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Quality of life issues are the 
major concerns more than 

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

“…a tidal wave of chronic illness…”

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.”



Entry Level Clinical Nutrition Update – Part 2
With Dr. Jeff Moss

http://www.FMTown.com
© Jeff Moss and Moss Nutrition 3

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.
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Entry Level Clinical Nutrition:

A new model of functional 
medicine that incorporates 

allostatic load and the “chronic” 
acute phase response

10

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.
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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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De Mulder M et al.  Intensive glucose regulation in hyperglycemic acute 
coronary syndrome, JAMA Intern Med, Published online September 9, 
2013.

“Intensive glucose regulation did not reduce infarct size in hyperglycemic 
patients with acute coronary syndrome (ACS) treated with percutaneous 
coronary intervention (PCI), and was associated with harm.  Future studies 
should focus on patients with ACS who have persistently elevated glucose 
after PCI, and should evaluate alternative strategies for optimizing glycemia.”

14

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.”
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Putucheary ZA et al.  Acute skeletal muscle wasting in critical illness, JAMA, 
Published online October 9, 2013.

“Muscle protein synthesis was depressed to levels equivalent to the healthy 
fasted state on day 1, but increased to rates similar to the healthy fed state 
by day 7; however, the net balance remained catabolic.  Importantly, these 
overall effects occurred despite the administration of enteral nutrition.  
Unexpectedly, higher protein delivery in the first week was associated with 
greater muscle wasting.”

16

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.”
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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

18

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
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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!!!

20

Mattson MP & Calabrese EJ eds., Hormesis: A 
revolution in biology, toxicology and medicine, 
Springer, New York, 2010
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• “The term hormesis is defined as ‘a 
process in which exposure to a low 
dose of a chemical agent or 
environmental factor that is damaging at 
higher doses induces an adaptive effect 
on the cell or organism.”

22
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• “To survive and reproduce in harsh 
competitive environments, organisms and 
their cellular components have, through 
evolution, developed molecular mechanisms 
to respond adaptively to various hazards or 
‘stressors’ that they encounter.”

• “Examples of such stressors include 
chemicals ingested in food or water (metals, 
phytochemicals, etc.), increased energy 
expenditure (running, fighting, cognitive 
challenges, etc.), and reduced energy 
availability (food scarcity), among others.”

24

• “In most cases, the response of the cell or 
organism to the stressor exhibits a biphasic 
dose response, with beneficial/adaptive 
responses at low doses (improved function, 
increased resistance to damage and disease) 
and adverse/destructive effects (dysfunction, 
molecular damage, or even death) at high 
doses.”

• “The prevalence of the biphasic (hormetic) 
dose response characteristic of biological 
systems merits consideration of hormesis as 
a fundamental principle of biology.”
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• “Well-known categories of agents that 
exert biphasic effects on human health 
are minerals and vitamins.”

• “Selenium, a trace element obtained 
from the diet, is essential for health 
because it is necessary for the proper 
function of at least 30 selenoproteins.  
However, high levels of selenium are 
toxic and can even cause death.”

26

• “Vitamin D is critical for the growth and health of 
bones and for wound healing, among other 
processes, but excessive intake of vitamin D can 
cause hypercalcemia and associated pathologies in 
the kidneys and other organs.”

• “Vitamin A is necessary for proper development of 
multiple organs and for maintenance of the health of 
the eye and other tissues in the adult; however, 
excessive intake of vitamin A can cause liver 
damage, may promote osteoporosis, and may also 
adversely affect the cardiovascular system.”

• “Iron is essential for red blood cell health and also 
serves important regulatory functions in other cell 
types, but excessive iron intake can cause oxidative 
damage to tissues.”
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What are the dangers of Dihydrogen 
Monoxide?

Most of these deaths are caused by accidental 
inhalation of DHMO, but the dangers of 
dihydrogen monoxide do not end there. 

Prolonged exposure to its solid form causes 
severe tissue damage. Symptoms of DHMO 

ingestion can include excessive sweating and 
urination, and possibly a bloated feeling, nausea, 

vomiting and body electrolyte imbalance. For 
those who have become dependent, DHMO 

withdrawal means certain death. 

From:  www.dhmo.org

28

Ristow M et al.  Antioxidants prevent health-promoting effects of physical 
exercise in humans, PNAS, Vol. 106, No. 21, pp. 8665-8670, May 26, 
2009.

