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“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.”

© Dr. Jeff Moss
http://www.mossnu

trition.com
http://www.FMTown.com



Entry Level Clinical Nutrition — Part 10
Dr. Jeff Moss

Cmical mrition (2004) 21, 1151384

; \K‘ Clinical

; Nutrition
ELSEVIER ML T
REVIEW

Acute and "chronic” phase reaction—a mother of
disease

Stig Bengmark

Department of Surgery and Liver dnatitute, UCL, Londen, UK

Becbved 13 ity 2004

o ==woi Bengmark S. Acute and “chronic” phase

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

- phasied.
Colorectal cancer; 2004 Flsevier L1, AN righs reserved.

Invited Review
Sitkis e Kokt A T e
e st s ety A G

Biological Mechanism of Antidepressant
Effect of Omega-3 Fatty Acids: How Does
Fish Oil Act as a ‘Mind-Body Interface’?

Kuan-Pin Su

atry
3 g, Taichusng, Tarwars Yori, Labi
e College L080on, Lonchon, U

Su KP. Biological mechanism of antidepressant effect of omega-3
Sopwerss fatty acids: How does fish oil act as a ‘mind-body interface’?

Majes deprettive Sasedar . Deprosi

o ol Neurosignals, Vol. 17, pp. 144-152, 2009

eostagiendin [y synthesis, which might be lisked b the

Abstract sian. The role of 03 PR n imerrerity aned s Furectien
- antidépnei  WEEOIT tha promising hypothest of prythonuecimey:

aant theragy and the high pecurmiere of stk fmptams  nology of Gepression and grovidin an exoelent inserface

aned phrpucal ilness in patients with depressson imply that  batwasn mind and Tody’ This review I 10 v b cver-

e sevsonin ypothesis s imullichenl Y SPRIGICH th 36 vhew of S evidersce abou! the rele of -3 FUFAS in deples-

stogy of Sepressen. Depressive dnorders wich romasic - maetid pi he

]

matization, The bodity $ymALGNT. WEhGuT Segaric eplane-  lan aeed celule ferction. oy L, a4, Bt

o, i milar oo cytokine-induged s bt behaviows, Baed

o0 Tecent evidence. omega-3 polyurmasated faty acids

-3 PULAs, or -3 ety chsil e endbgatiening 3 prombng

e i the eiesction of mind and bod: The HUfAL

e claviified into -1 lor gmega- 1) and 1-8 | omega-6) Major depresive dinonder (MDY is @ serious paychi-

groupt. ceepernsmox acid and daosshexsencic sk,  airic illncsa with a kagh ifeteme prevalence rate [1]. How-

e majer bioatirve compavents o i3 PUFAL e not effi- v, the current trestment foe Uhis high burden disease

iy HyeAPerHEd ¥ g il should thersdcrs be ci s et satisfactory. Less than S0% of patients achicve full
particutaty by remission with optimized medication treatment [2] de-

exaenon acad deficiency 15 ancoaned wih @n-
*. Hunciions of mevisnal masbrked Stabikey and ansmision  related 1o wesolonin, noeepinephrine andior dopamine

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



Entry Level Clinical Nutrition — Part 10

Dr. Jeff Moss

Table 1. Overlapping of symptoms of acute sickness behaviour as-
sociated with IFN-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 35¢ 50
Arthralgia 9-36 31°
Musculoskeletal pain 26-32 62-808 2
Abdominal pain 15-20 21¢
Anorexia 13-19 40
Anxiety 13-184 57

Poor concentration 144 51
1[46), unless otherwise specified; " [99], unless otherwise spec-
ified; © [100]; ¢ [101); ¢ [102]; T [103]; 8 [104].

! Nausea, vomiting, bowel problems.

2 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,

inflammaging, metainflamm. .
ging Low calorie intake

and excessive
carbohydrate/protein
ratio — Refeeding
syndrome

Key deficiencies or
excesses, i.e.,
Calories,
macronutrients, B
vitamins, zinc,

e

selenium, iodine,
sleep, psychological
and chemical stress,

movement against
gravity, weight

Hyperinsulinemia/Insulin

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”

Vitamin D controversies
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* What is the optimal level of
supplementation?

» D, versus D;: Which is best?
 Is serum 25 (OH) D measurement

Major vitamin D controversies

i and P ion of Vitamin D
Deficiency: an Endocrine Society Clinical Practice
Guideline

Holic
M. G

Holick MF et al.

