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Learning Objectives: Vitamin D Metabolism

By the end of the session, participants will
be able to:
Objective 1: Distinguish between vitamin D2 and
Vitamin D3 supplementation.
Objective 2: Recognize the contribution of
vitamin D to fall and fracture reduction, improved
function, combating infections, reduction in pain
and mood enhancement. ami B -
Objective 3: Develop strategies for instituting > know ar
vitamin D supplementation programs in the long ¢
term care environment.
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: : - Low Vitamin D Status and PTH Increase
Vitamin D deficiency:

Relationship Between 25-OHD
& PTH in Sunlight-Deprived and
BLSA Control Elderly

PTH = 113- 54 log(25-0H D)

Hypovitaminosis D accompanied by I
physiological or biochemical S e\ e
abnormalities

Gloth et al. JAMA1995. 274:1683-6




How Does Vitamin D Influence PTH
and Calcium Homeostasis?

Balanced system: Gl absorption is adequate to satisfy calcium demand

Bone resorption/formation are coupled and balanced
Low levels of vitamin D: Calcium reservoir of bone is depleted in attempt
to correct for low calcium absorption in gut

Dietary galcium - :
Calcium absorption PTH stimulates osteoclastic
decreases from 30%—40% resorption to liberate

Gut t0 10%—15% alcium from bone

Parathyroid

Low calcium causes

increase in PTH secretion Renal distai

tubule

“\ Excretion

Association of Vitamin D and Risk of Fracture

In a clinical study:

» Five-year randomized,
double-blind, controlled trial
N=2,686
Ages: 65—-85
Vitamin D=100,000 U
taken orally once every 4

months (equivalent to 800
1U/d)

Men and women living " Untreated  Treated
in the community (n=1341) (n=1345)
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japted from Trivedi D et al. B

Vitamin D May Reduce the Risk for Falling

¢ N =199 men; 246 women
. AgeS' > 65 y.0 Reduction in falls
» Randomized, double-blind, C|S§§gig.497_|
controlled trial
— Placebo

— Calcium 500 mg/d
+ vitamin D 700 1U/d

3-yr duration

Mean serum 25(OH)D 32

ng/mL at baseline
Placebo Calcium +
(n=75) vitamin D

Ambulatory living at home
(n=59)

choff ¢ L rch Intern Med. 2006;166:
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Vitamin D: Fracture Reduction

Hip Fractures Other Nonverterbral Fractures

P=0.04 : P=0.015

etal. Vitamin D3 a hip fractures
1en. N Engl J

Lower Levels of Vitamin D May Be Associated
with the Risk for Falling
N =122
Ages: 63-99
Randomized, double-blind, ? Froo
controlled trial r T

— Calcium 1200 mg/d

— Calcium 1200 mg/d
+ vitamin D 800 1U/d

Reduction in falls

Fall risk

12-week duration

Mean serum 25(OH)D 12

ng/mL at baseline
Calcium Calcium +

Women living in long-term only vitamin D
. (n=44) (n=45)
care units

Stahelin HB, Dick W, et al. J Bone Miner Res. 2003;18:343-35.

Vitamin D has been associated with
a 20-30% reduction in fall rates

Bischoff-Ferrari HA et al. Effect of
vitamin D on falls: A meta-analysis.
JAMA 2004; 291: 1999-2006
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Higher 25(0OH)D Levels Are Associated With Better Lower
Extremity Function in Ambulatory Women

Vitamin D and Calcium on PTH, Sway & Falls

Timed Sit-to-Stand Test
25-OHD at Baseline 25 LOWESS regression plot of

nmol/L (10ng/mL) . 4’100 am_bUIatory adults funcuolavrlzr\ﬁr;smlgIeve\s
Sway frontal & saggital included in NHANES IlI
wks

I .

* Functional measurements
used to assess lower
extremity function:

— 8-ft walking speed test
— Timed sit-to-stand test

diam and sway area 8 * 60 to >90 years Rerf:':Zr;ce
PTH at 8 weeks
Falls at one year

NHANES = National Health and Nutrition Education
Survey; LOWESS = locally weighted regression plot.

R 2.5-94.0 nmollL (9.0-37.7 ng/mL) Serum 25(0OH)D, ng/mL

16 24 32 40 48 56 64

Pfeifer M et al J Bone Miner R

Higher 25(OH)D Levels Are Associated With Better Lower
Extremity Function in Ambulatory Women Vitamin D, Bone, and Teeth

8-Ft Walking Speed Test
LOWESS regression plot of Vitamin D supplementation or Vitamin D Loss

iéll’]’ifl),l (;:gwiZUII\la:JArKI;gullltls function ve vitamin b levels may have a rapid impact on bone <6 months
4

60 to 90 years ° T Vitamin D and Calcium also reduces tooth loss

"y Adding another fat-soluble vitamin, A, may
impair the benefit of vitamin D on Bone (Nurses’
Health Study > 3000 mcg/d retinol equivalents)

