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Working definition:

" 3 deficiency is any condition in which
inadequate intake of a nutrient results in
significant dysfunction or disease

= conversely, nutrient adequacy is the
situation in which further increases in
intake produce no further reduction in
dysfunction or disease



RETHINKING DEFICIENCY DISEASE

' Nutrient Deficiency

Index Mechanism

11

Short Latency
Disease
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In the early days of nutrition 3s 3
science, short latency of the
disease/dysfunction was necessary
in order to recognize the connection
between cause and effect.



RETHINKING DEFICIENCY DISEASE

' Vitamin D Deficiency

Malabsorption of Ca & P

11

Rickets
Osteomalacia
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RETHINKING DEFICIENCY DISEASE

' Nutrient Deficiency

Index mechanism
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Short latency
disease

Long latency
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RETHINKING DEFICIENCY DISEASE

' Vitamin D Deficiency

Malabsorption of Ca & P

Rickets
Osteomalacia

Osteoporosis
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RETHINKING DEFICIENCY DISEASE

' Nutrient Deficiency .

Index mechanism Non-Index mechanisms
Short latency Short latency
disease disease
Long latency Long latency
disease disease
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RETHINKING DEFICIENCY DISEASE

@

Vit D Deficiency

Malabsorption Ca & P

11

Rickets

Osteomalacia

S

Gene Expression ‘

Hypertension
aisorger

Osteoporosis

Diabetes
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RETHINKING DEFICIENCY DISEASE

' Nutrient Deficiency .

Index mechanism Non-lndex mechanism

a Z

ic nffan nnt enniinah

nor to prevent these

Short latency _ Short latency
disease

Long latency Long latency
disease disease
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RETHINKING DEFICIENCY DISEASE

' Nutrient Deficiency .

Index mechanism Non-Index mechanism
Sy
l Nevertheless, the input
Short latency needed to prevent this atency
disease outcome serves as the hase

principal basis for current
intake recommendations!

Long laten
disease disease
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more useful

What is the ric)it endpoint?

v



What is the operative model




for the media?
for regulators?
for nutritional policy makers?
for nutritional physiologists?

WHAT IS THE OPERATIVE MODEL?
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WHAT IS THE OPERATIVE MODEL?

= for the media and for regulators

= nutrition is about killing yourself
with a fork

= it’s about avoiding risks
= it’s about warnings & cautions
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Nutrition Facts

Serving Size 1 cup (228g)
Serving Per Container 2

Amount Per Serving
Calories 250 Calories from Fat 110

% Daily Value*

Total Fat 129 18%
Saturated Fat 3g 15%
Cholesiteral 30mg 10%
Sodium 470mg 20%
Total Carbohydrate 31g 10%

Dietary Fiber Og fos

L BN For a package of

Protein 5g

e Macaroni & cheese

Vitamin A
Vitamin C
Calcium

ofie diet.
y b higher or (o ending on

yeur calerie
Calones: 2,000 2 500

Total Fat Less than 839 80g
SalFat ass 1ha 20g 250
stancl o { 300mg 300rmg
Socium 2 400mg 2 400mg
Tolal Carbohydiales g 375
Crglary P 259 30

http://vm.cfsan.fda.gov/~dms/foodlab.html
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MEDIA REPORTING

= the overwhelming majority of media
reports about nutrition emphasizes harm

and risk

= while the explanation is partly that harm
is more newsworthy than benefit (and the
media battens on controversy)

= still the impression unwittingly conveyed
to the general public is one of concern
and danger
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WHAT IS THE OPERATIVE MODEL?

= for nutritional policy makers

= nutrition is about determining the least
one can get by on without suffering

overt disease of a specific type
= (once called MDRs)
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WHAT IS THE OPERATIVE MODEL?

= for nutritional physiologists

= adult nutrition is about preventive
maintenance of tissues and organs

» it’s about keeping them from wearing
out or breaking down prematurely

= its referent is the intake that prevailed
when human physiology evolved




THE PREVENTIVE MAINTENANCE MODEL

foundational premises:
» all tissues need all nutrients

» shortages impair the functioning of all
body systems

>» premature organ/system “wearing out”, as
a consequence of nutrient deficiency, will
vary from person to person, depending on
variable genetic composition

» therefore, expression of nutrient deficiency
will usually be pluriform - both between
and within individuals

cuU ii" ORC
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THE PREVENTIVE MAINTENANCE MODEL

» also recognizes that:
» the organism will work perfectly well
without maintenance - for a while . . .

