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Why bother with sarcopenia?
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1. I’m not getting the results I would like.
2. I’m getting results but the cost is too       

high for many patients.
3. I’m getting results but compliance is an 

issue.
4. My practice is not as profitable as I 

would like.

3

How can learning about and 
treating sarcopenia make a 

difference?

4
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1. Higher efficacy rate.

2. More cost and time effective results.

3. Better patient compliance

5

FUNCTIONAL MEDICINE – ENTRY LEVEL CLINICAL NUTRITION MODEL

Trauma/mechanical   Infection    Toxicology    Nutrient imbalance    Neurology   Electromagnetic  

ALLOSTATIC LOAD – ACUTE/CHRONIC PHASE RESPONSE

IR/ ↑↓Cortisol/GR/Inflammaging/Metainflammation Alteration of macronutrient metabolism

Increases in cytokines/CRP                             Protein Carbohydrate Lipid

↑Catabolism Hyperinsulinemia/       ↑FFA
↑IDO/TDO  ↓P4H Insulin resistance           ↑LDL

↑Homocys/↓S ↑Lactate                        ↓HDL
↑Gluconeo ↓BCAA   ↓Serum K, Mg, PO4 ↓ ↑ EFAs
↑Acidosis ↓K, Mg         ↓Thiamine ↑Visceral
↑Muscle/Gut atrophy         (Refeed synd)            Adiposity
↓Detox enzymes/COMT ↑NAFLD
↑↓Reprod function
↓Mitochondrial no. & function

IBS, IBD, Dysbiosis         Autoimmune/   Pain, weight, fatigue        Depression                       Thyroid
Inflammatory           “Toxicity”                      Anxiety                            Diabetes    

Treat first !!!  (Remove adverse environmental  sources)(Remember hormesis!)

Treat third!!!

Alteration of micronutrient metabolism

Water sol. vitamins, vitamins D and E, 
electrolytes, Fe, Se, Zn

↑Free rad./Oxidation

RULE OUT PATHOLOGY!!

Plus genetic propensity

Treat second!!!
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Current research on 
sarcopenia

7

8

Biolo G et al.  Muscle contractile and metabolic dysfunction is a 
common feature of sarcopenia of aging and chronic diseases: From 
sarcopenic obesity to cachexia, Clin Nutr, Published online ahead of 
print, 2014.
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Fig. 1 EWGSOP (European Working Group on Sarcopenia in Older People) criteria to define sarcopenia . 1 See <ce:cross-ref 
refid="tbl1" id="crosref0670"> Table 1</ce:cross-ref> for definitions. Ref. <ce:cross-ref refid="bib2" id="crosref0675"> 2</ce:cross...

Gianni  Biolo , Tommy  Cederholm , Maurizio  Muscaritoli

Muscle contractile and metabolic dysfunction is a common feature of sarcopenia of aging and chronic diseases: From 
sarcopenic obesity to cachexia

Clinical Nutrition, 2014

http://dx.doi.org/10.1016/j.clnu.2014.03.007

Fig. 2 Causes of sarcopenia of aging and chronic diseases (modified from Ref. <ce:cross-ref refid="bib1" id="crosref0680"> 
1</ce:cross-ref> ). Sarcopenia of chronic disease can develop at any age. Catabolic factors associated with chronic diseases (e.g.,...

Gianni  Biolo , Tommy  Cederholm , Maurizio  Muscaritoli

Muscle contractile and metabolic dysfunction is a common feature of sarcopenia of aging and chronic diseases: From 
sarcopenic obesity to cachexia

Clinical Nutrition, 2014

http://dx.doi.org/10.1016/j.clnu.2014.03.007
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Gianni  Biolo , Tommy  Cederholm , Maurizio  Muscaritoli

Muscle contractile and metabolic dysfunction is a common feature of sarcopenia of aging and chronic diseases: From 
sarcopenic obesity to cachexia

Clinical Nutrition, 2014

http://dx.doi.org/10.1016/j.clnu.2014.03.007

Fig. 4 Muscle–fat interaction during inactivity . Energy expenditure and requirement are greatly decreased in patients with inactivity-
mediated sarcopenia. The rate of fat deposition tends to increase, especially at the abdominal level, leading to activat...