Endocrinol Metab, Vol. 96, No. 7, pp. 1911-1930, July 2011.

deficiency: an Endocrine Society clinical practice guideline, J Clin

Sucrsbrsly oy Thv Erchonrine Sisthety's Chcal Guidefines Stsonamamines, Chnical APlsiry Core Comimitaes,

14
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Nomenclature and

Vitamin D

1 Publ, Concord, NH, pp. 108-117

Gaby AR. Vitamin D, in Gaby AR. Nutritional Medicine, Fritz Perlberg

........

15

Basic information

“Vitamin D is a fat-soluble vitamin that functions as a
prohormone (hormone precursor).”

“Vitamin D5 (also known as cholecalciferol) occurs
naturally in fish and in small amounts in a few other
foods (e.g., cheese, egg yolk, and beef liver), and is
synthesized in the skin from 7-dehydrocholesterol
after exposure to sunlight or other sources of
ultraviolet light.”

“Vitamin D, (also called ergocalciferol) is produced by
irradiation of ergosterol, a sterol present in fungi.”

16
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Basic information

“Vitamin D itself is biologically inactive, and
must undergo two hydroxylation reactions to
become active.”

“Vitamin D is first hydroxylated in the liver to
form 25-hydroxyvitamin D (25[OH]D).”

“It is further hydroxylated in the kidney to
1,25-dihydroxyvitamin D (1,25[OH],D, the
biologically active form of the vitamin, which
functions as a steroid hormone.”

17

Basic information

“Vitamin D enhances the intestinal absorption of
calcium and phosphorus, promotes bone
mineralization and remodeling, and is involved in
regulating serum calcium and phosphorus levels.”

“Vitamin D also plays a role in neuromuscular
function and influences cellular growth and
differentiation.”

“As a modulator of immune function, vitamin D may
help prevent both infections and autoimmune
diseases.”

18
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Basic information

“In addition, vitamin D appears to
enhance secretion and action of
insulin.”

19

Absorption

» “The absorption of vitamin D is enhanced by the
presence of bile and fat in the intestinal tract.”

* “With advancing age, the increase in the serum
25(0OH)D concentration in response to vitamin D
supplementation becomes less pronounced.”

* “This blunting of the serum 25(OH)D response may
be due to an age-related decrease in vitamin D
absorption, but it could also reflect a decrease in 25-
hydroxylation by the liver.”

20
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Excretion

“Vitamin D is excreted primatrily in the
bile, and some vitamin D metabolites
are excreted in the urine.”

21

Definition of deficiency

“Traditionally, the lower limit of normal for serum
25(0OH)D (the most frequently used indicator of
vitamin D status) was 10-15 ng/ml (25-37.5 nmol/L),
depending on the laboratory.”

“More recently, some investigators have
recommended that vitamin D deficiency be defined
as a serum 25(OH)D level <20 ng/ml (<50 nmol/L)
and that vitamin D insufficiency (a milder form of
vitamin D deficiency) be defined as a level <30 ng/ml
(<75 nmol/L).”

22
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Is vitamin D deficiency only seen
in cooler climate areas?

e “Low or suboptimal vitamin D status is
common even in regions with abundant
amounts of sunlight, such as Arizona
and Florida.”

23

Risk factors for deficiency

* “Risk factors for vitamin D deficiency include living
above 35 degrees latitude or in areas with tall
buildings or a lot of atmospheric pollution; being
elderly or obese; having dark skin; avoiding sunlight
exposure (by staying indoors, wearing protective
clothing outdoors, or using sunscreen); having low
dietary vitamin D intake; have a condition that causes
malabsorption (such as primary biliary cirrhosis,
Crohn’s disease, pancreatic insufficiency, small-
intestinal bacterial overgrowth, or a history of
gastrointestinal surgery); taking vitamin D-depleting
drugs (such as anticonvulsants);...”

24
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Risk factors for deficiency

e “...being an ethnic minority living in
Europe; and being an exclusively
breastfed infant not receiving vitamin D
supplements.”

25

Assessment of vitamin D status

» “Although 1,25(0OH),D is the biologically
active form of vitamin D, the serum
1,25(0OH),D level is not a reliable indicator of
vitamin D status.”

* “That is because vitamin D deficiency results
in a compensatory increase in the
concentration of parathyroid hormone, which
increases the renal production of
1,25(0OH),D.”

26
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Assessment of vitamin D status

“Consequently, serum 1,25(0OH),D
levels are often normal or even elevated
in people with vitamin D deficiency.”

“The serum vitamin d concentration is
also not a reliable indicator of vitamin D
status, because its serum half-life is
only about 24 hours.”

