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The loss of strength, mobility and functionality is not an inevitable part of aging. It is a result of disuse, 
abnormal hormonal levels, nutritional and dietary issues amongst other factors that deteriorate with aging. 
One of the greatest threats for the adult’s ability to remain healthy and functional while growing old is 
the gradual loss of lean body mass- especially muscle tissue. This article appraises scientific evidence on 
sarcopenia. The therapeutic interventions of sarcopenia involve a variety of approaches: resistance and aerobic 
exercises, nutrition, supplements and vitamin formulations as well as counselling in a new way of life. 
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Introduction
Irwin Rosenberg defined sarcopenia as the age-re-
lated decrease of muscle mass [49]. His aim was 
to underline the importance of muscle mass in the 
disability process.  A vicious circle is created since 
there is an age-related decrease of muscle mass, an 
age-related decrease of muscle strength and the loss 
of muscle mass, of muscle strength and functional-
ity lead to aging. 

Even though sarcopenia is mainly observed in per-
sons with low physical activity, it is also common in 
persons who remain physically active throughout 
their lives. [9] Therefore, it becomes clear that even 
though physical activity is essential, physical inac-
tivity is not the only factor that matters.

As we grow older, hormonal levels and the need 
for protein are changing, motor neurons die, and 

we have a tendency for sedentary life. 
The first workshop for sarcopenia was held by 

the National Institute on Aging in 1989. Since then, 
the definition of sarcopenia is evolving. In fact, the 
definition of sarcopenia is considering the loss of 
muscle functionality and quality (muscle strength/
muscle mass unit or alternatively the ability of the 
muscle tissue to produce power) as an additional 
factor to the decrease of the muscle mass proteins. 

At this point occurs the issue of overlapping be-
tween different diseases and syndromes such as ca-
chexia, sarcopenia, starvation and frailty. The fact 
is that there is no clear separation. All these condi-
tions lead to muscle loss. Even specialized physi-
cians find it hard to distinguish them. The difficulty 
lies in the strong connection these conditions have. 
Nevertheless, it is of great importance to separate 
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them in everyday practice because they demand a 
different clinical and therapeutical approach.

Additionally, the clinician should investigate oth-
er causes, for example lateral amyotrophic sclerosis 
or cancer cachexia, for muscle loss, which is part 
of the differential diagnosis process. According to 
EWGSOP, sarcopenia is a syndrome characterized 
by progressive and generalized loss of skeletal mus-
cle mass and strength/physical performance with 
a risk of adverse outcomes such as physical disa-
bility, poor quality of life and death. [20, 21] The 
criteria set to diagnose sarcopenia are: 1) Low mus-
cle mass and decreased muscle strength or physi-
cal performance (sarcopenia), 2) Low muscle mass 
(quantity/quality) and decreased muscle strength 
and physical performance (severe sarcopenia). 

Anker et al introduced the ICD-10 code for sarco-
penia [1]. According to the writers: “the new ICD-
10-CM (M62.84) for sarcopenia represents a major 
step forward in recognizing sarcopenia as a disease. 
This should lead to an increase in availability of di-
agnostic tools and the enthusiasm for pharmacolog-
ical companies to develop drugs for sarcopenia.”

Sarcopenia is primarily age related. Secondary 
factors are divided into three categories. Activity 
related factors such as bed rest, sedentary lifestyle 
and deconditioning. Disease related factors such as 
advanced organ failure, inflammatory diseases, ma-
lignancy and endocrine disorders. Finally, nutrition 
related factors such as inadequate diet, malabsorp-
tion, gastrointestinal disorders and drug induced 
anorexia. [24] 

Epidemiology
Concerning the epidemiology of sarcopenia, there 
has been research and data in America, Europe and 
Asia but certain questions arise. For example, how 
do these results sound since there was no accurate 
definition till now? Is there a different prevalence 
in various populations? Could we generalize the 
results? The prevalence of sarcopenia is between 
7.5% and 77.6% when it is defined as a decrease in 
gait speed and grip strength, as in the EWGSOP 
definition. The prevalence of sarcopenia differs also 
according to the characteristics of the subjects and 
could range between 14 and 33% in residents of care 

Figure 1: Prevalence of sarcopenia in various studies in America (up) and Europe-Asia (down)
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facilities, to 26% in chronic spinal cord injured sub-
jects and is estimated much higher (78%) in hospi-
talized disabled subjects. [22, 25, 37] 

In comparison with the annual cost of 13.6 billion 
dollars for osteoporotic fractures, sarcopenia conse-
quences cost much higher: 18.5 billion dollars (data 
from USA). The consequences of sarcopenia are ex-
panded to survival rate, infections, duration of hos-
pitalization, toxicity of medical treatment and mo-
tor disability [32]. It appears that we probably need 
better medication in the future for the improvement 
of functionality in the elderly as the financial cost of 
such a prospect is enormous.

