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Sarcopenia was first described in 1988 as the age-related decline of skeletal muscle mass [1]. In the
last decade, several international groups have developed operational definitions of sarcopenia which
incorporate assessments of muscle function in addition to muscle mass in sarcopenia case-finding
guidelines [2–5]. Nonetheless, recent changes to these recommendations demonstrate that there is
significant work to be done in order to achieve an international consensus on the methods to diagnose
and treat sarcopenia in clinical settings [6,7]. Indeed, while sarcopenia is now recognised with its
own International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) code
(M62.84) [8], few health care professionals know how to diagnose it, include it as part of their clinical
practice, or even recognise it as a disease, [9,10]. This Special Issue of the Journal of Clinical Medicine
was established with a view to increase clinician awareness of the important clinical consequences of
sarcopenia and improve understanding of diagnosis and treatment strategies.

Computed tomography (CT) provides precise estimates of muscle quality and so may be useful
for case-finding in sarcopenia, but barriers to this method include high costs, lack of availability
and ionising radiation doses. Ultrasound represents a potentially cost-effective, accessible and safe
method of measuring muscle quality and Harris-Love and colleagues demonstrate in this special
issue that rectus femoris echogenicity assessed by ultrasound is significantly correlated with intra-
and inter-muscular adipose tissue estimates from CT, and has similar associations with muscle
function and cardiometabolic outcomes [11]. For clinicians without requisite expertise or access to
equipment to perform muscle mass assessments, it is possible that questionnaires can be useful in
identifying patients at risk of sarcopenia. The SarQoL® (Sarcopenia and Quality of Life), is a validated
quality of life (QoL) questionnaire which can discriminate sarcopenic and non-sarcopenic patients
and has already been translated into several languages. In this issue, a study on the validation of a
Polish version of the SarQoL® is described, highlighting the potential utility of this instrument for
identifying individuals at risk of sarcopenia, as well as its impact on QoL, across a number of countries
worldwide [12]. Physical function assessments are also simple to perform in clinical settings and
may be most appropriate to identify sarcopenia cases in obese older adults who, owing to their larger
muscle mass, may generally exceed cut-off points for low muscle mass. Mesinovic and colleagues
demonstrate associations between the metabolic syndrome and poorer muscle function despite the
generally larger muscle size in overweight and obese older individuals, indicating accelerated loss of
muscle quality is common in this population [13].

Sarcopenia is generally considered a disease of ageing but there is no doubt that risk of developing
sarcopenia is increased by numerous medical conditions. Moreover, the presence of sarcopenia
appears to consistently impact on prognosis of those with existing comorbidities. Indeed, the review
by Han and colleagues demonstrates that sarcopenia is associated with increased progression of
chronic disease, postoperative complications, length of hospital stay, all-cause mortality and cognitive
impairment [14]. The effects of sarcopenia on cognitive impairment are supported by an original study
of community-dwelling older adults residing in rural areas of Korea which reported that physical frailty
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was significantly associated with poor cognitive function [15]. Liver disease is also associated with
weight loss and physical frailty, and a population-based study reported that non-alcoholic fatty liver
disease was more common in Korean adults with low muscle mass determined by CT, regardless of
their obesity status [16]. Similarly, a study of Japanese patients with chronic liver disease reported that
50% had low muscle mass, either alone or combined with low muscle strength. Interestingly, low serum
zinc concentration was an independent predictor of sarcopenia in these patients suggesting zinc
supplementation warrants further investigation as a strategy to prevent muscle declines in chronic
liver disease [17].

Indeed, many researchers internationally are focused on developing translatable lifestyle
interventions to improve physical function in older adults with sarcopenia and other conditions
associated with functional decline. The potential to translate such programs to the community may be
improved by providing interventions which can be performed in the home. Mair and colleagues describe
a six-week low-volume, home-based weighted step exercise program in eleven women aged 65–74 years,
which resulted in improved lower-limb muscle power and physical function [18]. However, in Greek
older adults with sarcopenia, patients randomised to supervised group-based exercise for 24 weeks
had greater improvements in muscle mass, strength and physical performance compared with patients
performing home-based exercise [19], indicating that supervised exercise is likely most beneficial for
preventing and treating sarcopenia. Blood-flow restriction resistance training needs to be performed in
supervised settings due to potential safety issues but has shown promise in improving muscle mass and
function. It has also been suggested to potentially reduce training-associated joint pain, and Harper and
colleagues explored this in older adults with physical limitations and symptomatic knee osteoarthritis
randomised to 12 weeks of lower-body low-load resistance training with blood-flow restriction or
moderate-intensity resistance training. Somewhat surprisingly, functional changes appeared to favour
moderate-intensity resistance training, although fewer reports of knee pain were observed for the
blood-flow restriction group suggesting it may be a safe method to deliver exercise in those with joint
pain [20]. Another pilot study in this Special Issue explored the use of three different antihypertensive
medications in combination with aerobic and resistance exercise for improving physical function in
older adults with hypertension [21]. The authors reported acceptable feasibility and safety for this
intervention which can inform the design of larger randomised controlled trials to determine the effects
of combined pharmacotherapy and exercise in older adults.

