

  jcm-10-02344




jcm-10-02344







J. Clin. Med. 2021, 10(11), 2344; doi:10.3390/jcm10112344




Article



Sarcopenia and Malnutrition Screening in Female Osteoporosis Patients—A Cross-Sectional Study



Franca Genest 1,†, Dominik Rak 1,†, Elisa Bätz 2, Kerstin Ott 1 and Lothar Seefried 1,*[image: Orcid]





1



Clinical Trial Unit, Orthopedic Department, University of Würzburg, Brettreichstrasse 11, 97074 Wuerzburg, Germany






2



Institut für Medizinmanagement und Gesundheitswissenschaften, Universität Bayreuth, 95444 Bayreuth, Germany









*



Correspondence: l-seefried.klh@uni-wuerzburg.de; Tel.: +49-931-803-3575; Fax: +49-931-803-1598






†



These authors contributed equally to this work.









Academic Editors: Martina Rauner, Elizabeth Winter, Andrea Burden and Marco Alessandro Minetto



Received: 6 April 2021 / Accepted: 25 May 2021 / Published: 27 May 2021



Abstract

:

Sarcopenia and malnutrition are important determinants of increased fracture risk in osteoporosis. SARC-F and MNA-SF are well-established questionnaires for identifying patients at risk for these conditions. We sought to evaluate the feasibility and potential added benefit of such assessments as well as the actual prevalence of these conditions in osteoporosis patients. We conducted a cross-sectional, single-center study in female osteoporosis patients ≥ 65 years (SaNSiBaR-study). Results of the sarcopenia (SARC-F) and malnutrition (MNA-SF) screening questionnaires were matched with a functional assessment for sarcopenia and data from patients’ medical records. Out of 107 patients included in the analysis, a risk for sarcopenia (SARC-F ≥ 4 points) and a risk for malnutrition (MNA-SF ≤ 11 points) was found in 33 (30.8%) and 38 (35.5%) patients, respectively. Diagnostic overlap with coincident indicative findings in both questionnaires was observed in 17 patients (16%). As compared to the respective not-at-risk groups, the mean short physical performance battery (SPPB) score was significantly reduced in both patients at risk for sarcopenia (7.0 vs. 10.9 points, p < 0.001) and patients at risk for malnutrition (8.7 vs. 10.5 points, p = 0.005). Still, confirmed sarcopenia according to EWGSOP2 criteria was present in only 6 (6%) of all 107 patients, with only 3 of them having an indicative SARC-F score. Bone mineral density was not significantly different in any of the at-risk groups at any site. In summary, applying SARC-F and MNA-SF in osteoporosis patients appears to be a complementary approach to identify individuals with functional deficits.
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1. Introduction


Osteoporosis is an age-associated disease characterized by an increased fracture risk due to bone mineral density loss and microarchitectural deterioration of bone structure [1,2]. Fractures in the elderly are associated with adverse health outcomes including consecutive decline in physical activity and loss of mobility as well as increased morbidity and mortality [3,4]. While bone-targeted drugs used to improve bone mineral density and reduce fracture risk are the well-established mainstay of osteoporosis treatment, the therapeutic potential of identifying and modifying additional risk factors for fractures appears to be insufficiently recognized [5,6,7,8]. Two major risk factors readily amenable to therapeutic intervention are sarcopenia and malnutrition. Sarcopenia is the age-associated loss of muscle mass, strength and muscle function, leading to decreased mobility and increased fracture risk. In order to verbally convey this close correlation of sarcopenia and osteoporosis the term “osteosarcopenia” has been coined [9,10,11]. Growing evidence supports the perception that physical exercise can effectively counteract loss of muscle mass and function and associated fracture risk even in the oldest and weakest individuals [12,13,14]. Correspondingly, malnutrition and a lack of distinct macro- and micronutrients, particularly proteins, is known to have substantial impact on bone and muscle health, predisposing elderly patients to an increased risk for falls, fractures and mortality [15,16,17]. However, the only indicator of nutritional status currently applied in osteoporosis care is BMI. While there are data suggesting that both low BMI and underweight as well as elevated BMI and obesity affect BMD and fracture risk, data and evidence regarding the clinical significance and underlying mechanisms are very heterogeneous [18].



Since comprehensive diagnostic assessments for sarcopenia and malnutrition are complex and time consuming, respective evaluations have not been widely adopted in clinical routine. Recognizing this diagnostic gap, the European Working Group on Sarcopenia in Older People (EWGSOP) has recently updated their diagnostic algorithm to facilitate screening for sarcopenia by recommending the five item SARC-F questionnaire for case findings, and readily available testing procedures, i.e., the handgrip strength (HGS) or the chair rise test (CRT) to assess what is now termed “probable sarcopenia” in clinical practice. Quantitation of muscle mass and physical performance by measuring certain abilities, e.g., usual gait speed (UGS) or assessing the short physical performance battery (SPPB) are intended to confirm and grade severity of sarcopenia in a scientific setting [19].