Pathophysiology
There are plenty of external and internal processes 
that contribute to the development of sarcopenia. 
Concerning the internal processes, the most influ-
ential factors are the decrease of anabolic hormones 
such as testosterone, estrogens, growth hormone 
etc., the increased apoptotic activity in muscle 
fibers, the increased pro-inflammatory cytokines 
(mainly TNF-a and IL-6), the oxidative stress due to 
accumulation of free radicals, the changes in mito-
chondrial function of muscle cells and the decreased 
number of alpha motor neurons [33]. The external 
factors constitute of the following facts. The inade-
quate intake of energy and proteins contributes to 
loss of muscle mass and function. Decreased intake 
of vitamin D has been associated with low function-
ality levels in the elderly. Acute and chronic comor-
bidities can also contribute to the development of 

sarcopenia in older people. Comorbidities may lead 
on the one hand to decreased physical activity and 
periods of bed rest and on the other hand to the in-
crease of pro-inflammatory cytokines that play an 
important role in the activation of proteolysis (see 
cachexia) [33]. 

The muscle system is the biggest storage for pro-
teins and during periods of stress or malnutrition, 
it provides continuous aminoacid supplies, so that 
protein synthesis continues in other key tissues. 
Furthermore, the skeletal muscle is the main “con-
sumer” of energy and contributes to the BMR of the 
body. Therefore, muscle loss is the primary cause of 
age-related decrease of BMI and energy needs. Ag-
ing has effects on systemic factors influencing syn-
thesis and degradation of skeletal muscle proteins. 
The protein metabolism is altered.  [36]

Aging has effects also on the motor units: In sar-
copenia there is a preference in the process of atro-
phy of the fast muscle fibers (type 2) in comparison 
with the slow muscle fibers (type 1). The aging pro-
cess contributes to that atrophy as well. Sarcopenia 
disrupts this system of muscle organization. In sar-
copenia atrophy <preferentially> and due to dener-
vation of type II fibers more than type I is evident, 
and this integration is disrupted. [36]

Assessment
Anthropometric measures are low cost, easy to use 
but vulnerable to error and thus have low reliabil-
ity. Bioimpedancemetry is an also low cost, easy to 
use method but vulnerable to error and thus also 
has low reliability. Body imaging techniques such 
as MRI and CT are of high cost, difficult to execute 
with radiation and show skeletal muscle quality. 
DXA measures skeletal muscle mass in kg and it is 
of low cost, reliable, and easy to use but does not 
give information about muscle quality. It is the gold 
standard method in osteoporosis but there are lim-
ited possibilities especially in frail elderly patients. 
Skeletal muscle index (SMI): appendicular skeletal mus-
cle mass (ASM)/ height2

Values of SMI lower than 2 SD under the SMI of a 
young population, reference from the Rosetta study, 
are considered indicative of sarcopenia (women 
<7.26 kg/m2 men <5.45 kg/m2) [5]. The advantag-

table 1. Nutritional interventions in sarcopenia

Nutritional interventions

1) Proteins and protein supplements

2) Essential amino acids, mainly branched chain

3)  Nutritional supplements that combine protein and 
leucine

4)  beta-hydroxy-beta- methyl butyrate (HMB), metabolite 
of leucine

5) Vitamins

6) Micronutrients
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es of this index are the easy application and un-
derstanding by physicians. The disadvantages are 
that it needs DXA, the threshold it uses because it is 
calculated and based to the Rosetta study only, the 
difficulties in comparison between obese and thin 
because it does not include the fat in the calcula-
tion and the most important is that the only clinical 
parameter from the definition of sarcopenia in the 
equation is the muscle mass. Strength is not taken 
into consideration. However, strength produced by 
a muscle mass unit differs among sexes and gradu-
ally decreases with age [31].

Isometric methods of strength assessment have the 
disadvantage of measuring forces that do not re-
produce the normal movement-static assessment. 
Isokinetic methods also have the limitation of 
movement in certain angular velocity; therefore, 
the condition is far from normal. The limited mo-
tion patterns which are apparently not frequently 
enough used in everyday activities that could pos-
sibly lead to higher results due to the repeated same 
measurements and eventually with the result of the 
bad reproducibility (isometric and isotonic meas-
urements). In the study of muscular capabilities, 
the movements should be described by terms that 
include the elements of power, velocity and accel-
eration [47]. Force (N) provokes acceleration (a). 
Every movement is caused by a force in a certain 
time and because of that, it should be measured 
as power (force X distance=work, work/time and 
force X speed=power).