= jt thus reconciles the seeming paradox that
an organism can be “deficient” without
being clinically “sick”
- for a while . . .
= it’s also about squaring the morbidity/
mortality curve

cuU ii" ORC
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THEORETICAL MORTALITY CURVE

H
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AGE (yrs)



THEORETICAL MORTALITY CURVE
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SQUARING THE MORTALITY CURVE

Optimal nutrition has the
potential to contribute to
this improvement

The role of vitamin D in
this reduction is the topic
of this presentation

0 10 20 30 40 50 60 70 80 90 100
Age (yrs)



ALL-CAUSE MORTALITY*

/714 community
dwelling women

aged 70-79

Baltimore Women’s
Health & Aging
Studies | & II

median follow-up:
72 months

risk adjusted for St 2
age, race, BMI, & ™
other factors
associated with
mortality

CQuartile 3
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* Semba et al. (2009) Nutr Res 29:525-530



CHRONIC DISEASE PERSPECTIVE

= chronic disease is the breakdown of structure
and/or function of a body system

= jts origin is usually multifactorial

= genes
. tl,.- I- - Jd. . 1. _ _
m environment it mmmim DY in mn ammas i~
. 4 : :
v nutrition ;o low vitamin D status
v infection 'R impairs this pro?ective/
s reparative activity
v injury
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VITAMIN D IN NATURE

= vitamin D exists in two chemically
distinct forms:

» vitamin D2 - ergocalciferol
» vitamin D3 - cholecalciferol

= cholecalciferol is the natural form in
animals; it is what we make in our
skins on exposure to UV-B light

cuU ii" ORC
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VITAMIN D IN NATURE

= serum 25(OH)D is the way vitamin D
status is evaluated

= lower end of acceptable range for
serum 25(OH)D:
75-80 nmol/L
(30-32 ng/mL)
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" There has been 3 gradually growing
acceptance of 30-32 ng/mL (75-80
nmol/L) as the lower end of the
“normal” range.

= What is the basis for this figure?
= Will it hold?



A VITAMIN D THRESHOLD
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A VITAMIN D THRESHOLD

0.5

physiological
requlation no longer
limited by vit D
availability

ABSORPTIO
o
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o
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A VITAMIN D THRESHOLD
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THE RESPONSE THRESHOLD

(3 absorption

EFFECT =—%

VITAMIN D STATUS =



THE RESPONSE THRESHOLD

EFFECT =—%

VITAMIN D STATUS =



25(OH)D IN OLDER WOMEN*
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25(OH)D IN OLDER WOMEN*
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VIT D DEFICIENCY IN CHILDREN

= NHANES 100 BN <15 ng/mL
2001-2004 o Lt

= girls

= n=3012 60

= Kumar et al.
Pediatrics 2009
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All studies, in virtually all
hations, irrespective of latitude,
show that the majority of the
world’s population has
inadequate vitamin D status.




WHAT ARE THE CONSEQUENCES?

= bone diseases, falls, & fractures
= hypertension
= A risk of cardiac disease & death

= prematurity, low birth weight, &
A Caesareans

» diabetes & metabolic syndrome

= periodontal disease

= decreased resistance to infection
= various cancers

= A risk of multiple sclerosis



DIABETES & 25(OH)D

1.0 :
= Scragg et al., 2004 0.94 'VHV_'"te =
Diabetes Care 0.8- W Hispanic
27:2813-18 ~ 0'7_
= NHANES-III Z ool
= 6,228 adults o 0'5_
= plasma glucose = 0'4_
independently e
predicted by BMI o 037
& serum 250HD 0.2-
(fasting and 2 hr 0.1-
post load) o

1st 2nd 3rd 4th
25(OH)D Quatrtiles
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VITAMIN D & RISK OF FALLING*

= 122 women I
= Age: 63-99 A
» DB-RCT o

» Ca 1,200 mg/d 2 067

>Ca+800IUVitD = o4
= 12 week duration H
= 25(OH)D 12 ng/mL -

at baseline 00
"~ Caonly Ca+D
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VIT D & NEUROMUSCULAR FUNCTION*

1359 men & women;
mean age 75.5

= Amsterdam longitud.
aging study

= peuromuscular
performance
measured on a scale
of 0 to 12 (higher is
better)

= each step statistically
significant

*Wicherts et al. JIBMR. 2005.

