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Quality of life issues are the 

2

major concerns more than 
ever now.

• What appears to be the most 
important determinant of 

quality of life?

3

• Optimal lean body mass.
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Studenski S et al.  Gait speed and survival in older adults, JAMA, 
30 1 0 8 2011
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Vol. 305, No. 1, pp. 50-58, January 5, 2011

Cesari M.  Role of gait speed in the assessment of older patients, 
JAMA, Vol. 305, No. 1, pp. 93-94, January 5, 2011

6

“Gait speed should not be regarded solely as a measure of lower extremity 
function.  Gait speed has been associated with clinical (eg, comorbidities) as 
well as subclinical conditions (eg, atherosclerosis or inflammatory status) and 
is able to predict several health-related events even apparently unrelated to 
physical function (eg, cognitive impairment, hospitalization, 
institutionalization).  Gait speed may serve as a marker of physiological 
reserve and potentially could quantify overall health status.”
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“…gait speed may be considered a 
new ‘vital sign,’ specifically sensitive 
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for older persons.”

• Why is lean body mass lost?

• Two reasons.

8

• Aging

• A response to environmental 
stressors

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 )
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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)
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Aging makes it more difficult 

10

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

11

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.

Summer of work exposes medical students to system’s ills, The New 
York Times, September 9, 2009
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“…a tidal wave of chronic illness…”
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USA Today, January 11, 2011
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“Sixty-five percent of Americans in mid-life (ages 45-64) live 
with at least one chronic illness, according to a national 2009 
study reported in Health Affairs.  There has been an even 
more dramatic increase among Medicare beneficiaries, who 
report three or more chronic conditions, and that jump 
occurred equally across, sex, race, ethnicity and income 
groups.”

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

14

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 

15

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

20

• 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

21

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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Molnar JA.  Overview of nutrition and wound healing, in Molnar JA 
ed., Nutrition and Wound Healing, CRC Press, Boca Raton, 2007, 
pp. 1-14.

22

23

• “During periods of metabolic stress, the 
body is able to effectively catabolize the 
carcass (muscle, skin, bone) to support 
visceral protein synthesis of acute phase 
proteins, immunoglobulins, inflammatory 
cells, and collagen, needed to fight 
i f ti d h l th d ”

24

infection and heal the wound.”

• “In the case of proteins, intricate shuttling 
mechanisms have developed to allow 
redistribution of the substrate from the 
periphery to the viscera.”
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• “This could also apply to micronutrients.  
Because a large percentage of the body 
zinc stores are found in the skin, it would 
not be surprising that if the skin proteins 
are catabolized this might allow

25

are catabolized, this might allow 
mobilization of skin zinc to provide 
cofactors for enzymatic activity in other 
parts of the body.”

Waterlow JC.  Protein Turnover, CABI Publishing, Cambridge, MA, 

26

g g
2006.

• “In many patients plasma albumin 
concentrations are low and it has been 
suggested that the acute phase proteins 
compete with albumin for the amino 
acids required for synthesis.”

• “An interesting hypothesis was

27

• An interesting hypothesis was 
proposed by Reeds et al. to relate the 
acute phase protein response to the 
muscle wasting that occurs in so many 
clinical conditions.”



Entry Level Clinical Nutrition – Part 6
Dr. Jeff Moss

10

© Jeff Moss, DDS
http://www.mossnutrition.com
http://www.fmtown.com

• “At its peak total synthesis of APPs after a 
stress, from the data of Fleck et al., could 
amount to as much as 0.85 g of protein per 
kg per day.”

• “The APPs contain larger amounts of the 
aromatic amino acids than muscle, and 
Reeds calculated that it would require the 
breakdown of 2 g of muscle protein to provide 

i id f th th i f 850 f

28

amino acids for the synthesis of 850 mg of 
APPs.”

• “The other amino acids that are produced in 
excess from muscle in order to meet the need 
of aromatics will be oxidized and the nitrogen 
excreted in the urine.”

“This would account for a 
large part of the ‘catabolic’ 

loss after trauma or in

29

loss after trauma or in 
septic states.”