“Twenty of the 40 subjects enrolled were previously untrained, defined as 
performing less than 2 hours of exercise (including daily life activities) per week 
before the study was initiated.  The remaining 20 subjects were considered 
pretrained, i.e., performed more than 6 hours of exercise per week.”
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• “All 40 subjects were subjected to supervised physical training, 
which consisted of training sessions on 5 consecutive days of the 
week for 4 weeks, i.e., 20 sessions in total.  Each session included 
20 min of biking or running, 45 min of circuit training, and 20 min 
periods for warming up and cooling down.”

• “Participants in the antioxidant treatment groups (n = 20 each, out 
of which n = 10 were untrained and n = 10 were pretrained) 
received 500 mg vitamin C (ascorbic acid, Jenapharm) twice a day 
and 400 IU vitamin E (RRR-/D-α-tocopherol, Jenapharm) once a 
day orally.”

• “Physical exercise exerts numerous favorable effects on general 
health and specifically has been shown to improve glucose 
metabolism in the insulin-resistant state.”

• “These beneficial effects of physical exercise in insulin resistance 
involve multiple mechanisms, including enhanced expression of 
glucose transporters and translocation of glucose transporters to 
the plasma membrane independent of insulin.”

29

• “Exercise, as well as weight loss, has been linked to 
activation of mitochondrial metabolism, and reduced 
mitochondrial metabolism has been functionally connected 
with type 2 diabetes.”

• “Mitochondria, however, are also the main source of 
reactive oxygen species.”

• “Muscle is also shown to generate free radicals, especially 
during contraction and physical exercise.  It has been 
suggested that ROS may mediate some health-promoting 
effects, at least in nonprimate model systems.”

• “We here evaluated the possibility that ROS are required for 
the insulin-sensitizing capabilities of physical exercise in 
healthy humans and that commonly used antioxidants, 
such as vitamin C and E, may abrogate the health-
promoting effects of both physical exercise and oxidative 
stress in humans.”

30
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Did exercise lead to increased 
oxidative stress?

• “To replicate the ROS-inducing capacity of exercise in our specific 
experimental set-up, we subjected previously untrained 
individuals to 3 days of exercise with muscle biopsy before and 
after this short-term intervention.”  

• “We measured concentrations of thiobarbituric acid-reactive 
substances (TBARS), a well-established marker of overall 
oxidative stress reflecting oxidized lipids and thus ROS formation 
in mammals, within skeletal muscle of these previously untrained 
individuals in the presence of absence of antioxidant treatment.”

• “As expected, we observed a more than 2-fold increase in 
oxidative stress, as reflected by TBARS levels, following a 
physical exercise in the absence of antioxidants.”

31

Did the antioxidants reduce 
TBARS levels?

• “By contrast, those individuals 
taking antioxidant supplements 
showed no significant increase in 
muscle TBARS levels after exercise 
resulting in significantly reduced 
TBARS formation after 3 days of 
exercise in comparison to untreated 
individuals.”

32
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What about insulin 
metabolism?

• “As expected, nonsupplemented individuals showed a significant 
increase in glucose infusion rate, i.e., increased insulin sensitivity 
after 4 weeks of exercise irrespective of previous training status, 
confirming previous findings that physical exercise induces an 
increase in insulin sensitivity.”  

• “By contrast, neither previously untrained individuals and 
pretrained individuals who received antioxidants exhibited 
significant changes in glucose infusion rates following exercise.”  

• “Thus, physical exercise induced an increase in insulin sensitivity 
only in the absence of antioxidants.”  

• “The same impaired effect of exercise on glucose infusion rates 
seen in the antioxidant-treated group was also apparent in the 
previously untrained individuals when the supplement-treated 
individuals were compared to nonsupplemented individuals.”

33

34

“Finally, analysis of all 39 individuals, 
irrespective of training status, 

demonstrates a highly significant 
effect of antioxidant supplementation 
on the blockage of exercise-induced 

improvement in glucose infusion 
rates.”
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What about adiponectin?

• “Plasma concentrations of the adipocyte-derived secretory 
protein adiponectin have been shown to be positively correlated 
with insulin sensitivity in humans and inversely correlated with 
type 2 diabetes risk.” 

• “We observe an increase in circulating adiponectin levels 
following physical exercise in both previously untrained 
individuals and pretrained individuals.” 

• “In contrast, previously untrained individuals and pretrained 
individuals who received antioxidants did not exhibit any 
significant change in adiponectin levels following exercise when 
compared to the preintervention state, indicating that the 
exercise-induced increase in adiponectin levels is blocked by 
antioxidant supplementation.”

35

What about adiponectin?

• “Again, as observed for glucose 
infusion rates, there was a strong 
effect of antioxidant supplementation 
on postintervention adiponectin 
levels for the entire sample 
irrespective of training status.”

