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Uno de los efectos más deletéreos de la edad es la pérdida involuntaria de la masa, la 
fuerza y la función muscular, entidad que algunos expertos llaman Sarcopenia. Otros la 
definen como los valores de masa muscular apendicular, que por cualquier método, se 
encuentren 2 o más desviaciones estándar por debajo del valor normal en jóvenes. La 
sarcopenia es distinta de la atrofia muscular que ocurre debido a condiciones patológicas 
focales tal como un evento vascular cerebral o neuropatías periféricas, en los que ocurre 
una atrofia muscular asimétrica y debe distinguirse del desgaste o caquexia que se 
define como la pérdida de peso no intencional, que incluye a la masa grasa y a la masa 
libre de grasa o masa magra. 
 
El estudio seminal de sarcopenia de Baumgartner y Cols, realizado con una población de 
Nuevo México, EUA, encontró una prevalencia para pacientes menores de 70 años 
hombres del 13.5% al 16.9%, y en mujeres del 23.1% al 24.1%. En promedio los hombres 
mayores de 70 años tuvieron una prevalencia del 35.2%, y las mujeres mayores de 70 
años del 40.5%, las cifras son mayores por encima de los 80 años 52.6% al 57.6% en 
hombres y del 43.2% al 60.0% en mujeres. Ellos demostraron además que a mayor 
sarcopenia, mayor deterioro funcional.  
 
La etiología de la sarcopenia, aún no esta claramente dilucidada. Se han propuesto varios 
mecanismos a nivel celular, hormonal, inmunológico, nutricional, bioquímico, metabólico y 
de actividad física. Probablemente no existe una causa única de la sarcopenia y se deba a 
multiples situaciones que incluyen alteraciones en la estructura muscular, sedentarismo, 
trastornos nutricionales, trastornos hormonales, daño oxidativo, respuesta inflamatoria 
y trastornos neurológicos. 
 
La consecuencia de la sarcopenia parece ir mas alla de lo funcional, sin embargo esto 
sigue siendo la mas importante y puede incluir perdida de la movilidad, alteraciones de la 
marcha e incremento en el riesgo de caídas. Los métodos empleados para determinar  
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Sarcopenia 
� Perda de massa muscular que ocorre 

junto ao envelhecimento; 
� Níveis patológicos abaixo de 2 desvios 

padrões da média estabelecida; 
� Massa muscular + força muscular / 

Performance 
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Sarcopenia categories and stages

Sarcopenia is a condition with many causes and varying out-
comes. While sarcopenia is mainly observed in older people,
it can also develop in younger adults, as is likewise the case
for dementia and osteoporosis. In some individuals, a clear
and single cause of sarcopenia can be identified. In other
cases, no evident cause can be isolated. Thus, the categories
of primary sarcopenia and secondary sarcopenia may be use-
ful in clinical practice. Sarcopenia can be considered ‘primary’
(or age-related) when no other cause is evident but ageing it-
self, while sarcopenia can be considered ‘secondary’when one
or more other causes are evident (Table 2). In many older
people, the aetiology of sarcopenia is multi-factorial so that
it may not be possible to characterise each individual as having
a primary or secondary condition. This situation is consist-
ent with recognising sarcopenia as a multi-faceted geriatric
syndrome.

Sarcopenia staging, which reflects the severity of the
condition, is a concept that can help guide clinical manage-
ment of the condition. EWGSOP suggests a conceptual
staging as ‘presarcopenia’, ‘sarcopenia’ and ‘severe sarcope-
nia’ (Table 3). The ‘presarcopenia’ stage is characterised by
low muscle mass without impact on muscle strength or
physical performance. This stage can only be identified by
techniques that measure muscle mass accurately and in re-
ference to standard populations. The ‘sarcopenia’ stage is
characterised by low muscle mass, plus low muscle strength
or low physical performance. ‘Severe sarcopenia’ is the stage
identified when all three criteria of the definition are met
(low muscle mass, low muscle strength and low physical per-
formance). Recognising stages of sarcopenia may help in
selecting treatments and setting appropriate recovery goals.
Staging may also support design of research studies that
focus on a particular stage or on stage changes over time.

Sarcopenia and other syndromes

Sarcopenia is featured in other syndromes associated with
prominent muscle wasting. The main reason to differentiate
between them is to encourage research into age-related me-

chanisms of sarcopenia and to guide targeted and
appropriate therapy for each.

Cachexia

‘Cachexia’ (Greek ‘cac’ or bad + ‘hexis’ or condition) is widely
recognised in older adults as severe wasting accompanying
disease states such as cancer, congestive cardiomyopathy
and end-stage renal disease [21]. Cachexia has recently
been defined as a complex metabolic syndrome associated
with underlying illness and characterised by loss of muscle
with or without loss of fat mass [22]. Cachexia is frequent-
ly associated with inflammation, insulin resistance, anorexia
and increased breakdown of muscle proteins [23, 24].
Thus, most cachectic individuals are also sarcopenic, but
most sarcopenic individuals are not considered cachectic.
Sarcopenia is one of the elements of the proposed defin-
ition for cachexia [22]. Very recently, a consensus paper
expanding this definition of cachexia and identifying rele-
vant issues on how to differentiate cachexia and sarcopenia
was published by ESPEN, one of the EWGSOP-endorsing
societies [25].

