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Latitude



Geographical Distribution of MS

* First study of
geographical distribution
of MS prevalence by
Davenport

« Key finding:
Geographical variation
in MS prevalence,

This article was published in McAlpine’s Multiple Sclerosis 4" edition. Compston A.
ed. London Churchill Livingstone Elsevier 2006;55 Fig 1.33 Copyright Elsevier (2007)
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Prevalence of MS in the USA
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Figure 2: Prevalence by geographical latitude
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MS-related hospital admissions England

Al admissions
Quintle range of rales

B 11.2 to 13.0
9.6 to 11.2

Ramagopalan et al, 2011



Relationship of MS prevalence to ultraviolet exposure

All admissions
Quintle range of rates

B 11.2 to 13.0

Ultraviolet B
Spring J /Sq.M
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Ramagopalan et al, 2011



UVB and MS prevalence in France

MS Prevalence by Department
Against UVMED Minimum

Department
UVMed MIN

B 34
[ 4-6
B 67
B 7-9
B 10-11
O 11-13

B 14-16

Orton et al. Neurology. 2011 Feb 1;76(5):425-31.



Prevalence of MS in Norway

* Prevalence data for counties in Norway (/10°):

A Finnmark?! (2003) >83
B Troms?! (2003) >104
C Nordland (1999) 106
D Nord Trgndelag (1999) 164
E Oppland? (2002) 190
F Hordaland (2003) 151
G Oslo? (2005) 154

* In Norway, MS prevalence does not rise
with increasing latitude, unlike other
northern European countries and the USA

* Asexpected, measured UV radiation
levels decrease with increasing latitude

Kampman et al, 2007



Fish consumption
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Migration



Migration studies

B High prevalence
] Medium preva lence
B Low prevaknce

Compston & Coles, Lancet 2008.



The effect of migration on MS prevalence
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Prevention



vD supplementation



Vitamin D and MS

Nurses’ Health Study (n=121,700; 30-33 yrs)

1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000
A A A A A A A A A A A A A
Ocs Diet Diet Diet Diet Diet Diet
Smoking
Weight/Ht
Med. Hist.

>  MS incidence

l >  MS incidence
1989 1991 1993 1995 1997 1999 2001 2003

A A A A A A A A

Diet Diet Diet Diet

Incident cases of MS = 515

Munger et al, 2004



Vitamin D and MS

RR of MS according to use of vitamin
D supplements

0 <400 2 400

Vitamin D from supplements, IU/d

Munger et al, 2004



vD levels



Vitamin D and MS

= >40 million sernal blood samples since 1990 from over
8 million US military personnel

= Cases (n=257) 1dentified via Physical Disability
Agencies

= Controls (n=514) matched by age, sex, race/ethnicity,

dates of blood collection

ACTIVE DUTY MS ONSET

1 T 1

SERUM SERUM SERUM
25(0OH)D 25(0OH)D 25(0H)D

Munger et al, 2006




Vitamin D and MS

75-<100
25(OH)D (nmol/L)

Munger et al, 2006



When to supplement?



Observed/expected No of births

1.15

1.10

1.05

1.00

0.95

0.90

0.85

Vitamin D and MS- Month of Birth

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Role of light exposure in
MS supported by month
of birth effect

In northern hemisphere,
significantly more people
with MS are born in May
(less light during
pregnancy) than
November (more light
during pregnancy)

Birth month effect is
inverse in the southern
hemisphere

Willer et al, 2005



Disanto et al. BMC Medicine 2012, 10:69
http://www.biomedcentral.com/1741-7015/10/69
BMC Medicine

RESEARCH ARTICLE Open Access

Month of birth, vitamin D and risk of immune-
mediated disease: a case control study

Giulio Disanto'?", George Chaplin®", Julia M Morahan"? Gavin Giovannoni?, Elina Hyppénen®, George C Ebers'*"
and Sreeram V Ramagopalan'*4¢*
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Figure 1 Odds ratio distribution with 95% Cl based on month
of birth in all immune-mediated diseases (n = 115,172) versus
general population. April peak and October trough of risk can be
observed.