Functional measurements
used to assess lower
extremity function:

— 8-ft walking speed test

— Timed sit-to-stand test

Walk time, s

NHANES = National Health and Nutrition Education 3.5
Survey; LOWESS = locally weighted regression plot. 0 8 16 24 32 40 48 56 64

ange of 9.0-37.7 ng/mL(22.5-94.0 nmollL). Serum 25(0OH)D, ng/mL

Vitamin D Deficiency Pain Syndrome Seasonal Affective Disorder

Excruciating Pain with Light Pressure on Large All patients in a small trial of SAD showed
Muscle Groups improvement on Hamilton Depression and
Pressure Sores Are Painful SIGH-SAD Scales after 100,000 I.U. of
Unresponsive to Opioids or TCA's Vitamin D statistically significantly better

Marked Improvement or Resolution within 5-7 than broad spectrum light with plastic
days of 100,000 |.U. Vitamin D cover.

Vitamin D status improved significantly
more in Vitamin D treated group

Gloth 111 FM, et al. Arch Intern Med. 1991; 151: 1

Gloth et al. J Nutr Health Aging *99. 3(1):5-7



Bringing Vitamin D Deficiency to Light

Change in 25-OHD vs Change in SAD-8 Score
25 . S
E 4

. 125-04 D Change =5.69-62(SAD-8 Change) |
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Gloth et al. J Nutr Health Aging ’99. 3(1):5-7

Vitamin D and Infection

TLR activation of human macrophages up-regulated
expression of the vitamin D receptor and the vitamin D-1-
hydroxylase genes, leading to induction of the antimicrobial
peptide cathelicidin and killing of intracellular
Mycobacterium tuberculosis. We also observed that sera
from African-American individuals, known to have increased
susceptibility to tuberculosis, had low 25-hydroxyvitamin D
and were inefficient in supporting cathelicidin messenger
RNA induction. These data support a link between TLRs
and vitamin D-mediated innate immunity and suggest that
differences in ability of human populations to produce
vitamin D may contribute to susceptibility to microbial
infection.

Liu PT,
antimicr

Results: 10 Individuals in the Hawaii
Cohort with the Lowest 250HD

— 250HD by HPLC = 17.5* (2.8) [33.0 (9.2)]
— PTH =135 (4.3) [13.4 (5.1)]

—Age; 20.9 (4.2) [24.5 (7.1)]

— BMI 23.0 (2.8) [23.7 (3.5)]

— No difference in serum chemistries

— 3 taking multivitamins (3, 5.5 and 7 times/week)

— Sun hours without sunscreen; 23.1 (15.6) [21.3
(15.3)]

— Sun index; 6.0* (3.7) [11.2 (7.3)]
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Functional Improvement with Vitamin D

¢ Vitamin D Deficient Subjects Treated with
Vitamin D had a statistically significant
improvement in FEFA scores

¢ Functional improvement was linearly
associated with change in vitamin D status

Gloth et al.J Am Geriatr Soc. 1995; 43: 1269-71

Who gets supplements and how?

« > 800 I.U. per day if no sunlight
e Consider 100,000 I.U. once every 3 months
» Only measure levels when guidance is needed

« Consider measuring for steroid treatment
(Vitamin D and Steroids competitively bind for
VDRE sites on allele)

s in the elderly. J Am

frail elderly patients

The Vitamin D Autocrine/Paracrine System Functions in the
Tissue-level Control of Cell Proliferation and Differentiation 45

Psoriasis’

Myelodysplasia®®

Several colon cancer and leukemia cell lines
Epidemiologic/ecologic evidence for human cancer?
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Other Chronic Conditions Affected By . ) .
Vitamin D Levels Supporting Data for Vitamin D

__ ) Association with Falls — Stein et al. JAGS '99
Condition Status of Evidence Increased risk in Hip Fracture trials — LeBoff et al.
*  Osteoarthritis’ + JAMA '99
Falls/neuromuscular function? Vitamin A (Cod Liver Oil) negatively impacts — JAMA
Multiple sclero 02

) Reduction in Myocardial Infarctions — Arch Intern
Fibromyalg Med ‘08

Muscle strength is associated with vitamin D Status —
JAGS '99&IBMR '97

Vitamin D Deficiency Pain Syndrome — Arch Intern
Med '91

J Natl Cancer Inst 2005;97:195 — 9 Conclusions: Sun
exposure is associated with increased survival from
melanoma

2004 US Surgeon General's Report:
Relationship Between Serum Intact PTH (iPTH) and 25(OH)D Bone Health and Osteoporosis

You need more vitamin D as you get older
IPTH (pg / ml)
1

N = 1569
p<0.01

Regression line

until age 50 age 51-71 over age 70

H} D (nm Minimum Daily Requiremants

Reprinted with permission from Chapuy M-C et al. Osteoporos Int. 199

Dosing response to vitamin D: Relationship between doses of vitamin D3
supplementation and net changes in serum 25(0OH)D concentrations in RCTs

Hat change in 250MHID, mnckL

2000 3000
Vit D3 daily dose{l)

Each empty circle represents a single study. The area of the circle is equal to the inverse
of the within-study variances. Typically, the larger the bubble, the larger the sample size

and the smaller the standard error of the changes in 25(0OH)D. Source: Agency for
ARCHIVES (%

i
INTERNAL MEDICINE Healthcare Research and Quality (AHRQ) Publication No. 09-E015, August 2009.