In addition to medications, the use of nutritional supplements to enhance exercise outcomes is an
area of great interest to researchers, clinicians and the general public. Buckinx and colleagues report
the effects of a 12-week intervention combining supplementation of the non-proteinogenic amino
acid l-citrulline with high-intensity interval training in older adults with obesity and low muscle
strength. The results demonstrated that supplementation with l-citrulline, compared with placebo,
resulted in greater exercise-induced improvements in upper-limb muscle strength and walking speed
in this population [22]. While numerous nutritional supplements have been explored for treatment
of sarcopenia, some of the most compelling evidence exists for creatine. To close this Special Issue,
Candow and colleagues present an elegant review on creatine’s association with muscle, bone and
inflammation during ageing. They highlight the growing evidence that creatine supplementation is
safe, and with or without exercise, can increase muscle mass and strength, and potentially reduce risk
of falls in older adults [23].

In summary, this Special Issue provides important new evidence on methods to diagnose and
treat sarcopenia, and its relationships with common chronic diseases in older adults. It is our hope that
this novel information will serve as an important resource for researchers, and aid health professionals
to increase the current low level of attention to sarcopenia in clinical settings.



J. Clin. Med. 2019, 8, 1844 3 of 4

References

1. Rosenberg, I.H. Summary comments. Am. J. Clin. Nutr. 1989, 50, 1231–1233. [CrossRef]
2. 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. Sarcopenia: European consensus on definition and diagnosis: Report of
the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [CrossRef]

3. Fielding, R.A.; Vellas, B.; Evans, W.J.; Bhasin, S.; Morley, J.E.; Newman, A.B.; Abellan van Kan, G.; Andrieu, S.;
Bauer, J.; Breuille, D.; et al. Sarcopenia: An undiagnosed condition in older adults. Current consensus
definition: Prevalence, etiology, and consequences. International Working Group on Sarcopenia. J. Am. Med.
Dir. Assoc. 2011, 12, 249–256. [CrossRef]

4. Muscaritoli, M.; Anker, S.D.; Argilés, J.; Aversa, Z.; Bauer, J.M.; Biolo, G.; Boirie, Y.; Bosaeus, I.; Cederholm, T.;
Costelli, P.; et al. Consensus definition of sarcopenia, cachexia and pre-cachexia: Joint document elaborated
by Special Interest Groups (SIG)“cachexia-anorexia in chronic wasting diseases” and “nutrition in geriatrics”.
Clin. Nutr. 2010, 29, 154–159. [CrossRef]

5. 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. The FNIH Sarcopenia Project: Rationale, Study Description, Conference
Recommendations, and Final Estimates. J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69, 547–558. [CrossRef]

6. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.;
Sayer, A.A.; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2018, 48,
16–31. [CrossRef] [PubMed]

7. Cawthon, P.M.; Travison, T.G.; Manini, T.M.; Patel, S.; Pencina, K.M.; Fielding, R.A.; Magaziner, J.M.;
Newman, A.B.; Brown, T.; Kiel, D.P.; et al. Establishing the Link between Lean Mass and Grip Strength
Cut-points With Mobility Disability and Other Health Outcomes: Proceedings of the Sarcopenia Definition
and Outcomes Consortium Conference. J. Gerontol. A 2019. [CrossRef] [PubMed]

8. 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. [CrossRef] [PubMed]

9. 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. [CrossRef]

10. Yeung, S.S.Y.; Reijnierse, E.M.; Trappenburg, M.C.; Meskers, C.G.M.; Maier, A.B. Current knowledge and
practice of Australian and New Zealand health-care professionals in sarcopenia diagnosis and treatment:
Time to move forward! Australas. J. Ageing 2019. [CrossRef]

11. Harris-Love, M.O.; Avila, N.A.; Adams, B.; Zhou, J.; Seamon, B.; Ismail, C.; Zaidi, S.H.; Kassner, C.A.; Liu, F.;
Blackman, M.R. The Comparative Associations of Ultrasound and Computed Tomography Estimates of
Muscle Quality with Physical Performance and Metabolic Parameters in Older Men. J. Clin. Med. 2018, 7,
340. [CrossRef] [PubMed]

12. Konstantynowicz, J.; Abramowicz, P.; Glinkowski, W.; Taranta, E.; Marcinowicz, L.; Dymitrowicz, M.;
Reginster, J.-Y.; Bruyere, O.; Beaudart, C. Polish Validation of the SarQoL®, a Quality of Life Questionnaire
Specific to Sarcopenia. J. Clin. Med. 2018, 7, 323. [CrossRef] [PubMed]

13. Mesinovic, J.; McMillan, L.B.; Shore-Lorenti, C.; De Courten, B.; Ebeling, P.R.; Scott, D. Metabolic Syndrome
and Its Associations with Components of Sarcopenia in Overweight and Obese Older Adults. J. Clin. Med.
2019, 8, 145. [CrossRef] [PubMed]

