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Szulc P et al.  Rapid loss of appendicular skeletal muscle mass is 
associated with higher all-cause mortality in older men: the 
prospective MINOS study, Am J Clin Nutr, Vol. 91, pp. 1227-36, 2010

3

“The accelerated loss of appendicular skeletal muscle mass is predictive of 
all-cause mortality in older men regardless of age, BMI, lifestyle, physical 
performance, health status, body composition, and serum 17β-estradiol and 
25-hydroxycholecalciferol.”
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Quality of life issues are the 

4

major concerns more than 
ever now.

• What appears to be the most 
important determinant of 

quality of life?

5

• Optimal lean body mass.

• Why is lean body mass lost?

• Two reasons.

6

• Aging

• A response to environmental 
stressors
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What is the nature of this response?What is the nature of this response?

• Where does the protein go?

• Does it go to production of functional tissue such 
as muscles, gut lining, ligaments, regulatory 
f d ? (A b li )

7

factors, detox enzymes? (Anabolic)

• Or

• Does it go to production of inflammatory 
mediators such as acute phase proteins and 
cytokines and production of energy? (Catabolic)

Aging makes it more difficult 

8

g g
to respond anabolically.

Underlying hypotheses of Underlying hypotheses of 
Entry Level Clinical Nutrition:Entry Level Clinical Nutrition:

• Chief complaints in chronically ill 
patients are not diseases but responses 
that have gone on too long (Allostatic

9

that have gone on too long (Allostatic 
load).

• The metabolic imbalances that combine 
to form this response have been well 
defined by critical care nutritionists.
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Summer of work exposes medical students to system’s ills, The New 
York Times, September 9, 2009

10

“…a tidal wave of chronic illness…”

Components that create the clinical pictureComponents that create the clinical picture

Gastroenterology    Toxicology    Neurology  Immunology    Endocrinology

Leaky gut/ MCS/ Mood Autoimmunity   Metabol. Syn  
Malabsorb. Neurologic      Disord. Psychol. Stress 

damage HPA axis/ 
Thyroid Dysf

Causes of Organ-based Illness

Genetics and Nutrient intake

11

Allostasis/Allostatic load
Sickness behavior

Sick Syndrome
Hypermetabolic Syndrome  

(Obesity)

ANABOLIC/CATABOLIC IMBALANCE

Hypermetabolism Chronic phase response (Inflammation)

Insulin resistance                     GI mucosal atrophy

Metabolic acidosis

Nutrient depletion and aberrant nutrient metabolism

Baracos VE.  Overview on 
metabolic adaptation to 
stress, pp. 1-13.

“An understanding of the 
nature of stress is 
fundamental to the rational 
design of nutrient mixtures to 
feed patients whose 
homeostasis has been altered 

12

by one or more stressors.”  

“All stresses may be 
presumed to be associated 
with characteristic 
modifications in the 
metabolism of lipids, 
carbohydrates, amino acids, 
and micronutrients.”
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Bengmark S.  Acute and “chronic” phase 
reaction – a mother of disease, Clin Nutr,

13

reaction a mother of disease, Clin Nutr, 
Vol. 23, pp. 1256-66, 2004

14

Su KP.  Biological mechanism of antidepressant effect of omega-3 
fatty acids: How does fish oil act as a ‘mind-body interface’?  
Neurosignals, Vol. 17, pp. 144-152, 2009

15

g , , pp ,
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Key metabolic imbalances seen Key metabolic imbalances seen 
with the acute phase responsewith the acute phase response

• Metabolic acidosis
• Loss of lean body mass (sarcopenia)
• Insulin resistance

I fl i (I d i t i it

17

• Inflamm-aging (Increased innate immunity 
and decreased adaptive immunity)

• Suboptimal caloric intake and 
carbohydrate:protein ratio (Refeeding 
syndrome)

• Gastrointestinal dysfunction/gut atrophy
• Deficiencies of key micronutrients such as 

zinc, selenium, and vitamin D

Chronic inflammation, 
inflammaging

Hyperinsulinemia/Insulin 
resistance

Key deficiencies or 
excesses, i.e., 

Calories, 
macronutrients,  B 

vitamins, zinc, 
selenium, iodine, 

sleep, psychological 
and chemical stress, 
movement against 

gravity, weight

Low calorie intake 
and excessive 

carbohydrate/protein 
ratio – Refeeding 

syndrome

18

THE CREATION OF  THE EXCESSIVE CATABOLIC 
PHYSIOLOGY “RESPONSE”