27

Assessment of vitamin D status

“Therefore, serum vitamin D levels are
dependent largely on recent vitamin D
intake and recent sunlight exposure.”
“In contrast, the serum half-life of
25(0OH)D is about 3 weeks, which
makes this metabolite more reliable
than vitamin D itself as an indicator of
long term vitamin D exposure.”

28
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Problems with serum 25(OH)D
measurement

“One problem with this test is that
substantial variations have been
encountered from one laboratory to
another and with the use of different
methods of assessment.”

“Another complicating factor is that
25(0OH)D is only one of more than 50
metabolites that have been identified.”

29

Problems with serum 25(OH)D
measurement

“True vitamin D status (as it relates to
the regulation of calcium and
phosphorus metabolism and to various
other biological roles of the vitamin)
might therefore be a function of complex
interactions between many different
vitamin D metabolites.”

30
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Problems with 25(OH)D
measurement

“If that is the case, then different individuals
could have different serum 25(OH)D ‘set
points’ for adequate or optimal vitamin D
status, based on factors such as individual
differences in the synthesis and degradation
of various vitamin D metabolites, and
differences in the binding affinity of these
metabolites to vitamin D receptors.”

31

Problems with serum 25(OH)D
measurement

“Serum 25(OH)D may be a less reliable
indicator of vitamin D status when large
doses of vitamin D are being given than when
smaller doses are being used.”

“That is because at dosages below about
2,000 IU/day, the rate of conversion of
vitamin D to 25(OH)D is proportional to the
amount of vitamin D administered.”

32
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Problems with serum 25(OH)D
measurement

* “However, at higher dosages, hepatic 25-
hydroxylases become saturated, and the
conversion of vitamin D to 25(OH)D does not
increase linearly with increasing vitamin D
doses.”

» “Instead, large quantities of vitamin D are
stored as the native compound, presumably
in body fat, and are slowly released to be
converted to 25(OH)D.”

33

Problems with serum 25(OH)D
measurement

“This increase in body stores of
vitamin D is not reflected in serum
measurements of 25(OH)D.”

34
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The problem with using 25(OH)D as the “gold
standard” for chronic illness

“With regard to the concept of
optimizing 25(OH)D levels in order to
reduce the incidence of certain chronic
diseases, the supporting evidence has
been derived largely from observational
studies, in which associations were
found between serum 25(OH)D levels
and health outcomes.”

35

The problem with using 25(OH)D as the
“gold standard” for chronic illness

“Four different cytochrome P,5, enzymes are
thought to be capable of hydroxylating
vitamin D.”

Since cytochrome P, 5, enzymes also play a
role in detoxifying xenobiotic chemicals,
people who achieve high 25(OH)D levels in
response to vitamin D supplementation may
have more robust detoxification mechanisms
than those whose serum 25(OH)D response
Is less pronounced.”

36
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The problem with using 25(OH)D as the
“gold standard” for chronic illness

» “Moreover, hydroxylase enzymes play a role
in the synthesis of dehydroepiandrosterone
and estriol, both of which may have beneficial
effects on human health.”

» “Therefore, the achievement of a high serum
25(0OH)D level in response to vitamin D
supplementation may be just a marker for the
presence of other health-promoting
biochemical capabilities.”

37

Adverse effects of supplementation

 “Since vitamin D is fat-soluble, it may
accumulate in tissues and produce toxic
effects after prolonged administration of
large doses.”

38
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Adverse effects of supplementation

“Most of the symptoms of vitamin D toxicity
are due to hypercalcemia, although one
investigator stated that signs of toxicity can
occur in the absence of hypercalcemia.”

“According to a review article, all published
cases of vitamin D toxicity with hypercalcemia
involved an intake of at least 40,000 IU/day.”

“However, there is one case report in which
vitamin D toxicity occurred at a dosage of
25,000 IU/day.”

39

Tolerable upper intake levels

“The ULs for vitamin D are based on levels of
intake that can apparently be consumed
indefinitely by healthy people without causing
hypercalcemia.”

“In establishing the ULs, the Food and
Nutrition Board (FNB) noted a study in which
supplementation of healthy adults with 3,800
IU/day of vitamin D for 3 months resulted in a
mean serum calcium concentration above the
normal range.”

40
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Tolerable upper intake levels

» “A dosage of 2,400 |U/day for 3 months
also significantly increased the mean
serum calcium concentration but the
values remained within the normal
range.”

* “The FNB therefore established 2,400
IU/day as the no-observed-adverse-
effect level.”

41

Tolerable upper intake levels

“Dividing by an ‘uncertainty factor’ of
1.2 resulted in a UL of 2,000 IU/day.”

