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Quality of life issues are the 
major concerns more than 

ever now.

3

Summer of work exposes medical students to system’s ills, The New 
York Times, September 9, 2009

“…a tidal wave of chronic illness…”



Entry Level Clinical Nutrition Update – Part 4
With Dr. Jeff Moss

http://www.FMTown.com
© Jeff Moss and Moss Nutrition 2

4

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 
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.”

5

Bengmark S.  Acute and “chronic” phase 
reaction – a mother of disease, Clin Nutr, 
Vol. 23, pp. 1256-66, 2004

6

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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Underlying hypotheses of 
Entry Level Clinical Nutrition:

• Chief complaints in chronically ill 
patients are not diseases but responses 
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.

9

Entry Level Clinical Nutrition:

A new model of functional 
medicine that incorporates 

allostatic load and the “chronic” 
acute phase response
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This is a relatively easy, 
inexpensive way to help 
most patients feel better 

early on during the course 
of therapy no matter what 

their “disease” or chief 
complaint.

11

A simplified approach to helping 
patients feel better

• Understanding the true nature of 
chronic illness: Excessive allostatic load

• Simple, cost effective diagnostic tools

• A simplified, cost effective menu to 
improve patient quality of life

12

Soeters MR & Soeters PB.  The evolutionary benefit of insulin resistance, Clin 
Nutr, Vol. 31, pp. 1002-1007, 2012.

“The bad image of insulin resistance has obscured its potential benefits as an 
adaptive mechanism.  Insulin resistance (or the ability to selectively modulate the 
cellular/tissue response to insulin) is evolutionarily well preserved in insects, 
worms, and vertebrates including humans.  Having been under so much 
evolutionary pressure, its persistence suggests that it benefits survival of the 
species.”
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Bouillanne O et al.  Impact of protein pulse feeding on lean mass in 
malnourished and at-risk hospitalized elderly patients: A randomized 
controlled trial, Clin Nutr, Vol. 32, pp. 186-192, 2013

“Aging per se is responsible for gradual loss of skeletal muscle mass (40% from 
20 to 80 years of age) and muscle function, termed sarcopenia.  Sarcopenia is a 
major cause of the increased prevalence of disability, falls, morbidity and 
mortality in elderly people.”

“This study demonstrates for the first time that protein pulse feeding has a 
positive, clinically relevant effect on lean mass in malnourished and at-risk 
hospitalized elderly patients.”

14

Gariballa & Alessa A.  Sarcopenia: Prevalence and prognostic significance 
in hospitalized patients, Clin Nutr, Vol. 32, No. 5, pp. 772-776, October 
2013.

“Older people with sarcopenia have poor clinical outcome following acute illness 
compared with those without sarcopenia.”

15

Key metabolic imbalances seen 
with the acute phase response

• Low grade, chronic metabolic acidosis
• Loss of lean body mass (sarcopenia) and its relation 

to optimal protein intake
• Gastrointestinal dysfunction/gut atrophy
• Inflamm-aging (Increased innate immunity and 

decreased adaptive immunity)
• Metabolically induced hyperinsulinemia/insulin 

resistance
• Diet-induced hyperinsulinemia (Refeeding syndrome) 

and its relation to carbohydrate:protein ratio 
• Deficiencies of key micronutrients such as zinc, 

selenium, and vitamin D
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THE CREATION OF  THE EXCESSIVE CATABOLIC 
PHYSIOLOGY “RESPONSE”

Chronic inflammation, 
inflammaging, metainflamm.

Hyperinsulinemia/Insulin 
resistance

Sarcopenia/Loss of lean 
body mass

Low grade chronic 
metabolic acidosis/fluid 
electrolyte imbalance

Gut 
dysfunction/atrophy

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

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 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!!!

18

Agarwal E et al.  Malnutrition in the elderly: A narrative review, Maturitas, 
Published online ahead of print 2013.
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• “Multicentre studies that have evaluated 
protein-energy malnutrition (PEM) 
prevalence in the acute care setting report 
that 23-60% of elderly patients are 
malnourished and an estimated 22-28% 
are at nutritional risk.”

• “In comparison to other healthcare 
settings, there is limited literature on the 
prevalence of PEM in community-dwelling 
older adults.  However, the reported 
prevalence indicates a range of 5-30%.”

