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Nestlé Nutrition Workshop Series
Clinical & Performance Program, Vol. 8

Nutrition and
Critical Care

Luc Cynober
Frederick A. Moore

‘& Nestie

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.”
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Table 1. Overlapping of symptoms of acute sickness behaviour as-
sociated with [FN-a therapy and the somatic symptoms in

MDD
Symptoms Prevalence in Prevalence
IFN-« therapy®, % in MDD, %
Fatigue/asthenia 39-90 73
Headache 27-67 33
Gastrointestinal symptoms 50! 34-47"
Psychomotor slowing 40° 59-65¢
Insomnia 20-39¢ 63
Irritability 35d 50
Arthralgia 9=36 31®
Musculoskeletal pain 26-32 628082
Abdominal pain 15-20 21°
Anorexia 13-19 40
Anxiety 13-18¢ 57
Poor concentration 144 51

2[46], unless otherwise specified; * [99], unless otherwise spec-
ified; « [100]; ¢ [101}; ¢ [102]; ' [103]); & [104].

! Nausea, vomiting, bowel problems.

I Result from depressed inpatient population.

Key metabolic imbalances seen
with the acute phase response

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

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
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Underlying hypotheses of
Entry Level Clinical Nutrition:

e 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.

Entry Level Clinical Nutrition:

A new model of functional
medicine that incorporates
allostatic load and the “chronic”
acute phase response

10
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Chronic inflammation,
Key deficiencies or inflammaging, metainflamm. Low calorie intake
excesses, i.e.,, |~ and excessive
Calories, carbohydrate/protein
macronutrients, B ratio — Refeeding
vitamins, zinc, syndrome
selenium, iodine,
sleep, psychological
and chemical stress, A
movement against Hyperinsulinemia/lnsulin
gravity, weight resistance
Sarcopenia/Loss of lean
Gut — body mass
dysfunction/atrophy Low grade chronic
metabolic acidosis/fluid
electrolyte imbalance
THE CREATION OF THE EXCESSIVE CATABOLIC
PHYSIOLOGY “RESPONSE” 1

e Endocrine Pancreas:
jabetes Mellitus*

Felig P & Bergman M, The endocrine pancreas: Diabetes
mellitus, in Felig P et al eds., Endocrinology and Metabolism,
Third Edition, McGraw-Hill, Inc., New York, pp. 1107-1250, 1995.
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“Insulin is the primary factor which
controls the storage and metabolism of
ingested metabolic fuels. After a meal,
secretion of insulin facilitates the uptake,
utilization, and storage of glucose, fat, and
amino acids.”

“Conversely, areduction in the circulating
insulin concentration leads to mobilization
of endogenous fuels and reduced uptake
of ingested nutrients.”

“The action of insulin involves all three
major metabolic fuels — carbohydrate,
protein, and fat — and occurs in three
principal tissues: liver, muscle, and
adipose tissue.”

13

“In each of these tissues there are
anticatabolic as well as anabolic
effects of insulin which act to
reinforce each other.”

14
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TABLE 194 Insulin Action on Liver, Adipose Tissue, and Muscle

Liver Adipose Tissue Muscle
Anticatabolic | Glycogenolysis | Lipolysis | Proteolysis
effects
l Gluconeogenesis } Amino acid
output
* Ketogenesis
Anaholic Glycogen synthesis 1 Fatty acid 1 Amino acid
effects 1 Fatty acid uptake, synthesis, uptake
gynthesis and esterification | Protein synthesis
1 Glycogen
synthesis

15

SECOND EDITION

Amino Acids and Proteins

for the Athlete

DiPasquale M. Proteins and amino acids, in Amino Acids
| and Proteins for the Athlete: The Anabolic Edge, Second
| Edi
&

o .
“Insulin, beta-adrenergic agonists, androgen/anabolic steroids,
and growth hormone increase cellular hydration by promoting the

cellular accumulation of several ions or minerals (including
potassium, sodium, and chloride...”