Performance Score
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THE RESPONSE THRESHOLD

r

EFFECT =—%

/,
Y/
%

VITAMIN D STATUS =



VIT D & BLOOD PRESSURE*

= 1811 men & women
with measured
25(OH)D levels**

= 4 yrs’ observation

= 97 cases of incident
hypertension

= RR computed for
25(0OH)D <15ng/mL
vs. >30 ng/mL

10 -

Relative Risk

0.1 -

*Forman at al., 2007;Hypertension 49:1063
** Health Profs Follow-up Study & Nurses Health Study

|

>30

)



VIT D & BLOOD PRESSURE*

P <0.02
= 148 women, aged 150 1 | P <001
74 1 P <0.0]
= DB-RCT = | |
= baseline 25(0OH)D < :E: i _
50 nmol/L £
= treated for 8 wks &5
with: %
Ca 1200 mg/d or g 125
Ca + 800 1U vit D/d n ,
.1 |

Ca only Ca+D
INTERVENTION

*Pfeifer et al., JCEM 2001; 86:1633-37



VIT D & CARDIOVASCULAR DISEASE

3.5

= 1739 Framingham
Offspring members 80 % increase

= age: 59 yrs in risk
= follow-up: 5.4 yrs =
= 120 individuals developed ¥
a CV event o

N

4]

T

53 % increase
in risk

o)

= HR calculated against
25(OH)D values > 15 ng/mL

= Wang et al. Circulation
2008

<10 <15 > 15
ng/mL ng/mL ng/mL
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VITAMIN D & INFLUENZA*

= 208 African-American, =
postmenopausal women 30+
= 3 yr DB-RCT 55 ]t
= placebo or vit D,
> 800 1U/d - 2 yrs 207
» 2000 IU/d - 3 yr 1571
= basal 25(OH)D: 18.8 =+ 7.5 10717
= P <0.002 ST
0

Placebo Vitamin D

cuU ii" ORC
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VITAMIN D & INFLUENZA*

DB-RCT Relative Risk

« winter 2008-2009 |

= 334 Japanese
school children,
aged 6-15

= meanh wt: 35.5 kg

= 1200 IU D;/d in
addition to self-
supplementation

Placebo Vitamin D Vitamin D
(all) (no suppl)

cu fifif ore

*Urashima et al,, AICN 2010



VITAMIN D & THE COMMON COLD*

18,883 individuals =
in NHANES-III

20+

= tested association
between serum

154

25(OH)D & recent

URTI
= P <0.001

% with URTI

= association stronger

for those with 0

asthma & COPD <10 10-29.9 30+
Serum 25(OH)D (ng/mL)

cuU ii" ORC
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VITAMIN D & TUBERCULOSIS”

= 67 pts with pulmonary Sputum Conversion (%)
TB 100-
= standard treatment -
for all
= in addition, 80-
randomized to either
vit D 10,000 IU/d or o1
placebo

601

= P=0.002

50

Placebo Vit D

L]
cu .i" ORC
*Nursyam et al., Acta Med Indones 2006
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THE RESPONSE THRESHOLD

Blood pressure?
Immune responses

EFFECT =—%

VITAMIN D STATUS =



VIT D & PREGNANCY OUTCOMES*

= DB-RCT; N =690 pregnant women

= dosed with 400, 2000, & 4000 IU/d from
wk 12 to delivery

»
cu li" ORC : :
*Hollis & Wagner (2009) in press
55



VIT D & PREGNANCY OUTCOMES*

(9
o
]