42
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Are dosages above the ULs
safe?

“Some investigators have argued that
the ULs are excessively conservative,
and that 10,000 IU/day is a safe level of
intake for most adults.”

“The argument that 10,000 IU/day of
vitamin D is generally safe is based on
2 main points.”

43

Are dosages above the ULs
safe?

“First, hypercalcemia has not been
observed in studies in which doses up
to 10,000 IU/day were given (the study
cited above in which 3,800 |U/day
produced hypercalcemia was dismissed
as not credible, because it was not
consistent with the preponderance of
the evidence.”

a4
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Are dosages above the ULs
safe?

“Second, whole-body sunlight exposure
results in the production of at least
10,000 IU/day of vitamin D; and people
who obtain large amounts of sun
exposure do not exhibit signs of vitamin
D toxicity or other long-term adverse
effects (other than photoaging of the
skin and skin cancer).”

45

Are dosages above the ULs
safe?

“However, the contention that the UL for
adults should be raised to 10,000 IU/day has
4 important weaknesses.”

“First, studies of high-dose vitamin D
supplementation were of relatively short
duration.”

“Second, the absence of hypercalcemia from
a given dosage of vitamin D is not proof of
safety.”

46
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Are dosages above the ULs
safe?

“Third, it is not clear whether human skin
really can synthesize as much as 10,000
IU/day of vitamin D.”

“And fourth, the physiological effects of
sunlight exposure differ substantially from
those of orally administered vitamin;
consequently, it may be inappropriate to
compare the safety of these different methods
of obtaining vitamin D.”

47

More concerns about long term
safety

“Furthermore, the absence of hypercalcemia from a
particular dosage of vitamin D does not necessarily
Indicate that that dosage is safe.”

“The human body tightly regulates serum calcium
levels by several different mechanisms, and it is likely
that hypercalcemia occurs only after all calcium-
regulating mechanisms have been overwhelmed.”

“One way in which the body prevents hypercalcemia
is by increasing urinary calcium excretion. High
vitamin D intake might therefore increase the risk of
developing kidney stones, even if serum calcium
levels remain normal.”

48
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More concerns about long term
safety

* “While vitamin D-induced hypercalciuria
appears to be uncommon, it would be
prudent to monitor both serum and
urinary calcium levels in patients being
treated with large doses of vitamin D for
long periods of time, particularly if they
are also taking a calcium supplement.”

49

More concerns about long term
safety

“Atherosclerosis and arterial
calcification might also result from
long-term consumption of large
amounts of vitamin D.”

50
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“Can human skin produce 10,000
IU/day of vitamin D?”

* “One study used to support that assertion found that,
in elderly vitamin D deficient volunteers, exposure of
5% of body surface area to ultraviolet B irradiation 3
times a week for 12 weeks increased serum 25(OH)D
levels about the same amount as oral adminstration
of 400 IU/day of vitamin D.”

* “However, there is no clear evidence that one can
extrapolate the effects of irradiating 5% of the
skin to the effects of irradiating the entire body.”

51

* “Another study found that a one-time
exposure of young adults to 1 minimal
erythemal dose of simulated sunlight
(i.e., the minimum amount that
produces redness of the skin) was
equivalent to oral administration of
10,000 — 25,000 IU of vitamin D,, as
determined by changes in circulating
vitamin D levels.”

52
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“However, results form a single-dose
study are of doubtful relevance to long-
term vitamin D homeostasis, because
repeated exposure of the skin to
sunlight results in photodegradation of
the vitamin D that has not yet escaped
into the circulation.”

“Thus, the net amount of vitamin D
produced on subsequent days of sun
exposure may be substantially less than
the amount produced on the first day.”

53

“Sunlight exposure and oral
vitamin D are not the same”

“At least one of the photodegradation
products of vitamin D (5,6-trans-vitamin D)
has demonstrated biochemical effects similar
to those of 1,25(0OH),D in rats, although 5,6-
trans-vitamin D is 20-40 times less potent
than 1,25(0OH),D.”

“As a weak vitamin D agonist, 5,6-trans-
vitamin D might compete with 1,25(0OH),D for
binding to vitamin D receptors, and thereby
function as a regulator of vitamin d activity.”

54
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“Sunlight exposure and oral
vitamin D are not the same”

“In addition to producing vitamin D
degradation products, sun-exposed skin
synthesizes corticotropin-releasing
hormone (CRH). CRH, which is better
known as a hypothalamic hormone, has
a wide range of physiological effects,
some of which might modulate the
actions of vitamin D.”

