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Chapter 1

 

General introduction 
Ageing population 

Globally, the population is rapidly ageing. The percentage of adults aged 60 years and older is 

expected to double, from 901 million in 2015 to 2.1 billion in 2050; for adults aged 80 years 

and older this percentage is expected to increase more than threefold; from 125 million in 

2015 to 434 million in 2050 [1]. Ageing is associated with physiological changes including 

shifts in body composition [2, 3]. After the age of 50 years, muscle mass declines with 1% to 

2% per year [4, 5]. Next to the decline in muscle mass, muscle strength also declines with 

increasing age. Muscle strength starts declining after the age of 30 years and this decline is 

steeper after the age of 50 years with approximately 0.4 kg handgrip strength loss per year 

[6]. There is an association between the decline of muscle mass and muscle strength, 

however, the decline in muscle strength is much more rapid compared to the decline in 

muscle mass [7]. Furthermore, it is has been shown that the age-related decline in muscle 

strength cannot be prevented by maintaining or gaining muscle mass only [7]. 

 

Clinical relevance of the ageing muscle 

Muscle is a modifiable organ and important for the glucose metabolism and protein storage 

[8]. If muscle mass and muscle strength are below a clinically relevant threshold, it is called 

sarcopenia [9]. The clinical relevance of sarcopenia is increasingly being recognized and an 

emerging challenge in the ageing population. The term sarcopenia was first introduced by 

Rosenberg in 1989 and literally means the ‘deficiency’ (penia) of ‘flesh’ (sarx) [9]. According 

to the definition of the European Working Group on Sarcopenia in Older People [10], 

sarcopenia is prevalent in approximately a third of the older population [11].  

 

The pathophysiology of sarcopenia is complex because several mechanisms contribute to the 

age-related decline in muscle mass and muscle strength such as genetics, chronic diseases, 

hormones and lifestyle factors [4, 12]. Lifestyle factors include physical activity and nutrition 

which are modifiable factors [13]. A combined physical and nutritional intervention has been 

shown to significantly improve muscle mass and muscle strength [14]. However, there is a 

lack of knowledge on the nutritional needs and the interrelation between physical activity 

and nutritional status in older adults. This knowledge is mandatory for the optimization of 

 

physical and nutritional interventions to overcome sarcopenia [11]. Sarcopenia is associated 

with negative health outcomes such as falls [15, 16], impaired standing balance [17], physical 

disability [18, 19] and mortality [20-23]. As a result, sarcopenia contributes to high 

healthcare costs associated with hospitalization, outpatient clinic visits and home healthcare 

expenditure [24, 25]. It is important to increase the recognition of the clinical relevance of 

sarcopenia, which encompasses the definition of sarcopenia, diagnostic measures and 

awareness among healthcare professionals.  

 

Definition of sarcopenia 

There is no consensus on the definition of sarcopenia and therefore prevalence rates vary 

dependent on the used definition [26]. Recently, several diagnostic criteria for sarcopenia 

are proposed encompassing different diagnostic measures and cut-off values. The use of 

diagnostic measures within the diagnostic criteria are based on only muscle mass [18, 19, 27-

29], only muscle strength [30] or algorithms using a combination of muscle mass, muscle 

strength and physical performance [10, 31-33]. Cut-off values for these diagnostic measures 

also vary widely [26]. Due to the use of these different diagnostic criteria, studies are difficult 

to compare. In addition, the agreement between different diagnostic criteria in different 

older populations is yet unknown and especially in clinically relevant populations. It is 

important to show the impact of using different diagnostic criteria for sarcopenia and to 

eventually work towards one consensus definition. Another highly prevalent condition in 

older adults is frailty [34, 35]. Frailty is often intermingled with sarcopenia [36], however, 

both conditions are based on different constructs and therefore require a different 

treatment [37]. 

 

Diagnostic measures of sarcopenia 

Relating candidate diagnostic measures of sarcopenia to muscle-related clinical parameters in 

different populations is necessary for the establishment of the most clinically valid definition 

of sarcopenia. Previous studies have shown that diagnostic measures relate differently to 

muscle-related clinical parameters such as physical performance, insulin resistance, bone 

mineral density and standing balance [17, 38-40]. Relative muscle mass was found to be most 

strongly associated with physical performance [38] and glucose regulation [39], absolute 
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muscle mass with bone mineral density [40] and muscle strength with standing balance [17]. 