The currently used techniques of handgrip 
strength i.e. Jamar Dynamometer or knee extension 
strength gym equipment, are feasible in the clinical 
practice and easily understood. Moreover, handgrip 

strength could be assessed simply by measuring 
shaking hands with the subject. This test is reliable but 
it is loaded with subjectivity.  Furthermore, it is not a 
reproducible and quantitative method. Concluding, 
the problem is the threshold, the type of test and 
the fact that these tests are dependent from the mo-
tive, willingness of the subject and the possibility 
of pain. Once again, muscle strength is once more 
the most important parameter according to these 
measurements.

Several other tests are used in the assessment of 
muscle strength or physical performance (power): Chair 
stands test *, Walk test, Time up and Go Test etc. 
Their disadvantage is that for example the TUG test 
includes only the main movements of everyday life 
like lifting, walking, turning and seating and not 
stepping over an obstacle that could cause a stum-
ble or fall [46]. We agree that all these tests are val-
idated in various populations. However, we need 
multiple tests in clinical practice in order to over-
come the elements that lack in certain tests.

Screening for Sarcopenia  SARC – F 
A simple questionnaire for screening sarcopenia 
without measurements is the SARC-F questionnaire 
in which the score ranges from zero to ten. Scoring 
≥ 4 can suggest sarcopenia. It measures strength, 
assistance in walking, rise from a chair, climb stairs 
and falls. Specifically, it evaluates by asking the pa-
tient how much is the difficulty to lift 10 pounds, to 
walk across a room, the level of difficulty in trans-
ferring from chair to bed, the ability of climbing 10 
stairs and lastly the occurrence of falls within the 
last year. The answers range from 0 to 2, whereas 
none is 0, some is 1 and a lot or unable is 2 [63].

table 2. Trials of Selective Androgen Receptor Modulators

Compound Drug name Trial Action

MK2866
GTx-024

Ostarine
Enobosarm Phase II b Clinical Trial Increase muscle mass

LGD - 4033 Ligandrol Preclinical trial Improves muscle mass

971086 GSK 971086 Clinical trial Phase I (2011) Androgen stimulator

Karo stopped »
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Rehabilitation and Treatment- Basic principles
The therapeutic interventions in age-related sar-
copenia are exercise and training, physiotherapy 
interventions, appropriate nutrition, vitamins and 
other supplements, consulting and daily living 
skills training and finally pharmaceutical interven-
tions. 

Physical Activity
Exercise, especially resistance training exercises (or 
strength exercises), are highly effective for the pre-
vention of sarcopenia. Resistance exercises affect the 
neuromuscular system, the protein synthesis and 
the hormones, who if not working properly lead 
to sarcopenia. Studies show that after a resistance 
training program, the activation of the motor neu-
ron and the protein synthesis increase even in older 
people (they are both essential for building muscle 
mass) [29,50]. These changes indicate that muscle 
strength can be regained even in an advanced age.

To clarify the meaning of resistance exercises 
these are considered as a type of strength training, 
meaning a type of training that is going to improve 
the maximal strength, since it stands to reason that 
with gradual exercise someone could lift more 
weight, more times. If we take into consideration 
the laws of physics, it becomes more complex: If a 
mass of 100kg (total weight: 100 kg • 9,81 m/s² ≈ 
1000 N) should be lifted in 1m, 1000NX1m=1000J of 
energy should be produced. If the above happens in 
1sec, then mean power would be 1000J/1s=1000W 
and if it happens in 0,5sec then it would be 
1000J/0,5s=2000W. Therefore, physics-wise, weight 
training targets to power and not strength.

Aerobic exercise also seems to be beneficial 
against sarcopenia. This type of exercise has been 
proven to increase protein synthesis, an essential 
procedure for the preservation of the muscle mass 
and strength in older people [53].

Electrical Stimulation (ES)
Electrical stimulation counteracts muscle decline in 
seniors. ES is an alternative intervention to improve 
muscle recovery in case the ability to perform phys-
ical exercise is limited by pathologic conditions. 
According to the authors, ES has been shown to im-

prove muscle torque and functional performances 
of seniors and increase the size of fast muscle fib-
ers. At molecular level, ES induced up-regulation of 
IGF-1 and modulation of MuRF-1, a muscle-specific 
atrophy-related gene. It also induced up-regulation 
of relevant markers of differentiating satellite cells 
and of extracellular matrix remodeling which might 
guarantee shape and mechanical forces of trained 
skeletal muscle as well as maintenance of satellite 
cell function, reducing fibrosis [34]. 