Similarly, the MNA-SF has been widely used as a practicable and validated screening tool to identify malnourished older adults and those with a propensity for malnutrition in various settings [20], including its application in orthogeriatric patients [21].



In order to evaluate the feasibility and a potential added value of including both these screening questionnaires, SARC-F and MNA-SF, into the diagnostic workup of osteoporosis patients, this study aimed at evaluating the prevalence of sarcopenia and malnutrition as assessed by these questionnaires in osteoporosis patients, as well as to assess their information with regards to osteoporosis management and by matching the respective findings with additional diagnostic results.




2. Materials and Methods


2.1. Patients and Study Design


This is a single-center cross-sectional study in female patients ≥65 years of age with a confirmed diagnosis of osteoporosis and an indication for bone-targeted treatment according to applicable national osteoporosis guidelines [22]. Patients were excluded if they had to comply with dietary restrictions for other accompanying illnesses.



Following the provision of written informed consent, data regarding dual X-ray absorptiometry (DXA) scans and laboratory data were obtained from clinical routine medical records. Specifically, 25-Hydroxyvitmain D levels were assessed using the Elecsys® Vitamin D total II assay (Roche Diagnostics InternationalAG, Rotkreuz, Switzerland).




2.2. Sarcopenia and Body Constitution


Assessment for sarcopenia was accomplished according to the European Working Group on Sarcopenia (EWGSOP2) guidelines [19] following the Find-Assess-Confirm-Severity (F-A-C-S) algorithm, starting with the SARC-F questionnaire, covering the 5 items of strength, assistance in walking, getting up from a chair, climbing stairs and falls for the case findings. The SARC-F assigns 0–2 points to each of the above items depending on severity. Patients attaining a total score of ≥4 out of 10 points should be further evaluated for sarcopenia [23]. Subsequent technical assessment for probable sarcopenia is based on the measurement of HGS or the CRT [10,24]. Grip strength measurement was accomplished using handheld isometric dynamometry (DynEx1, Akern srl, Florence, Italy) and a cut off for HGS of less than 16 kg was determined as deficient muscle strength [19]. CRT was measured by taking the time it takes for a patient to get up from a chair five times without using her hands and without using the arm rest. In case this takes > 15 s this is considered an indicator of probable sarcopenia.



Quantitation of muscle mass for confirmation of sarcopenia was accomplished in conjunction with comprehensive physical assessment comprising body height and weight as well as bioelectrical impedance analysis (BIA) (BIA 101 Anniversary, Akern SRL, Florence, Italy). The skeletal muscle index (SMI), i.e., skeletal muscle mass divided by height2 to adjust for body size, was calculated by applying the pre-established formula for the respective device [25,26,27]. Following the EWGSOP2 algorithm, low muscle mass is defined at an SMI ≤ 6.0 kg/m2, which is eventually deemed as confirmation of sarcopenia and was used in this study.



Additional deficits in physical performance, determined as 8 or less out of 12 points in the well-established SPPB, was based on integrative scoring of the balance test (BT), UGS over a 4 m stretch and the CRT. Alternatively, an isolated finding of reduced UGS < 0.8 m/s was defined as a hallmark of severe sarcopenia according to EWGSOP2.




2.3. Nutritional Assessment


Nutritional status was assessed using the Mini Nutritional Assessment-Short Form (MNA-SF) [20,28], a well-established standard questionnaire for identifying malnutrition in elderly people, including the items appetite, weight loss, mobility, acute diseases and stress, neuropsychological problems and either BMI or calf circumference. In this study, calf circumference was used. While a result of ≥12 out of max 14 points is considered adequate nutritional status, 8–11 points suggests a risk of malnutrition and subjects attaining ≤ 7 points are deemed malnourished. For purposes of this study, patients were subdivided into two groups with either adequate nutritional status (12–14 points) or a status at risk for or actual malnutrition (≤11 points) [20].




2.4. Statistical Analysis


The power calculation was based on an estimated prevalence of <10% for both sarcopenia and deficient nutrition (MNA), respectively. Accordingly, assessing about 100 participants was considered appropriate to allow for evaluating actual prevalence with a precision of ±6% or better (length of the 95% confidence interval).



Descriptive statistical analysis comprised absolute frequencies and corresponding proportions, arithmetic means and standard deviation. Correlation analyses were performed using Pearson’s correlation coefficient while between-group differences were assessed using independent samples’ t-tests. p values of less than 0.05 were considered statistically significant. All statistical analyses were performed using SPSS ver. 25 statistical software package (Released 2017, IBM SPSS Statistics for Windows, Version 25.0., IBM Corp., Armonk, NY, USA).



