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Quality of life issues are the 

2

major concerns more than 
ever now.

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

3

“…a tidal wave of chronic illness…”
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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 

4

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.”

Bengmark S.  Acute and “chronic” phase 
reaction – a mother of disease, Clin Nutr,

5

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

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

8

• 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

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

9

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:Entry Level Clinical Nutrition:

A new model of functional A new model of functional 

10

medicine that incorporates medicine that incorporates 
allostatic load and the “chronic” allostatic load and the “chronic” 

acute phase responseacute phase response

Chronic inflammation, 
inflammaging, metainflamm.

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

11

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

Foundational hypothesisFoundational hypothesis

• Issues relating to micronutrient status in 
chronically ill patients are more than just 
issues of dietary adequacy and 

12

bioavailability.
• How nutrients are metabolized after 

absorption may be just as important to 
resolving chief complaints in chronically 
ill patients, if not more so.
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Foundational hypothesesFoundational hypotheses

• What is the major driver of aberrant 
micronutrient metabolism in chronically 
ill patients?

13

ill patients?

INFLAMMATION!!INFLAMMATION!!

Shenkin A.  The key role of micronutrients, Clin 
Nutr, Vol. 25, pp. 1-13, 2006

14

“Micronutrients play a central role in metabolism and in the 
maintenance of tissue function, but effects in preventing or 
treating disease which is not due to micronutrient deficiency 
cannot be expected from increasing the intake.”

“There is a a highly integrated system to control the flux of 
micronutrients in illness…”

Shenkin A.  Micronutrients in health and disease, Postgrad Med J, Vol. 
82, pp. 559-567, 2006.

15
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• “The catabolism associated with acute 
infection, surgery, or trauma leads to 
increased energy expenditure and net 
protein breakdown.”

• “Requirements for water soluble 
vitamins, as coenzymes for these 

16

metabolic pathways, will be increased, 
as will the requirements for various 
trace elements.”

• “Anabolism increases the requirement 
for all nutrients; hence increased 
micronutrients should be supplied when 
patients are gaining weight.”

• “Trace element deficiencies are more

17

Trace element deficiencies are more 
likely when patients become anabolic, 
after a prolonged period of catabolism.”

Galloway P et al.  Effect of the inflammatory 
response on trace element and vitamin status

18

response on trace element and vitamin status, 
Ann Clin Biochem, Vol. 37, pp. 289-297, 2000.
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ZincZinc

20

ZincZinc

ZincZinc

“A wide range of factors loosely grouped 
as stresses decrease plasma zinc 

Chesters JK.  Zinc, in O’Dell BL & Sunde RA eds., Handbook of Nutritionally Essential Mineral 
Elements, Marcel Dekker, New York, 1997, pp. 185-230. 21

as st esses dec ease p as a c
concentration of an animal to about the 
same extent as severe dietary 
deficiency of zinc and greatly 
complicate the diagnosis of inadequate 
zinc supply.”
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ZincZinc

“They include infection, bacterial 
endotoxins surgery burns and

Chesters JK.  Zinc, in O’Dell BL & Sunde RA eds., Handbook of Nutritionally Essential Mineral 
Elements, Marcel Dekker, New York, 1997, pp. 185-230. 22

endotoxins, surgery, burns, and 
pregnancy.”

ZincZinc

“Zinc deficiency is humans is widespread 
and athletes may be particularly prone

DiPasquale M.  Amino Acids and proteins for the Athlete: The Anabolic Edge, CRC Press, Boca 
Raton, 1997, pp. 174-176. 23

and athletes may be particularly prone 
to lower plasma zinc levels.”

Gaetke LM et al.  Effects of 
endotoxin on zinc metabolism 
in human volunteers, Am J 
Physiol, Vol. 272, No. 6, Pt 1, 
pp. E952-6, June 1997

“There is strong support in 
experimental animals to 

24

p
suggest that cytokine-
mediated induction of the 
intracellular zinc binding 
protein metallothionein causes 
the reduction in serum zinc by 
transiently sequestering the 
zinc in metallothionein-rich 
organs, such as the liver.”
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Prasad AS et al.  Zinc supplementation decreases incidence of infections in 
the elderly: effect of zinc on generation of cytokines and oxidative stress, 
Am J Clin Nutr, Vol. 85, pp. 837-44, 2007.