Nutrition
Older people have the tendency to incept less calo-
ries in general, which can lead to severe deficiency 
in proteins and other nutrients. The preservation of 
sufficient protein and calorie intake is an important 
aspect of the treatment of sarcopenia [10, 12, 41]. 

Epidemiological surveys show that chronic mal-
nutrition (insufficient intake of proteins and energy, 
micronutrients’ deficiency) contributes to the devel-
opment of sarcopenia. The third National Health 
and Nutrition Examination Survey (NHANES III), a 
population-based cohort study, appointed that old-
er adults with sarcopenia, malnutrition and phys-
ical inactivity had a higher risk of mortality. Sim-
ilarly, in ABC Health study, among adults in the 
community with normal functionality, there was 
found that low protein intake is related to higher 
risk of mobility limitation. More recently, the re-
sults from the Very Important Protein (VIP) study 
in Italy showed an association between protein in-
take and muscle mass and power in all ages.

Research has shown that older adults may need 
more protein intake per kilogram compared to 
younger people, in order to maintain proper pro-
tein levels to boost muscle mass [13, 14]. Many fac-
tors contribute to higher needs in proteins in older 
people, including the impaired anabolic response 
to protein intake and the increased prevalence of 
inflammatory and catabolic conditions related to 
aging [42, 59].

According to Paddon-Jones et al, the quantity 
and quality of proteins a mixing of fast (such as 
whey protein) and slow (such as casein) absorbing 
milk-derived proteins has better efficiency in mus-
cle building than soya drinks after strength training 
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among young people. These differences are related 
to the content of amino acids, mainly leucine [44]. 
It was also found that by giving 20gr of whey pro-
tein, (signed with phenylalanine) there were higher 
rates of postprandial protein synthesis compared to 
the same quantity of casein [47]. The postprandial 
protein retention was higher in older people when 
they were given whey protein compared to casein. 
Apparently, slow absorbing proteins have better 
results in younger people, while fast absorbing pro-
teins are better for older people [27].

There are multiple factors that contribute towards 
the anabolic resistance of muscle protein synthesis 
to food intake with aging. Physical activity per-
formed before food intake can improve postprandi-
al muscle protein synthesis rates irrespective of age. 
A reduced level of habitual physical activity forms 
the basis for the observed anabolic resistance in the 
older population. Increasing the physical activity in 
the elderly will increase postprandial muscle pro-
tein synthesis rates and ultimately support healthy 
aging. Additionally, according to the authors, the 
amount, protein source and time of day that dietary 
protein is consumed further modulate the ampli-
tude of the stimulation of postprandial muscle pro-
tein synthesis rates, thereby improving net muscle 
protein accretion. [11]

Essential amino acids (EAAs) have been proven 
to stimulate the synthesis of muscle proteins [58], 
even if this result could be modified in older ages 
[56]. Leucine supplements and/or HMB have also 
been suggested as an effective approach for the 
improvement of stamina and muscle mass in older 
adults due to their impact in muscle protein synthe-
sis. However the studies were not consistent [8, 60].

There are data supporting that creatine supple-
ments could be helpful in muscle growth in older 
adults who follow a resistance training program 
[10, 18]. Preservation of proper levels of vitamin D 
in blood could also be helpful for the maintenance 
of muscle strength and physical condition [41]. 

In a 2017 meta-analysis of 8 randomized clinical 
studies that examine the effect of protein or amino 
acid supplements in muscle mass and strength in 
healthy older adults, Tieland et al found no evidence 
of positive effect of proteins or aminoacid supple-

ments in muscle mass, strength of press leg, leg ex-
tension or hand grip [55]. Their conclusion showed 
that these interventions may demand simultaneous 
nutritional intervention or physical exercise. How-
ever, other studies came to different conclusions. 
For example, the PROVIDE study in older adults 
with sarcopenia showed that an intervention of 13 
weeks with a specific nutritional supplement per os 
that consists of protein enriched with leucine and 
vitamin D, with no physical exercise, did not im-
prove the principal outcomes (hand grip strength 
and SPPB) - though it led to a significant improve-
ment in chair-stand time and in muscle mass of the 
spine that was evaluated by DXA [4]. Moreover, an-
other study with an intervention of 6 months with 
a nutritional supplement that consisted of whey 
protein and vitamins D and E showed a significant 
improvement in measurements of muscle mass, 
muscle strength and anabolic indicators such as 
IGF-1 and IL-2 in older people with sarcopenia [6]. 
VIVE-2, another study of 6 months, examined the 
combined intervention of physical activity with or 
without everyday nutritional supplement of whey 
protein and vitamin D in older people with reduced 
mobility. This study did not show any major dif-
ference in walking speed or SPPB (Short Physical 
Performance Battery) by combining a nutritional 
intervention with physical exercise [26]. 