14. Han, A.; Bokshan, S.L.; Marcaccio, S.E.; DePasse, J.M.; Daniels, A.H. Diagnostic Criteria and Clinical
Outcomes in Sarcopenia Research: A Literature Review. J. Clin. Med. 2018, 7, 70. [CrossRef]

15. Yoon, D.H.; Hwang, S.S.; Lee, D.W.; Lee, C.G.; Song, W. Physical Frailty and Cognitive Functioning in Korea
Rural Community-Dwelling Older Adults. J. Clin. Med. 2018, 7, 405. [CrossRef]

16. Choe, E.K.; Kang, H.Y.; Park, B.; Yang, J.I.; Kim, J.S. The Association between Nonalcoholic Fatty Liver
Disease and CT-Measured Skeletal Muscle Mass. J. Clin. Med. 2018, 7, 310. [CrossRef]

17. Nishikawa, H.; Enomoto, H.; Yoh, K.; Iwata, Y.; Sakai, Y.; Kishino, K.; Ikeda, N.; Takashima, T.; Aizawa, N.;
Takata, R.; et al. Serum Zinc Concentration and Sarcopenia: A Close Linkage in Chronic Liver Diseases.
J. Clin. Med. 2019, 8, 336. [CrossRef]

http://dx.doi.org/10.1093/ajcn/50.5.1231
http://dx.doi.org/10.1093/ageing/afq034
http://dx.doi.org/10.1016/j.jamda.2011.01.003
http://dx.doi.org/10.1016/j.clnu.2009.12.004
http://dx.doi.org/10.1093/gerona/glu010
http://dx.doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://dx.doi.org/10.1093/gerona/glz081
http://www.ncbi.nlm.nih.gov/pubmed/30869772
http://dx.doi.org/10.1002/jcsm.12147
http://www.ncbi.nlm.nih.gov/pubmed/27891296
http://dx.doi.org/10.1371/journal.pone.0185837
http://dx.doi.org/10.1111/ajag.12730
http://dx.doi.org/10.3390/jcm7100340
http://www.ncbi.nlm.nih.gov/pubmed/30308959
http://dx.doi.org/10.3390/jcm7100323
http://www.ncbi.nlm.nih.gov/pubmed/30287728
http://dx.doi.org/10.3390/jcm8020145
http://www.ncbi.nlm.nih.gov/pubmed/30691198
http://dx.doi.org/10.3390/jcm7040070
http://dx.doi.org/10.3390/jcm7110405
http://dx.doi.org/10.3390/jcm7100310
http://dx.doi.org/10.3390/jcm8030336


J. Clin. Med. 2019, 8, 1844 4 of 4

18. Mair, J.L.; De Vito, G.; Boreham, C.A. Low Volume, Home-Based Weighted Step Exercise Training Can Improve
Lower Limb Muscle Power and Functional Ability in Community-Dwelling Older Women. J. Clin. Med.
2019, 8, 41. [CrossRef]

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

20. Harper, S.A.; Roberts, L.M.; Layne, A.S.; Jaeger, B.C.; Gardner, A.K.; Sibille, K.T.; Wu, S.S.; Vincent, K.R.;
Fillingim, R.B.; Manini, T.M.; et al. Blood-Flow Restriction Resistance Exercise for Older Adults with Knee
Osteoarthritis: A Pilot Randomized Clinical Trial. J. Clin. Med. 2019, 8, 265. [CrossRef]

21. Baptista, L.C.; Jaeger, B.C.; Anton, S.D.; Bavry, A.A.; Handberg, E.M.; Gardner, A.K.; Harper, S.A.;
Roberts, L.M.; Sandesara, B.; Carter, C.S.; et al. Multimodal Intervention to Improve Functional Status in
Hypertensive Older Adults: A Pilot Randomized Controlled Trial. J. Clin. Med. 2019, 8, 196. [CrossRef]
[PubMed]

22. Buckinx, F.; Gouspillou, G.; Carvalho, L.P.; Marcangeli, V.; El Hajj Boutros, G.; Dulac, M.; Noirez, P.;
Morais, J.A.; Gaudreau, P.; Aubertin-Leheudre, M. Effect of High-Intensity Interval Training Combined with
L-Citrulline Supplementation on Functional Capacities and Muscle Function in Dynapenic-Obese Older
Adults. J. Clin. Med. 2018, 7, 561. [CrossRef] [PubMed]

23. Candow, D.G.; Forbes, S.C.; Chilibeck, P.D.; Cornish, S.M.; Antonio, J.; Kreider, R.B. Effectiveness of Creatine
Supplementation on Aging Muscle and Bone: Focus on Falls Prevention and Inflammation. J. Clin. Med.
2019, 8, 488. [CrossRef] [PubMed]

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/jcm8010041
http://dx.doi.org/10.3390/jcm7120480
http://dx.doi.org/10.3390/jcm8020265
http://dx.doi.org/10.3390/jcm8020196
http://www.ncbi.nlm.nih.gov/pubmed/30736317
http://dx.doi.org/10.3390/jcm7120561
http://www.ncbi.nlm.nih.gov/pubmed/30562948
http://dx.doi.org/10.3390/jcm8040488
http://www.ncbi.nlm.nih.gov/pubmed/30978926
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

