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Objectives
Distinguish between the targets of the IOM recommendations and the advice physicians give their patients
Cite evidence of skeletal benefit at serum 25(OH)D concentrations above 20 ng/mL
Describe the cell-biologic basis of vitamin D action
Recall several nonskeletal conditions aggravated by low vitamin D status
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SCOPE OF PRESENTATION

* what are some of the manifestations of
vitamin D deficiency?

» how common is vitamin D deficiency?

what is the biologic basis for the

effects of vitamin D in the body?

* how should the PCP approach the
prevention and treatment of vitamin D
deficiency?




Working definition:

LI deﬁ'cl‘ency fs ahy condition in which
inadequate intake of a nutrient results in
significant dysfunction or disease

= deﬁ'ciency is 3 nutrient status below the
lower limit of some measurement

Saturday, June 18, 2011
Madrid I 8:00am - 8:45am

RETHINKING DEFICIENCY DISEASE

Nutrient Defiiency
Index Mechanism

Short Latency
Disease

RETHINKING DEFICIENCY DISEASE

: Vitamin D Deficiency

| Malabsorption of Ca & P]

Rickets
Osteomalacia
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RETHINKING DEFICIENCY DISEASE

Nutrient Deficiency

Index mechanism

Short latency
disease

Long fatency
disease

Saturday, June 18, 2011

Madrid |

8:00am - 8:45am

RETHINKING DEFICIENCY DISEASE

Vitamin D Deficincy

IMalabsorption of Ca & Pl

Rickets
Osteomalacia

RETHINKING DEFICIENCY DISEASE

Nutrient Deficiency
Short latency
disease

Long latency
disease

Long latency
disease
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RETHINKING DEFICIENCY DISEASE

&
Genomic Signaling

Malabsorption Ca & P

Rickets
Osteomalacia
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RETHINKING DEFICIENCY DISEASE

Long latency

disease
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Long latency
disease

RETHINKING DEFICIENCY DISEASE

disease l

Long fateny
disease disease
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All studies, in virtually all
nations, irrespective of latitude,
show that the majority of the
wotld’s population has
inadequate vitamin D status.
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Rickets/Osteomalacia - Mechanism

* inadequate concentrations of Ca and P
in blood to mineralize growth cartilage
or newly formed bone matrix

» additionally, low serum Pi impairs
chondroblast & osteoblast function

CANONICAL VIT D DEFICIENCY

* rickets in
children

= osteomalacia
in adults




INFANT VIT D INTAKE*

» 2008 AAP infant recommendation 400 1U/d

= using data from Infant Feeding Practices
Study, investigators found that:
> fewer than 1 in 7 were given any vitamin D,

overall
> formula-fed: 20-37% met AAP recs**
> breast-fed: 5-13% met AAP recs
> mixed-fed: 9-14% met AAP recs

* Perrine et al. 2010, Pediatrics 125:627-32
£ Rates vary by age

INFANT VITAMIN D INTAKE*

* [nfant Feeding
Practices Study

= > 33,000 infants

= 2005-2007

* Intakes (1 mo)
> breast -43%
> formula - 26%
> mixed - 32%

2008 AAP
“recommendatio.”

cuy
* Perrine et al. 2010,

Note “hot cross

1120 consecutive neonates
in Japan

22% had craniotabes; median

25(0OH)D at 1 mo: < 10 ng/mL
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Manifestations/Consequences
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WHAT ARE THE CONSEQUENCES?

bone diseases, falls, & fracture
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

A risk of schizophrenia

£ the IOM confined its

“recommendations to;
thisgroupof =
,‘outcomc,s

WHAT ARE THE CONSEQUENCES?

bone diseases, falls, & fractures
hypertension n
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

A risk of schizophrenia _

fortheseit.
reported that
‘therewasinot
enough
“information to-
| permit setting
Canintake
. “requirement
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RECOMMENDED FOR WHOM?