A well-rounded report of the International Sar-
copenia Initiative (EWGSOP and IWGS) conclud-
ed that some nutritional interventions such as the 
essential amino acids, including 2,5gr of leucine, 
HMB and the increase of protein intake to 1,2gr/
kg/day, could improve the muscle parameters. In 
2013, an international study group (PROT-AGE) 
which was established by the European Geriatric 
Medicine Society (EUGMS) and other scientific or-
ganizations, published recommendations for die-
tary protein intake in healthy older people [3]. The 
study group concluded that older people not only 
need more protein than young adults, but also these 
specific nutritional interventions - the addition of 
proteins, aminoacids and other nutrients, the intake 
timetable and the incorporation of an exercise pro-
gram- must be adopted in order to ensure the opti-
mal digestion and absorption of proteins.
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Carotenoids may protect from inflammation and 
thus sarcopenia. Mediterranean diet is suggested 
to decrease the incidence of disability [54].

Drugs
Medications with neurotrophic properties, mean-
ing aiming to the nervous system, are tried based 
on the concept of sarcopenia as a neuromuscular 
syndrome, i.e. trypsin inhibitors are based on the 
importance of a healthy neuromuscular junction 
(neurotrypsin damages the junction) and EN 101 
(Moransen), a medication against Ache for patients 
with myasthenia gravis (MG) are under research.

Other drugs with anabolic action in muscles 
(preservation/increase in muscle fibers, promo-
tion of muscle rehabilitation, formation of muscle 
fibers after damage) like testosterone, growth hor-
mone (GH), IGF 1, Stamulumab (MYO-029), an-
ti-myostatin Mab acts against Myostatin, Selective 
Androgen Receptor Modulators and older med-

ications that are used for other diseases are cur-
rently being tested. Various formulations such as 
testosterone, selective androgen receptor blockers 
(SARMs) and ghrelin agonists can increase muscle 
mass, causing less or more serious side effects. The 
action of anti-myostatin MAb appears to increase 
the lean muscle mass and force. In a double-blind 
study in postmenopausal women, administration 
of a recombinant ACE-031 protein (Ramatercept) 
which acts as a potent myostatin inhibitor has 
shown statistically significant markers of muscle 
mass increase while improving bone and fatty tis-
sue. The angiotensin converting enzyme inhibitor 
called perindopril showed an increase in the dis-
tance the patient could walk and a reduction in 
the incidence of fractures without significant side 
effects [15, 64]. a

 
Conflict of interest: 
The authors declared no conflicts of interest.

1. Anker SD, Morley JE, Von Haehling S. Wel-
come to the ICD-10 code for sarcopenia. J Ca-
chexia Sarcopenia Muscle. 2016 Dec;7(5):512-14.

2. Attie KM, Borgstein NG, Yang Y, et al. A 
single ascending-dose study of muscle regu-
lator ACE-031 in healthy volunteers. Muscle 
Nerve. 2013 Mar;47(3):416-23. 

3. Bauer J, Biolo G, Cederholm T, et al. Evi-
dence-based recommendations for optimal di-
etary protein intake in older people: a position 
paper from the PROT-AGE Study Group. J Am 
Med Dir Assoc. 2013 Aug;14(8):542-59.

4. Bauer JM, Verlaan S, Bautmans I, et al. Effects 
of a vitamin D and leucine-enriched whey 
protein nutritional supplement on measures 
of sarcopenia in older adults, the PROVIDE 
study: a randomized, double-blind, place-
bo-controlled trial. J Am Med Dir Assoc. 2015 
Sep;16(9):740-7.

5. Baumgartner RN, Koehler KM, Gallagher D, 
et al. Epidemiology of sarcopenia among the 

elderly in New Mexico. Am J Epidemiol. 1998 
Apr 15;147(8):755-63.

6. Bo Y, Liu C, Ji Z, et al. A high whey protein, vi-
tamin D and E supplement preserves muscle 
mass, strength, and quality of life in sarcopen-
ic older adults: A double-blind randomized 
controlled trial. Clinical Nutrition 2019 Feb; 
38(1):159-164.