25

, , pp ,

24 subjects aged 65 ± 9 years were supplemented with 45 mg elemental 
zinc for one year.  15 mg were provided one hour before breakfast and 30 
mg were provided before bedtime. 

• “Compared with a group of younger 
adults, at baseline the older subjects had 
significantly lower plasma zinc, higher ex 
vivo generation of inflammatory cytokines 
and interleukin 10, and higher plasma 
oxidative stress markers and endothelial 
cell adhesion molecules.  The incidence of 

26

infections and ex vivo generation of tumor 
necrosis factor α and plasma oxidative 
stress markers were significantly lower in 
the zinc-supplemented than in the placebo 
group.”

• “After zinc supplementation, the 
incidence of infections was 
significantly lower…”

• “The administration of 45 mg of 
elemental zinc/d did not reduce 
plasma copper concentrations in 

27

zinc-supplemented elderly subjects.”
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SeleniumSelenium

28

SeleniumSelenium

Singh A et al.  Biochemical indices of selected trace minerals in men: 
effect of stress, Am J Clin Nutr, Vol. 53, pp. 126-131, 1991.

29

• “Stressors such as infection, inflammation, and 
trauma induce biochemical and endocrine 
changes within the body that have been 
collectively call an acute-phase response.  
Plasma trace mineral concentrations are altered 
during an acute-phase reaction: plasma zinc and 
iron concentrations decrease whereas plasma 
copper concentrations increase.  Serum ferritin 
and ceruloplasmin concentrations also increase 

30

p
in response to stress.  These changes may 
constitute an adaptive mechanism wherein tissue 
repair, immune reactivity, and resistance to 
infection are promoted.”
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Powell-Tuck J.  Nutritional interventions in critical illness, Proc Nutr Soc,
Vol. 66, pp. 16-24, 2007

31

“The acute-phase response can reduce circulating levels of Se via 
redistribution out of the bloodstream.  Although acutely-ill patients 
are presumed to be free of previous deficiency at the time of 
presentation, studies have shown that the Se status is suboptimal in 
a large portion of the population in various European countries.”

Renko K et al.  Down-regulation of the hepatic selenoprotein biosynthesis 
machinery impairs selenium metabolism during the acute phase reponse in 
mice, FASEB J, Vol. 23, pp. 1758-1765, 2009.

32

“…the micronutrient Se has recently gained increased clinical 
attention because its serum concentrations have been described as a 
negative acute-phase reactant in humans and experimental animals.  
Moreover, low serum Se values represented a negative prognostic 
marker for critically ill patients.”

Nichol C et al.  Changes in the concentrations of plasma selenium and 
selenoproteins after minor elective surgery: Further evidence for a 
negative acute phase response, Clin Chem, Vol. 44, pp. 1764-1766, 1998.

33
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• “In both acute and chronic illnesses, the 
plasma concentration of selenium also 
decreases in proportion to the magnitude 
of the inflammatory response.”

• “If plasma selenium concentrations 
decrease during an inflammatory 
response, independently of dietary intake, 

34

p , p y y ,
then this would have important 
implications for the interpretation of the 
plasma selenium values reported in a wide 
range of illnesses.”

• “The minor surgery of inguinal hernia repair 
caused a modest rise in plasma CRP 
concentration (mean concentration increased to 
20.7 mg/L; P <0.01).  This is less than the 
increases in CRP concentration found in more 
major surgical procedures.  Nevertheless, this 
increase in plasma CRP was associated with 
significant alterations in the plasma 
concentrations of trace minerals and carrier 
proteins in manner similar to that seen after 

35

major surgical procedures.  The plasma 
concentrations of iron, transferrin, zinc, and 
albumin decreased as CRP increased; all 
significantly fell (by 64%, 8%, 10%, and 7% 
respectively) one day after surgery (P <0.05).  By 
day 6, concentrations of all these analytes had 
returned towards the starting values.”

• “Given the above expected changes 
in established acute phase reactants, 
it was interesting to note that plasma 
selenium concentrations followed a 
similar pattern, decreasing by 10% (P 
<0.01) at day 1, followed by a 

b t i (P <0 05)

36

subsequent increase (P <0.05) 
toward the starting concentration by 
day 6.”
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• “Whatever the mechanism, the 
observation that plasma selenium 
decreases as part of the inflammatory 
response is important.  Low plasma 
selenium concentrations have been 
described in a variety of acute clinical 
conditions such as myocardial infarction, 
severe burns, acute pancreatitis, and in 

37

, p ,
intensive care patients.  Because these 
conditions are accompanied by variable 
degrees of inflammatory response, the low 
plasma selenium concentration may be 
caused, in part, by an appropriate acute 
phase response.”