Frailty

Frailty is a geriatric syndrome resulting from age-related cu-
mulative declines across multiple physiologic systems, with
impaired homeostatic reserve and a reduced capacity of the
organism to withstand stress, thus increasing vulnerability to
adverse health outcomes including falls, hospitalisation, insti-
tutionalisation and mortality [26, 27]. Fried et al. developed a
phenotypic definition of frailty based on readily identifiable

Figure 1. Mechanisms of sarcopenia.

Table 2. Sarcopenia categories by cause

Primary sarcopenia
Age-related
sarcopenia

No other cause evident except ageing

Secondary sarcopenia
Activity-related
sarcopenia

Can result from bed rest, sedentary lifestyle,
deconditioning or zero-gravity conditions

Disease-related
sarcopenia

Associated with advanced organ failure
(heart, lung, liver, kidney, brain), inflammatory
disease, malignancy or endocrine disease

Nutrition-related
sarcopenia

Results from inadequate dietary intake of energy
and/or protein, as with malabsorption, gastrointestinal
disorders or use of medications that cause anorexia

Table 3. EWGSOP conceptual stages of sarcopenia

Stage Muscle mass Muscle strength Performance
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Presarcopenia ↓
Sarcopenia ↓ ↓ Or ↓
Severe sarcopenia ↓ ↓ ↓

Definition and diagnosis of sarcopenia
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� Bioquímica como 
componente 
essencial da 
fisiologia 
muscular; 

� Nutrientes como 
elementos 
fundamentais 
para estrutura, 
funcionamento e 
ações; 
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Nutrição 
� Boa Ingestão? 
� Boa Digestão? 
� Boa Absorção? 

�  Extra celular 
�  Intra celular 

Timiras P. Physiological basis of Aging and Geriatrics. 4 ED. Informa - 2007 



Redução da Ingesta Alimentar 

�  Morley JE. Anorexia of aging: Physiologic and 
pathologic. Am.J.Clin.Nutr 1997;66:760–773; 

�  Morley JE. Weight loss in older persons: New therapeutic 
approaches. Curr Pharm Des 2007;13:3637–3647. 
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Redução da síntese protéica 
em idosos ? 
�  Balagopal et Al.1997. Effects of aging on in vivo synthesis of 

skeletal muscle myosin heavy-chain and sarcoplasmic 
protein in humans. Am J Physiol 273(4 Pt 1):E790 –E800. 

�  Yareheski et al. 2002. Muscle protein synthesis in younger 
and older man. JAMA, 287, 317-318 

�  Volpi et al. 2001. Basal aminoacids kinetics and protein 
synthesis in healthy young and older men. Jama, 286, 1206–
1212. 

�  Katsanos et al. 2006. A high proportion of leucine is required 
for optimal stimulation of the rate of muscle protein 
synthesis by essential amino acids in the elderly. AJPEM, 
291. E381-E387. 
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Redução da síntese protéica 
em idosos - Relação mitocondrial 

�  Short et Al. 2005. Decline in skeletal muscle 
mitochondrial function with aging in humans. Proc Natl 
Acad Sci USA 102:5618 –5623. 

�  Rooyackers et Al.1996. Effect of age on in vivo rates of 
mitochondrial protein synthesis in human skeletal 
muscle. Proc Natl Acad Sci USA 93:15364 –15369 
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We examined associations between dietary protein intake and
changes in total LM and aLM by using both continuous and
categorical protein variables. The results obtained from the con-
tinuous and the categorical models generally agreed; those that
were found to have a significant association in the categorical
analysis also had a significant association in the analysis that
examined protein intake in the continuous form.

Adjusted regression coefficients per unit of energy-adjusted
protein intake for change in LM and aLM are shown in Table 2.
Total protein and animal protein were significantly associated
with changes in LM [! (SE): 8.76 (3.00) and 8.82 (3.01), respec-
tively; P ! 0.01] and aLM [! (SE): 5.31 (1.64) and 5.26 (1.65),
respectively; P ! 0.01] after adjustment for age, sex, race, study
site, total energy intake, baseline LM or aLM, height, smoking,
alcohol use, physical activity, oral steroid use, prevalent disease,
and interim hospitalizations. Further adjustment for changes in
FM slightly attenuated the association between total and animal
protein intakes and changes in LM and aLM; however, the as-
sociations remained significant. Vegetable protein intake was
not significantly associated with changes in LM or aLM in the
fully adjusted models. Results were similar in analyses that ex-
cluded participants with prevalent disease at baseline (data not
shown).

The associations between sex-specific quintiles of energy-
adjusted total protein intake and changes in LM and aLM in
models adjusted for age, sex, race, study site, total energy intake,
baseline LM or aLM, height, smoking, alcohol use, physical
activity, oral steroid use, prevalent disease, and interim hospi-
talizations are shown in Figure 1 (LM) and Figure 2 (aLM).
Participants in the highest protein quintile lost significantly (P for

trend ! 0.01) less LM (43% less) and aLM (39% less) over the
3-y follow-up than did those in the lowest protein quintile. These
associations were attenuated after adjustment for changes in FM
over the 3-y follow-up; however, the associations remained sig-
nificant (P for trend ! 0.05; data not shown).