7. Bogaerts A, Delecluse C, Claessens AL, et 
al. Impact of whole-body vibration training 
versus fitness training on muscle strength 
and muscle mass in older men: a 1-year ran-
domized controlled trial. J Gerontol A Biol Sci 
Med Sci. 2007 Jun;62(6):630-5.

8. Borack MS, Volpi E. Efficacy and Safety of 
Leucine Supplementation in the Elderly. J 
Nutr. 2016 Dec;146(12):2625S-9S.

9. Brink W. 2007 Jan Preventing Sarcopenia. Life 
Extension Magazine

10. Brose A, Parise G, Tarnopolsky MA. Creatine 
supplementation enhances isometric strength 

RefeRences



105acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 70  |  ISSUE 3  |  JULY - SEPTEMBER 2019

Kyriakoulakou E, et al. Sarcopenia

and body composition improvements follow-
ing strength exercise training in older adults. J 
Gerontol A Biol Sci Med Sci. 2003 Jan;58(1):11-9.

11. Burd NA, Gorissen SH, van Loon LJ. Anabolic 
resistance of muscle protein synthesis with ag-
ing. Exerc Sport Sci Rev. 2013 Jul;41(3):169-73.

12. Calvani R, Miccheli A, Landi F, et al. Current 
nutritional recommendations and novel die-
tary strategies to manage sarcopenia. J Frailty 
Aging. 2013;2(1):38-53.

13. Campbell WW, Crim MC, Dallal GE, et al. In-
creased protein requirements in elderly peo-
ple: data and retrospective reassessments. Am 
J Clin Nutr. 1994 Oct;60(4):501-9.

14. Campbell WW, Evans WJ. Protein require-
ments of elderly people. Eur J Clin Nutr. 1996 
Feb;50 Suppl 1:S180-3.

15. Campins L, Camps M, Riera A, et al. Oral 
drugs related with muscle wasting and sarco-
penia. A review. Pharmacology. 2017;99:1–8.

16. Candow DG. Sarcopenia: current theories 
and the potential beneficial effect of creatine 
application strategies. Biogerontology. 2011 
Aug;12(4):273-81.

17. Cao L, Chen S, Zou C, et al. A pilot study of 
the SARC-F scale on screening sarcopenia and 
physical disability in the Chinese older peo-
ple. J Nutr Health Aging. 2014 Mar;18(3):277-83.

18. Chrusch MJ, Chilibeck PD, Chad KE, et al. 
Creatine supplementation combined with re-
sistance training in older men. Med Sci Sports 
Exerc. 2001 Dec;33(12):2111-7.

19. Clark BC, Manini TM. Sarcopenia =/= dy-
napenia. J Gerontol A Biol Sci Med Sci. 2008 
Aug;63(8):829-34.

20. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. 
Sarcopenia: European consensus on definition 
and diagnosis. Report of the European Work-
ing Group on Sarcopenia in Older People. Age 
Ageing. 2010 Jul;39(4):412-23.

21. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. 
Sarcopenia: Revised European consensus on 
definition and diagnosis. Report of the Euro-
pean Working Group on Sarcopenia in Older 

People. Age Ageing. 2019 Jan 1;48(1):16-31.
22. Cruz-Jentoft, AJ, Landi, F, Schneider, SM et 

al. Prevalence of and interventions for sar-
copenia in ageing adults: a systematic re-
view. Report of the International Sarcopenia 
Initiative (EWGSOP and IWGS). Age Age-
ing 2014; 43: 748– 759.

23. Dionyssiotis Y, Chhetri JK, Piotrowicz K, et al. 
Impact of nutrition for rehabilitation of older 
patients: Report on the 1st EICA-ESPRM-EU-
GMS Train the Trainers Course. Eur Ger Med. 
2017 Apr;8(2):183-190.

24. Dionyssiotis Y, Kapsokoulou A, Samlidi E, et 
al. Sarcopenia: from definition to treatment. 
Hormones (Athens). 2017 Oct;16(4):429-439.

25. Dionyssiotis Y, Skarantavos G, Petropoulou 
K, et al. Application of current sarcopenia 
definitions in spinal cord injury. J Musculoskel-
et Neuronal Interact. 2019; Mar 1;19(1):21-29. 

26. Fielding RA, Travison TG, Kirn DR, et al. Ef-
fect of Structured Physical Activity and Nutri-
tional Supplementation on Physical Function 
in Mobility-Limited Older Adults: Results 
from the VIVE2 Randomized Trial. J Nutr 
Health Aging. 2017;21(9):936-42

27. Gryson C, Walrand S, Giraudet C, et al. “Fast 
proteins” with a unique essential aminoac-
id content as an optimal nutrition in the el-
derly: growing evidence. Clin Nutr. 2014 
Aug;33(4):642-8.