The study protocol (SaNSiBaR-study) was approved by the competent ethics committee at Würzburg University (270/17-me) and registered with the German register for clinical studies (DRKS00014296). Informed consent was obtained from all individual participants included in the study.





3. Results


Out of 160 female patients screened, n = 130 were enrolled, of whom 27 did not meet the selection criteria, leaving 107 study participants to be assessed in this study (Figure 1).



Average age of these 107 women was 75.0 years (65–89 years, SD 5.9 years), mean values (SD) for height and weight were 158.8 cm (SD 6.0 cm) and 64.6 kg (SD 11.9 kg), respectively. Mean BMI was 25.6 kg/m2 (SD 4.4 kg/m2). Vitamin D levels were compensated and ≥20 ng/mL for all but one patient who was measured at 19 ng/mL. For details regarding patient characteristics see Table 1.



3.1. Prevalence of Sarcopenia


Screening for sarcopenia using the SARC-F questionnaire revealed ≥ 4 points and suspected sarcopenia in 33 patients (30.8%). Out of these, 9 patients had a HGS of < 16 kg and 6 more required > 15 s to perform the CRT, consistent with a diagnosis of probable sarcopenia in 15 patients of whom 3 exhibited an ASM/height2 < 6.0 kg/m2 eventually confirming sarcopenia. Two of them exhibited reduced UGS and one of the two had additionally reduced SPPB ≤ 8 points as indicators of severe sarcopenia.



Conversely, in the overall cohort, reduced HGS < 16 kg was documented in 15 patients and 12 more had a pathologic CRT result, i.e., following the EWGSOP2 algorithm, 27 were assessed to have probable sarcopenia, with 6 of them having reduced SMI < 6 kg/m2. Actual prevalence of confirmed sarcopenia was 6% (6/107) but only 3 of them were detected by SARC-F screening. Of interest, diminished SMI < 6.0 kg/m2 was observed in 13 subjects (12.1%) even though 7 of them, i.e., more than half of those with reduced muscle mass, did not have any pathologic findings concerning the SARC-F questionnaire, HGS, CRT, UGS or SPPB.



Still, comparative analyses of patients with inconspicuous and suspicious SARC-F results revealed that the latter were significantly older and exhibited significantly inferior physical performance results regarding HGS (p < 0.001), CRT (p = 0.004), UGS (p < 0.001) and SPPB (p < 0.001). In addition, patients with an indicative SARC-F score had significantly higher, i.e., worse MNA scores (p = 0.023). Interestingly, patients with suspicious SARC-F scores did not exhibit reduced muscle mass (SMI). Details are provided in Table 1.




3.2. Nutritional Status


In total, 8 out of 107 patients (7.5%) were underweight with a BMI < 20 kg/m2, while 14 (13%) had a BMI ≥ 30 indicating obesity. Analyzing the MNA-SF questionnaire n = 38 (35.5%) patients had a score ≤ 11 points and were either at risk to be malnourished (n = 33) or were actually malnourished (n = 5). Patients with a compromised nutritional status were significantly older (p = 0.035) and had a lower BMI (p = 0.005), even though only 5 out of these 38 had a BMI < 20 kg/m2. Patients with alleged malnutrition (MNA-SF ≤ 11) demonstrated significantly inferior physical performance, specifically regarding UGS (p = 0.003) and SPPB scores (p = 0.005). Indeed, 11 patients (10.3%) identified by MNA-SF screening demonstrated severely reduced physical performance with a SPPB score ≤ 8 points. Patients with supposed malnutrition according to MNA-SF also attained significantly higher, i.e., worse SARC-F scores (p = 0.006), suggesting a higher risk for sarcopenia. Results concerning CRT and HGS and even muscle mass (SMI) were not statistically significant between nutritional groups. Interestingly, 6 out of the 38 patients identified by inferior MNA-SF results had a low SMI, with 4 of them having confirmed sarcopenia.




3.3. Sarcopenic and Malnourished Patients


Out of these n = 107 female patients with osteoporosis, 54 (50.5%) demonstrated an indicative result in at least one of the two questionnaires but only 17 had coincident obvious findings in both, the SARC-F and the MNA-SF, i.e., the majority of 37 individuals had suggestive results in only one of the two screening tools, either the SARC-F (n = 16) or the MNA-SF (n = 21). In addition, there was only one patient with confirmed sarcopenia (SMI ≤ 6 kg/m2, HGS < 16 kg) and actual undernutrition (MNA-SF ≤ 7) (Figure 2).