Sarcopenia/Loss of lean 
body mass

Low grade chronic 
metabolic acidosis/fluid 
electrolyte imbalance

Gut 
dysfunction/atrophy
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Sarcopenia:Sarcopenia:
Big picture thoughts onBig picture thoughts on

19

Big picture thoughts on Big picture thoughts on 
treatmenttreatment

Wolfe RR.  The underappreciated role of muscle in health and 
disease, Am J Clin Nutr, Vol. 84, pp. 475-82, 2006.

20

• “The importance of muscle mass, 
strength, and metabolic function in the 
performance of exercise, as well as the 
activities of daily living (ADL), has never 
been questioned.  Perhaps less well 
recognized, muscle plays a central role in 
whole-body protein metabolism, which is 
particularly important in the response to 

21

stress.  Furthermore, abundant evidence 
points to a key role of altered muscle 
metabolism in the genesis, and therefore 
the prevention, of many common 
pathologic conditions and chronic 
diseases.”
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• “Particular emphasis will be given to 
the notion that increasing protein or 
amino acid intakes may optimize 
muscle strength and metabolism and 
thereby improve health.”

22

• “Maintenance of the protein content of 
certain tissues and organs, such as the 
skin, brain, heart, and liver, is essential for 
survival.  In the postabsorptive state these 
essential tissues and organs rely on a 
steady supply of amino acids via the 
blood to serve as precursors for the 
synthesis of new proteins to balance the 
persistent rate of protein breakdown that 

23

p p
occurs in all tissues.  It has been 
recognized since the early 1960s that, in 
the absence of nutrient intake, muscle 
protein serves as the principal reservoir to 
replace blood amino acid taken up by 
other tissues.”

• “The stressed state, such as that associated with 
sepsis, advanced cancer, and traumatic injury, 
imposes greater demands for amino acids from 
muscle protein breakdown than does fasting.  
Physiologic responses necessary for recovery 
may include the accelerated synthesis of acute 
phase proteins in the liver, synthesis of proteins 
involved in immune function, and synthesis of 
proteins involved in wound healing.  The 

24

demands for precursor amino acids for synthesis 
of these proteins are significant.  For example, 
quantitative studies of wound healing suggest 
that a protein intake of >3 g protein· kg-1·d-1 is 
required to provide the necessary precursors for 
the synthesis of proteins required for normal 
healing of a burn injury to 50% of the body.”
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• “Recent studies in free-living elderly individuals indicate 
that an increased intake of amino acids improves the 
physical function and strength of muscle.  It is likely that 
the metabolic function of muscle is also improved by 
greater than recommended protein intakes, because amino 
acids not only stimulate the synthesis of myofibrillar 
proteins but also the synthesis of mitochondrial proteins 
needed to metabolize substrates.  The recent finding that 
daily supplementation of type 2 diabetic subjects with 
amino acids improves metabolic control and decreases 
hemoglobin A1c concentrations is consistent with the 
expected benefits of stimulating muscle mitochondrial 
protein synthesis for the reasons stated above Also type

25

protein synthesis, for the reasons stated above.  Also, type 
2 diabetic subjects maintained on a high protein intake had 
improved glycemic control.  Insulin sensitivity was also 
improved by amino acid supplementation above 
recommended protein intakes in healthy elderly subjects 
with varying degrees of insulin resistance; both plasma and 
intrahepatic lipid concentrations were reduced as well.”

Treatment:Treatment:

26

Optimal daily protein intakeOptimal daily protein intake

Paddon-Jones D et al.  Role of dietary protein in the sarcopenia of aging, 
Am J Clin Nutr, Vol. 87, pp. 1562S-6S, 2008.

27
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• “Although several studies support 
the 0.8 g·kg-1·d-1 recommendation, 
others have suggested that a 
moderately higher protein intake of 
1.0-1.3 g·kg-1·d-1 may be required to 
maintain nitrogen balance and offset 

t ti ll l i t k

28

a potentially lower energy intake, 
decreased protein synthetic 
efficiency, and impaired insulin 
action in elderly individuals.”