* myself equired level of
evidence; Jow

* my patients & clients

equired level of
evidence:
moderate

* the general public

equired level of
evidence: high

Saturday, June 18, 2011
Madrid | 8:00am - 8:45am

RECOMMENDED FOR WHOM?

* myself

* my patients & clients

evel where we
M.D.s & N.P.s
function

* the general public

lpvel where the
IOM functions

CHRONIC DISEASE PERSPECTIVE

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

= jts origin is usually multifactorial

genes s N
environment oo el '\\
v nutrition
. infection for others vit D will be
. toxins critical; they will show

the biggest effects

v injury
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VITAMIN D IN NATURE
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* 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

THEORETICAL MORTALITY CURVE

THEORETICAL MORTALITY CURVE

12
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SQUARING THE MORTALITY CURVE

0

T

Optimal ni;t(i’ﬁon has the
potential tocontributeto
thisimprovement

- Therole of vitamin Diin.
- thisreduction is the topic
- ofthisconfetence

ALL-CAUSE MORTALITY*

1R

= 714 community

dwelling women ses T e -
= aged 70-79 8 Y \ 227 ng/mi.
« Baltimore Women’s £ o : N,

(tien Function

Health & Aging . Ian S
Studies 1 & 1 Zom ; une s
* median follow-up: .
72 months S 086
H ~ Gk 3
= risk adjusted for 3 L serer
082 e

age, race, BMI, &
other factors
associated with
mortality

Quany s

R EEEEEEEEEE

Ve (morta)

* Semba et al. {2009) Nutr Res 29:525-53¢C

VITAMIN D IN NATURE

= serum 25(0OH)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)

%




A VITAMIN D THRESHOLD
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Skeletal outcomes
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THE 25(0OH)D CONTINUUM

. * N=2686
& % = ages 65-85
= S5yrRCT

= Vit D =800 1u/d
s Trivedi et al. BM)
2003; 326:469

{nmol/L}

ACHIEVED 25(OH)D & HIP FRACTURE*

5 Vitamin D, 400 1U/day
Vitamin D, ~800 IUiday

“Redrewt from Bischolf-Ferrsri 1 2, JAMA. 2008,203-2257-2264

15



ACHIEVED 25(0OH)D & NON-VERT FX*
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* Redvawn from Bischoff-Ferrars et al.
(2009) Arch Int Med; 169:551-561

VITAMIN D & OSTEOMALACIA

675 autopsy
cases
* static histo-
morphometry
on iliac crest
* osteoid volum
evaluated as a

osteoid accumulation is the
histological halimark of

notmally osteoid is mineralized
within few days of its

function of

vitamin D deposition; if it accumulates

status that means there is 2 mineral
* Priemef et al, eHcit

JBMR 2010;

25:305-12

<y

VITAMIN D & OSTEOMALACIA

autopsy cases t
N =675 :

- 675 e 1 lOM
= static histo- adequate
morphometry

* osteoid volume
evaluated as a
function of
vitamin D
status

= Priemel et al,
JBMR 2010;
25:305-12

cu
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VITAMIN D & OSTEOMALACIA

= autopsy cases

N =675

static histo-
morphometry
osteoid volume
evaluated as a
function of
vitamin D
status

“halfthe cases between
20and 32 ng/ml. ' had
“elevated osteoid.

Priemel et al.,
JBMR 2010
25:305-12
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v

VITAMIN D & OSTEOMALACIA

121 postmenopausal
women

S. Australia

seasonal differences
in dynamic
histomorphometric
variables

Need et al,, JBMR
2007; 72:757-61

VITAMIN D & OSTEOMALACIA

121 postmenopausal

women

S. Australia

seasonal differences

in histomorphometric
variables

Need et al., JBMR
2007; 72:757-61
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VITAMIN D & RISK OF FALLING*

» 122 women
= Age: 63-99
» DB-RCT
> Ca 1,200 mg/d
> Ca + 800 1U Vit D
» 12 week duration