-
E 4.
g\ 2,000 IU
N 30 ﬂgﬂ;—“/‘\‘
L
Q
w204 —m—————————————— -G -
Q¥
&
S 10] —mmmm oo
()
wn

O-

*Hollis & Wagner (2009) in press Visit Number 56



VIT D & PREGNANCY OUTCOMES*

(9
o
]

this level is contrasted

D
o
1

w
o
1

N
o
1

o

Serum 25(OH)D (ng/mL)

*Wagner & Hollis (2010) in press Visit Number 57



VIT D & PREGNANCY OUTCOMES*

= DB-RCT; N =690 pregnant women

= dosed with 400, 2000, & 4000 IU/d from
wk 12 to delivery
= risk of untoward outcomes reduced by half:
» pre-term delivery (P < 0.01)
» gestational diabetes, pre-eclampsia,
hypertension (P < 0.01)
» periodontal disease (P < 0.05)
» heonatal infection (P < 0.05)

»
cu li" ORC
*Wagner & Hollis (2010) in press
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THE RESPONSE THRESHOLD

Pregnancy outcomess

EFFECT =—%

VITAMIN D STATUS =



BREAST CANCER RISK

= Case-control study
> 1394 cases
» 1365 controls

= Odds ratio for CA
inversely
associated with vit
D status [25(OH)D]

= Abbas et al.,
Carcinogenesis (2008)
29:93-99

Hazard Ratio

1.2

1.0+~

0.81-

0.6--

0.4--

0.21-

0.0

69 % decrease
in risk

1% 15

O 15 _
A - e L

Serum 25(OH)D (nmol/L)




COLORECTAL CANCER

= Nurses’ Health Study

= ages 46-78

= nested case-control
study

= 193 incident cases

= 25(OH)D measured
twice, prior to

diagnosis o |- U

= Feskanich et al., Cancer
Epidemiol Biomarkers Prev

Odds Ratio

0.0

2004 13:1502-08
PV

25(0OH)D Quintiles (with medians®)
*ng/mL



VITAMIN D & CANCER*

1179 healthy women

aged 66.7 £ 7.3

four year trial

1032 finished (87.5%)

baseline 25(OH)D: 28 ng/mL + 8
three treatment groups:

» control

» Ca (1400-1500 mg/d)

» Ca plus D; (1100 1U/d)
achieved 25(OH)D: 38 ng/mL £ 9

L]
cu li" ORC
*Lappe et al. AJCN 2007
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CANCERS BY TREATMENT (YRS 2-4)

Site Placebo Ca+D
(n=266) (n =403)
Breast 7 (2.6%) 4 (1.0%)
Colon 2 (0.7%) 0 (0.0%)
Lung 3 (1.1%) 1 (0.2%)
Marrow/Lymphoma 4 (1.5%) 2(0.5%)
Other 2 (0.7%) 1 (0.2%)
Total 18 (6.8%) 8 (2.0%)*

*P < 0.05




Fraction Cancer-Free

1.00 -

0.98 -

0.96 -

0.94 -

0.92 -

0.90

VITAMIN D & CANCER*

Ca-only

Placebo

P 3

Time (yrs)

4 5
*Lappe et al. AJCN 2007



THE RESPONSE THRESHOLD

EFFECT =—%

VITAMIN D STATUS =



THE RESPONSE THRESHOLD

choosing the rightmost inflection point
ensures adequate coverade of all endpoints

EFFECT =—%

VITAMIN D STATUS =



How is it that a single nutrient
could have such diverse effects in
such a wide range of tissues &
systems?



VIT D - CANONICAL SCHEME

skin liver kidney qut

D, B> 25(0H)D, REB) 1,25(0H),D, M) CaBP

= the functional indicator of vit D
status

= 3 principal storage form of the
vitamin

cuU ii" ORC
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OLD
VIT D - \CANONICAL SCHEME

skin liver kidney qut

D, EEE) 25(0H)D, EEE) 1,25(0H),D, ) CaBP
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VIT D - EXPANDED SCHEME

kidney qut
1,25(0H),D; mmm)
skin liver ’
D, EEE) 25(0H)D; various
\ periphery tissues

autocrine

1,25(0H),D, ) [

signals
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VIT D - EXPANDED SCHEME

|3 (0l )0 N 8 CaBP
skin liver ’
D, IEE) 25(0H)D; various
tissues

periphery

signals

cuU ii" ORC
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VIT D - EXPANDED SCHEME

endocrin, SUpply exogenous qut

calcitriol or one of
its analogs II‘

Various
tissues

periphery
1,25(0H),D; ||qm

liver

skin

cuU ii" ORC




Won't calcitriol meet the
body’s need for vitamin D?