• “Such recommendations should be 
weighed against any potential increase in 
the risk of toxicity or impaired renal 
function.  Very-high-protein diets (>45% 
energy) have been associated with a host 
of adverse events, including nausea, 
diarrhea, increased calcium excretion 
from diets high in sulfur containing amino

29

from diets high in sulfur-containing amino 
acids, and increased morbidity.  However, 
diets containing a moderate amount of 
protein (20-35% energy) do not appear to 
be associated with negative health 
outcomes.”

• “There is little evidence to link high 
protein intakes (up to 2 g·kg-1·d-1) to 
increased risk for impaired kidney 
function in healthy, physically active 
men and women.  However, there is 
evidence that a higher protein intake 

30

g p
may facilitate a greater decline in 
renal function in those with modestly 
impaired renal function.”
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Morley JE.  Morley JE.  J Nutr Health AgingJ Nutr Health Aging, , 
Vol. 12, No. 7, pp. 452Vol. 12, No. 7, pp. 452--456, 2009456, 2009

• “The Recommended Daily Allowance of 
0.8 g/kg body weight/daily of protein is 
insufficient to maintain nitrogen balance 
in older persons To prevent sarcopenia

31

in older persons.  To prevent sarcopenia 
older persons need between 1.2 to 1.5 
g/kg daily.  Essential amino acids such as 
leucine are not only building blocks but 
increase protein anabolism and decrease 
protein breakdown.”

Addressing sarcopenia withAddressing sarcopenia with

32

Addressing sarcopenia with Addressing sarcopenia with 
amino acidsamino acids

Rolland Y et al.  Sarcopenia: Its assessment, etiology, pathogenesis, 
consequences and future perspectives, J Nutr Health Aging, Vol. 12, No. 
7, pp. 433-450, 2008

33
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• “New approaches, based on specific nutriments, including 
essential amino acids (leucine) suggested an anabolic 
effect.  It has been recently reported that essential amino 
acids stimulate protein anabolism in elderly whereas 
nonessential amino acids add no effect in association to 
essential amino acids.  The acute muscle protein synthesis 
in response to resistance training and essential amino acid 
ingestion is similar in old and young subjects but delayed 
in older subjects.  In supraphysiologic concentration, 
leucine stimulates muscle protein synthesis, which may be 
related to a direct effect of leucine on the initiation of mRNA 
translation, and amino acid supplements are ineffective for 
muscle synthesis if they do not contain sufficient leucine

34

muscle synthesis if they do not contain sufficient leucine.  
The quantity and quality of amino acids in the diet are 
important factors for stimulating protein synthesis, and 
nutritional supplementation of whey proteins, a rich source 
of leucine, is a possible safe strategy to prevent 
sarcopenia.”

Dillon EL et al.  Amino acid supplementation increases lean body 
mass, basal muscle protein synthesis, and insulin-like growth factor-1

35

mass, basal muscle protein synthesis, and insulin like growth factor 1 
expression in older women, J Clin Endocrinol Metab, Vol. 94, No. 5, pp. 
1630-1637, 2009

Two doses per day in seven Two doses per day in seven 
women aged 68women aged 68±±2 yr for 3 mo2 yr for 3 mo

36
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Ferrando AA et al.  EAA supplementation to increase nitrogen intake 
improves muscle function during bed rest in the elderly, Clin Nutr, online 
ahead of print, 2009.

37

p ,

10 elderly individuals aged 7110 elderly individuals aged 71±±6 years, 15 6 years, 15 
g TID, diet corrected to 0.8 g/kg/dayg TID, diet corrected to 0.8 g/kg/day

38

• “It has recently been suggested that 
the RDA for protein intake (0.8 
g/kg/d) may be inadequate in the 
elderly and that an intake of 1.5 
g/kg/d is more reasonable for optimal 
health and function.”