Genton L et al.  Proc Nutr Soc, Vol. 64, pp. 285-296, 2005.

30
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• “Nutritional depletion leads to alterations in 
muscle function and possibly cognitive and 
immune function.”

• “Nutritional supplementation can reverse 
some of the physiological dysfunctions 
occurring with nutritional depletion, but 
confounding variables are numerous.”

31

confounding variables are numerous.
• “Nevertheless, because muscle strength 

consistently predicts morbidity and 
mortality, it is suggested that this variable 
is used as a hard marker of malnutrition-
related morbidity and mortality.”

Sasaki H et al.  Am J Med, Vol. 120, pp. 337-342, 2007

32

‘Grip strength is an accurate and consistent predictor of all 
causes of mortality in middle-aged and elderly persons.”

“Grip-strength measurement is useful for assessing approximate 
overall muscle strength of middle-aged and elderly people, and 
longitudinal studies revealed that it also predicts health-related 
prognosis.”

33
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Mathiowetz V et al.  Grip and pinch strength: Normative data 
for adults, Arch Phys Med Rehabil, Vol. 66, pp. 69-72, 1985
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Hanauer SB.  Sarcopenia and the elusive fountain of youth, Nature Clin 
Pract: Gastroenterology & Hepatology, Vol. 6, No. 1, p. 1, January 2009.
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“Sarcopenia, the age-related decrease in skeletal muscle mass and strength, is 
a major risk factor for frailty, loss of independence, and physical disability in the 
elderly.  Therapies that prevent or reverse sarcopenia and other hormone-
related changes associated with aging have the potential to reduce the 
morbidity of aging adults and their resultant dependency on families and 
society.”

Cherniack EP et al.  Emerging therapies to treat frailty syndrome in 
the elderly, Alt Med Rev, Vol. 12, No. 3, pp. 246-258, September 
2007

38

“Sarcopenia and inflammation are believed to be important in the 
pathophysiology of frailty syndrome.”

Evans WJ et al.  Cachexia: A new definition, Clin Nutr, Vol. 27, pp. 793-
799, 2008

39
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Wolfe RR.  The underappreciated role of muscle in human health and 
disease, Am J Clin Nutr, Vol. 84, pp. 475-82, 2006 

41

• “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

42

particularly important in the response to 
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.”

• “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

43

synthesis of new proteins to balance the 
persistent rate of protein breakdown that 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 

44

p g
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.”

• “In addition, stimulation of hepatic 
gluconeogenesis in stressed states 
further increases the demand for 
amino acids.”

• “Net breakdown of muscle protein is 
stimulated to provide abundant 
amino acids to meet these increased

45

amino acids to meet these increased 
demands.”

• “…individuals with limited reserves 
of muscle mass respond poorly to 
stress.”
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• “Whereas muscle mass plays a key role in 
recovery from critical illness or severe trauma, 
muscle strength and function is central to the 
recovery process.  The extent and duration of the 
debilitation resulting from critical illness is 
dramatic; <50% of individuals employed before 
entering an intensive care unit return to work in 
the first year after discharge.  Extensive losses of 
muscle mass, strength, and function during acute 
hospitalization causing sustained physical 

46

impairment were likely contributors to the 
prolonged recovery.  If there is a preexisting 
deficiency of muscle mass before trauma, the 
acute loss of muscle mass and function may 
push an individual over a threshold that makes 
recovery of normal function unlikely to ever 
occur.  For this reason, >50% of women older 
than 65 y who break a hip in a fall never walk 
again.”

• “Sarcopenia, the progressive loss of 
muscle mass and function that occurs 
with aging, is a widespread syndrome that 
has a devastating effect on quality of life 
and ultimately survival.  Progressive 
sarcopenia is ultimately central to the 
development of frailty, an increased 

47

likelihood of falls, and impairment of the 
ability to perform activities of daily living.  
The logical endpoint of severe sarcopenia 
is loss of quality of life and ultimately 
institutionalization.”

• “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

48

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.”  
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• “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

49

in healthy elderly subjects with 
varying degrees of insulin 
resistance; both plasma and 
intrahepatic lipid concentrations 
were reduced as well.”

Thank you!!

50