3.4. Bone Mineral Density


According to the common concept of reduced bone mineral density (BMD) in patients with sarcopenia and malnutrition, we performed a comparative analysis of BMD in patients with and without obvious findings in the questionnaires under scrutiny.



Dividing patient groups on the basis of normal or suspicious findings regarding the SARC-F or the MNA-SF score, respectively, we did not observe any significant differences regarding BMD values, neither at the lumbar spine nor at the femur (Figure 3).





4. Discussion


This study sought to evaluate a potential added value of including two well-established screening questionnaires for sarcopenia (SARC-F) and malnutrition (MNA-SF) into the routine diagnostic workup of osteoporosis patients. To that regard, results were matched with additional functional and constitutional outcome parameters to learn if the questionnaires help in identifying specific patient groups and how these can be characterized. Along with that, we aimed at quantitating the prevalence of both these conditions in a clinical routine cohort of elderly female patients with osteoporosis. Technically, answering the questionnaires was easily and quickly accomplished (about 10 min on average) by all patients without any difficulties. The overall prevalence of patients with suspected sarcopenia and malnutrition according to SARC-F and MNA-SF was 30.8% and 35.5%, respectively. In total, more than half of the patients (50.5%, n = 54) had an indicative result in at least one of the two questionnaires.



While this study used BIA to assess muscle mass, which could be considered a limitation, future approaches could include direct measurement of muscle mass using DXA along with DX measurements of muscle mass. Owing to national radiation protection regulations, the assessment of muscle mass was assessed by BIA instead of direct DXA measurement, which could be considered a limitation of our study.



Conversely, and in line with regional data on the prevalence of sarcopenia [29], only six patients (6%) in this cohort had confirmed sarcopenia according to EWGSOP2 of whom only three were detected with the SARC-F, which is actually in line with the well-known limited sensitivity (63%) and specificity (47%) of the SARC-F in terms of diagnosing sarcopenia [30].



Similarly, applying the lower MNA-SF cut at <8 points, only five patients (5%) were deemed malnourished. Notwithstanding the high sensitivity (88%) and specificity (87%) of this lower cut off point of the MNA-SF for predicting undernutrition [31], the larger group at ≤11 points would warrant extensive nutritional assessment, and immediate information for osteoporosis care remains elusive.



These findings have two major implications. First, the absolute prevalence of confirmed sarcopenia and the actual malnutrition in an outpatient cohort of osteoporosis patients according to criteria used here is quite low. Second, with regards to screening for patients to confirm sarcopenia and actual malnutrition, the absolute yield of applying these screening tools under scrutiny in clinical routine care for osteoporosis patients appears to be limited.



In contrast, previous studies confirm an association of inferior results in SARC-F [32,33] and MNA-SF [34,35,36] in those patients who do eventually experience fractures and who have a high risk for a poor rehabilitation outcome.



In line with that, our data unanimously confirm that indicative findings in either SARC-F or MNA-SF are associated with significantly compromised physical performance. While only few of those patients with indicative SARC-F results can be confirmed to be sarcopenic, they demonstrate significantly inferior muscle strength and physical performance regarding HGS, UGS, CRT and SPPB. This is actually in line with a previous study coming to the same conclusion that the validity of SARC-F in terms of screening for sarcopenia is limited, but it substantially improves the predictive value of predicting poor physical performance [37]. Similarly, even though we did not find remarkable constitutional peculiarities in those with indicative MNA-SF results, they also exhibited inferior physical performance, specifically concerning UGS and the SPPB. Importantly, there is only a limited overlap regarding the individuals identified with these two screening tools (Figure 2), i.e., they work in a largely complementary way with regards to identifying patients with compromised physical performance. In this combination, the questionnaires identified 50% of patients with compromised physical performance. Considering the proven clinical significance of poor physical performance, specifically for chair stand time walking speed and grip strength as known predictors of increased fracture risk [38,39], this appears critical in order to optimize fracture-preventive strategies. Indeed, the analysis of DXA data of those patients identified by SARC-F and MNA-SF screening confirmed that patients identified by means of these questionnaires do not have reduced BMD, i.e., their additional risk is not mirrored in low BMD but has to be recognized separately.



Sarcopenia and malnutrition are not reflected in low BMD and have to be considered as distinct aspects of fracture risk. Improving osteoporosis treatment by addressing these additional risk factors requires approaches distinct from bone-targeted drugs focusing on BMD and bone stability.



These findings support the perception that MNA-SF and SARC-F are not essentially tools for identifying patients with malnutrition and sarcopenia, but rather for identifying patients with deficient physical performance, i.e., a primary or secondary dysmobility phenotype, which may be due to sarcopenia, malnutrition or some other cause.