36
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What about plasma insulin?

• “Lastly we compared fasting plasma insulin in individuals 
receiving antioxidants to those receiving no supplementation.”  

• “We observed a significant decrease in fasting plasma insulin 
levels following the exercise intervention in previously untrained 
and pretrained individuals in the absence of antioxidants, 
consistent with improved insulin sensitivity.”  

• “Once again, antioxidant 
supplementation completely 
abrogated this effect of exercise.”

37

Why does antioxidant induced ROS 
improve insulin sensitivity?

• “Based on the evidence derived from the current study, we here 
propose an essential role for exercise-induced ROS formation in 
promoting insulin sensitivity in humans. “

• “This induction appears to involve the ROS-dependent 
transcriptional coactivators PGC1α and PGC1β, and the 
transcription factor PPARγ and their targets SOD1, SOD2, and 
GPx1, and, to a reduced extent, CAT.”

• “Most importantly, these changes in gene 
expression and the increase in insulin 
sensitivity following physical exercise are 
almost completely abrogated by daily 
ingestion of the commonly used 
antioxidants vitamin C and vitamin E.” 38
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“…oxidative stress can be instrumental in 
preventing type 2-diabetes.”

39

What about all the studies noting that 
ROS increases insulin resistance?

• “Nevertheless, the published evidence is ambiguous with a 
number of studies suggesting that exposure to ROS may promote 
insulin resistance whereas others find the opposite.”

• “In the present study, we find that increased ROS formation 
efficiently counteracts insulin resistance.  Previously published 
findings in nonprimate models also support this interpretation.”  

• “One possible explanation for the apparent conflict between the 
different studies may be that those studies suggesting an inverse 
relation between ROS and insulin sensitivity were obtained in 
models of continuous exposure to increased levels of ROS, 
whereas our current findings and those of other studies may 
reflect increases in ROS during limited periods of physical 
exercise only.”

40
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Conclusions by Ristow et al.

• “Repeated exposure to sublethal stress 
has been proposed to culminate in 
enhanced stress resistance and ultimately 
increased survival rates due to a process 
named hormesis.”

• “By analogy, for sublethal ROS-dependent 
processes emanating from the 
mitochondria, the term ‘mitohormesis’ 
was recently proposed on a hypothetical 
basis.”

41

What doesn’t kill you makes 
you stronger!!

• “In humans, this mitohormetic induction of 
glucose infusion rates is paralleled by, and may 
in part be due to, ROS-related induction of 
PPARγ, PGC1α, and PGCIβ, which then 
secondarily increase expression of ROS-
detoxifying enzymes, including SOD1, SOD2, and 
GPx1.”  

• “In this way exercise-induced ROS itself could 
increase endogenous ROS defense capacity in 
skeletal muscle, producing a mitohormetic state 
as observed in nematodes and rats.”

42
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Tapia PC.  Sublethal mitochondrial stress with an attendant stoichiometric 
augmentation of reactive oxygen species may precipitate many of the beneficial 
alterations of cellular physiology produced by caloric restriction, intermittent 
fasting, exercise and dietary phytonutrients: “Mitohormesis” for health and 
vitality, Med Hypotheses, Vol. 66, pp. 832-843, 2006.

Mitohormesis

• “What the mitohormesis perspective 
emphasizes is that the mitochondria may 
generate beneficial signals, among which 
reactive oxygen species may be found.” 

• “Furthermore, mitohormesis theory 
proposes that in cells with reasonably 
intact physiologies, the specifically 
oxidative influence on cellular redox 
balance emanating from mitochondria can 
be beneficial.”

44



Entry Level Clinical Nutrition Update – Part 2
With Dr. Jeff Moss

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

• “Furthermore, the mitohormesis 
perspective emphasizes the potential 
harm that can be associated with the 
unfettered reliance upon exogenous 
antioxidants, as such agents may 
serve to scramble delicate signal 
transductive networks in a manner 
that at the very least may be 
ineffective and at the very worst may 
compromise health and lifespan.”

45

46

Holecek M.  Side effects of long-term glutamine supplementation, JPEN, 
Vol. 37, No. 5, pp. 607-616, September 2013

“It is concluded that a short-term intake of enhanced amounts of glutamine to 
compensate for glutamine deficiency is safe despite marked alterations in 
aminoacidemia in the blood and amino acid distribution among tissues.”
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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!!!

“All things are poison and 
nothing is without poison, only 
the dose permits something 

not to be poisonous”

Paracelsus

48
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Thank you!!