Table 2 Birth percentages and monthly odds ratios with 95%CI for each and all immune-mediated diseases

Month All immune-mediated diseases Multiple sclerosis Rheumatoid arthritis

Birth % OR 95% Cl Birth % OR 95% Cl Birth % OR 95% ClI
Jan 8.63 1.02 + 0.99 to 1.04 8.51 1.0 057 to 105 844 0.99 095 to 1.03
Feb 7.90 101 099 to 1.04 7.76 099 095 to 103 7.94 1.02 098 to 1.06
Mar 8.88 1.00 098 to 1.02 B6&7 097 093 to 101 8.99 1.0 098 to 1.05
Apr 8.77 1.05 + 1.02 to 1.07 8.79 1.05 + 1.002 to 1.09 8.78 1.05 + 1.01 to 1.08
May 8.83 1.01 099 to 1.03 9.47 1.08 + 1.04to 1713 864 0.99 095 to 1.03
Jun 8.44 1.01 099 to 1.04 8.70 104 101 to 109 8.47 1.02 098 to 1.06
Jul 849 089 097 to 1.01 8.51 099 055 to 104 8.37 0.98 094 to 1.01
Aug 8.16 0.97 - 0.95 to 0.99 8.20 098 054 to 102 8.14 0.97 - 0.93 to 1.00
Sep 8.12 100 097 to 1.02 7.94 096 052 o 101 8.10 1.00 096 to 1.03
Oc 8.05 0.95 - 0.92 to 0.97 8.08 0.96 - 0.92 to 1.00 8.20 0.96 - 0.93 to 0.99
MNov 761 098 096 to 1.00 7.43 0.96 - 0.91 to 1.00 765 0.99 095 to 1.02
Dec 8.1 1.01 099 to 1.03 8.01 100 056 to 104 8.30 1.04 + 1.00 to 1.07
Month Ulcerative colitis Systemic lupus erythematosus Crohn's disease

Birth % OR 95% Birth % OR 95% Cl Birth % OR 95% ClI
Jan 863 102 097 to 1.06 9.57 1.14 + 1.03 to 1.27 8.99 1.06 + 1.01 to 1.11
Feb 8.07 1.04 + 0.99 to 1.09 7.86 100 0200 1.13 784 1.0 096 to 1.06
Mar 8.90 100 096 to 1.05 8.75 098 088 to 109 8.94 1.0 096 to 1.06
Apr 8.92 1.06 + 1.02 to 1.11 8.85 105 085t 1.18 854 1.02 097 to 1.07
May 8.73 100 096 to 1.05 9.71 112 + 1.01 to 1.24 8.40 0.96 - 0.91 to 1.01
Jun 8.25 089 094 to 1.04 7.61 090 081 w0 102 8.44 1.02 097 to 1.07
Jul 844 089 094 to 1.03 8.58 100 020w 1.12 8.75 1.03 098 to 1.08
Aug 8.15 0.97 - 0.93 to 1.02 840 100 0800112 813 0.97 092 to 1.02
Sep 8.18 100 096 to 1.05 7.57 0.91 - 0.81 to 1.02 8.45 1.04 + 0.99 to 1.10
Oc 7.9 0.93 - 0.88 to 0.97 793 094 084 to 105 7.89 092 - 0.87 to 0.97
MNov 769 089 095 to 1.04 7.09 0.91 - 0.81 to 1.03 778 1.00 095 to 1.06
Dec 8.13 1.01 097 to 1.06 8.13 102 051 o 1.14 7.84 0.97 093 to 1.03

+ and - indicate highest and lowest odds ratios, respectively. Cl: confidence intervals; OR: odds ratio.
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Figure 2 Odds ratio distribution based on month of birth in
England and Scotland. The highest and lowest odds ratios are
observed in Scotland but 95%C substantially overlap.