By now, screening for sarcopenia and malnutrition is not generally established in clinical routine care for osteoporosis patients, and accordingly, harmonized strategies and large-scale randomized trials of how to approach that additional risk are missing. However, there is growing evidence regarding beneficial effects of nutritional intervention and specifically high-intensity exercise programs on bone health [17,40,41,42].



While actual malnutrition and confirmed sarcopenia represent two tips of what can be considered an iceberg underneath the surface, MNA-SF and SARC-F are suitable tools to fathom its base, which is clinically best characterized by compromised physical performance long before the alarming loss of muscle mass and constitutional decline become obvious at the surface. Adhering to that picture, tracking this base of the iceberg and navigating fracture-preventive treatment accordingly appears advisable. In that regard, data and experience from this study confirm that both SARC-F and MNA-SF can easily be implemented in an osteoporosis routine care setting and provide additional and complementary information to identify patients at risk who putatively require additional treatment approaches beyond the prescription of bone-targeted drugs. Depending on individual risk profiles, this may include exercise interventions, nutritional counseling and supplementation.




5. Conclusions


SARC-F and MNA-SF do not specifically identify patients with sarcopenia and malnutrition, respectively, but including these questionnaires into the routine assessment of osteoporosis patients may be helpful to identify patients with impaired physical performance. Further studies should be done to evaluate screening tools for sarcopenia and malnutrition in osteoporosis patients.







Author Contributions


L.S. designed and led the study; K.O. contributed to study design; L.S., F.G. and D.R. enrolled and studied patients; F.G., D.R. and E.B. collected and assembled the data; L.S. and F.G. analyzed the data; L.S. and F.G. interpreted the data; L.S., F.G. and D.R. drafted the manuscript. All authors reviewed and revised the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This publication was supported by the Open Access Publication Fund of the University of Wuerzburg.




Institutional Review Board Statement


The study protocol was approved by the competent ethics committee at Würzburg University (270/17-me).




Informed Consent Statement


Informed written consent was obtained from every patient prior to participation participate and for publication before any study related procedures.




Data Availability Statement


All data and study material are stored at the Department of Orthopedics at the University of Würzburg for 10 years. The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.




Acknowledgments


We acknowledge the patients contributing to the study and the team of the clinical trial unit at the orthopedic department of the University of Würzburg.




Conflicts of Interest


L.S. has received honoraria for lectures and advice from Abbvie, Amgen, Alexion, Kyowa Kirin, Lilly, Medi, MSD, Novartis, Servier and UCB and research grants to the Institution (University of Würzburg) from Alexion, Kyowa Kirin and Novartis. F.G. has received honoraria for lectures from Abbvie, Alexion and Lilly. D.R., E.B., and K.O. report no conflicts of interest during the course of the study.




References


	



Kanis, J.A. Diagnosis of osteoporosis and assessment of fracture risk. Lancet 2002, 359, 1929–1936. [Google Scholar] [CrossRef]

	



Kanis, J.A.; Borgstrom, F.; De Laet, C.; Johansson, H.; Johnell, O.; Jonsson, B.; Oden, A.; Zethraeus, N.; Pfleger, B.; Khaltaev, N. Assessment of fracture risk. Osteoporos. Int. 2005, 16, 581–589. [Google Scholar] [CrossRef] [PubMed]

	



Haentjens, P.; Magaziner, J.; Colón-Emeric, C.S.; Vanderschueren, D.; Milisen, K.; Velkeniers, B.; Boonen, S. Meta-analysis: Excess mortality after hip fracture among older women and men. Ann. Intern. Med. 2010, 152, 380–390. [Google Scholar] [CrossRef]

	



Melton, L.J., 3rd; Achenbach, S.J.; Atkinson, E.J.; Therneau, T.M.; Amin, S. Long-term mortality following fractures at different skeletal sites: A population-based cohort study. Osteoporos Int. 2013, 24, 1689–1696. [Google Scholar] [CrossRef]

	



Langdahl, B.L. Overview of treatment approaches to osteoporosis. Br. J. Pharmacol. 2021, 178, 1891–1906. [Google Scholar] [CrossRef]

	



Järvinen, T.L.N.; Sievänen, H.; Khan, K.M.; Heinonen, A.; Kannus, P. Shifting the focus in fracture prevention from osteoporosis to falls. BMJ 2008, 336, 124–126. [Google Scholar] [CrossRef]

	



Merlijn, T.; Swart, K.; Van der Horst, H.; Netelenbos, J.; Elders, P. Fracture prevention by screening for high fracture risk: A systematic review and meta-analysis. Osteoporos. Int. 2020, 31, 251–257. [Google Scholar] [CrossRef]

	



Leslie, W.D.; Morin, S.N.; Lix, L.M.; Binkley, N. Comparison of treatment strategies and thresholds for optimizing fracture prevention in Canada: A simulation analysis. Arch. Osteoporos. 2020, 15, 1–10. [Google Scholar] [CrossRef]