Gianni  Biolo , Tommy  Cederholm , Maurizio  Muscaritoli

Muscle contractile and metabolic dysfunction is a common feature of sarcopenia of aging and chronic diseases: From 
sarcopenic obesity to cachexia

Clinical Nutrition, 2014

http://dx.doi.org/10.1016/j.clnu.2014.03.007
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Fig. 5 Metabolic trajectories of sarcopenia of aging and chronic diseases . Inactivity, inflammation and anorexia as well as age-
related catabolic factors are the major metabolic variables affecting changes in body composition. Inactivity, inflammation an...

Gianni  Biolo , Tommy  Cederholm , Maurizio  Muscaritoli

Muscle contractile and metabolic dysfunction is a common feature of sarcopenia of aging and chronic diseases: From 
sarcopenic obesity to cachexia

Clinical Nutrition, 2014

http://dx.doi.org/10.1016/j.clnu.2014.03.007

“…sarcopenia is a major 
determinant of disease 

outcome and longevity…”

14
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“…cost-effective control of 
chronic disease and optimal 

aging require sarcopenia 
prevention, diagnosis and 

treatment…”

15

• “Skeletal muscle is…involved in a number of 
metabolic functions such as energy 
homeostasis, heat regulation, insulin 
sensitivity and amino acid metabolism.”

• “Skeletal muscle has recently been identified 
as an endocrine organ.  Muscle-derived 
cytokines named myokines, as well as 
anabolic (e.g., insulin-like growth factor-1) 
and catabolic (e.g., myostatin) peptides can 
be expressed, produced and released by 
muscle fibers to exert autocrine, paracrine 
endocrine actions.”

16
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• “…in all conditions of muscle disuse 
atrophy energy requirement is 
decreased due to reductions in both 
resting and activity-related energy 
expenditure.”

• “The rate of fat deposition tends to 
increase, especially at the abdominal 
level, leading to activation of systemic 
inflammation and insulin resistance.”

• “These alterations enhance the 
catabolic effect of inactivity.”

17

“This vicious cycle that leads to 
progressive muscle loss and fat gain, 

is frequently observed in some 
patients with chronic diseases and 

cancer as well as in sedentary lifestyle 
and in aging.”

18
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• “Skeletal muscle is the major site of 
dietary glucose disposal; therefore, 
muscle insensitivity to insulin 
actions is essential for the 
development of whole body insulin 
resistance and hyperglycemia.”

• “Insulin resistance with fat 
accumulation contributes to a lesser 
post-prandial protein anabolism in 
skeletal muscle.”

19

“…the view is consolidating that loss 
of muscle mass should be regarded to 
as the major factor responsible for the 
negative outcomes of disease-related 

malnutrition, including loss of 
autonomy and impaired quality of life.”

20



ELCN UPDATE: How to optimize muscle mass
Jeff Moss, DDS, CN, DABCN 

© Jeff Moss & Moss Nutrition
http://www.mossnutrition.com
http://www.FMTown.com 11

“…sarcopenia with muscle loss and 
dysfunction is a common feature of 

virtually all chronic diseases 
characterized by inactivity and 

systemic inflammation as well as of 
aging.”

21

Some quotes on treatment

22
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• “Nutritional interventions in muscle-
depleted patients with increased fat 
mass should involve careful 
assessments of energy requirement to 
prevent further increases in adipose 
tissue.”

• “In fact, overfeeding accelerated muscle 
loss and activated systemic 
inflammation and inactivity.”

23

• “The PROT-AGE study group has recently 
recommended an average daily intake in the 
range of 1.0-1.2 g protein/kg body weight/day 
for healthy older people (>65 years).”

• “Older patients who have acute or chronic 
disease need even more dietary protein, i.e., 
1.2-1.5 g/kg body weight/day.”

• “Both endurance and resistance-type 
exercises are recommended in muscle-
depleted patients with increased fat mass to 
maintain skeletal muscle mass and functions 
as well as energy balance.”