28. Gualano B, Rawson ES, Candow DG et al. 
Creatine supplementation in the aging pop-
ulation: effects on skeletal muscle, bone and 
brain. Amino Acids. 2016 Aug;48(8):1793-805. 

29. Hasten DL, Pak-Loduca J, Obert KA, et al. Re-
sistance Exercise Acutely Increases MHC and 
Mixed Muscle Protein Synthesis Rates in 78 
-84 and 23-32 yr olds. Am J  Physiol Endocrinol 
Metab. 2000 Apr;278(4):620-6.

30. Hickson M. Nutritional interventions in sar-
copenia: a critical review. Proc Nutr Soc. 2015 
Nov;74(4):378-86.

31. Janssen I, Baumgartner RN, Ross R, et al. Skel-
etal muscle cutpoints associated with elevated 



106 acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 70  |  ISSUE 3  |  JULY - SEPTEMBER 2019

Kyriakoulakou E, et al. Sarcopenia

physical disability risk in older men and wom-
en. Am J Epidemiol. 2004 Feb 15;159(4):413-21.

32. Janssen I, Shepard DS, Katzmarzyk PT, et al. 
The healthcare costs of sarcopenia in the Unit-
ed States. J Am Geriatr Soc. 2004 Jan;52(1):80-5.

33. Joseph C, Kenny AM, Taxel P,et al. Role of 
endocrine-immune dysregulation in osteopo-
rosis, sarcopenia, frailty and fracture risk. Mol 
Aspects Med. 2005 Jun;26:181–201.

34. Kern H, Barberi L, Lofler S, et al. Electrical 
Stimulation Counteracts Muscle Decline in 
Seniors. Front Aging Neurosci. 2014 Jul 24;6:189.

35. Landi F, Sieber C, Fielding RA, et al. Nutri-
tional Intervention in Sarcopenia: Report from 
the International Conference on Frailty and 
Sarcopenia Research Task Force. J Frailty Ag-
ing. 2018;7(4):247-252

36. Lang T, Streeper T, Cawthon P, et al. Sarco-
penia: etiology, clinical consequences, inter-
vention and assessment. Osteoporosis Int. 2010 
Apr;21(4):543-59.

37. Lardiés-Sánchez B, Sanz-Paris A, Boj-Car-
celler D, et al. Systematic review: prevalence 
of sarcopenia in ageing people using bioel-
ectrical impedance analysis to assess muscle 
mass. Eur Geriatr Med 2016; 7: 256– 261.

38. Leong DP, Teo KK, Rangarajan S, et al. 
Prognostic value of grip strength: find-
ings from the Prospective Urban Rural Ep-
idemiology (PURE) study. Lancet. 2015 Jul 
18;386(9990):266-73.

39. Marcell TJ. Sarcopenia: causes, consequenc-
es and preventions. J Gerontol A Biol Sci Med 
Sci. 2003 Oct;58(10):M911-6.

40. Meriggioli MN, & Roubenoff R. Prospect for 
pharmacological therapies to treat skeletal 
muscle dysfunction. Calcif Tissue Int. 2015 
Mar;96(3):234-42. 

41. Mithal A, Bonjour JP, Boonen S, et al. Impact 
of nutrition on muscle strength and perfor-
mance in older adults. Osteoporosis Int 2013 
May;24(5):1555-66.

42. Moore DR, Burd NA. Exercise intensity mat-
ters for both young and old muscles. J Physiol. 

2009;587(3):511-2.
43. Morley JE, & Malmstrom TK. Can sarcopenia 

be diagnosed without measurements? Eur Ger 
Med. 2014 Oct;5(5):291-3.

44. Paddon-Jones D, Short KR, Campbell WW, et 
al. Role of dietary protein in the sarcopenia of 
aging. Am J Clin Nutr. 2008 May;87(5):1562S-
1566S. 

45. Pahor M, Blair SN, Espeland M, et al. Effects 
of a physical activity intervention on meas-
ures of physical performance: Results of the 
lifestyle interventions and independence for 
Elders Pilot (LIFE-P) study. J Gerontol A Biol 
Sci Med Sci. 2006 Nov;61(11):1157-65.

46. Peeters GM, de Vries OJ, Elders PJ, et al. Pre-
vention of fall incidents in patients with a 
high risk of falling: design of a randomised 
controlled trial with an economic evaluation 
of the effect of multidisciplinary transmural 
care. BMC Geriatr. 2007 Jul 2;7:15.