One of our a priori hypotheses was that protein intake may be
particularly important in preserving LM in older adults assumed
to be at greatest risk of loss of LM—ie, those who were losing
weight. However, weight change status " protein intake inter-
actions were tested but were not significant (P # 0.15). The
association between sex-specific quintiles of energy-adjusted
total protein intake and change in aLM in models stratified by
weight change and adjusted for age, sex, race, study site, total
energy intake, baseline aLM, height, smoking, alcohol use, phys-
ical activity, oral steroid use, prevalent disease, and interim hos-
pitalizations is shown in Figure 3. Protein intake was associated

TABLE 2
Adjusted regression coefficients (and SE) for change in total lean mass
(LM) and appendicular LM (aLM) per unit of energy-adjusted protein
intake1

LM aLM

! (SE) P ! (SE) P

Total protein
Model 1 9.02 (2.99) 0.003 5.43 (1.64) 0.0009
Model 2 8.76 (3.00) 0.004 5.31 (1.64) 0.001
Model 3 6.38 (2.74) 0.02 4.10 (1.51) 0.007

Animal protein2

Model 1 8.98 (3.00) 0.003 5.32 (1.65) 0.001
Model 2 8.82 (3.01) 0.003 5.26 (1.65) 0.001
Model 3 6.58 (2.75) 0.02 4.13 (1.52) 0.006

Vegetable protein3

Model 1 9.92 (7.08) 0.16 8.24 (3.89) 0.03
Model 2 7.23 (7.14) 0.31 6.55 (3.92) 0.10
Model 3 1.08 (6.52) 0.87 3.28 (3.61) 0.36

1 n $ 2066. LM, aLM, and energy-adjusted protein intake were mea-
sured in grams. Multiple linear regression models. Model 1 was adjusted for
age, sex, race, study site, total energy intake, baseline LM or aLM, and height.
Model 2 was adjusted for variables in model 1 plus smoking, alcohol use,
physical activity, oral steroid use, prevalent disease (eg, diabetes, ischemic
heart disease, congestive heart failure, cerebrovascular disease, lung disease,
or cancer), and interim hospitalizations. Model 3 was adjusted for variables
in model 2 plus change in fat mass.

2 Models for animal protein were also adjusted for vegetable protein
intake.

3 Models for vegetable protein were also adjusted for animal protein
intake.

FIGURE 1. Adjusted lean mass (LM) loss by quintile of energy-adjusted
total protein intake. n $ 2066. Adjusted for age, sex, race, study site, total
energy intake, baseline LM, height, smoking, alcohol use, physical activity,
oral steroid use, prevalent disease (diabetes, ischemic heart disease, conges-
tive heart failure, cerebrovascular disease, lung disease, cancer), and interim
hospitalizations. Tests for a linear trend across quintiles of protein intake
were conducted by using the median value in each quintile as a continuous
variable in the linear regression model; P for trend $ 0.002. Least-squares
means with different superscript letters are significantly different, P ! 0.05
(t test). Median total protein intake as a percentage of total energy intake
(g ! kg%1 ! d%1) by quintile (from quintile 1 to quintile 5) was 11.2% (0.7
g ! kg%1 ! d%1), 12.7% (0.7 g ! kg%1 ! d%1), 14.1% (0.8 g ! kg%1 ! d%1), 15.8%
(0.9 g ! kg%1 ! d%1), and 18.2% (1.1 g ! kg%1 ! d%1).

FIGURE 2. Adjusted appendicular lean mass (aLM) loss by quintile of
energy-adjusted total protein intake. n $ 2066. Adjusted for age, sex, race,
study site, total energy intake, baseline aLM, height, smoking, alcohol use,
physical activity, oral steroid use, prevalent disease (diabetes, ischemic heart
disease, congestive heart failure, cerebrovascular disease, lung disease, can-
cer), and interim hospitalizations. Tests for a linear trend across quintiles of
protein intake were conducted by using the median value in each quintile as
a continuous variable in the linear regression model; P for trend $ 0.0003.
Least-squares means with different superscript letters are significantly dif-
ferent, P ! 0.05 (t test). Median total protein intake as a percent of total
energy intake (g ! kg%1 ! d%1) by quintile (from quintile 1 to quintile 5) was
11.2% (0.7 g ! kg%1 ! d%1), 12.7% (0.7 g ! kg%1 ! d%1), 14.1% (0.8
g ! kg%1 ! d%1), 15.8% (0.9 g ! kg%1 ! d%1), and 18.2% (1.1 g ! kg%1 ! d%1).
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Adjusted lean mass (LM) loss by quintile of energy-adjusted total protein intake. 
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Sem aumento de força 
muscular ou massa muscular 

�  Welle et Al. High-protein meals do not enhance 
myofibrillar synthesis after resistance exercise in 62- to 
75-yr-old men and women. Am J Physiol. 1998;274:E677–
83 
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The literature for each of the nutrients was reviewed by 2
scientists and presented to the group together with draft rec-
ommendations. The reviewers gave precedent to meta-
analyses over single studies. An open discussion and modified
Delphi method were then used to create consensus on the rec-
ommendations. Following the meeting, the new recommen-
dations were submitted to all panelists for further input.
Finally, a systematic literature search on www.pubmed.gov
was conducted using the term ‘‘sarcopenia’’ and various spe-
cific terms, eg, nutrition, amino acids, creatine, vitamin D,
and so forth, with limits of ‘‘humans.’’ The final search was
done on January 16, 2010, and the results are given in
Table 1. In addition, we also found articles based on refer-
ences in review articles and on participants’ knowledge of
the literature. The final manuscript was then submitted to
all panelists for alterations and approval.
All recommendations have been classified as follows