Mauro G. Di Pasquale
16
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Magnesium and Insulin
Resistance

“In a recent study, the cellular uptake of
Mg++, which is normally stimulated by
insulin, was shown to be attenuated in
diabetics. There is also evidence that
magnesium deficiency itself produces
insulin resistance in normal subjects.”

Tosiello L. Hypomagnesemia and diabetes mellitus, Arch Intern Med, Vol. 156, pp. 1143-1148,
June 10, 1996. 17

LABORATORY

EVALUATIONS
e FOR

' INTEGRATIVE
AND
FUNCTIONAL

Ad -y vy T RTT

Miller MN et al. Hormones, in Lord RS & Bralley
JA. Eds., Laboratory Evaluations for Integrative
and Functional Medicine, 2d Edition,
Metametrix Institute, Duluth GA, 2008, pp. 545-
-1 586

J. ALEXANDER BRALLEY
EDITORS
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“Insulin is an anabolic hormone that
functions to increase growth, DNA
synthesis and cell replication.”
19
,, Gonzalheﬂz“g;HEHIe“;.?Jﬁli.gvsvevrwr;‘o’:‘l;i‘os M. Molecular basis of insulin
w action, Drug News Perspect, Vol. 20, No. 8, pp. 527-31, October 2007
“Insulin is the main anabolic and anticatabolic hormone in mammals.”
! 18080040 20
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Fish JA & Friedman JM. Metabolic Stress, in Matarese LE & Gottschlich
MM eds., Contemporary Nutrition Support Practice: A Clinical Guide, WB

Saunders Co., Philadelphia 1998, pp. 539-546

“Decreased insulin-glucagon ratio favors continued proteolysis and
gluconeogenesis, resulting in ‘autocannibalism’...”

insulin
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“...systemic in vivo insulin resistance is not a molecular diagnosis but

rather a final general manifestation reflecting the interaction of multiple
organ systems and a variety of overlapping but mechanistically distinct
signaling and metabolic pathways
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— R ———
'-'-'.‘-.}- Medical Hypotheses

Permanent impairment of insulin resistance [rom pregnancy to adulthood:
 basic risk factor of chromic Westerm diseases

Melnik BC. The primary basic risk factor of chronic Western
diseases, Melnik BC. Med Hypotheses, Vol. 73, pp. 670-681, 2009

1 =i b e e and e

“It is the intention of this hypothesis paper to provide evidence that

“linsulin resistance (IR) and increased insulin/IGF-1) signaling is

=—| Important for all life phases with physiologic growth requirements
<1 and is the major effector of all risk factors of chronic Western

-| diseases.”

23

* “It will be shown that Western life style risk
factors like obesity, consumption of cow milk and
dairy products, hyperalimentation, increased
intake of food with high glycaemic index, use of
hormonal contraceptives, androgen abuse,
common drugs like beta-adrenergic blockers and
glucocorticoids, smoking, and inadequate
physical exercise altogether permanently induce
pathologic IR beginning already during
pregnancy and fetal life persisting into
adulthood.”

* “IR causes hyperinsulinaemia and elevated
serum levels of IGF-1."

* “Both hormones are potent mitogens, stimulate
growth, cell proliferation, and exert anti-apoptotic
activity, which have been correlated with the
pathophysiology of metabolic disorders,
cardiovascular diseases, cancer and
neurodegenerative disorders.”