» 25(0OH)D 12 ng/mL
at baseline

Fall Risk

Ca only Ca+D

"Bischoff et al. JBMR 2003:18:343-351

VIT D & NEUROMUSCULAR FUNCTION*

Performance Score

= 1359 men & women,
mean age 75.5

» Amsterdam longitud.
aging study

» neuromuscular
performance
measured on a scale
of 0 to 12 (higher is
better)

* each step statistically
significant

O - NWw b WO N O

<25 25-50 50-75 >75

SERUM-25(OHD

Cardiovascular outcomes
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VIT D & BLOOD PRESSURE*

» 1811 men & women
with measured
25(0OH)D levels**

« 4 yrs’ observation

97 cases of incident

hypertension

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

*Forman atal, 2007 Hypertension 491063
** Health Profs Fallow-up Study & Nurses Health Study

VIT D & CARDIOVASCULAR DISEASE

357

« 1739 Framingham
Offspring members
« age: 59 yrs
follow-up: 5.4 yrs
120 individuals developed
a CV event
= HR calculated against
25(0OH)D values > 15 ng/mlL
= Wang et al. Circulation
2008

80 %.increase
inrisk

53 % increase
hinrisk

Hazard Ratio

<10 <15 >15
ng/ml ng/mL ng/mL

VIT D & BLOOD PRESSURE*

P <0.02
« 148 women, aged P <00l
741 P <001
= DB-RCT
» baseline 25(0H)D <
50 nmol/L
= treated for 8 wks
with:

Ca 1200 mg/d or
Ca + 800 1U vit D/d

*Pleifer et al., JOE!




Immune system outcomes
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VITAMIN D & INFLUENZA*

= 208 African-American, s

postmenopausal women
« 3 yr DB-RCT
= placebo or vit D,

> 800 1U/d - 2 yrs

> 2000 tU/d - 37 yr
* basal 25(0OH)D: 188 £ 7.5

= P <0.002

Placebo Vitamin D

cu

*Aloia & U-Ng {2007) Epidemiof & Infect

VITAMIN D & INFLUENZA¥

= DB-RCT
winter 2008-2009
* 334 japanese
school children,
aged 6-15
* mean wt: 35.5 kg
*» 12001UD;/d in
addition to self- P P
supplementation o0 o008

*Urashima et al,, AJCN 2010
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VITAMIN D & THE COMMON COLD*

» 18,883 individuals BT 1
in NHANES-III 20 |
* tested association - 1]
=
between serum & 5 1‘ -
25(0OH)D & recent =
URTI £
* P <0001 ®

* association stronger
for those with
asthma & COPD

im

10-299
Serum 25(OH)D (ng/mL)
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Ginde et al, Arch Int Med 2009 169:

38

VITAMIN D & TUBERCULOSIS*

67 pts with pulmonary Sputum Conversion (%)
B —

» standard treatment
for all

= in addition,
randomized to either
vit D 10,000 {U/d or
placebo

P = 0.002

*Nursyam et al., Acta Mad Indones 20106
59

DIABETES & 25(0OH)D

1.0 = T

= Scragg et al,, 2004 0.oH (OWhite |
Diabetes Care o8- (& Hispanic)
27:2813-18 % orl
+ NHANES-HI |
* 6,228 adults ¢ o5 S
* plasma glucose S ] M
independently & 04, s
predicted by BMI & 037 B
& serum 250HD 0.2 ﬂ i
(fasting and 2 hr 014 uk]
post load) 0.0 i

st 2nd  3d  4th
25(0H)D Quartiles

21



Cancer outcomes
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BREAST CANCER RISK

* Case-control study
> 1394 cases

» 1365 controls

= Odds ratio for CA
inversely
associated with vit
D status [25(0OH)D]