(Table 2):

A. A minimum of a single randomized placebo-controlled
trial or a meta-analysis

B. Small trials
C. Expert opinion

RECOMMENDATIONS

Aging is associated with physiological anorexia, decreased
caloric intake, and weight loss,23–27 which in turn is
associated with a decline in muscle mass and increased
mortality. These facts suggest that a balanced caloric
supplement may be useful in preventing or reversing
sarcopenia as part of a multimodal therapeutic approach. A
number of studies and 2 meta-analyses in older persons with
malnutrition and/or illness have shown positive effects of nu-
tritional supplementation.28,29 However, these persons had
some degree of cachexia and, thus, no conclusion on the
effect of supplements on physiological sarcopenia can be
drawn. Persons with obesity and sarcopenia have very poor
outcomes.20,21 Although aggressive resistance exercise
consistently mitigates sarcopenia, appropriate dietary
approaches to this group are unknown.

Protein

Older persons have a high risk of inadequate protein in-
take.30 Kerstetter et al31 reported that 32% to 41% of

women and 22% to 38% of men older than 50 years in-
gested less than the recommended dietary allowance for
protein (0.8 g/kg/day). Virtually no older persons ingest
the highest acceptable macronutrient distribution for pro-
tein of 35% of energy intake. In the Health, Aging, and
Body Composition Study persons in the highest quintile
of protein intake lost nearly 40% less appendicular lean
mass than did those in the lowest quintile.32 Other studies
have also found a positive association between protein in-
gestion and muscle mass.33,34

Because of metabolic changes, older persons may produce
less muscle protein than younger persons from the same
amount of dietary protein.31 However, larger amounts of pro-
tein (defined as protein or amino acid mixtures with more
than 10 g of essential amino acids) produce responses equal
to those in younger persons.35,36 Many commentators have
argued that the recommended daily allowance for protein,
although sufficient for healthy individuals, fails to prevent
muscle loss with aging.35–38 In addition, it is recommended
that the amount of protein ingested should be spread equally
throughout the day, ie, equivalent amounts at breakfast,
lunch, and dinner.39 If additional protein supplementation is
given it should be administered betweenmeals.40 Levels of pro-
tein intake as high as 1.6 g of protein/kg/d have been demon-
strated to increase exercise-induced muscle hypertrophy in
older persons.41 Another study found that 1.0 g of protein/
kg/d was the minimal amount required to maintain muscle
mass.42 For these reasons it is recommended that older persons
ingest between 1.0 and 1.5 g of protein/kg/d.

Essential amino acids appear to be the primary stimulus of
protein synthesis.43 Leucine appears to be the most potent of
these amino acids.44 Leucine produces its anabolic effects in
muscle by stimulating the mammalian target of rapamycin
(mTOR) pathway.45 mTOR is considered the nutrient sensor
for leucine. Essential amino acids act synergistically with ex-
ercise to increase fractional protein synthesis.46

Supplementation with essential amino acids and carbohy-
drate prevents muscle protein loss in humans during bed
rest.47Awhey protein supplement has been shown to augment
the muscle strengthening effects of resistance exercise.48,49

Solerte et al50 studied 41 persons with sarcopenia with an
age range of 66 to 84 years in a randomized trial. They
provided 8 g of essential amino acids over 18 months. This
treatment increased muscle mass, reduced tumor necrosis
factor-alpha, and improved insulin sensitivity.

These findings led to our recommendation that a leucine-
enriched balanced amino acid supplement should be used to
slow muscle loss. This is particularly important when the
older person is exercising.

Anabolic therapies such as growth hormone and testoster-
one have been shown to increase muscle mass and in some
cases strength in older persons.51–56 A calorie-protein supple-
ment together with testosterone decreased hospitalizations in
frail older men and women.57 Thus, it would seem reasonable
to consider protein supplementation in sarcopenic persons to
enhance or maximize the effects of anabolic agents. There is
a need for a reasonably powered clinical trial to test this
hypothesis in sarcopenic patients.

Table 1. Results of Systematic Review of PubMed for Sarcopenia and
Specific Nutrients

Sarcopenia and Items Review

Calories 3 2
Energy 147 51
Protein 282 149
Amino acids 49 28
Creatine 9 4
Vitamin D 19 10
n-3 fatty acids 0 0
Exercise 249 142
Nutrition 147 42

Search conducted on January 16, 2010.
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�  35% Mulheres e 30% dos Homens acima de 50 anos 
ingerem menos que 0,8g/Kg/dia de proteína; 

�  Inadequação muscular associado a perda da 
capacidade funcional e comorbidades; 

Kerstetter JE, O’BrienKO, InsognaKL. Lowprotein intake: The impact on calcium and bone homeostasis in humans. J Nutr 2003;133: 
8555–8615. 
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Recomendações protéicas 
�  Campbell WW. Synergistic use of higher-protein diets or 

nutritional supplements with resistance training to 
counter sarcopenia. Nutr Rev 2007;65:416–422. 