24
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= ‘
Cow milk Hyperalimentation 5 Drhgs and - Insufficient
Dairy High glycaemic | | Smoking Rrianas . physical
products food exercise
L
Acne
Fetal e ., Androgenetic
macrosomia W o alopecia
& B : & Allergy
Obesity [~ . Autoimmunity
- # ’ Y . *
"' -~ 5 o ".r \“ \\‘ ‘.\‘
a” = g A “'\ \k\
Diabetes ~ o L » 4 Cancer
mellitus 4 ; 5 ™,
Pl ’ v Y
~ 'J' \‘ \\
i ¥ y
Hypertension Metabolic Cardiovascular Neurodegenerative
syndrome disease disease
Fig. 1. Synopsis of risk factors resulting in impaired insulin resistance and associated diseases.
B.C. Melnik/Medical Hypotheses 73 (2009) 670-681
Physiologic insulin resistance Abnormally impaired insulinresistance
Fetal growth IR 1 IRTT Gestational diabetes, obesity «—
= cow milk and dairy intake
Postnatal growth IR 1 IR TT Cow milk based formula
Breast feeding * Abnormal programming
of insulin-IGF-1-axis
Prepubertal IRt | IRt  Cow milk, dairy, CH + high Gl
and pubertal growth 1 = Acne, atopic diseases
Adolescense : IRTT Smoking, hormonal
: contraceptives, androgens
Adult life IR 11 Diabetes mellitus, obesity

smoking, insufficient exercise,
steroids, B-blockers,thiazides

= Diabetes, CVD, cancer

Menopause; Climacterium virile | IRTT Hormonal replacement and
: other adult risk factors

* Early onset of neuro-

degenerative disease

Senescence s

bhysiologic insulin resistance during normal growth phases (left panel) and abnormally impaired insulin resistang
hydrate and CVD = cardiovascular disease.
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Free Radical Binlogy & Medicine

FISFYIER

Review Adticle
Metabolic syndrome and oxidarive stress

Toshiro Fujia *

Katsa

Ando K & Fujita T. Metabolic syndrome and oxidation stress, Free

| Radical Biol Med, Vol. 47, pp. 213-218, 2009

“Reactive oxygen species may participate in both the development of
insulin resistance, which induces the metabolic syndrome, and the salt-

induced rise in blood pressure and CVD.”

27

Insulin resistance and its
Impact on muscle

28

14
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Review Article

is of Insulin Resi e in Skeletal Muscle

Muhammad A, Abdnl dihani and Ralph A- DeFris

| Abdul-Ghani MA & DeFronzo RA. Pathogenesis of insulin resistance
i in skeletal muscle, J BioMed Biotech, Vol. 2010, Article ID 476279

= “Skeletal muscle is the major site for disposal of ingested glucose in
-1 lean

ormal glucose tolerance (NGT) individuals.”

- FFA

29

“Following a meal, approximately one
third of ingested glucose is taken up by
the liver and the rest by peripheral tissues,
primarily skeletal muscle via an insulin
dependent mechanism.”

“The postprandial hyperglycemia
stimulates insulin secretion from the
pancreas and the rise in plasmainsulin
concentration stimulates glucose uptake
in skeletal muscle leading to the disposal
of ingested glucose.”

30

© Dr. Jeff Moss
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“In insulin resistance states, such as
type 2 diabetes mellitus (T2DM) and
obesity, insulin-stimulated glucose

disposal in skeletal muscle is
markedly impaired.”

31

» “Although the exact mechanism that leads
to the development of insulin resistance in
skeletal muscle is not yet fully
understood, an increased intramyocellular
fat content and fatty acid metabolites have
been shown to play a pivotal in the
development of insulin resistance in
skeletal muscle.”

 “The recent studies have reported the
existence of a defect in mitochondrial
oxidative phosphorylation in skeletal
muscle in insulin resistance states and
suggest that this mitochondrial defect
contributes to the increased
intramyocellular fat content.”

32

© Dr. Jeff Moss
http://www.mossnutrition.com 16
http://www.FMTown.com



Entry Level Clinical Nutrition — Part 16
Dr. Jeff Moss

How muscle handles energy
under normal circumstances

» “Skeletal muscle utilizes both glucose and free
fatty acid (FFA) as fuel sources for energy
production.”

* During the postabsorptive state, the plasma
insulin concentration is low. Since the plasma
insulin concentration is the principal factor that
restrains lipolysis in adipocytes and stimulates
glucose uptake in skeletal muscle, during the
fasting state, muscle glucose uptake is low and
the plasma FFA concentration is elevated.”