Recommended Vitamin D Input

—4,000 I.U. per day input of Vitamin D, 5
—100,000 I.U. Vitamin D; by mouth Monthly
—More if diseases or medications warrant
—Monthly monitoring is NOT needed

Facility Average Monthly Fall %

IOM Report Logical Flaw:
Focus on Bone

— Assuming that the general public does not need
more vitamin D than might be sufficient for bone is
a cause for concern

— The role of vitamin D for fall prevention and for
immune function leaves more than sufficient data
to question the adequacy of focus solely on bone.
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July August Sept  Oct
Month

IOM Report: Logical, Scientific, and
Guidance Flaws

— Focused Solely on Bone. Nonskeletal effects
were disregarded

— Skeletal Health Is Assured at 20 ng/mL

— Above 4,000 I.U. unsafe (but acknowledges that
intakes up to 10,000 IU/day are probably safe for
everyone)

Vitamin D and Infection

e TLR activation of human macrophages up-regulated

expression of the vitamin D receptor and the vitamin D-1-
hydroxylase genes, leading to induction of the antimicrobial
peptide cathelicidin and killing of intracellular
Mycobacterium tuberculosis. We also observed that sera
from African-American individuals, known to have increased
susceptibility to tuberculosis, had low 25-hydroxyvitamin D
and were inefficient in supporting cathelicidin messenger
RNA induction. These data support a link between TLRs
and vitamin D-mediated innate immunity and suggest that
differences in ability of human populations to produce
vitamin D may contribute to susceptibility to microbial
infection.
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2004 US Surgeon General's Report: .
Bone Health and Osteoporosis IOM Report Science Flaw: 20 ng/mL

T is sufficient to assure bone health

— Skeletal Health Is Assured at 20 ng/mL is simply
incorrect.

— Large randomized, controlled trial in the United
Kingdom that raised serum 25(OH)D level from 21
to 29 ng/mL and produced a 33% reduction in all
major osteoporotic fractures combined.

* 600 IU/day would produce a value <10 ng/mL,

Units {IU)

until age 50 age 51-79 over age 70

Minimum Daily Requiremants

Nonvertebral fracture prevention by |ecjg/aetr;w(elzf:raorL(:)ach\eved 25-hydroxyvitamin D levels in IOM Report G u idance FIaW: 4’000
I.U. as Upper Limit of Safety

— Above 4,000 I.U. unsafe (but the report
acknowledges that intakes up to 10,000 IU/day
are probably safe for everyone)

— Primitive input would have been at least 4000
IU/day and probably two to three times that level,
with corresponding serum 25(OH)D levels ranging
from 40 to 80 ng/mL.

ARCHIVES OF

INTERNAL MEDICINE

Serum 25-Hydroxycholecalciferol Levels SAD Change in 25-OH D after 100,000 I.U.
Before Dose, and at 1, 3, and 12 Months After Dose Oral Vitamin D2

74%
P<0.005
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Medizn Serm Hydroogchoecaicien, nmoll
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Manths Sinca Predose, 2008
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Gloth Il FM, Alam W, Hollis B. Treatment of seasonal affective disorder (SAD) with
vitamin D vs full spectrum light. J Nutr Health Aging. 1999; 3:1, 5-7.
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Time course of serum concentrations of vitamin D after a single oral Time course of the rise in serum 250HD after a single oral dose of
dose of 50,000 IU of cholecalciferol (vitamin D3) or ergocalciferol 50,000 IU of either cholecalciferol (vitamin D3) or ergocalciferol (vitamin
(vitamin D2,) in healthy male subjects (n = 10 for each group). D2) to two groups of 10 normal men each.

Dosing response to vitamin D: Relationship between doses of vitamin D3
supplementation and net changes in serum 25(0OH)D concentrations in RCTs

D-3-50 (50,000 IU) 100ct
$30.00 100ct

Each capsule supplies:
Vitamin D3 — 50,0001U

http://www.bio-tech-pharm.com/
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https://secure.bio-tech-pharm.com/catalog.aspx?cat_id=2

Each empty circle represents a single study. The area of the circle is equal to the inverse

of the within-study variances. Typically, the larger the bubble, the larger the sample size
and the smaller the standard error of the changes in 25(0H)D. Source: Agency for 1 - 8 OO - 345 - 11 9 9

IOM Report

“To be sure of hitting the target, shoot first and call
whatever you hit the target.”

— Attributed to Ashleigh Brilliant and Patrick Toche