Nutrition and physical activity both contribute to the age-related decline in muscle mass and 

muscle strength [4] and therefore it is important to assess how diagnostic measures of 

sarcopenia relate to these muscle-related clinical parameters.  

 

Awareness among healthcare professionals 

Healthcare professionals play a key role in diagnosing and managing sarcopenia which require 

knowledge and awareness. However, the current awareness on sarcopenia among 

healthcare professionals is unknown. Thereafter, knowledge dissemination is an important 

step to create awareness among healthcare professionals working in the aged care setting. 

Identifying factors are needed to ensure an effective implementation of diagnosis and 

management. 

 

Aim of this thesis 
The aim of this thesis was to 1) to compare prevalence rates of sarcopenia using different 

sets of diagnostic criteria in diverse relevant populations of older adults; 2) to assess 

associations between candidate diagnostic measures of sarcopenia and muscle-related clinical 

parameters in diverse relevant populations of older adults and 3) to provide insight into the 

current awareness on sarcopenia in a cohort of healthcare professionals. 

 

Study populations 
Geriatric outpatients 

This cross-sectional study consisted of 299 geriatric outpatients (mean age 82 years, 

standard deviation 7 years) who were consecutively referred to a middle-sized teaching 

hospital (Bronovo Hospital, The Hague, the Netherlands) for a comprehensive geriatric 

assessment (CGA). This CGA included questionnaires and measurements of physical and 

cognitive performance. Muscle measures included in the CGA were muscle mass measured 

by bioelectrical impedance analysis, handgrip strength and gait speed measured with the 

four-meter walking test. Being a clinically relevant population of older adults, this population 

was used to address several research questions. 

 

MyoAge cohort 

This cross-sectional European multicentre study included healthy young (n=182, aged 

between 18 and 30 years) and old participants (n=322, aged between 69 and 81 years). 

Participants were recruited in the Netherlands (Leiden), Finland (Jyvaskyla), France (Paris), 

Estonia (Tartu) and the United Kingdom (Manchester). The MyoAge study aimed to include 

healthy participants only, to minimize the confounding effects of disease on sarcopenia [41]. 

Muscle measures included muscle mass measured by dual-energy X-ray absorptiometry, 

handgrip strength and gait speed measured with the six-minute walking test.  

 

Grey Power cohort 

This cross-sectional study included 256 community-dwelling participants (aged between 20 

and 91 years) recruited from the Grey Power debate events, taking place at the VU 

University Medical Center, Amsterdam, the Netherlands. The Grey Power debates were 

freely accessible lectures for the general population to promote healthy aging. Visitors were 

offered to participate in the Grey Power study. Muscle measures included muscle mass 

measured by bioelectrical impedance analysis, handgrip strength and gait speed measured 

with the four-meter walking test.  

 

Healthcare professionals 

This population was used to assess the awareness on sarcopenia among healthcare 

professionals. This longitudinal study included 223 medical and allied healthcare professionals 

attending the ‘Sarcopenia Road Show’, a postgraduate, multidisciplinary lecture cycle for 

healthcare professionals with different backgrounds. The Sarcopenia Road Show visited four 

locations spread over the Netherlands and comprised lectures and workshops in one single 

session focused on the pathophysiology of sarcopenia and the influence of exercise and 

nutrition and its interventions. Attending healthcare professionals were asked to complete 

three questionnaires; before attendance, directly after attendance and five months after 

attendance. Questionnaire included topics on the current state of knowledge about the 

concept of sarcopenia, diagnostic strategy and management of sarcopenia.  
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Outline of this thesis 
Chapter two and three focus on the comparison of prevalence rates of sarcopenia using 

different sets of diagnostic criteria and the concordance with diagnostic criteria for frailty. In 

chapter four, the influence of the number of attempts on maximal handgrip strength was 

assessed. Chapter five, six and seven compare the association between diagnostic 

measures of sarcopenia and muscle-related clinic parameters i.e. parameters of malnutrition 

(chapter five), serum albumin (chapter six) and physical activity (chapter seven). 

Chapter eight describes the current awareness on sarcopenia among healthcare 

professionals. Chapter nine reflects on the main findings and gives clinical implications and 

suggestions for future research.  

 

References 
1. United Nations, Department of Economic and Socal Affairs, Population Division. World Population 

Prospects: The 2015 Revision. Key finding and Advance Tables: Working Paper No. ESA/P/WP.241; 
2015. 

2. St-Onge M-P. Relationship between body composition changes and changes in physical function and 
metabolic risk factors in aging. Curr Opin Clin Nutr Metab Care. 2005;8(5):523-8. 