• In the residential aged care setting, 
the reported PEM prevalence ranges 
from 16% to 70% depending on the 
assessment tool used and the level 
of care required.  In general it is 
known that the prevalence of PEM 
increases as the level of care 
increases.”

20

21

• “Dietary management should provide 
adequate energy and protein intake.  
However, this alone would be 
unlikely to address weight loss as 
sarcopenia is thought to occur 
regardless of energy balance.”

• “Recent evidence indicates that the 
most effective intervention thus far is 
a combination of nutrition and 
resistance training.”
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Hayes A & Cribb PJ.  Effect of whey protein isolate on strength, body 
composition and muscle hypertrophy during resistance training, Curr Opin Clin 
Nutr Metab Care, Vol. 11, pp. 40-44, 2008.

• “Athletic performance and vanity aside, 
there are many important reasons for 
needing to know more about how to build 
muscle mass (hypertrophy), not the least 
being the underestimated role of muscle 
mass in healthy aging.”

• “Aside from the negative impact on health, 
functional ability and lifestyle quality, age-
related decline in muscle mass is thought 
to underlie conditions that shorten 
lifespan such as type 2 diabetes and 
cardiovascular disease.”

23

• “Although resistance exercise is 
fundamentally anabolic, a net gain in 
muscle mass is only possible via an 
interaction with protein-containing meals.”

• “Data from both acute response studies 
and longer-term (6-12 weeks) 
investigations provide a foundation that 
suggests the strategic use of protein 
supplements can play a vital role in the 
development of muscle hypertrophy 
during resistance exercise training.”  

24
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• “In fact, supplementation may be vital to 
restoring the diminished acute response 
to anabolic stimuli (such as resistance 
exercise or meal consumption) that is 
characteristic of aging.”

• “Additionally, the strategic consumption 
of a supplement containing whole proteins 
or essential amino acids close to 
resistance exercise is consistently shown 
to dramatically enhance the acute 
anabolic response to this activity by 
providing a higher stimulation of protein 
synthesis and net protein balance 
compared to placebo treatments.” 

25

• “Recent data also suggest that 
supplementation between regular 
meals may provide an additive effect 
on net protein accretion due to a 
more frequent stimulation of muscle 
protein synthesis.”

26

How does protein supplementation 
increase muscle mass? 

• “…protein supplementation appears 
to have at least three prominent roles 
in augmenting muscle protein 
accretion and promoting 
hypertrophy.” 

27
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• “First, by supplementing close to resistance 
exercise to ensure a greater stimulation of 
muscle anabolism in response to this activity.”  

• “Second, some data suggest that 
supplementation between meals may promote 
more frequent stimulation of muscle protein 
synthesis, thereby promoting a higher net gain in 
muscle protein on a daily basis.”  

• “Finally, strategic supplementation with protein 
that is rich in essential amino acids, particularly 
leucine, may help restore the acute anabolic 
response to meals which characteristically 
diminishes aging.”

28

Types of whey protein

• “The type of protein consumed may 
influence results from resistance exercise 
training due to variable speeds of 
absorption, differences in amino acid 
profiles, unique hormonal response or 
positive effects on antioxidant defense.”

• “Whey protein is the collective term for 
the soluble protein fractions extracted 
from dairy milk.”

29

• “Whey protein supplements, i.e. 
above 80% proteins concentrates 
(WPC 80) or about 90% protein 
isolates (WPI 90), have become 
popular among athletes and others 
interested in gaining muscle mass.”

30
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Beyond its protein content, what are 
the benefits of whey protein?

• “Rather than merely increasing the 
quantity of protein in the diet, these 
particular proteins may also provide some 
unique nutritional advantages.”

• “Characteristically, these whey protein 
supplements contain a very high 
concentration of essential amino acids 
(45-55 g/100 g of protein) with minimal fat, 
carbohydrate and lactose.”

31

• “They are also the richest known 
source of branched-chain amino 
acids, particularly leucine (up to 14 
g/100 g protein).”

• “Whey protein supplements are a 
rich rare source of cyst(e)ine 
residues; up to four-fold higher than 
other high-quality proteins such as 
casein and soy.”

•

32

Why is cysteine important?