+  Abbas etal.,

Carcinogenesis (2008)
29:93-99

Hazard Ratio

0.8

06

0.4

0.2

0.0

A

20

3
} 69 % decrease
i
|

| cinrisk
o 1

S Q )
207 6P o

Serum 25(0OH)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

*  Feskanich et al, Cancer

Epidemiol Biomarkers Prev
2004 13:1502-08

Odds Ratio

25

(OH)D Quintiles (with medians*)

*ng/mi

22



VITAMIN D & CANCER*
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= 1179 healthy women

* aged 66.7 + 7.3

four year trial

> control

1032 finished (87.5%)
baseline 25(0OH)D: 28 ng/mL = 8
three treatment groups:

> Ca (1400-1500 mg/d)
> Ca plus D; (1100 1U/d)

= achieved 25(0OH)D: 38 ng/mL + 9

*Lappe et al, AICN 2007

VITAMIN D & CANCER*

s

T

RR =|Q.232

*Lappe el al AICN 2007

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%) 00.0% |
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 <005

23



Saturday, June 18, 2011 24
Madrid | 8:00am - 8:45am

CANCER RISK (ALL)

» N=1,179

* ages 55-85

* 4yrRCT

* VitD=1100
/d

= median
achieved serum
25(0H)D =29
ng/mL

+ Lappe etal.
AJCN 2007

How is it that a single nutrient could
have such diverse effects in so many
body systems?

CELL MODELS

old- DNA in somatic cells functions

) mainly to make faithful
copies for tissue repair or
replacement

DNA functions constantly in
synthesis of needed cellular
apparatus

new:




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:

Saturday, June 18, 2011
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HOW A CELL RESPONDS

”t‘h‘e‘plans for what - 7
~i need in my DNA &

newl

synthesized
ce!luf;

+ equipment

HOW A CELL RESPONDS

Demand @m

~ 1250H)Disthekey |
that unlocks the' DNA'library . |"

newi( synthesized
cellular equipment

25



HOW A CELL RESPONDS

Signal/ %{ =
Ofr

Demand

. synthesized mthe cell itself -
- 1,25(0H),DAls the key

.that unlocks the DNA Jibrary -

Response
[

newly synthesized +] "
cellular equipment i
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VIT D - CANONICAL SCHEME

skin liver kidney qut
D, 1,25(0H),D, =) CaBP
* the functional indicator of vit D
status
* 3 principal storage form of the
vitamin

OLD
VIT D - .CANONICAL SCHEME

skin liver kidney qut

D, E= 25(0H)D, 1,25(0H),D, T2y CaBP

26



VIT D - EXPANDED SCHEME

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

skin liver
D, 25(0H)D, vatrious
periphery tissues

autocrine cell -
1,25(0OH),D ﬂ::) i
(OH)D; sighals
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VIT D - EXPANDED SCHEME

1,25(0H),Dyu=>

skin liver ‘g‘-""l
D, 25(0H)D, various
e i
& Pe”'Phe*Y tissues

autocrine

1,25(0H),D,I) ;Si;';[s

VIT D - EXPANDED SCHEME

1230, =[G

skin liver

D, 25(0H)D, various

tissues

autocrine celi
1,25(0H),D, )| cell
(OM).D; signals
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VIT D - EXPANDED SCHEME

gut

| o ()
skin liver ~

D, 25(0H)D, various
perfphery tissues

autocrine eell:
1,25(0H),D, )| €8
(OH),D, signals
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VIT D - EXPANDED SCHEME

Do, 1 G
skin liver

D, E) 25(0H)D various

\ tissues

periphery

\,
autocrine cell
,25(0H),D : .