3. Ding J, Kritchevsky SB, Newman AB, Taaffe DR, Nicklas BJ, Visser M, et al. Effects of birth cohort and 
age on body composition in a sample of community-based elderly. Am J Clin Nutr. 2007;85(2):405-10. 

4. Mitchell WK, Williams J, Atherton P, Larvin M, Lund J, Narici M. Sarcopenia, dynapenia, and the impact 
of advancing age on human skeletal muscle size and strength; a quantitative review. Front Physiol. 
2012;3(260):eCollection 2012. 

5. Buford TW, Anton SD, Judge AR, Marzetti E, Wohlgemuth SE, Carter CS, et al. Models of accelerated 
sarcopenia: critical pieces for solving the puzzle of age-related muscle atrophy. Ageing Res Rev. 
2010;9(4):369-83. 

6. Beenakker KG, Ling CH, Meskers CG, de Craen AJ, Stijnen T, Westendorp RG, et al. Patterns of 
muscle strength loss with age in the general population and patients with a chronic inflammatory state. 
Ageing Res Rev. 2010;9(4):431-6. 

7. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV, et al. The loss of 
skeletal muscle strength, mass, and quality in older adults: the health, aging and body composition 
study. J Gerontol A Biol Sci Med Sci. 2006;61(10):1059-64. 

8. Churchward‐Venne TA, Breen L, Phillips SM. Alterations in human muscle protein metabolism with 
aging: protein and exercise as countermeasures to offset sarcopenia. Biofactors. 2014;40(2):199-205. 

9. Rosenberg IH. Sarcopenia: origins and clinical relevance. J Nutr. 1997;127(5):990S-1S. 
10. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European 

consensus on definition and diagnosis Report of the European Working Group on Sarcopenia in Older 
People. Age Ageing. 2010;39(4):412-23. 

11. Cruz-Jentoft AJ, Landi F, Schneider SM, Zúñiga C, Arai H, Boirie Y, et al. Prevalence of and 
interventions for sarcopenia in ageing adults: a systematic review. Report of the International 
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 2014;43(6):748-59. 

12. Dodds RM, Roberts HC, Cooper C, Sayer AA. The epidemiology of sarcopenia. J Clin Densitom. 
2015;18(4):461-6. 

13. Narici MV, Maffulli N. Sarcopenia: characteristics, mechanisms and functional significance. Br Med Bull. 
2010;95(1):139-59. 

14. Maria Martone A, Lattanzio F, Marie Abbatecola A, La Carpia D, Tosato M, Marzetti E, et al. Treating 
sarcopenia in older and oldest old. Curr Pharm Des. 2015;21(13):1715-22. 

15. Landi F, Liperoti R, Russo A, Giovannini S, Tosato M, Capoluongo E, et al. Sarcopenia as a risk factor 
for falls in elderly individuals: results from the ilSIRENTE study. Clin Nutr. 2012;31(5):652-8. 

16. Scott D, Hayes A, Sanders K, Aitken D, Ebeling PR, Jones G. Operational definitions of sarcopenia and 
their associations with 5-year changes in falls risk in community-dwelling middle-aged and older adults. 
Osteoporos Int. 2014;25(1):187-93. 

17. Bijlsma AY, Pasma JH, Lambers D, Stijntjes M, Blauw GJ, Meskers CG, et al. Muscle Strength Rather 
Than Muscle Mass Is Associated With Standing Balance in Elderly Outpatients. J Am Med Dir Assoc. 
2013;14(7):493-8. 

18. Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross RR, et al. Epidemiology of 
sarcopenia among the elderly in New Mexico. Am J Epidemiol. 1998;147(8):755-63. 

19. Janssen I, Heymsfield SB, Ross R. Low relative skeletal muscle mass (sarcopenia) in older persons is 
associated with functional impairment and physical disability. J Am Geriatr Soc. 2002;50(5):889-96. 

44654 Esmee Reijnierse.indd   12 20-02-17   15:13



General introduction

13

1

 

Outline of this thesis 
Chapter two and three focus on the comparison of prevalence rates of sarcopenia using 

different sets of diagnostic criteria and the concordance with diagnostic criteria for frailty. In 

chapter four, the influence of the number of attempts on maximal handgrip strength was 

assessed. Chapter five, six and seven compare the association between diagnostic 

measures of sarcopenia and muscle-related clinic parameters i.e. parameters of malnutrition 

(chapter five), serum albumin (chapter six) and physical activity (chapter seven). 