�  Arnal MA et Al. Protein pulse feeding improves protein 
retention in elderly women. Am J Clin Nutr 1999;69: 
1202–1208. 
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Campbell WW. Synergistic use of higher-protein diets or nutritional supplements with resistance training to counter sarcopenia. 
 Nutr Rev 2007;65:416–422. 

able; some study groups experienced the expected train-
ing-induced increases in whole-body fat-free mass and
muscle hypertrophy (i.e., increased mid-thigh muscle
area measured using computed tomography scanning or
vastus lateralis muscle fiber area measured using histo-
chemistry techniques), while other groups did not expe-
rience changes, and some experienced decreases in fat-
free mass. Group mean protein intakes ranged from
100–150% of the RDA. Decreases in fat-free mass,
despite the anabolic stimulus of resistance training, were
observed when subjects consumed diets that provided the
RDA7,11 compared to moderately higher protein intakes
(112–150% of the RDA).12-14 It is of interest that Camp-
bell et al.9,10 were able to get older people to consume
diets that provided twice the RDA for protein for over 3
months using a strictly controlled diet program that
provided subjects with all of their meals and included
a liquid-formula beverage containing 1.0 g protein !
kg-1 ! d-1, while Iglay et al.14 were unsuccessful at
achieving the same total protein intake using a counsel-

ing-based strategy (150% of the RDA was achieved).
Haub et al.12,13 utilized a combination of dietary coun-
seling and the daily provision of portioned quantities of
selected high-protein food items (beef or soy foods) to
achieve protein intakes of up to 145% of the RDA. The
experiences of Iglay et al.14 bring into question the
feasibility of having older people achieve and maintain
protein intakes above about 150% of the RDA using
counseling-based approaches.

Some of the interventions called for the subjects to
consume diets that were lactoovovegetarian (i.e., void of
striated tissue or flesh foods, but containing animal-based
proteins from dairy and egg sources). Campbell et al.11

reported that older men lost whole-body density, fat-free
mass, and muscle mass when they consumed vegetarian
diets that contained the RDA for protein, whereas the
parameters were increased in men who consumed om-
nivorous diets that contained 125% of the RDA for
protein. Subsequently, Haub et al.12,13 showed that older
men who consumed vegetarian or omnivorous diets that

Table 1. Summary of Macronutrient Distribution Studies
Reference Participants (age) Experimental design Outcome

Campbell et al. (1994,
1995)9,10

12 males and females
(range, 56–80 y)

12-week RCT. Complete
dietary control: 1) RT and
lactoovovegetarian diet
protein 100% RDA, MD
49:11:40; 2) RT and
lactoovovegetarian diet
protein 200% RDA, MD
43:22:35

Strength increased by 24–92%
in both groups. Body
composition responses were
comparable between diet
groups (increased FFM,
decreased fat mass,
unchanged mid-thigh
muscle area and vastus
lateralis fiber areas).

Campbell et al. (1999)11 19 males (range,
51–69 y)

12-week RCT. Counseling-
based dietary control: 1)
RT and omnivorous diet
protein 120% RDA, MD
50:17:33; 2) RT and
lactoovovegetarian diet
protein 100% RDA, MD
53:13:34

Strength increased by 10–
38% in both groups. Fat-
free mass and muscle
mass increased in
omnivorous diet group
and decreased in
vegetarian group. Increase
in vastus lateralis type 2
muscle fiber area tended
to be greater in
omnivorous group (16%)
vs. vegetarian group (7%)

Haub et al. (2002)13 21 males (mean!SD,
65!5 y)

12-week RCT. Counseling-
based dietary control with
some foods provided: 1)
RT and beef-containing
diet protein 133% RDA,
MD 48:17:35; 2) RT and
lactoovovegetarian diet
protein 145% RDA, MD
48:19:33

Strength increased by 14–
38% in both groups. Body
composition responses
were comparable between
diet groups (no changes in
FFM and fat mass, and
increased mid-thigh
muscle area)

Iglay et al. (2007)14 36 males and females
(range, 50–80 y)

12-week RCT. Counseling-
based dietary control: 1)
RT and omnivorous diet
protein 112% RDA, MD
53:12:35; 2) RT and
omnivorous diet protein
150% RDA, MD 50:17:33

Strength increased by 28–
34% in both groups. Body
composition responses
were comparable between
diet groups (increased
FFM, protein mass, total
body water, and muscle
mass; decreased fat mass)

Abbreviations: FFM, fat-free mass; MD, macronutrient distribution (respective percentages of total energy intake from carbohydrate,
protein, and fat); RCT, randomized controlled trial; RDA, recommended dietary allowance; RT, resistance training; SD, standard deviation
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Campbell WW. Synergistic use of higher-protein diets or nutritional supplements with resistance training to counter sarcopenia. 
 Nutr Rev 2007;65:416–422. 

Table 2. Summary of Nutritional Supplementation Studies

Reference
Participants

(age) Experimental design Outcome

Meredith et
al. (1992)19

11 males (range,
61–72 y)

12-week RCT. Uncontrolled habitual diet: 1) lower-body RT and no
supplementation; 2) lower-body RT and supplement (560 kcal/d with
a MD of 43:17:40; consumed as two servings separate from meals)

Strength increased by !100% in both groups. Mid-thigh muscle
hypertrophy was greater in the supplement group

Esmarck et
al. (2001)18

13 males (mean,
74 y)

12-week RCT. Uncontrolled habitual diet: 1) RT and liquid supplement
immediately after exercise (100 kcal with a MD of 28:40:32); 2) RT
and same supplement consumed 2 h after exercise

Strength increased by !42% in both groups. Mid-thigh muscle area and
vastus lateralis mean fiber area increased when supplement taken
immediately post-exercise, but not 2 h after exercise.