	



Chalhoub, D.; Cawthon, P.M.; Ensrud, K.E.; Stefanick, M.L.; Kado, D.M.; Boudreau, R.; Greenspan, S.L.; Newman, A.B.; Zmuda, J.M.; Orwoll, E.S.; et al. Risk of Nonspine Fractures in Older Adults with Sarcopenia, Low Bone Mass, or Both. J. Am. Geriatr. Soc. 2015, 63, 1733–1740. [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.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [Google Scholar] [CrossRef]

	



Woolf, A.D.; Pfleger, B. Burden of major musculoskeletal conditions. Bull. World Health Organ. 2003, 81, 646–656. [Google Scholar]

	



Cadore, E.L.; Casas-Herrero, A.; Zambom-Ferraresi, F.; Idoate, F.; Millor, N.; Gómez, M.; Rodriguez-Mañas, L.; Izquierdo, M. Multicomponent exercises including muscle power training enhance muscle mass, power output, and functional outcomes in institutionalized frail nonagenarians. AGE 2013, 36, 773–785. [Google Scholar] [CrossRef]

	



Ziaaldini, M.M.; Marzetti, E.; Picca, A.; Murlasits, Z. Biochemical Pathways of Sarcopenia and Their Modulation by Physical Exercise: A Narrative Review. Front. Med. 2017, 4, 167. [Google Scholar] [CrossRef]

	



Cesari, M.; Vellas, B.; Hsu, F.-C.; Newman, A.B.; Doss, H.; King, A.C.; Manini, T.M.; Church, T.; Gill, T.M.; Miller, M.E.; et al. A Physical Activity Intervention to Treat the Frailty Syndrome in Older Persons–Results From the LIFE-P Study. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2014, 70, 216–222. [Google Scholar] [CrossRef]

	



Van Wissen, J.; Van Stijn, M.F.M.; Doodeman, H.J.; Houdijk, A.P.J. Mini nutritional assessment and mortality after hip fracture surgery in the elderly. J. Nutr. Health Aging 2016, 20, 964–968. [Google Scholar] [CrossRef]

	



Zanetti, M.; Cappellari, G.G.; Ratti, C.; Ceschia, G.; Murena, L.; De Colle, P.; Barazzoni, R. Poor nutritional status but not cognitive or functional impairment per se independently predict 1 year mortality in elderly patients with hip-fracture. Clin. Nutr. 2019, 38, 1607–1612. [Google Scholar] [CrossRef]

	



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]

	



Weaver, C.; Gordon, C.; Janz, K.; Kalkwarf, H.; Lappe, J.M.; Lewis, R.; O’Karma, M.; Wallace, T.; Zemel, B. The National Osteoporosis Foundation’s position statement on peak bone mass development and lifestyle factors: A systematic review and implementation recommendations. Osteoporos. Int. 2016, 27, 1281–1386. [Google Scholar] [CrossRef]

	



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]

	



Kaiser, M.J.; MNA-International Group; Bauer, J.M.; Ramsch, C.; Uter, W.; Guigoz, Y.; Cederholm, T.; Thomas, D.R.; Anthony, P.; Charlton, K.E.; 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]

	



Urquiza, M.; Fernandez, N.; Arrinda, I.; Sierra, I.; Irazusta, J.; Larrad, A.R. Nutritional Status Is Associated with Function, Physical Performance and Falls in Older Adults Admitted to Geriatric Rehabilitation: A Retrospective Cohort Study. Nutrients 2020, 12, 2855. [Google Scholar] [CrossRef] [PubMed]

	



DVO. Prophylaxe, Diagnostik und Therapie der OSTEOPOROSE bei Postmenopausalen Frauen und bei Männern 2017. Available online: https://www.dv-osteologie.org/uploads/Leitlinie%202017/Finale%20Version%20Leitlinie%20Osteoporose%202017_end.pdf (accessed on 2 May 2019).

	



Malmstrom, T.K.; Morley, J.E. SARC-F: A Simple Questionnaire to Rapidly Diagnose Sarcopenia. J. Am. Med. Dir. Assoc. 2013, 14, 531–532. [Google Scholar] [CrossRef]

	



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] [PubMed]

	



Janssen, I.; Heymsfield, S.B.; Baumgartner, R.N.; Ross, R. Estimation of skeletal muscle mass by bioelectrical impedance analysis. J. Appl. Physiol. 2000, 89, 465–471. [Google Scholar] [CrossRef]

	



Janssen, I.; Baumgartner, R.N.; Ross, R.; Rosenberg, I.H.; Roubenoff, R. Skeletal Muscle Cutpoints Associated with Elevated Physical Disability Risk in Older Men and Women. Am. J. Epidemiol. 2004, 159, 413–421. [Google Scholar] [CrossRef]