• “Low plasma selenium 
concentrations have also been 
described in chronic conditions.  In a 
group of terminally ill cancer 
patients, we found a strong negative 
correlation between CRP and plasma 

38

selenium concentration, patients 
with CRP values >30 mg/L have the 
lowest plasma selenium results.”

“We conclude that when interpreting 
plasma selenium concentrations, a 

marker of the inflammatory response, 
such as CRP should be included to

39

such as CRP, should be included to 
distinguish true nutritional depletion 
from the inherent effects of disease.” 



Entry Level Clinical Nutrition – Part 11
Dr. Jeff Moss

© Dr. Jeff Moss
http://www.mossnutrition.com
http://www.FMTown.com 14

Maehira F et al.  Alterations of serum selenium concentrations in the 
acute phase of pathological conditions, Clinica Chimica Acta, Vol. 316, 

40

pp. 137-146, 2002.

• “We suggest that low serum Se 
concentrations in these patients may be a 
biological response that functions to 
increase CRP production in the acute 
phase reaction.  This interpretation was 
supported by animal experiments in which 
mobilization of selenium from liver and 

t l d i th i d ti f

41

serum to muscle during the induction of 
the acute inflammatory reaction were 
observed.  It is tempting to speculate that 
this mobilization of Se to muscle may 
serve as a storage mechanism until the 
inflammatory response subsides.”

• “The present findings of low serum 
Se concentrations in acute and 
chronic clinical conditions with high 
serum CRP concentrations and in 
rats in which APR has been induced 
raise two questions.  Where does the 

42

Se depleted from plasma and liver go 
within the short period of time during 
APR?”  
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• “This study suggested that the Se 
lost from the circulation and liver 
was redistributed to muscle in order 
to balance the Se-loss due to 
catabolic losses of muscle during 
APR, possibly followed by its partial 

ti i i ”

43

excretion in urine.”

Singh A et al.  Biochemical indices of selected trace minerals in men: 
effect of stress, Am J Clin Nutr, Vol. 53, pp. 126-131, 1991.

44

• “During the 5-d Hell Week period the 
trainees are subjected to considerable 
physical and psychological stress.  
Physical stressors included simulated 
combat exercises and obstacle course, 
running, swimming, and boat races.  In 
addition to undergoing physical activities, 
the trainees are allowed only ~5 h of sleep 

45

during the entire period.  Psychological 
stressors include performance anxiety, 
verbal confrontations, activities with no-
win situations, and anxiety due to the 
uncertainty of the nature of events during 
Hell Week and the length of Hell Week.”



Entry Level Clinical Nutrition – Part 11
Dr. Jeff Moss

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

• “In the present study, young, 
healthy, physically active men 
exhibited changes in selected blood 
trace minerals and proteins that were 
characteristic of an acute-phase 
reaction in response to sustained 
physical activity, psychological 

46

p y y, p y g
stress, and sleep deprivation.”

• “Our findings indicate that plasma 
selenium concentrations decrease 
significantly in response to stress 
and that this decrease is transient.”

Diagnostic considerationsDiagnostic considerations

47

Diagnostic considerationsDiagnostic considerations

Semba RD et al.  Serum antioxidants and inflammation predict red cell 
distribution width in older women: The Women’s Health and Aging Study I, Clin 
Nutr, Vol. 29, pp. 600-604, 2010.

48
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• “The present study shows that 
serum selenium is independently 
associated with RDW and predicts 
RDW over a two-year period in older, 
disabled community-dwelling 
women.”

49

• “The results suggest that oxidative 
stress may be a potential underlying 
biological mechanism for increased 
RDW.”

Treatment considerationsTreatment considerations

50

Treatment considerationsTreatment considerations

• “A number of different selenium 
preparations are available, including 
sodium selenite, sodium selenite, 
selenomethionine, selenocysteine, 
and high-selenium yeast.  None of 
these preparations has clearly been 
shown to be preferable to the 

th ”

51

others.”

• Alan Gaby, MD (Gaby A. Nutritional 
Medicine, Fritz Perlberg Publishing, 
Concord, NH, 2011).
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IodineIodine
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Thank you!!
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