Carter et al.
(2005)17

48 males (range,
48–72 y)

16-week RCT. Uncontrolled habitual diet: 1) RT and placebo
supplement (480 mL Gatorade® consumed immediately after
exercise; 2) RT and protein supplement (Gatorade® with 35 g whey
protein); 3) RT and creatine supplement (Gatorade® with 5 g
creatine); 4) RT and combined supplement (Gatorade® with 35 g
whey protein and 5 g creatine)

RT increased muscle strength, muscle power, fat-free mass, and
rectus femorus area. These training responses were not influenced
by whey protein and (or) creatine supplementation

Candow et al.
(2006)16

38 males (range,
59–76 y)

12-week RCT. Uncontrolled habitual diet: 1) RT and protein supplement
(0.3 g protein ! kg-1 ! d-1) before exercise and placebo supplement after
exercise; 2) RT and placebo supplement before exercise and protein
supplement after exercise; 3) RT and placebo supplements before and
after exercise

RT increased strength (22–31%), fat-free mass (1.0–1.7%), quadriceps
femoris cross-sectional area (7%), and vastus lateralis mean fiber area
(24%). These training responses were not influenced by the ingestion of
protein-containing supplements before or after exercise

Andrews et
al. (2006)15

52 males and
females;
(range, 60–69
y)

Diet counseling for all subjects to self-select a diet that contained 125%
of the RDA for protein. All subjects also consumed a liquid
supplement that contained 0.4 g protein ! kg-1 FFM ! d-1 immediately
after exercise 3 d/wk. Dietary counseling was not effective and the
subjects consumed diets with protein intakes ranging from 75% to
188% of the RDA.

RT increased fat-free mass. This training response was not influenced
by protein intakes that ranged from 0.6 to 1.5 g protein ! kg-1 ! d-1.

Fiatarone et
al. (1994)21

100 males and
females;
(range, 72–98
y)

10-week RCT. Uncontrolled habitual diet: 1) lower-body RT and no
supplementation; 2) lower-body RT and liquid supplement (360
kcal/d with a MD of 60:17:23; consumed in the evening several
hours after the dinner meal; 3) placebo activity and no
supplementation; 4) placebo activity and supplementation

Strength increased by 26–215% in both RT groups. Mid-thigh muscle
hypertrophy and increased habitual gait velocity, stair-climbing
ability, and the overall level of physical activity occurred in both RT
groups and did not change in the placebo groups

Rosendahl et
al. (2006)22

191 males and
females (mean,
85 y)

13-week RCT. Uncontrolled habitual diet: 1) high-intensity
functional exercise and high-protein liquid supplement (200 kcal
with a MD of 63:30:7; consumed immediately after exercise); 2)
high-intensity functional exercise and placebo liquid supplement
(90 kcal with a MD of 96:2:2; consumed immediately
post-exercise); 3) control activities and high protein supplement;
4) control activities and placebo supplement

Exercise groups improved their balance, self-paced gait speed and low-
limb strength (measurements made 3 months after the end of the
interventions). Nutritional supplementation did not influence the
training responses

Bunout et al.
(2004)20

101 males and
females
(mean, 74 y)

52-week RCT. Uncontrolled habitual diet: 1) RT and no supplementation;
2) RT and liquid supplement (400 kcal/d with a MD of 62:13:25; as two
servings between meals); 3) no RT and liquid supplement; 4) no RT and
no su pplement

Strength and walking capacity increased in both RT groups. FFM was
unchanged and fat mass increased in all four groups. Hand grip strength
and maximal inspiratory pressure improved most in the RT "
supplement group.

Abbreviations: FFM, fat-free mass; MD, macronutrient distribution (respective percentages of total energy intake from carbohydrate, protein and fat); RCT, randomized controlled trial;
RDA, recommended dietary allowance; RT, resistance training.
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Aminoácidos Essenciais   
� Leucina – produz efeito anabólico 
� Atuam sinergicamente com o exercício 

incentivando a síntese protéica 
� Ação Sinérgica com o exercício 

Rieu I, Balage M, Sornet C, et al. Leucine supplementation improves muscle protein synthesis in elderly men independently 
 of hyperaminoacidaemia. J Physiol 2006;575:305–315. 
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� 41 pacientes com sarcopenia 
� 8g de AA essenciais por 18 meses 

�  Aumento da massa muscular 
�  Redução de TNF 
�  Melhora da sensibilidade a insulina 

Solerte SB, Gazzaruso C, Bonacasa R, et al. Nutritional supplements with oral 
amino acid mixtures increases whole-body lean mass and insulin sensitivity in 
elderly subjects with sarcopenia. Am J Cardiol 2008; 101:69E–77E. 
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Yang et al. The mammalian target of rapamycin-signaling pathway in regulating metabolism and growth. Journal of Animal Science (2008) vol. 86 
(14 Suppl) pp. E36-50 

Understanding the mammalian target of rapamycin pathway E39

Figure 3. Summary of the mammalian protein synthetic pathway reaction steps, with emphasis on the established
regulatory roles of the mammalian target of rapamycin (mTOR; based on the concepts reviewed by Proud, 2004, and
Lee et al., 2007). + = up-regulation; AAi = intracellular free amino acids; ATS = aminoacyl-tRNA synthetases; eEF =
eukaryotic elongation factors, including 1A, 1B, and 2; eIF = eukaryotic initiation factors, including 1, 1A, 2, 2B, 3,
4A, 4B, 4E, 4F, 4G, 5, and 5B; eIF4E-BP1 = eukaryotic initiation factor 4E binding protein 1; eRF = eukaryotic release
factors, including 1 and 3; mTORC1 = mTOR complex 1; Pi = phosphate; 40S = ribosomal subunit 40S; 60S = ribosomal
subunit 60S; S6 = ribosomal protein S6; and S6K1 = ribosomal protein S6 kinase 1.