	



Schutz, Y.; Kyle, U.; Pichard, C. Fat-free mass index and fat mass index percentiles in Caucasians aged 18–98 y. Int. J. Obes. 2002, 26, 953–960. [Google Scholar] [CrossRef]

	



Guigoz, Y. The Mini Nutritional Assessment (MNA) review of the literature—What does it tell us? J. Nutr. Health Aging 2006, 10, 466. [Google Scholar]

	



Phillips, A.; Strobl, R.; Vogt, S.; Ladwig, K.-H.; Thorand, B.; Grill, E. Sarcopenia is associated with disability status—Results from the KORA-Age study. Osteoporos. Int. 2017, 28, 2069–2079. [Google Scholar] [CrossRef]

	



Drey, M.; Ferrari, U.; Schraml, M.; Kemmler, W.; Schoene, D.; Franke, A.; Freiberger, E.; Kob, R.; Sieber, C. German Version of SARC-F: Translation, Adaption, and Validation. J. Am. Med. Dir. Assoc. 2020, 21, 747–751.e1. [Google Scholar] [CrossRef]

	



Rubenstein, L.Z.; Harker, J.O.; Salvà, A.; Guigoz, Y.; Vellas, B. Screening for Undernutrition in Geriatric Practice: Developing the Short-Form Mini-Nutritional Assessment (MNA-SF). J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2001, 56, M366–M372. [Google Scholar] [CrossRef]

	



Su, Y.; Woo, J.W.; Kwok, T.C.Y. The Added Value of SARC-F to Prescreening Using FRAX for Hip Fracture Prevention in Older Community Adults. J. Am. Med. Dir. Assoc. 2019, 20, 83–89. [Google Scholar] [CrossRef] [PubMed]

	



Ha, Y.-C.; Won, C.W.; Kim, M.; Chun, K.-J.; Yoo, J.-I. SARC-F as a Useful Tool for Screening Sarcopenia in Elderly Patients with Hip Fractures. J. Nutr. Health Aging 2019, 24, 78–82. [Google Scholar] [CrossRef]

	



Van der Sijp, M.P.L.; van Eijk, M.; Krijnen, P.; Schipper, I.B.; Achterberg, W.P.; Niggebrugge, A.H.P. Screening for malnutrition in patients admitted to the hospital with a proximal femoral fracture. Injury 2018, 49, 2239–2243. [Google Scholar] [CrossRef] [PubMed]

	



Inoue, T.; Misu, S.; Tanaka, T.; Kakehi, T.; Ono, R. Acute phase nutritional screening tool associated with functional outcomes of hip fracture patients: A longitudinal study to compare MNA-SF, MUST, NRS-2002 and GNRI. Clin. Nutr. 2019, 38, 220–226. [Google Scholar] [CrossRef] [PubMed]

	



Malafarina, V.; Malafarina, C.; Ugarte, A.B.; Martinez, J.A.; Goñi, I.A.; Zulet, M.A. Factors Associated with Sarcopenia and 7-Year Mortality in Very Old Patients with Hip Fracture Admitted to Rehabilitation Units: A Pragmatic Study. Nutrients 2019, 11, 2243. [Google Scholar] [CrossRef] [PubMed]

	



Rolland, Y.; Dupuy, C.; Abellan Van Kan, G.; Cesari, M.; Vellas, B.; Faruch, M.; Dray, C.; de Suoto Barreto, P. Sarcopenia Screened by the SARC-F Questionnaire and Physical Performances of Elderly Women: A Cross-Sectional Study. J. Am. Med. Dir. Assoc. 2017, 18, 848–852. [Google Scholar] [CrossRef]

	



Harvey, N.C.; Odén, A.; Orwoll, E.; Lapidus, J.; Kwok, T.; Karlsson, M.K.; Rosengren, E.B.; Ribom, E.; Cooper, C.; Cawthon, P.M.; et al. Measures of Physical Performance and Muscle Strength as Predictors of Fracture Risk Independent of FRAX, Falls, and aBMD: A Meta-Analysis of the Osteoporotic Fractures in Men (MrOS) Study. J. Bone Miner. Res. 2018, 33, 2150–2157. [Google Scholar] [CrossRef]

	



Wihlborg, A.; Englund, M.; Åkesson, K.; Gerdhem, P. Fracture predictive ability of physical performance tests and history of falls in elderly women: A 10-year prospective study. Osteoporos. Int. 2015, 26, 2101–2109. [Google Scholar] [CrossRef]

	