• “Briefly, an abundant supply of cyst(e)ine 
in the blood is necessary for hepatic 
catabolism of this amino acid into sulfate 
and protons; a process that 
downregulates urea production, promotes 
glutathione synthesis and shifts whole-
body nitrogen disposal in favor of 
preserving the muscle amino acid pool 
(which is synonymous with muscle 
anabolism).” 

33
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• “Whey protein supplementation (up 
to 1 g/kg/day) is the only protein 
source shown to augment this 
pathway of protein metabolism and it 
may do so possibly in a dose-
dependent manner.”

34

Still more benefits of whey protein

• “What is more relevant is that when whey 
protein supplements are consumed as 
part of a mixed-macronutrient meal, this 
protein’s rapid absorption kinetics and 
ability to stimulate a very high rate of 
muscle protein synthesis is unaltered, but 
the result is a more prolonged state of 
anabolism and inhibition of protein 
degradation as well as a higher net gain in 
whole body protein.”

35

With the above in mind, what 
can be concluded?

• “Due to its amino acid profile and 
ability to promote higher net protein 
accretion, the incorporation of whey 
protein into the diet may enhance the 
development of muscle hypertrophy 
and improve body composition 
during resistance exercise training.”

36
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What about timing of supplement 
ingestion in relation to resistance 

exercise?

• “Supplement timing (i.e. the strategic 
consumption of a protein 
supplement before and/or after each 
workout) is thought to be the ideal 
strategy for promoting muscle 
hypertrophy from resistance 
exercise.”

37

• “Results showed that the group who 
performed the supplement-timing strategy 
(PRE-POST) demonstrated a gain in lean 
body mass (LBM) that was almost double 
the MOR-EVE group.”  

• “This group also demonstrated greater 
improvements in one-repetition maximum 
strength, which were supported by a 
greater increase in hypertrophy of the type 
II fibers and muscle contractile protein 
content of this group.”

38

Does this research apply to 
non-athletes?

• “This protocol may however, also have 
important implications for populations 
that require improvements in strength and 
body composition, but have a reduced 
capacity for exercise, such as the frail 
elderly, cardiac rehabilitation patients or 
other living with conditions that 
compromise health, such as HIV, cancer 
and the various muscular dystrophies.”

39
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• “Importantly, aged individuals showed the 
same significant elevation in amino acid 
levels within 2h of ingesting a protein-rich 
meal as their young counterparts and also 
displayed the same elevation in acute 
protein synthesis.”

• “Thus, it is likely that supplementing the 
diet with essential amino acids 
surrounding a resistance training session 
would similarly augment the effects of 
training in elderly individuals, although 
further work is required in this area.”

40

WHICH IS BEST – WHEY PROTEIN 
CONCENTRATE OR ISOLATE?

• “The processing of whey concentrate 
removes the water, lactose, ash, and 
some minerals.”

• “In addition, compared to whey 
isolates whey concentrate typically 
contains more biologically active 
components and proteins make them 
a very attractive supplement for the 
athlete.”

41

42

Hoffman JR & Falvo MJ.  Protein – which is best?  J Sports Sci Med, Vol. 3, 
pp. 118-130, 2004.
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• “The processing of whey concentrate removes 
the water, lactose, ash, and some minerals.  In 
addition, compared to whey isolates whey 
concentrate typically contains more biologically 
active components and proteins make them a 
very attractive supplement for the athlete.”

• “Although the concentration of protein in this 
form [isolate] is the highest, it often contains 
proteins that have become denatured due to the 
manufacturing process.  The denaturation of 
proteins involves breaking down their structure 
and losing peptide bonds and reducing the 
effectiveness of the protein.”

43

Still more on leucine

44

45

Hulmi JJ et al.  Effect of protein/essential amino acids and resistance 
training on skeletal muscle hypertrophy: A case for whey protein, Nutr 
Metab, Vol. 7, No. 51, 2010.
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• “It is probable that the most important 
component in whey, for increasing protein 
synthesis and skeletal muscle size is its 
high concentration of the BCAA, leucine.”

• “Leucine, acting as a signaling molecule 
in the mTOR cascade, has been shown to 
be a critical amino acid for increasing 
skeletal muscle synthesis, both in vitro
and in vivo in humans and rats.  Leucine 
may also be involved in suppressing 
muscle protein degradation, according to 
investigations in vitro and in vivo in 
humans.”