Chapter eight describes the current awareness on sarcopenia among healthcare 

professionals. Chapter nine reflects on the main findings and gives clinical implications and 

suggestions for future research.  

 

References 
1. United Nations, Department of Economic and Socal Affairs, Population Division. World Population 

Prospects: The 2015 Revision. Key finding and Advance Tables: Working Paper No. ESA/P/WP.241; 
2015. 

2. St-Onge M-P. Relationship between body composition changes and changes in physical function and 
metabolic risk factors in aging. Curr Opin Clin Nutr Metab Care. 2005;8(5):523-8. 

3. Ding J, Kritchevsky SB, Newman AB, Taaffe DR, Nicklas BJ, Visser M, et al. Effects of birth cohort and 
age on body composition in a sample of community-based elderly. Am J Clin Nutr. 2007;85(2):405-10. 

4. Mitchell WK, Williams J, Atherton P, Larvin M, Lund J, Narici M. Sarcopenia, dynapenia, and the impact 
of advancing age on human skeletal muscle size and strength; a quantitative review. Front Physiol. 
2012;3(260):eCollection 2012. 

5. Buford TW, Anton SD, Judge AR, Marzetti E, Wohlgemuth SE, Carter CS, et al. Models of accelerated 
sarcopenia: critical pieces for solving the puzzle of age-related muscle atrophy. Ageing Res Rev. 
2010;9(4):369-83. 

6. Beenakker KG, Ling CH, Meskers CG, de Craen AJ, Stijnen T, Westendorp RG, et al. Patterns of 
muscle strength loss with age in the general population and patients with a chronic inflammatory state. 
Ageing Res Rev. 2010;9(4):431-6. 

7. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV, et al. The loss of 
skeletal muscle strength, mass, and quality in older adults: the health, aging and body composition 
study. J Gerontol A Biol Sci Med Sci. 2006;61(10):1059-64. 

8. Churchward‐Venne TA, Breen L, Phillips SM. Alterations in human muscle protein metabolism with 
aging: protein and exercise as countermeasures to offset sarcopenia. Biofactors. 2014;40(2):199-205. 

9. Rosenberg IH. Sarcopenia: origins and clinical relevance. J Nutr. 1997;127(5):990S-1S. 
10. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European 

consensus on definition and diagnosis Report of the European Working Group on Sarcopenia in Older 
People. Age Ageing. 2010;39(4):412-23. 

11. Cruz-Jentoft AJ, Landi F, Schneider SM, Zúñiga C, Arai H, Boirie Y, et al. Prevalence of and 
interventions for sarcopenia in ageing adults: a systematic review. Report of the International 
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 2014;43(6):748-59. 

12. Dodds RM, Roberts HC, Cooper C, Sayer AA. The epidemiology of sarcopenia. J Clin Densitom. 
2015;18(4):461-6. 

13. Narici MV, Maffulli N. Sarcopenia: characteristics, mechanisms and functional significance. Br Med Bull. 
2010;95(1):139-59. 

14. Maria Martone A, Lattanzio F, Marie Abbatecola A, La Carpia D, Tosato M, Marzetti E, et al. Treating 
sarcopenia in older and oldest old. Curr Pharm Des. 2015;21(13):1715-22. 

15. Landi F, Liperoti R, Russo A, Giovannini S, Tosato M, Capoluongo E, et al. Sarcopenia as a risk factor 
for falls in elderly individuals: results from the ilSIRENTE study. Clin Nutr. 2012;31(5):652-8. 

16. Scott D, Hayes A, Sanders K, Aitken D, Ebeling PR, Jones G. Operational definitions of sarcopenia and 
their associations with 5-year changes in falls risk in community-dwelling middle-aged and older adults. 
Osteoporos Int. 2014;25(1):187-93. 

17. Bijlsma AY, Pasma JH, Lambers D, Stijntjes M, Blauw GJ, Meskers CG, et al. Muscle Strength Rather 
Than Muscle Mass Is Associated With Standing Balance in Elderly Outpatients. J Am Med Dir Assoc. 
2013;14(7):493-8. 

18. Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross RR, et al. Epidemiology of 
sarcopenia among the elderly in New Mexico. Am J Epidemiol. 1998;147(8):755-63. 

19. Janssen I, Heymsfield SB, Ross R. Low relative skeletal muscle mass (sarcopenia) in older persons is 
associated with functional impairment and physical disability. J Am Geriatr Soc. 2002;50(5):889-96. 

