia was carried out at admission (the sample was divided as the no-sarcopenic and sarcopenic group) and before discharge (no-sarcopenic group at admission was divided as controls and incident sarcopenia, and the sarcopenic group at admission was divided as chronic sarcopenia and reverted sarcopenia). Total mortality was evaluated at 7 years of follow-up. Colored boxes indicate the time period (admission, discharge and follow-up period). 
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Figure 2. Cox regression of cumulative survival at 7 years of follow-up expressed with the Kaplan–Meier curve (n = 187). Variables included at discharge. Models adjusted by age, sex and centre. (A) Sarcopenia diagnosis by the revised European Working Group on Sarcopenia in Older People; (B) low hand-grip strength <27 kg for men, and <16 kg for women; (C) low skeletal muscle index <7.0 kg/m2 for men, and <6.0 kg/m2 for women and (D) low gait speed ≤0.8 m/s. 
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Table 1. Baseline characteristics of the study sample.
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	Total n = 187





	Age, years
	85.2 ± 6.3



	Sex n (%)
	



	 Female
	138 (73.8%)



	 Male
	49 (26.2%)



	BMI kg/m2
	25.4 ± 4.6



	Fracture type
	



	 Intracapsular
	89 (47.6%)



	 Extracapsular
	98 (52.4%)



	Type of surgery
	



	 Replacement
	69 (36.9%)



	 Internal fixation
	118 (63.1%)



	Time to surgery
	2 (2–4)



	Non-weight bearing
	29 (15.5%)



	LoS orthopedics (days)
	10 (8–12)



	LoS rehabilitation (days)
	41 (29–57)



	ONS &
	73 (42.6%)



	Previous Barthel index
	85 (60–100)



	MMSE
	22 (16–26)



	MNA-SF ‡
	10 (8–12)



	SMI kg/m2
	



	 Female
	13.6 ± 2.3



	 Male
	17.2 ± 3.4



	Grip strength kg
	



	 Female
	11.9 ± 5.0



	 Male
	19.6 ± 9.6







MMSE: Mini Mental State Examination, LoS: length of stay, MNA-SF Mini Nutritional Assessment Short Form, ONS: oral nutritional supplementation. & ONS was available for 184 subjects. ‡ MNA-SF was available for 111 patients.
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