VIT D - EXPANDED SCHEME

|3 (0l )0 N 8 CaBP
Y/

skin liver ’ '\
\ Various

D, EEE) 25(0H)D;
tissues

periphery

signals
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THE VITAMIN D ICEBERG




THE VITAMIN D ICEBERG




CELL MODELS

old.  PNA in somatic cells functions
mainly to make faithful
copies for tissue repair or
replacement

DNA functions constantly in
synthesis of needed cellular

apparatus

new:

: »
cu fff oxc



CELL MODELS

old cell/tissue differentiation meant
~ that each cell type contained
different cytoplasmic apparatus

cell /tissue differentiation meant
that only certain genes can be
accessed in each tissue

new:

. L
cu li‘ @FRC




HOW A CELL RESPONDS
Signal/

D" ... but | do have
the plans for what
| need in my DNA

—~< library. ... J\

the equipmei..
| need....

“ newly synthesized
RGSpO“SG cellular equipment




HOW A CELL RESPONDS

Signal/
Demand ,
1,25(0OH),D is the key
that unlocks the DNA library

newly synthesized
Response cellular equipment




HOW A CELL RESPONDS

Signal/
Demand ,

synthesized in the cell itself

1,25(0OH),D Ais the key
that unlocks the DNA library

newly synthesized
Response cellular equipment




AUTOCRINE ACTION

cu iif ORC
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AUTOCRINE ACTION

= cell proliferation

= cell differentiation
= apoptosis

= immune response

= 24-hydroxylase

Transcription




AUTOCRINE ACTION

> 1000 genes
have VDREs

cu iif ORC
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AUTOCRINE ACTION

Transcription

cu iif ORC
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AUTOCRINE ACTION

Transcription

cu iif ORC
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This scheme means that each tissue
" has the amount of 1,25(OH),D it needs
" when it heeds it

" 3nd is not dependent upon 3 “one-size-
fits all” systemic level of circulating
1,25(0H),D



VITAMIN D & INNATE IMMUNITY*
(5

activated
Toll-like
receptor

»
cu ORC
.if *Liu et al., Science 2006
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VITAMIN D & INNATE IMMUNITY*

S

bactericidal

peptide

»
cu ORC
.if *Liu et al., Science 2006
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VITAMIN D & INNATE IMMUNITY*

= human
monocytes
in fetal calf
serum

»
cu .if ORC *Liu et al., Science 2006
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VITAMIN D & INNATE IMMUNITY*

= human
monocytes
in fetal calf
serum

= fetal calf
serum is low
in both
25(OH)D &
1,25(0OH),D

cu .if ORC *Liu et al., Science 2006
91



VITAMIN D & INNATE IMMUNITY*

= human
monocytes
in fetal calf
serum

= add
1,25(0OH),D

to the Cyp27B1

system VDR .’

Cathelicidin

Cyp24

cu .if ORC *Liu et al., Science 2006
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VITAMIN D & INNATE IMMUNITY*

= human
monocytes
in fetal calf
serum

= add
25(0OH) D to
the system Cyp27B1

VDR -’ :

Cathelicidin

Cyp24

cu .if ORC *Liu et al., Science 2006
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VITAMIN D & TUBERCULOSIS

* human monocytes Cathelicidin mRNA
activated with M.