44654 Esmee Reijnierse.indd   13 20-02-17   15:13



14

Chapter 1

 

20. Batsis J, Mackenzie T, Barre L, Lopez-Jimenez F, Bartels S. Sarcopenia, sarcopenic obesity and mortality 
in older adults: results from the National Health and Nutrition Examination Survey III. Eur J Clin Nutr. 
2014;68(9):1001-7. 

21. Bunout D, de la Maza MP, Barrera G, Leiva L, Hirsch S. Association between sarcopenia and mortality 
in healthy older people. Australas J Ageing. 2011;30(2):89-92. 

22. Hirani V, Blyth F, Naganathan V, Le Couteur DG, Seibel MJ, Waite LM, et al. Sarcopenia is associated 
with incident disability, institutionalization, and mortality in community-dwelling older men: the 
Concord Health and Ageing in Men Project. J Am Med Dir Assoc. 2015;16(7):607-13. 

23. Brown JC, Harhay MO, Harhay MN. Sarcopenia and mortality among a population‐based sample of 
community‐dwelling older adults. J Cachexia Sarcopenia Muscle. 2015. 

24. Beaudart C, Rizzoli R, Bruyère O, Reginster J-Y, Biver E. Sarcopenia: burden and challenges for public 
health. Arch Public Health. 2014;72(1):45. 

25. Janssen I, Shepard DS, Katzmarzyk PT, Roubenoff R. The healthcare costs of sarcopenia in the United 
States. J Am Geriatr Soc. 2004;52(1):80-5. 

26. Bijlsma A, Meskers C, Ling C, Narici M, Kurrle S, Cameron I, et al. Defining sarcopenia: the impact of 
different diagnostic criteria on the prevalence of sarcopenia in a large middle aged cohort. AGE. 
2013;35(3):871-81. 

27. Delmonico MJ, Harris TB, Lee JS, Visser M, Nevitt M, Kritchevsky SB, et al. Alternative definitions of 
sarcopenia, lower extremity performance, and functional impairment with aging in older men and 
women. J Am Geriatr Soc. 2007;55(5):769-74. 

28. Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-Ray absorptiometry body composition reference 
values from NHANES. PLoS One. 2009;4(9):e7038. 

29. Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal muscle cutpoints associated 
with elevated physical disability risk in older men and women. Am J Epidemiol. 2004;159(4):413-21. 

30. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio A, et al. Age-associated changes in 
skeletal muscles and their effect on mobility: an operational diagnosis of sarcopenia. J Appl Physiol. 
2003;95(5):1851-60. 

31. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, 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(4):249-56. 

32. Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, et al. The FNIH Sarcopenia 
Project: Rationale, Study Description, Conference Recommendations, and Final Estimates. J Gerontol 
A Biol Sci Med Sci. 2014;69(5):547-58. 

33. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, et al. Sarcopenia in Asia: 
consensus report of the Asian Working Group for Sarcopenia. J Am Med Dir Assoc. 2014;15(2):95-
101. 

34. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. The Lancet. 
2013;381(9868):752-62. 

35. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of Frailty in Community‐Dwelling 
Older Persons: A Systematic Review. J Am Geriatr Soc. 2012;60(8):1487-92. 

36. Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia and physical frailty: two sides of the 
same coin. Front Aging Neurosci. 2014;6(192):eCollection 2014. 

37. Litchford MD. Counteracting the trajectory of frailty and sarcopenia in older adults. Nutr Clin Pract. 
2014;29(4):428-34. 

38. Bijlsma A, Meskers C, van den Eshof N, Westendorp R, Sipilä S, Stenroth L, et al. Diagnostic criteria 
for sarcopenia and physical performance. AGE. 2014;36(1):275-85. 

39. Bijlsma A, Meskers C, van Heemst D, Westendorp R, de Craen A, Maier A. Diagnostic criteria for 
sarcopenia relate differently to insulin resistance. AGE. 2013:1-9. 

 

40. Bijlsma A, Meskers M, Molendijk M, Westendorp R, Sipilä S, Stenroth L, et al. Diagnostic measures for 
sarcopenia and bone mineral density. Osteoporos Int. 2013:1-11. 

41. McPhee JS, Hogrel J-Y, Maier AB, Seppet E, Seynnes OR, Sipilä S, et al. Physiological and functional 
evaluation of healthy young and older men and women: design of the European MyoAge study. 
Biogerontology. 2013;14(3):325-37. 