24
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“Energy restriction programs on 
inactive patients would accelerate 

muscle loss.”

“Evidence indicates that restrictive 
diets impose significant risks of 

sarcopenia and malnutrition in free-
living elderly populations.”

25

Sarcopenia vs cachexia

26
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27

Ali S & Garcia JM.  Sarcopenia, cachexia and aging: Diagnosis, mechanisms 
and therapeutic options – A mini-review, Gerontology, Published online April 8, 
2014.

28
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What’s happening to muscle 
on a molecular level?

31

32

Tam CS et al.  Weight gain reveals dramatic increases in skeletal 
muscle extracellular matrix remodeling, J Clin Endocrinol Metab, Vol. 
99, No. 5, pp. 1749-1757, May 2014.

“Extracellular matrix (ECM) accumulation leads to fibrosis in a wide variety 
of tissues, which may irreversibly alter the structure and function of affected 
tissues and whole-body homeostasis.”

“There is growing evidence that muscle ECM remodeling has a unique role 
contributing to muscle insulin resistance.”
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33

Broskey NT et al.  Skeletal muscle mitochondria in the elderly: Effects of 
physical fitness and exercise training, J Clin Endocrinol Metab, Vol. 99, No. 5, 
pp. 1852-1861, May 2014.

“Herein we demonstrate that physical fitness is exquisitely correlated with 
mitochondrial density in skeletal muscle in older adults (60-80 y old).

“As a whole, our results indicate that aging per se does not impede mitochondrial 
biogenesis in response to exercise and that the decreases in mitochondrial function 
observed in elder adults are likely to decreased physical activity.”

The research basis for 
SarcoSelect

34
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35

Deutz NEP et al.  Muscle protein synthesis in cancer patients can be 
stimulated with a specially formulated medical food, Clin Nutr, Vol. 30, 
pp. 759-768, 2011.

• “The experimental group (n =13) 
received a medical food containing 
40 g protein, based on casein and 
whey protein and enriched with 10% 
free leucine and other specific 
components, while the control group 
(n = 12 was given a conventionally 
used medical food based on casein 
protein alone.”

36
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• “In the presence of systemic 
inflammation, it appears to be 
extremely difficult to achieve whole 
body protein anabolism in cancer 
patients.  It therefore seems that 
although food intake should be 
increased in cachectic cancer 
patients, gains in lean body mass are 
difficult to achieve unless specific 
metabolic abnormalities, like 
inflammation, are targeted.”

37

How were changes in muscle 
mass measured?

• “A muscle biopsy was performed 2 h 
after the start of isotope infusion and 
again at 5 h in order to determine the 
basal rate of muscle protein 
synthesis.”

38
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Experimental procedure
• “Blood was taken from the sampling forearm 

catheter periodically for the determination of 
plasma phenylalanine enrichment (tracer/trace 
ratio).  Immediately following the second muscle 
biopsy, one dose of the medical food (200 ml) 
was ingested, followed by a second dose (200 ml) 
20 min after the first sip of the first dose.  Each 
dose was consumed within 10 min.  Blood 
samples were then drawn over the next 5 h.  A 
third muscle biopsy was taken 300 min after the 
first sip of the first dose of the medical food.  All 
muscle biopsies were taken from the same 
muscle via the same incision.”

39

Can the results of this short term study be 
extrapolated to a longer time frame?

• “…we anticipate that acute 
stimulation of fractional rate of 
muscle protein synthesis (FSR) 
would translate to a sustained 
improved muscle function when 
such a medical food is consumed for 
a longer period.”  

40
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What were the results?

41

• “The cancer patients were in an 
inflammatory state, as reflected by high 
levels of C-reactive protein, IL-1β, and 
TNF-α, but were not insulin resistant.  
After ingestion of the experimental 
medical food, plasma leucine increased to 
about 400 µM as compared to the peak 
value of 200 µM after the control medical 
food.  Ingestion of the experimental 
medical food increased muscle protein 
FSR from 0.073 (SD: 0.023) to 0.097 (SD: 
0.033 %/h (p = 0.0269).  In contrast, 
ingestion of the control medical food did 
not increase muscle FSR; 0.073 (SD: 
0.022) and 0.065 (SD: 0.028)%/h.” 42
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• “Our results demonstrate that it is 
possible to stimulate muscle protein 
synthesis in catabolic cancer 
patients with involuntary weight loss 
with a specially formulated medical 
food, rich in leucine and protein.  
Cachexia is defined as a state in 
which muscle mass is lost at a rate 
greater than would be anticipated 
from reduced food intake alone.”