• “Our previous bed rest studies in

39

• Our previous bed rest studies in 
young subjects utilized a diet 
containing 1.1-1.2 g protein/kg/d and 
also demonstrated losses in lean 
body mass.”
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• “It has been suggested that optimal health 
status, reduced risk of chronic disease 
and improved outcomes can be realized in 
the elderly with a protein intake of 
approximately 1.5 g protein/kg/d.  This 
level of protein intake may be particularly 
relevant to the elderly during compulsory 

40

y g p y
inactivity.  However, the straightforward 
provision of dietary and protein 
supplements is often not effective in 
improving lean mass or muscle function in 
the elderly.”

• “The failure of these nutritional supplements is 
related to a large part to the fact that subjects 
decrease dietary intake by a caloric amount 
equivalent to the calories contained in the 
supplement.  The supplements, which are most 
often liquid meal replacements, induce satiety 
and affect subsequent intake.  This may be one of 
several reasons why elderly hospitalized patients 
often eat only one-half of their required dietary

41

often eat only one half of their required dietary 
intake.  On the contrary, constituent amino acid 
supplementation does not affect satiety, and 
further, does not alter the metabolic effects of 
subsequent meals.  Increasing protein intake by 
EAA supplementation may be a promising means 
of improving protein intake in the elderly.”

• “The simple addition of bulk protein to the 
diet is not an optimal solution and entails 
a large energy component.  Increasing 
protein intake with EAA supplementation 
is advantageous in terms of efficacy, 
convenience, flexibility of delivery 
(capsules drink) and rapid absorption ”

42

(capsules, drink) and rapid absorption.

• “Assuming a complete protein contains 
about 40-45% essential amino acids, the 
current provision of 3 x 15 g of EAA would 
entail a dietary intake of approximately 3 x 
35 g of whey protein.”
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Paddon-Jones D & Rasmussen BB.  Dietary protein 
recommendations and the prevention of sarcopenia, Curr Opin Nutr 

43

Metabolic Care, Vol. 12, No. 1, pp. 86-90, January 2009.

• “On the basis of recent work, we propose 
a novel and specific dietary approach to 
prevent or slow down muscle loss with 
aging.  Rather than recommending a large, 
global increase in the recommended 
dietary allowance (RDA) for protein for all 
elderly individuals, clinicians should 
stress the importance of ingesting a

44

stress the importance of ingesting a 
sufficient amount of protein with each 
meal.  To maximize muscle protein 
synthesis while being cognizant of total 
energy intake, we propose a dietary plan 
that included 25-30 g of high quality 
protein per meal.”

Boirie Y.  Physiopathological mechanism of sarcopenia, J Nutr Health 
Aging, Vol. 13, No. 8, pp. 717-723, 2009.

45

Aging, Vol. 13, No. 8, pp. 717 723, 2009.
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• “Amino acid transport into muscle, 
muscle protein synthesis, and net 
balance increased similarly in both 
the young and the elderly suggesting 
that muscle protein anabolism can 
be stimulated by oral amino acids in 
the elderly as well as in young 

46

y y g
subjects.  Similarly, muscle protein 
synthesis increased to the same 
extent after an oral intake of either 
balanced amino acids or essential 
amino acids in healthy elderly.”

• “…when glucose was associated 
with an oral administration of a 
mixture of amino acids, an increased 
amino acid delivery and transport 
into the muscle together with a 

47

decreased muscle protein 
breakdown was achieved…”

• “According to the different types of dietary 
protein, it is possible that their impact on protein 
metabolism is not the same.  The consumption of 
three different protein sources and its effect on 
protein metabolism was analyzed in elderly 
women.  A first diet was composed half of animal 
proteins and half of vegetable proteins, whereas 
one-third of the proteins consumed in the second 
diet were from vegetable and two-thirds from 

48

animals, and inversely in the third diet.  Nitrogen 
balance was not modified in this study but whole 
body protein breakdown was not inhibited to the 
same extent by the meal when the protein source 
was from vegetables in comparison with meat.”
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• “A ‘spread’ diet composed of four 
meals, spreading daily protein intake 
over 12 hours was compared to a 
pulse diet providing 80% of daily 
protein intake concentrated at 
midday.  The pulse protein pattern 

49

y p p p
was more efficient at improving 
nitrogen balances and who body 
protein retention in aged people.”