33

“Thus, under fasting conditions, FFA
serves as the principal fuel source
for energy production in skeletal
muscle, while the brain exclusively
utilizes glucose.”

34

© Dr. Jeff Moss
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What happens with food ingestion?

* “Following glucose ingestion, the increase in

plasma glucose concentration stimulates insulin
secretion from the beta cell and the resultant
hyperinsulinemia suppresses lipolysis, leading to
decline in plasma FFA concentration and
subsequent decrease in the rate of lipid
oxidation.”

“Simultaneously, insulin stimulates glucose
uptake in skeletal muscle, and the increased
glucose flux into skeletal muscle, together with
the activation of key enzymes in glucose
metabolism by insulin, leads to a marked
increase in muscle glucose oxidation.”

35

What is the net result?

“Thus, under postprandial conditions, for
example, mixed meal, muscle energy
metabolism switches form predominant
oxidation of fat during the fasting state, to
predominant oxidation of glucose.”

“The ability of skeletal muscle to switch
from fat oxidation during the fasted state
to glucose oxidation during the
postprandial state has been referred to as
metabolic flexibility.”

36

© Dr. Jeff Moss
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What happens with insulin resistance?

“...approximately 80% of total body
glucose uptake occurs in skeletal
muscle.”

“...insulin resistance in skeletal muscle in
subjects with T2DM is manifested, not
only by a reduction in the magnitude of
insulin action, but also by delayed onset
of insulin action to stimulate glucose
uptake.”

37

What happens with insulin resistance?

“Insulin resistance in skeletal muscle

Is manifested long before the
hyperglycemia becomes evident.”

38

© Dr. Jeff Moss
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Insulin resistance and other
key metabolic imbalances
discussed in ELCN

39

Obesity

« “...0bese normal glucose tolerance
(NGT) subjects without a family
history of T2DM and individuals with
essential hypertension and ischemic
heart disease also have a 35-50%
decrease in whole body insulin-
mediated glucose disposal.

40

© Dr. Jeff Moss
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Other metabolic imbalances

“Insulin resistance in skeletal muscle also
has been reported in association with the
normal aging process, dyslipidemia
(increased plasmatriglyceride/decreased
HDL cholesterol, and in association with
may disease states including polycystic
ovary syndrome (PCOs), chronic kidney
failure, heart failure, myotonic dystrophy,
and lipodystrophy.”

41

“In addition, insulin resistance
develops in acute severe illnesses
such as injury and sepsis, perhaps
secondary to the acute inflammatory
state that prevails.”

“Insulin resistance in skeletal muscle
also can develop secondary to
pharmacological therapy, for
example, glucocorticoids, anti-HIV
therapy, and beta blockers.

42

© Dr. Jeff Moss
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“These studies indicate that although
insulin resistance in skeletal muscle
Is a hallmark of T2DM, muscle insulin

resistance and the accompanying
insulin resistance syndrome are
more widely prevalent and the
metabolic and clinical consequences
of insulin resistance (e.g., increased
cardiovascular risk) affect
nondiabetic individuals as well.”

43

Insulin resistance and obesity

a4

© Dr. Jeff Moss
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“Obese NGT subjects display marked
skeletal muscle insulin resistance
compared to lean age and sex
matched individuals, and the severity
of muscle insulin resistance is
related to the increase in BMI.”

“The mechanism via which obesity
causes insulin resistance in skeletal
muscle is related to the accumulation
of fat in the myocytes.”

45

“Obese normal glucose tolerance
individuals are characterized by an
increase in plasma free fatty acid
concentration (FFA).”

“The important role of elevated
plasma FFA in the in the
pathogenesis of insulin resistance is
now well established.”

“Considerable data implicate a
causative role for elevated plasma
FFA level in insulin resistance in
skeletal muscle.”

46

© Dr. Jeff Moss
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“Elevated plasma FFA levels
correlate strongly with reduced
insulin-stimulated glucose disposal
in skeletal muscle.”