Kistler-Fischbacher, M.; Weeks, B.K.; Beck, B.R. The effect of exercise intensity on bone in postmenopausal women (part 2): A meta-analysis. Bone 2021, 143, 115697. [Google Scholar] [CrossRef]

	



Peraza-Delgado, A.; Sánchez-Gómez, M.B.; Gómez-Salgado, J.; Romero-Martín, M.; Novo-Muñoz, M.; Duarte-Clíments, G. Non-Pharmacological Interventions towards Preventing the Triad Osteoporosis-Falls Risk-Hip Fracture, in Population Older than 65. Scoping Review. J. Clin. Med. 2020, 9, 2329. [Google Scholar] [CrossRef]

	



Cauley, J.A.; Giangregorio, L. Physical activity and skeletal health in adults. Lancet Diabetes Endocrinol. 2020, 8, 150–162. [Google Scholar] [CrossRef]








[image: Jcm 10 02344 g001 550] 





Figure 1. Flow diagram of study participants. 
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Figure 2. Number of patients with indicative findings in either or both of the two screening questionnaires (SARC-F and MNA-SF) and those with confirmed sarcopenia/malnutrition. 
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Figure 3. (a,b): differences between T-scores for different scores in MNA-SF and SARC-F questionnaires, respectively. 
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Table 1. Baseline characteristics of the study cohort with differences between patients with ≥4 SARC-F and ≤11 MNA-SF scores.
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	All

n = 107

(100%)
	SARC-F ≥ 4

n = 33

(30.8%)
	SARC-F < 4

n = 73

(68.2%)
	p-Value °
	MNA-SF ≤11

n = 38

(35.5%)
	MNA-SF >11

n = 69

(64.5%)
	p-Value *





	Age (years)
	75.0 (5.9)
	77.1 (5.5)
	74.1 (5.9)
	0.014
	76.6 (5.8)
	74.1 (5.9)
	0.035



	Height (cm)
	158.8 (6.0)
	159.8 (5.0)
	158.4 (6.4)
	0.267
	159.6 (6.2)
	158.4 (5.9)
	0.321



	Weight (kg)
	64.6 (11.9)
	67.2 (12.6)
	63.0 (10.8)
	0.085
	61.6 (14.5)
	66.1 (9.9)
	0.094



	BMI (kg/m2)
	25.6 (4.4)
	26.4 (5.6)
	25.1 (3.6)
	0.215
	24.1 (5.1)
	26.4 (3.8)
	0.010



	SMI (kg/m2)
	7.0 (1.2)
	7.2 (1.3)
	7.0 (1.2)
	0.336
	7.0 (1.2)
	7.1 (1.3)
	0.701



	SPPB (points)
	9.9 (2.6)
	7.0 (3.1)
	10.9 (1.4)
	<0.001
	8.7 (3.2)
	10.5 (2.0)
	0.005



	CRT (s)
	12.5 (5.2)
	17.4 (6.9)
	11.4 (4.0)
	0.004
	12.9 (5.7)
	12.4 (4.9)
	0.673



	Usual Gait Speed (m/s)
	1.2 (0.3)
	0.9 (0.3)
	1.4 (0.3)
	<0.001
	1.1 (0.3)
	1.3 (0.3)
	0.003



	Handgrip Strength (kg)
	20.2 (4.1)
	17.4 (4.4)
	21.2 (3.6)
	<0.001
	19.5 (4.4)
	20.5 (4.0)
	0.247



	SARC-F (points)
	2.7 (2.8)
	6.3 (1.9)
	1.0 (1.1)
	<0.001
	3.8 (3.3)
	2.0 (2.3)
	0.006



	MNA-SF (points)
	11.8 (2.3)
	11.1 (2.5)
	12.2 (2.1)
	0.023
	9.3 (1.7)
	13.2 (0.9)
	<0.001



	Lumbar T-Score
	−1.9 (1.5)
	−1.5 (1.7)
	−2.0 (1.3)
	0.131
	−1.6 (1.4)
	−2.0 (1.5)
	0.357



	Femoral T-Score
	−2.0 (0.9)
	−1.8 (0.9)
	−2.0 (0.9)
	0.288
	−2.2 (0.9)
	−1.8 (0.9)
	0.070



	Femoral Neck T-Score
	−2.4 (1.0)
	−2.5 (1.2)
	−2.3 (1.0)
	0.607
	−2.7 (1.2)
	−2.2 (0.9)
	0.108



	Vitamin D (20–40 ng/mL)
	38.7 (14.3)
	36.3 (10.7)
	40.2 (15.9)
	0.225
	37.4 (9.2)
	39.5 (16.5)
	0.444







° p-values for differences between patients with ≥4 SARC-F and <4 SARC-F scores. * p-values for differences between patients with ≤11 MNA-SF and >11 MNA-SF scores.
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