47. Pennings B, Boirie Y, Senden JM, et al. Whey 
protein stimulates postprandial muscle pro-
tein accretion more effectively than do casein 
and casein hydrolysate in older men. Am J 
Clin Nutr. 2011 May;93(5):997-1005. 

48. Rizzoli R. Nutrition and sarcopenia. J Clin 
Densitom. 2015 Oct-Dec;18(4):483-7.

49. Rosenberg I. Summary comments: epidemio-
logical and methodological problems in deter-
mining nutritional status of older persons. Am 
J ClinNutr. 1989;50:1231–3

50. Roth SM, Ferrell RE, Hurley BF. Strength Train-
ing for the Prevention and Treatment of Sarco-
penia. J Nutr Health Aging. 2000;4(3):143-155.

51. Runge M, & Schacht E. Multifactorial patho-
genesis of falls as a basis for multifactorial in-
terventions. J Musculoskelet Neuronal Interact. 
2005; 5(2):127-134.

52. Saggini R, Carmignano SM, Cosenza L, et al. 
Sarcopenia in Chronic Illness and Rehabil-
itative Approaches. Intechopen. 2017 Aug.

53. Sheffield-Moore M, Yeckel CW, Volpi E, et 
al. Post-exercise metabolism in older and 
younger men following moderate aerobic 



107acta OrthOpaedica et traumatOlOgica hellenica

VOLUME 70  |  ISSUE 3  |  JULY - SEPTEMBER 2019

Kyriakoulakou E, et al. Sarcopenia

exercise. Am J Physiol Endocrinol Metab. 2004 
Sep;287(3):E513-22.

54. Szlejf C, Rosas-Carrasco O. Nutrition Inter-
ventions to Manage Sarcopenia: An Appraisal 
of the Existing Evidence. Res Rep Med;1(1):1-9.

55. Tieland M, Franssen R, Dullemeijer C, et 
al. The Impact of Dietary Protein or Amino 
Acid Supplementation on Muscle Mass and 
Strength in Elderly People: Individual Par-
ticipant Data and Meta-Analysis of RCT’s. J 
Nutr Health Aging. 2017;21(9):994-1001.

56. Timmerman KL, & Volpi E. Amino acid metab-
olism and regulatory effects in aging. Curr Opin 
Clin Nutr Metab Care. 2008 Jan;11(1):45-9.

57. Verdijk LB, Dirks ML, Snijders T, et al. Re-
duced satellite cell numbers with spinal cord 
injury and aging in humans. Med Sci Sports 
Exerc. 2012 Dec;44(12):2322-3.

58. Volpi E, Mittendorfer B, Wolf SE, et al. Oral 
amino acids stimulate muscle protein anab-
olism in the elderly despite higher first-pass 
splanchnic extraction. Am J Physiol. 1999 
Sep;277(3):E513-20.

59. Walrand S, Guillet C, Salles J, et al. Physio-
pathological mechanism of sarcopenia. Clin 

Geriatr Med. 2011 Aug;27(3):365-85.
60. Wilson GJ, Wilson JM, Manninen AH. Effects 

of beta-hydroxy-beta-methylbutyrate (HMB) 
on exercise performance and body compo-
sition across varying levels of age, sex, and 
training experience: A review. Nutr Metab 
(Lond). 2008 Jan 3;5:1.

61. Woo J, Leung J, Morley JE. Validating the 
SARC-F: a suitable community screening 
tool for sarcopenia? J Am Med Dir Assoc. 2014 
Sep;15(9):630-4.

62. Wu H, Xia Y, Jiang J, et al. Effect of beta-hy-
droxy-beta-methylbutyrate supplementation 
on muscle loss in older adults: a systematic 
review and meta-analysis. Arch Gerontol Ger-
iatr. 2015 Sep-Oct;61(2):168-75.

63. Yang M, Hu X, Xie L, et al. SARC-F for sarco-
penia screening in community-dwelling older 
adults: Are 3 items enough? Medicine (Balti-
more). 2018 Jul;97(30).

64. Yoshimura Y, Wakabayashi H, Yamada M, 
et al. Interventions for treating sarcopenia: a 
systematic review and meta-analysis of ran-
domized controlled studies. J Am Med Dir 
Assoc. 2017;18:553.e1-553.e16

Kyriakoulakou E, Manola M, Papathanasiou J, Groumas N, Petropoulou K, 
Dionyssiotis Y. Sarcopenia: a narrative review. Acta Orthop Trauma Hell 2019; 
70(3): 98-107.

Ready - Made
citation