 
  

44654 Esmee Reijnierse.indd   14 20-02-17   15:13



General introduction

15

1

 

20. Batsis J, Mackenzie T, Barre L, Lopez-Jimenez F, Bartels S. Sarcopenia, sarcopenic obesity and mortality 
in older adults: results from the National Health and Nutrition Examination Survey III. Eur J Clin Nutr. 
2014;68(9):1001-7. 

21. Bunout D, de la Maza MP, Barrera G, Leiva L, Hirsch S. Association between sarcopenia and mortality 
in healthy older people. Australas J Ageing. 2011;30(2):89-92. 

22. Hirani V, Blyth F, Naganathan V, Le Couteur DG, Seibel MJ, Waite LM, et al. Sarcopenia is associated 
with incident disability, institutionalization, and mortality in community-dwelling older men: the 
Concord Health and Ageing in Men Project. J Am Med Dir Assoc. 2015;16(7):607-13. 

23. Brown JC, Harhay MO, Harhay MN. Sarcopenia and mortality among a population‐based sample of 
community‐dwelling older adults. J Cachexia Sarcopenia Muscle. 2015. 

24. Beaudart C, Rizzoli R, Bruyère O, Reginster J-Y, Biver E. Sarcopenia: burden and challenges for public 
health. Arch Public Health. 2014;72(1):45. 

25. Janssen I, Shepard DS, Katzmarzyk PT, Roubenoff R. The healthcare costs of sarcopenia in the United 
States. J Am Geriatr Soc. 2004;52(1):80-5. 

26. Bijlsma A, Meskers C, Ling C, Narici M, Kurrle S, Cameron I, et al. Defining sarcopenia: the impact of 
different diagnostic criteria on the prevalence of sarcopenia in a large middle aged cohort. AGE. 
2013;35(3):871-81. 

27. Delmonico MJ, Harris TB, Lee JS, Visser M, Nevitt M, Kritchevsky SB, et al. Alternative definitions of 
sarcopenia, lower extremity performance, and functional impairment with aging in older men and 
women. J Am Geriatr Soc. 2007;55(5):769-74. 

28. Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-Ray absorptiometry body composition reference 
values from NHANES. PLoS One. 2009;4(9):e7038. 

29. Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal muscle cutpoints associated 
with elevated physical disability risk in older men and women. Am J Epidemiol. 2004;159(4):413-21. 

30. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio A, et al. Age-associated changes in 
skeletal muscles and their effect on mobility: an operational diagnosis of sarcopenia. J Appl Physiol. 
2003;95(5):1851-60. 

31. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, 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(4):249-56. 

32. Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, et al. The FNIH Sarcopenia 
Project: Rationale, Study Description, Conference Recommendations, and Final Estimates. J Gerontol 
A Biol Sci Med Sci. 2014;69(5):547-58. 

33. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, et al. Sarcopenia in Asia: 
consensus report of the Asian Working Group for Sarcopenia. J Am Med Dir Assoc. 2014;15(2):95-
101. 

34. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. The Lancet. 
2013;381(9868):752-62. 

35. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of Frailty in Community‐Dwelling 
Older Persons: A Systematic Review. J Am Geriatr Soc. 2012;60(8):1487-92. 

36. Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia and physical frailty: two sides of the 
same coin. Front Aging Neurosci. 2014;6(192):eCollection 2014. 

37. Litchford MD. Counteracting the trajectory of frailty and sarcopenia in older adults. Nutr Clin Pract. 
2014;29(4):428-34. 

38. Bijlsma A, Meskers C, van den Eshof N, Westendorp R, Sipilä S, Stenroth L, et al. Diagnostic criteria 
for sarcopenia and physical performance. AGE. 2014;36(1):275-85. 

39. Bijlsma A, Meskers C, van Heemst D, Westendorp R, de Craen A, Maier A. Diagnostic criteria for 
sarcopenia relate differently to insulin resistance. AGE. 2013:1-9. 

 

40. Bijlsma A, Meskers M, Molendijk M, Westendorp R, Sipilä S, Stenroth L, et al. Diagnostic measures for 
sarcopenia and bone mineral density. Osteoporos Int. 2013:1-11. 

41. McPhee JS, Hogrel J-Y, Maier AB, Seppet E, Seynnes OR, Sipilä S, et al. Physiological and functional 
evaluation of healthy young and older men and women: design of the European MyoAge study. 
Biogerontology. 2013;14(3):325-37. 

 
  

44654 Esmee Reijnierse.indd   15 20-02-17   15:13