As illustrated in Figure 4, mTORC1 consists of
mLST8, regulatory-associated protein of TOR (raptor),
and mTOR (Wullschleger et al., 2006). The proline-rich
PKB substrate of 40 kDa (PRAS40) is believed to bind
to mTORC1 via raptor and inhibits its activity, or it is
regarded as a substrate to mTORC1 (Sancak et al.,
2007; Figure 4). Being sensitive to rapamycin, mTORC1
is largely responsible for the regulation of cellular me-
tabolism and growth. Acting as a positive upstream
regulator of mTORC1, PKB connects the phosphatidyl-
inositol 3-kinase (PI3K) pathway to mTORC1 via tu-
berous sclerosis complex 1 (TSC1), TSC2, and Ras ho-
molog enriched in brain (Rheb; Corradetti and Guan,
2006). The 2 best-characterized downstream effectors
of mTORC1 are S6K1 and eIF4E-BP1, which are im-
portant factors in the protein synthetic pathway (Hay
and Sonenberg, 2004). Cooperation between 3-phospho-
inositide-dependent protein kinase-1 (PDK1) and
mTORC1 plays critical roles in full activation of S6K1,
which has several biological targets such as S6, eIF4B,
eukaryotic elongation factor 2 kinase, and insulin re-
ceptor substrate-1 (IRS-1; Ruvinsky and Meyuhas,
2006). In addition, TSC2-mediated S6K1 inhibition by
PI3K is mTORC1 independent (Jaeschke et al., 2002).
The notion that phosphorylation of S6 may be involved

in translational control of mRNA with a 5′ terminal
oligopyrimidine tract (5′ TOP mRNA) has been chal-
lenged recently (Proud, 2007). Ordered phosphorylation
of eIF4E-BP1 activated by mTORC1 and other protein
kinases leads to dissociation of eIF4E from the eIF4E-
BP1-eIF4E complex, thereby providing free eIF4E for
formation of the eIF4F complex in enhancing global
protein synthesis efficiency (Proud, 2007).

Hormones and Growth Factors

The mTORC1-signaling network, with emphasis on
stimuli by hormones and growth factors, is shown in
Figure 4. Insulin and IGF-I can stimulate the mTORC1-
signaling pathway via the PI3K cascade. Interactions
of Janus kinase 2 with the PI3K and Ras-Raf-MEK
[MEK, abbreviation for mitogen-activated protein ki-
nase (MAP)-extracellular signal-regulated protein ki-
nase (ERK) kinase] pathway components can sense
growth hormone stimulus to the mTORC1-signaling
pathway (Lanning and Carter-Su, 2006; Hayashi and
Proud, 2007). Approximately 40 different cytokine re-
ceptors signal through the Janus kinase-STAT (signal
transducers and activators of transcription) system
(Murray, 2007), which can interact with the PI3K and
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Creatina 
� Aumenta a biodisponibilidade da 

Fosfocreatina 
 
� Aumento da força muscular em idosos e 

resitência a exercícios 

Burke DG, Chilibeck PD, Parise G, et al. Effect of alpha-lipoic acid combined with creatine monohydrate on human skeletal muscle  
creatine and phosphagen concentration. Int J Sport Nutr Exerc Metab 2003;13:294–302. 
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copenia were tested by using sex/hormone product terms in additional
analyses. Interaction between PTH and 25-OHD concentration was
tested using the PTH/25-OHD product term in additional analyses. For
testing interaction P ! 0.1 was considered statistically significant.

Results

Among the 1008 LASA participants with complete fol-
low-up data, the mean change in grip strength during 3 yr
of follow-up was "7.7 kg (sd 12.8) or "13.2% (sd 23.9%).
Using these prospective data, sarcopenia was defined as a
loss of grip strength greater than 40% and was experienced
by 136 respondents (13.5%). The mean 3-yr change in ASMM
(n # 331) was $0.3 kg (sd 0.9) or $1.9% (sd 5.4%). A decline
in ASMM was experienced by 37.5% of the respondents, and
52 respondents (15.7%) met our definition of sarcopenia
(ASMM loss % 3%).

Vitamin D deficiency, using the proposed definition of a
serum concentration less than 25 nmol/liter (5), was ob-
served for 9.6% of the study sample, and severe vitamin D
deficiency (!12.5 nmol/liter) was observed for 1.3% of the
study sample. Hyperparathyroidism (%7 pmol/liter) was
detected in 3.8% of the study sample.