• “The response to amino acid intake with 
concomitant exercise is dependent upon 
the composition and amount, as well as 
the pattern and timing of ingestion in 
relation to performance of exercise.  The 
response of net muscle protein synthesis 
to consumption of an essential amino 
acid-carbohydrate supplement solution 

50

y pp
immediately before resistance exercise is 
greater than when the solution is 
consumed after exercise, primarily 
because of an increase in muscle protein 
synthesis as a result of increased delivery 
of amino acids in the leg.”

Van Kan GA et al.  Carla task force on sarcopenia: Propositions for 
clinical trials, J Nutr Health Aging, Vol. 13, No. 8, pp. 700-707, 2009

51
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• “…the schedule of the protein 
supplementation was relevant to improve 
muscle protein synthesis, and a large 
amount of amino acid supplementation in 
one meal per day seemed to be more 
efficient in increasing anabolic effect than 
intermittent protein intake.  Thus, the 
anabolic effect of protein supplementation

52

anabolic effect of protein supplementation 
may be maximized with a large amount of 
a highly efficient nutritional supplement 
(such as essential amino acids and 
especially leucine) once a day.”

“Scarabelli CC et al.  Am J Cardiol, Vol. 101(Suppl), pp. 42E-48E, June 2, 2008

53

• “The additive beneficial effects of exertion 
and amino acid (AA) supplementation 
have…been documented.”

• “AA infusion in healthy untrained subjects at 
rest was shown to boost protein synthesis by 
approximately 150%, whereas enhanced 
availability of free AA to skeletal muscle 

54

immediately after performance of physical 
exercise increased protein synthesis by 
>200%, suggesting that physical activity and 
hypermaminoacidemia have additive positive 
effects on protein synthesis.”
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• “In the same study, an inhibitory effect of 
hyperaminoacidema on protein breakdown, 
which is normally increased in the fasted 
state, was also documented after physical 
training, hinting that exogenous AA can 
improve muscle metabolism by contextually 
increasing muscle protein synthesis and 
decreasing protein breakdown.”

55

• “…the combination of physical activity and AA 
supplementation currently represents the 
most feasible and safe strategy, providing 
encouraging data for both prevention and 
treatment of muscle loss.”

Solerte SB 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, Vol. 101(Suppl), pp. 69E-77E, June 2, 2008

56

“Skeletal muscle is the largest single amount of tissue in the body and contains 
>50% of the body’s proteins.  Muscle tissue also is among the main targets of 
insulin action that actively promotes protein anabolism, which occurs in the 
presence of normal or high systemic amino acid (AA) concentrations.”

• “Sarcopenia, defined as a reduction in 
lean mass and muscle strength, is 
considered a frequent hallmark of the 
aging process and is present in elderly 
patients with various clinical 
syndromes.”

“S i i i d th

57

• “Sarcopenia is viewed as the 
consequence of multiple medical, 
behavioral, and environmental factors 
that are common in older people.”
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• “Our data demonstrated that use of AA 
supplements in elderly subjects with 
sarcopenia resulted in several important 
beneficial changes, including an increase in 
muscle anabolism, as demonstrated by 
cytokine and growth factor pathways.”

• “In effect, we found a reduction in catabolic 

58

cytokines (TNF-) and increased anabolic 
growth factors (IGF-1), with consequent 
increase in the IGF-1/TNF-) ratio, thus 
demonstrating a transition from catabolic to 
anabolic conditions.”

• “Therefore, use of nutritional AA supplements 
in elderly subjects with sarcopenia causes an 
anabolic shift, suggesting that AA treatment 
could be extended to most geriatric 
syndromes in which this disorder is present.”

• “These data are confirmed by the evident 
increase in the whole-body lean mass after 8-
18 months of treatment.”

• “Furthermore the increase in lean body mass

59

• Furthermore, the increase in lean body mass 
is presumably the cause of improved insulin 
sensitivity observed in elderly patients with 
sarcopenia, as demonstrated by reduced 
fasting insulin levels…and fasting blood 
glucose concentrations.”

• “The recovery of anabolic conditions 
that enhance endogenous protein 
synthesis and ATP production by cells 
could potentially induce beneficial 
effects to restore muscle integrity and 
metabolic functions and, consequently, 
enhance insulin activity and sensitivity ”

60

enhance insulin activity and sensitivity.