46

47

Casperson SL et al.  Leucine supplementation chronically improves muscle 
protein synthesis in older adults consuming the RDA for protein, Clin Nutr, 
Published online ahead of print, 2012.

48

• “It is generally accepted that aging is 
associated with a blunted protein 
synthetic response to meals 
containing less than approximately 
15-20 g of protein or the equivalent 
essential amino acid content.”

• “…in controlled metabolic studies it 
is easy to demonstrate acute 
increases in muscle protein 
synthesis or markers of anabolism 
following ingestion of a protein or 
amino acid supplement. 
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• “However, in practice, there is a risk 
that acute responses will not 
translate into positive chronic 
adaptations in muscle mass or 
function.”  

• “The reasons for a lack of success 
are varied, but we suspect they more 
often reflect compliance-related 
issues or consumer choice, rather 
than a temporally diminished 
physiological capacity.” 

• “To this end, we propose that an 
effective supplement should produce 
a robust anabolic response, and be i) 
low-volume and easily incorporated 
into existing menu plans, ii) 
palatable, and iii) cost effective.”

• “While the headline result from the 
leucine studies mentioned above are 
encouraging, an important emerging 
caveat is that leucine 
supplementation is not 
unconditionally effective.” 

50

“Specifically, ingestion of supplemental 
leucine appears to be of little benefit to: i) 
younger adults, and/or, ii) individuals who 

habitually consume a protein/leucine-
sufficient diet.” 

51
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• With the above in mind, Casperson et al  
conducted a study on eight healthy but 
sedentary older adults with a daily 
protein intake of 0.75 – 0.85g protein 
per kilogram body weight per day, which 
is near the current RDA.

• Why is this amount significant in relation 
to this study?  As I have pointed out in 
several newsletters, very often elderly 
populations will need protein ingestion 
anywhere from 1.2 – 1.5 g/kg/per day to 
optimize muscle mass. 

52

• Therefore, the authors classified the 
meals ingested by the study subjects as 
“low protein.”  The study was fairly long-
term as these studies go (15 days), with 
the subjects ingesting 4 grams of 
supplemental leucine with each of three 
meals per day for days 2-14.  

53

What were the results of the 
study?

54
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• “Our data suggest that leucine 
supplementation may be an 
energetically efficient and practical 
means of chronically improving 
muscle protein synthesis in 
response to a low protein meal in 
older adults who habitually consume 
close to the RDA for protein.”

55

• “…we demonstrated that supplementing 
regular daily meals with a relatively small 
amount of leucine improves both mixed-
muscle protein synthesis and anabolic 
signaling in older adults.”

• “…while we did not conduct a specific 
assessment of practical issues such as 
longer duration compliance, ease of use 
or palatability, our low-volume approach is 
intuitively less likely to be burdensome 
than most traditional higher-volume amino 
acid supplement regimens.”

56

However, two weeks is not 
two months or two years

57
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Leenders M et al.  Prolonged leucine supplementation does not augment 
muscle mass or affect glycemic control in elderly type 2 diabetic men, J 
Nutr, Vol. 141, pp. 1070-1076, 2011.

• “Sixty elderly males with type 2 diabetes 
(age, 71 ± 1 y; BMI, 27.3 ± 0.4 kg/m2) were 
administered 2.5 g L-leucine (n = 30) or a 
placebo (n = 30) with each main meal 
during 6 mo of nutritional intervention (7.5 
g/d leucine or placebo).”

• “Body composition, muscle fiber 
characteristics, muscle strength, glucose 
homeostasis, and basal plasma amino 
acid and lipid concentrations were 
assessed prior to, during, and after 
intervention.”

59

60

• “The present study shows that 6 mo 
of leucine supplementation (a total of 
7.5 g/d) with each main meal does 
not augment skeletal muscle mass 
and strength, modulate body 
composition, or improve glycemic 
control and blood lipid profile in 
elderly men with type 2 diabetes who 
habitually consume sufficient 
protein.”
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It should also be noted that, for both 
the control and experimental groups, 

dietary protein intake per day was 0.94 
± 0.04 g/kg body weight. 

61

Why did the long term study not 
demonstrate positive results?

• Suboptimal protein intake (1.2 – 1.5 
g/kg/day is ideal)

• The study did not include weight-
bearing exercise.

62

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 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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Thank you!!