The baseline characteristics (1995–1996) for participants
with and without sarcopenia are shown in Table 1. Partici-
pants who lost grip strength were older, weighed less, had
a poorer health status (higher prevalence of stroke and ar-
thritis), had a lower initial grip strength, and were more
likely to be female and never smoker. No differences in
baseline characteristics were observed between those with
and without ASMM loss.

An association was observed between the 25-OHD cate-
gories and sarcopenia (Fig. 1). Those with lower 25-OHD
levels were more likely to experience loss of grip strength
(P # 0.001) and tended to experience a loss of ASMM (P #

0.09). In addition, those with higher PTH concentrations
were more likely to experience loss of grip strength (P # 0.02)
and tended to lose more ASMM (P # 0.1) (Fig. 2).

Higher PTH concentration was associated with an in-
creased risk of sarcopenia. Per unit increase in ln(PTH), the
risk of sarcopenia was 1.52 [95% confidence interval (CI)
0.97–2.39] based on grip strength and 3.52 (95% CI 1.43–8.67)
based on ASMM after adjustment for all potential confound-
ers. Higher 25-OHD concentration was protective of sar-
copenia. Per unit increase in ln(25-OHD), the risk of sar-
copenia was 0.55 (95% CI 0.36–0.83) based on grip strength
and 0.59 (95% CI 0.29–1.20) based on ASMM after adjustment

FIG. 1. Prevalence of grip strength loss (defined as loss %40%, study
sample n # 1,008) and appendicular muscle mass loss (defined as loss
%3%, study sample n # 331) during 3-yr follow-up according to cat-
egories of baseline serum 25-OHD concentration. P value of !2 test.

TABLE 1. Baseline characteristics according to 3-yr change in grip strength and appendicular skeletal muscle mass

Grip strength (n # 1008) Appendicular skeletal muscle mass (n # 331)

Stable/gain
(n # 872)
Mean (SD)

Loss % 40%
(n # 136)
Mean (SD)

P Stable/gain
(n # 279)
Mean (SD)

Loss % 3%
(n # 52)

Mean (SD)

P

Age (yr) 74.2 (6.1) 76.9 (6.5) 0.0001 73.7 (5.9) 74.9 (6.4) 0.2
Body weight (kg) 75.3 (12.4) 71.8 (12.1) 0.002 75.1 (11.9) 74.8 (13.4) 0.9
BMI (kg/m2) 26.8 (4.0) 26.8 (4.3) 0.9 26.7 (4.0) 26.2 (3.7) 0.4
Physical activity (kcal/wk) 175 (198) 144 (204) 0.09 193 (209) 208 (191) 0.6
Serum creatinine ("mol/liter) 89 (79–102)a 85 (78–99)a 0.2 90 (80–100)a 92 (75–102)a 0.8
Chronic diseases (no.) 1.1 (1.0) 1.5 (1.3) 0.002 1.1 (1.0) 1.0 (1.0) 0.4
Grip strength (kg) 59.0 (20.0) 49.0 (21.7) 0.0001
Muscle mass (kg) 17.9 (4.3) 18.9 (4.3) 0.12
Follow-up weight change (%) $0.6 (5.6) "1.8 (6.7) 0.0001 "0.5 (5.1) "1.9 (4.6) 0.06
Female (%) 50.2 68.4 0.001 53.8 42.3 0.13
Data collection in summer/spring (%) 41.6 37.5 0.4 42.7 40.4 0.8
Smoking (%)

Never 34.9 44.1 30.1 34.6
Former 48.5 35.3 52.7 46.2
Current 16.6 20.6 0.02 17.2 19.2 0.7

Pulmonary disease (%) 13.8 11.8 0.5 11.1 11.5 0.9
Cardiac disease (%) 24.4 27.9 0.4 21.9 15.4 0.3
Peripheral atherosclerosis (%) 11.5 16.9 0.07 12.5 13.5 0.9
Diabetes mellitus (%) 5.9 8.8 0.2 6.1 5.8 0.9
Stroke (%) 6.2 11.0 0.04 5.4 5.8 0.9
Arthritis (%) 45.9 62.5 0.001 50.5 40.4 0.2
Cancer (%) 10.9 13.2 0.4 9.7 15.4 0.2
a Median (interquartile range).

5768 J Clin Endocrinol Metab, December 2003, 88(12):5766–5772 Visser et al. • Vitamin D, PTH, and Sarcopenia

Visser et al. Low vitamin D and high parathyroid hormone levels as determinants of loss of muscle strength and muscle mass (sarcopenia): 
 the Longitudinal Aging Study Amsterdam. J Clin Endocrinol Metab (2003) vol. 88 (12) pp. 5766-72 



Vit. D 
� Vit D diminuída está associada a baixa 

força muscular; 
� Suplementação aumenta a força e reduz 

quedas; 

Holick MF. The vitamin D deficiency pandemic and consequences for nonskeletal health: Mechanisms of action. Mol Aspects Med 2008;29: 361–368. 
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Recomendações Finais 
�  Suplementação protéica balanceada (B); 
�  Suplementação de AA essenciais - Leucina 

(B); 
�  Creatina melhora capacidade física nos 

idosos que fazem exercícios (A); 
�  Vit D deve ser mensurada nos sarcopênicos e 

caso diminuída, deve ser reposta (A); 

Morley et al. Nutritional recommendations for the management of sarcopenia. JAMDA (2010) vol. 11 (6) pp. 391-6 
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