“FFAs are stored within adipocytes
in the form of triglycerides and serve
as an important source of energy
during fasting.”

“Insulin is a potent inhibitor of
lipolysis and restrains the release of
FFAs from adipocytes.”

47

“In insulin resistant individuals, for
example, nondiabetic obese and lean type
2 diabetic subjects, the ability of insulin to
inhibit lipolysis and reduce plasma FFA
concentration is markedly impaired,
leading to an increased rate of lipolysis
and chronic elevation in the plasma FFA
concentration.”

“It is well established that chronically
elevated plasma FFA levels cause insulin
resistance in skeletal muscle.”

48

© Dr. Jeff Moss
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How do elevations in FFA create insulin
resistance in skeletal muscle?

“Much evidence supports the
hypothesis that the lipotoxic action
of FFA on skeletal muscle insulin
sensitivity is due to an increase in
the intramyocellular fat content...”

49

Is it the fat per se or the toxic
metabolites?

* “These observations collectively indicate that
muscle triglyceride (which is metabolically inert)
is not directly involved in determining insulin
sensitivity but rather represents a marker of
imbalance between lipid supply and lipid
oxidation in skeletal muscle, while increases in
intramyocellular fatty acid acetyl CoA (FACo0A)
and other lipotoxic metabolites (DAG, ceramide)
have a more direct role in the development of
skeletal muscle insulin resistance.”

50
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Mitochondrial function and
Insulin resistance in muscle

51

» “Several studies have reported
decreased fat oxidation in skeletal
muscle, independent of the plasma
FFA concentration.”

» “Collectively, these studies indicate
the existence of an intrinsic defect in
mitochondrial capacity to oxidize fat
in obesity and T2DM.”

52

© Dr. Jeff Moss
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Is this reduced mitochondrial activity
caused by a decrease in the amount of
mitochondria?

o “...insulin resistance, caused by
physiological elevation in plasma
FFA concentration in lean healthy
individuals, was not associated with
a significant change in mitochondrial
density in skeletal muscle.”

53

Is the mitochondrial defect in muscle
caused by FFA induced insulin resistance
reversible?

o “ ..several lines of evidence indicate
that the mitochondrial defect
associated with insulin resistance is
reversible, at least in part.”

54

© Dr. Jeff Moss
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(i) modest weight reduction (~10% of
body weight), produced by dieting
and increased physical activity,
reduces insulin resistance and
intramyocellular lipid content and
these changes are associated with
increased fat oxidation in skeletal
muscle.”

“Furthermore, the magnitude of
increase in fat oxidation following
weight loss correlated strongly with
the decrease in insulin resistance;”

55

(i) marked weight reduction following
bariatric surgery in morbidly obese,
severely insulin-resistant subjects
completely normalized insulin sensitivity,
and correction of the insulin resistance
was accompanied by depletion of
intramyocellular fat content.”

“Although mitochondrial function was not
assessed following weight loss in this
latter study, the depletion of
intramyocellular fat and normalization of
insulin sensitivity suggests areversible
mitochondrial defect in these morbidly
obese, insulin-resistant individuals;”

56

© Dr. Jeff Moss
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 “(iii) the morphological changes
which characterize mitochondriain
obese insulin-resistant individuals
can be reversed following weight
loss and increased physical activity;”

57

* “(iv) the improvement in insulin
sensitivity following exercise is
associated with improved muscle
oxidative capacity and increases in
both mitochondrial density and
activity.”

58

© Dr. Jeff Moss
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Summary:
Mitochondrial function,
Increased FFA influx into
muscle, and muscle insulin
resistance

59

e “In summary, it can be concluded that both

decreased mitochondrial fat oxidation and
increased FFA influx into skeletal muscle take
place during insulin resistance state.”

“If the rate of fat supply exceeds the demand for
fat oxidation, the muscle redirects the fat entering
the cell toward triglyceride synthesis leading to
increased intramyocellular lipid content.”