• “This condition could be beneficial in 
elderly patients with sarcopenia and 
could be easily achieved with AA 
supplementation.”
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• 55% carbohydrates
• 30% lipids
• 15% proteins
• L-leucine – 2.5 g
• L-lysine – 1.3 g
• L-isoleucine – 1.25 g
• L-valine – 1.25 g
• L-threonine – 0.7 g

61

• L-cysteine – 0.3 g
• L-histidine – 0.3 g
• L-phenylalanine – 0.2 g
• L- methionine – 0.1 g
• L- tyrosine – 0.06 g
• L-tryptophan – 0.04 g

• “Our clinical investigations clearly 
demonstrated that long-term nutritional 
supplementation with a special mixture of oral 
AAs significantly increased lean body mass in 
elderly subjects within 16 months of 
treatment.”

• “This observation could be very important in 

62

the clinical management of sarcopenia, and 
indicates the positive approach of nutritional 
support in the correction of one of the most 
important conditions associated with geriatric 
syndromes.”

Kimura T et al.  Plasma amino acid analysis for diagnosis and amino acid-based 
metabolic networks, Cur Opin Clin Nutr Metab Care, Vol. 12, No. 1, pp. 49-53, 
January 2009.

63
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64

Treatment:Treatment:

65

Different types of Different types of 
whole proteinswhole proteins

Tang JE et al.  Maximizing muscle protein anabolism: the role of protein 
quality, Curr Opin Clin Nutr Metab Care, Vol. 12, No. 1, pp. 66-71, 
J 2009

66

January 2009

“When seeking to maximize protein, it appears milk proteins and their isolated 
forms, whey and casein, offer an anabolic advantage over soy protein proteins 
in promoting muscle hypertrophy.”
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Treatment:Treatment:

67

Reduce inflammationReduce inflammation

Durham WJ et al.  Inflammatory burden and amino acid metabolism in 
cancer cachexia, Curr Opin Clin Nutr Metab Care, Vol. 12, No. 1, pp. 72-77, 
January 2009

68

y

“…human studies have found beneficial effects of EPA on body weight, lean 
body mass, appetite, and quality of life.”

• “Essential amino acids, leucine in particular, 
are potent stimulators of muscle protein 
synthesis in healthy individuals.”

• “Until recently, however, it was not known 
whether this response is also present in 
cachectic skeletal  muscle, in which 
inflammatory mediators and impaired 

69

energetic status may limit the response to 
amino acids.”

• “Fortunately, recent studies suggest that this 
response is also present in cachexia.”
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Treatment:Treatment:
Oth b fit f fi h ilOth b fit f fi h il

70

Other benefits of fish oilOther benefits of fish oil

Smith HJ et al.  Attenuation of proteasome-induced proteolysis in skeletal 
muscle by -hydroxy--methylbutyrate in cancer-induced muscle loss, 
Cancer Res, Vol. 65, No. 1, pp. 277-283, January 1, 2005

71

• “Eicosapentaenoic acid (EPA), down-
regulates the increased expression of 
the ubiquitin-proteasome proteolytic 
pathway in the skeletal muscle of 
cachectic mice and has been shown to 
stabilize body weight in cachectic 
patients with pancreatic cancer.”

72

• “When patients consumed an energy-
dense supplement containing 32 g 
protein and 2 g EPA, body weight 
increased, and this was attributed solely 
to an increase in lean body mass.”
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Giacosa A & Rondanelli M.  Fish oil and treatment of cancer cachexia, 
Genes Nutr, Vol. 3, pp. 25-28, 2008

73

“…n-3 fatty acids in dose of at least 1.5 g/day for a prolonged time to 
advanced cancer patients with weight loss, are associated with an 
improvement of clinical, biological and functional parameters and with 
amelioration of quality of life.”

Treatment:Treatment:
O ti i i li / lO ti i i li / l

74

Optimize insulin/glucose Optimize insulin/glucose 
metabolismmetabolism

Wang X et al.  Insulin resistance accelerates muscle protein degradation: 
Activiation of the ubiquitin-proteasome pathway by defects in muscle cell 

75

signaling, Endocrinology, Vol. 147, No. 9, pp. 4160-4168, 2006
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Thank you!!

76