1,25(0H),D; “:> signals

VIT D - EXPANDED SCHEME

1,25(0H),D;—=>
&

skin liver fi K
D, 25(0H)D; various
& i
%% periphery issues

autocrine

1,25(0H),D, ) Si;‘:";:'s
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VIT D - EXPANDED SCHEME

1,25(0H),Dy==
2

skin liver y*"‘

D, ) 25(0HD, various

3 &
< : Issues
25| periphery

i ~ A g N
autocrine e SOH), D cell
©7 7 isighals
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AUTOCRINE ACTION

25(0H)D

\.ﬂ<

Cor o

=

Transcription

AUTOCRINE ACTION

25(0H)D

+ ‘cell proliferation
cell differentiation
apoptosis
immune response
+ 24-hydroxylase

. i\ Transcription
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AUTOCRINE ACTION
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25(0H)D

> 1000 genes . |:
1 have VDREs

S Transeription

AUTOCRINE ACTION

25(0H)D

SRS Transcription

AUTOCRINE ACTION

25(0H)D

E g

Transcription. .

30



This scheme means that each tissue
® has the amount of 1,25(0H),D it needs
% when it needs it

® and is not dependent upon 3 “one-size-
fits all” systemic level oFcfrcu[aﬁng
1,25(0OH),D

Saturday, June 18, 2011
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Management

ASSESSING VITAMIN D DEFICIENCY

= serum total 25(0OH)D is the: -
a functional indicator for vit D status
o an important storage form of vit D at
typical inputs
* serum 25(0OH)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)

31



AN APPROACH TO VIT D REPLETION

= aim for serum 25(0OH)D of 40 to 60 ng/mL
* as a first approximation assume a total

needed input (all sources) of 75 1U/kg/d

but: know that individual response varies
hugely (6-fold range!); so monitor effect at
~120 day intervals

many MDs prefer to use larger doses at the
outset of treatment (e.g., 3X the expected daily
dose daily for the 15t 3 weeks)
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Safety

VITAMIN D INTAKE & TOXICITY*

Serum 25(0OH)

1,800 1
0
no toxicity below ! o
' / . ) © 156 studies of adulls
~B0.000 N/ H receiving vitairin D
1,200 : 4 A supptermnentation
1,000 H (means}
’ 1
800 & ! A8 studies reparting |
600 4 3 | todcity (ndnicuel
! boval
_________ WA A L. ‘ vaues)
400 1o
200 s ! 0o foxicity Pelow 500
o @ 0 ° ' 0molL (200 ng/mt)
1,000 10,000 100,000 1,000,000 10,000,000

Vitamin D Intake (1U/day)

* Hathcook §N el at. Am J Clin Nutt. 2007:85:6-18.
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CONCLUSIONS

* serum 25(0OH)D levels below 32 ng/mL are
not adequate for any body system

* levels of as high as 50 ng/mL may be closer
to optimal

= inputs from all sources combined (needed to
sustain 32 ng/mL) are in the range of ~4,000
IU/d and higher

= in most healthy adults, 2000-3000 IU/d,
in addition to all other inputs, will
usually

cu

Saturday, June 18, 2011
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Thank you

25(OH)D RESPONSE TO LARGE DOSES*

110

= 100,000 IU
D, by
mouth,
ohce
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3
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60

Time (days)

“llahi, Armas, & Heaney (in press}

33



VARIABILITY OF 25(0OH)D RESPONSE*

" A25(0OH)D to
Cnax anged
from
+12 nmol/L to
+76 nmol/L

~half of the
variability
due to body
size

3
a

@
3

Increment to Cmax (nmol/L)
» N
3 3

o
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*flahi, Armas, & Heaney (AJCN 2008)

VARIABILITY OF 25(OH)D RESPONSE*

*» Wt-adjusted
A 25(0H)D to
Conax ranged
from
+20 nmol/L to
+66 nmol/L

Wt-Adj Incr to Cmax (nmol/L)

®
3

@
S

ES
>

N
S

=]

Baseline

Cmax

*Hiahi, Armas, & Heaney (in press)

D, vs. D;3*

single oral dose
50,000 U

D, or Dy

= n=10in each
group

A 25(0H)D (nmol/L)

10015 20 25 30
TIME {days)

“Armas et al., 2004
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AUC,,

A 25(0OH)D (nmol/L)

o 5 10 15 20 25
TIME (days}

*Armas et al., 2004
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