“In contrast if fat oxidation exceeds the rate of fat
supply, all fat entering the muscle will be directed
to fat oxidation and now fat will accumulate in the
muscle.” Thus, the intramyocellular lipid content
in skeletal muscle reflects the dynamic balance
between the demand for fat oxidation and fat
supply to the muscle.”

60
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“Thus, the intramyocellular lipid
content in skeletal muscle reflects
the dynamic balance between the
demand for fat oxidation and fat
supply to the muscle.”

61

Glycogen synthesis and
Insulin resistance

62

© Dr. Jeff Moss
http://www.mossnutrition.com
http://www.FMTown.com

31



Entry Level Clinical Nutrition — Part 16

Dr. Jeff Moss

« “Under anabolic conditions, insulin
augments glycogen synthesis by
simultaneously activating glycogen
synthase and inhibiting glycogen
phosphorylase.”

* “Impaired insulin-stimulated glycogen
synthesis is a characteristic finding in all
insulin-resistant states.”

» Obese, impaired glucose tolerance, and
diabetic subjects have severe impairment
of insulin-stimulated glycogen synthase
that accounts for the majority of the defect
in insulin-mediated whole-body glucose
disposal.”
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Conversion of pyruvate to
acetyl CoA via the pyruvate
dehydrogenase pathway
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Interconversion of Metabolic Fuels
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Interconversion of metabolic fuels, Coffee CJ. Metabolism, Fence Creek Publ., Madision, CT,

1998, p. 102 65

LABORATORY LoRs e
EVALUATIONS Laboratory
Evaluations for
—T FOR Integrative and
INTEGRATIVE Functional
Medicine, 2nd
AND Edition,
FUNCTIONAL Metametrix
MED[CINE Institute, Duluth
GA, 2008

2ND EDITION

RICHARD 5. LORD
J. ALEXAMN DER BHRALLEY
EDITORS

66

© Dr. Jeff Moss
http://www.mossnutrition.com
http://www.FMTown.com

33



Entry Level Clinical Nutrition — Part 16

Dr. Jeff Moss

Pantothenic Acid (B;)
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“Obesity and type 2 diabetes mellitus
are associated with accelerated FFA
turnover and oxidation, which would
be expected, according to the Randle
cycle, to inhibit PDH activity and
consequently glucose oxidation.”

“Therefore, it is likely that the
observed defects in glucose
oxidation and PDH activity are
acquired secondary to increased FFA
oxidation and feedback inhibition of
PDH...”
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Key issues in optimizing insulin
metabolism

Optimal inflammatory activity —
Excessive inflammation can contribute
to insulin resistance.

Optimal levels of cortisol — Excessive
levels of glucocorticoids can contribute
to insulin resistance.
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Key issues in optimizing insulin
metabolism

Optimal levels of body fat — Obesity can lead
to increases in plasma free fatty acid (FFA)
levels. Subsequently, increases in FFA can
lead to incorporation of FFA in muscle, which
Is very similar to the “marbling” we see in
commercial beef. While this “marbling,” or
incorporation of FFA in muscle, may be
effective at increasing taste and tenderness, it
has a decidedly negative effect on optimal
muscle function.
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How does increased intramuscular fat
adversely affect insulin metabolism?

— It decreases the ability of insulin to bring glucose
into muscle.

— It decreases the ability of insulin to reduce
lipolysis, thus creating a vicious circle where
increased FFA leads to more FFA formation.

— Itinhibits optimal mitochondrial activity

— Itinhibits glycogen synthesis

— Itinhibits conversion of pyruvate to acetyl CoA
via the pyruvate dehydrogenase pathway
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Treatment
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Basics, basics, basics!!!

e Diet
» Exercise

» Glycemic formulas containing
chromium, vanadium, lipoic acid, etc.

» Address all the other aspects of ELCN —
acid/alkaline balance, chronic
inflammation, macro- and micronutrient
deficiency, gut dysfunction, etc.
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Thank you!!
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