43

• “A corollary of this definition is that 
decreased responsiveness to the 
normal anabolic effect of a meal 
would be expected.  Consistent with 
the expectation of decreased 
responsiveness in cachexia, our 
results show that a medical food with 
a composition in the same range as 
commercially available medical 
foods did not stimulate muscle 
protein synthesis.”

44



ELCN UPDATE: How to optimize muscle mass
Jeff Moss, DDS, CN, DABCN 

© Jeff Moss & Moss Nutrition
http://www.mossnutrition.com
http://www.FMTown.com 23

How important was the 
leucine content?

• “Ingestion of leucine-enriched amino acid 
solutions rapidly and potently activates the 
mammalian target of rapamycin signaling 
pathway and protein synthesis in human skeletal 
muscle.  This most likely explains the enhanced 
muscle protein synthesis that is observed when 
increasing the percentage of leucine in a meal.  In 
particular, when leucine is added to a protein 
meal in elderly, the ability of the meal to stimulate 
protein synthesis is improved.”

45

“The addition of an extra amount of 
leucine to a balanced amino acid 

composition improved the response 
above the level of the control medical 

food as observed in the present study.”

46
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• “…ingestion of an EPA/DHA mixture 
potentially is a new approach to 
improving muscle protein synthesis.  
A recent study has confirmed an 
improved muscle protein synthesis 
by 8 weeks treatment with 
EPA/DHA.”

47

Concluding comment by 
Deutz et al.

• “Our results demonstrated that when a medical food is 
optimized for protein, leucine, fish oil components, 
carbohydrates and fiber, muscle fractional protein 
synthesis rate can be stimulated.  Therefore, the results of 
our acute study clearly show that absence of improvement 
of muscle protein synthesis  in catabolic cancer patients 
with involuntary weight loss is related to the composition of 
the medical food and not to the unresponsiveness of 
muscle in these cancer patients, per se.  In cancer patients, 
a specially formulated medical food can overcome the 
anabolic resistance to a conventional food supplement.”

48
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Unfortunately, fish oil could 
not be used in SarcoSelect

49

50

Belcaro G et al.  Efficacy and safety of Meriva®, a curcumin-
phosphatidylcholine complex, during extended administration in 
osteoarthritis patients, Alt Med Rev, Vol. 15, No. 4, pp. 337-344, 2010.

“…few successful clinical studies of curcumin have been reported 
because of its poor oral availability.  Unrealistically high doses (>10 g/day) 
are often required to achieve plasma concentrations corresponding to 
those suggested by preclinical studies.  To overcome these issues, a 
phytosome was developed, complexing curcumin with 
phosphatdylcholine.
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• “Significant improvements of both the 
clinical and biochemical end points were 
observed for Meriva compared to the 
control group.  This coupled with 
excellent tolerability, suggests that 
Meriva is worth considering for the long-
term complementary management of 
osteoarthritis.”

51

Pulse feeding

52
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53

Bouillanne O et al.  Long-lasting improved amino acid bioavailability 
associated with protein pulse feeding in hospitalized elderly patients: A 
randomized controlled trial, Nutrition, Vol. 30, No. 5, pp. 544-550, May 
2014.

“In a pulse diet (PD) group (n = 30), 72% of dietary protein (averaging 1.31 g/kg 
body weight daily) was consumed in one meal at noon.”

“Protein pulse feeding was more 
efficient than protein spread feeding at 

increasing plasma postprandial AA 
concentrations, notably of essential 

AAs.  This increased postprandial AA 
bioavailability was maintained after 6 

wk.”

54
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55

Thank you!!