Tuberculosis and
incubated in huma

4

serum serum 25(0OH)D:
> African-America ek ng/‘mL i
» White serum 25(OH)D: J
>» African-Anee . Il
with added
25(OH)D .
A w A-A
+25D

»
cU ¥ ORC
li‘ *Liu et al., Science 2006
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VITAMIN D & TUBERCULOSIS

these experiments show that:

= vit D is an essential mediator in the innate
iImmune response

= serum 25(OH)D is the critical variable

= at least some of the increased sensitivity to
infection in vit D-deficiency is due to reduction
in response to infectious agents because
25(OH)D is rate-limiting

= the greater tuberculosis susceptibility of blacks
is due in part to their low vit D status

cuU ii" ORC
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ASSESSING VITAMIN D DEFICIENCY

= serum total 25(OH)D is the: -
a functional indicator for vit D status
o ah important storage form of vit D at
typical inputs

= serum 25(OH)D, is of no value unless the
MD is following treatment with vit D,

* serum 1,25(0OH),D does not measure vit D
status (instead, it measures Ca need)

cuU ii" ORC
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MANAGEMENT

= all-source requirement =75 IU/kg/d

= most adults will need 1000-3000 IU/d in
addition to all other inputs

= 25(OH)D response varies widely

= itis the serum 25(OH)D concentration that
must be optimized, not the oral dose

= the correct oral dose is the one that
produces and maintains a desired
25(0OH)D level

cuU ii" ORC
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HOW MUCH IS ENOUGH?

* rickets & osteomalacia
= Ca absorption

= preghancy outcomes

= cahcer

= other

10 ng/mL
32 ng/mL
48 ng/mL

40 ng/mL
2277

cuU ii" ORC
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VITAMIN D INTAKE & TOXICITY*

no toxicity below
30,000 IU/d

® 15 studies of adults
receiving vitamin D
supplementation
(means)

A 8 studies reporting
toxicity (individual
values)

no toxicity below 500
nmol/L (200 ng/ml)

1,000 10, 100,000 1,000,000 10,000,000
Vitamin D Intake (IU/day)

* Hathcock JN et al. Am J Clin Nutr. 2007;85:6—18.



CONCLUSIONS - 1

serum 25(OH)D levels below 80 nmol/L
are not adequate for any body system

levels of as high as 120 nmol/L may be
closer to optimal

inputs from all sources combined
(needed to sustain 80 nmol/L) are in
the range of ~4,000 IU/d and higher
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CONCLUSIONS - 2

= vitamin D deficiency is widespread and
mostly silent

= vitamin D deficiency impairs our
patients’ responses both to their
illnesses and to whatever treatment we
may be prescribing

= attention to vitamin D repletion should
be a part of every therapeutic regimen
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25(0OH)D RESPONSE TO LARGE DOSES*

110 -
= 100,0001U
D,, by = 100
mouth, =
once 9\ 90 -
T
O
in 80 -
N
5
= 70-
n
60 < : : : ' ' '
0 20 40 60 80 00 120
Time (days)

*Ilahi, Armas, & Heaney (in press)



VARIABILITY OF 25(OH)D RESPONSE*

00)
o

= A25(OH)D to
C,..x ranged
from
+12 nmol/L to
+76 nmol/L

= ~half of the
variability
due to body
size

()]
(@)

Increment to Cmax (nmol/L)
N AN
o o

o

Baseline Cmax

*[lahi, Armas, & Heaney (AJCN 2008)



VARIABILITY OF 25(OH)D RESPONSE*

(0,0]
(@)
)

= Wt-adjusted
A 25(0OH)D to
C,..x ranged
from
+20 nmol/L to
+66 nmol/L

(@)
(@)
1

Wt-Adj Incr to Cmax (nmol/L)
D
o

Baseline Cmax

*llahi, Armas, & Heaney (in press)



D, vs. D;*

= single oral dose

= 50,000 I1U

= D, orDs

= n=10in each
group

A 25(OH)D (nmol/L)

25 -

15 4

10 -

-10 -

D,

I'O 1'5 2'0 2'5
TIME (days)

*Armas et al., 2004
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D2 VS. D3* o AUC

AUC,,

25 1
600 -
C D2 20 1 D
= b3 =
500 - S| 3
— ]5-
£
400 -
£ 10-
-
300 - = 5
]
4 LN 4
200 _|_ Y
<
100 - 5 - D,
0- ']O' f T T T T T 1

0 5 10 15 20 25 30
TIME (days)

*Armas et al., 2004
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