55

“Sunlight exposure and oral
vitamin D are not the same”

“Some of these sunlight-induced responses in
the skin...might decrease the deleterious
effects of vitamin D.”

“Since there is no evidence that any of these
ancillary effects of sunlight exposure occur
with oral administration of vitamin D, one
cannot draw conclusions regarding safety of
ingested vitamin D from data on the safety of
vitamin D synthesized by the skin.”

56
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“Are the ULs too high?”

« “...it would seem premature to assume that
almost all healthy individuals (particularly
those with abundant sunlight exposure and
those who are taking calcium supplements)
can safely ingest 2,000 IU/day of vitamin D.”

* “This point does not negate clinical
observations that some patients fare best
with vitamin D in dosages of 2,000 IU/day
or more.”

57

“Safe and effective vitamin D
levels: what to make of it all”

 “The available evidence suggests
that currently recommended vitamin
D intakes are not sufficient to
promote optimal health.”

58
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“Safe and effective vitamin D
levels: what to make of it all”

“l frequently recommend 800-1,200
IU/day of supplemental vitamin D, and
sometimes more, depending on age,
body mass index, skin color, and
amount of sunlight exposure.”

59

“Safe and effective vitamin D
levels: what to make of it all”

“However, the safety and efficacy of giving healthy
people large doses of vitamin D (such as more than
2,000 IU/day) for the sole purpose of reaching a
target serum 25(OH)D level have not been
established.”

“For patients with vitamin D-responsive diseases
and for those who are at increased risk of
developing these diseases, the potential benefits
of high-dose vitamin D supplementation should
be weighed against the risks.”

60
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“Vitamin D5 versus vitamin D"

“Vitamin D4 has been found to be more potent
than vitamin D,. In one study, both forms of
vitamin D raised serum 25(OH)D
concentrations by the same amount during
the supplementation period.”

“However, 25(0OH)D levels continued to rise
for 14 days after vitamin D5 supplementation
was discontinued.”

61

“Vitamin D5 versus vitamin D"

“In contrast, after vitamin D, was
discontinued, 25(OH)D levels returned
to the pretreatment values within 14
days.”

62
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“Vitamin D5 versus vitamin D"

“A second difference between vitamin D; and
vitamin D, is in their metabolism.”

“Vitamin D, is metabolized to 25(OH)D,,
which does not bind as efficiently to vitamin
D-binding proteins in plasma as does the
respective vitamin D; metabolite, 25(OH)D,.”

“Consequently, vitamin D, may be less
available to some tissues than vitamin D;.”

63

“Vitamin D5 versus vitamin D"

“Vitamin D, is also less stable than vitamin
D,, particularly when exposed to variations in
temperature and humidity.”

“Consequently, vitamin D, has a shorter
shelf-life than vitamin D3 ”

“Because of its poor stability, vitamin D,
preparations might contain relatively high
concentrations of potentially toxic degradation
products.”
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“Vitamin D5 versus vitamin D"

* “When switching from high-dose vitamin
D, to vitamin D, it is important to
remember that vitamin D, is more
potent than vitamin D,.”

* “A 50,000-1U dose of vitamin D, may be
roughly equivalent to 5,000-15,000 IU of
vitamin D;.”
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“Vitamin D5 versus vitamin D"

» “Because the relative potency of these
forms of vitamin D may differ from one
person to another, patients being
switched from vitamin D, to vitamin D,
should have their serum 25(OH)D level
monitored until the optimal dosage is
determined.”
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“Vitamin D from sunlight”

» “According to one investigator, exposure of the arms
and legs or the hand, arms, and face to sunlight for 5-
15 minutes 2-3 times a week between 10 a.m. and 3
p.m. during the spring, summer, autumn usually
results in adequate vitamin D production by
individuals with skin type Il (fair skinned) or IlI (darker
Caucasian).”

» “That amount of sunlight exposure is 25% of what
would cause a minimal erythemal response.”

» “After the initial 10-15 minutes of sunlight exposure,
application of a sunscreen with a sun protection
factor (SPF) of at least 15 is recommended.”
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The relation between acute changes in the systemic inflammatory
response and plasma 25-hydroxyvitamin D concentrations after
elective knee arthroplasty’™

n -

Reid D et al. The relation between acute changes in systemic
inflammatory response and plasma 25-hydroxyvitamin D concentrations
after elective knee arthroplasty, Am J Clin Nutr, Vol. 93, pp. 1006-11,
2011.

| and therefore are unlikely to be a reliable measure of 25(OH)D status in
subjects with evidence of a significant systemic inflammatory response.”
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Thank you!!
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