Familial risk
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Expression of the Multiple Sclerosis-Associated MHC a
. - u-J
Class Il Allele HLA-DRB1#71501 Is Regulated by Vitamin D &
Sreeram V. Ramagopalan >, Narelle J. Maugeri ™, Lahiru Handunnetthi ', Matthew R. Lincoln'?, Sarah-
Michelle Orton™> David A. Dyment'?, Gabriele C. DeLuca?, Blanca M. Herrera'”, Michael J. Chao™, A. L
Dessa Sadownick®™®, George C. Ebers'™, Julian C. Knight'* o
1Wellame Trust Centre far Human Genetics, University af Oxfard, Osdard, United Kingdam, 2 Department of Clinical Neuralgy, University of Ouxdard, Jahn Radcliffe E
Haspital, Codfard, United Kingdam, 3 Cepartment of Medical Genetics, Divisian of Neuralagy, University af Eritish Calumbia, UBC Haspital, vancauver, Eritish Calumbia, } g
Canada, 4 Fazuly af Medicine, Divisian af Neuralgy, University of British Calumbia, UBC Haspital, Vancauwer, British Columbia, Canada = f =
T
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22256 | o
Protein - + 4 + + + + + L_.-l
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5-Box X-box
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Y-box
TCAGATEHCTGATTGGTTCTCCAACACGAGATTACCCAACCCAGGAGCAAG
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GAAATCAGTAACTTCCTCCCTATAACTTGGAATGTEGGGTGGAGGGGTTCA

pGL3 SW40prom -
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Transcriptional start site
AGTTCTCCCTGAGTGAGACTTGCCTGCTTCTCTGGCCCCTGGTCCTGTC

pGL2 _DRB1prom_del -

pGL2_DRB1prom_hap1 -

Ramagopalan et al. PLoS Genet. 2009 Feb;5(2):e1000369.



THYMUS

CD31 CD45RA

Thymic Education Hypothesis

Capsule

Cortex
Medulla

Interlobular septum

Thymic corpuscle

Thymic lobule
" \ Thymus
Thymus
PERIPHERY

thymic najve Th-cells

CD31 CD45RA

self-Ag + S'
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3T

central najve Th-cells
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v

e

foreign-Ag +

Observed/expected No of births
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1.05

1.00

0.95

0.90

0.85
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Table. CD4+ and CD8+ sjTRECs and 25-hydroxyvitamin D
Among Individuals Born in May and November

$JTRECs/100 000 Monthly 25-hydroxyvitamin D,
Cells, Mean (95% CI) Mean, nmol/L

November
CD4+ 11089 (10205-11 973)

cD8+ 10414 (9509-11 319) fL
May
CD4+ 19547 (17 609-21 485) 8.4

CD8+ 25520 (22 488-28 552)

Abbreviation: sjTRECs, signal joint T-cell receptor excision circles.

Disanto et al. JAMA Neurol. 2013 Apr;70(4):527-8.




Genome-wide vitamin D receptor mapping using
ChlP-seq in Lymphoblastoid Cell Lines
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Enrichment for genes associated to autoimmune
disease and cancer

2.9 fold, P < 0.0001

3.5 fold, P < 0.0001
5.1 fold, P = 0.0001
4.0 fold, P <0.0001

Type 1 diabetes
Crohn's disease

Systemic lupus erthythematosis
Colorectal cancer

Chronic lymphocytic leukaemia
Tanning/skin sensitivity to sun

8.3 fald, P < 0.0001
5.4 fold, P < 0.0001

Hair color 7.2 fold, F < 0.0001
1.7 fold, P < 0.0001
2.8 fald, P 00002

2.2 fold, P 0.0003
0 e 4 B B 10
Fold ennichment

Height
Rreumatoid arthritis

Multiple sclerosis

-

Figure 3. Common traits showing enrichment of VDR binding within intervals identified by GWAS. A
total of 47 common diseases and traits were analyzed (see Methods and Supplemental Table 5) and
those showing significant enrichment of VDR binding defined by ChIP-seq in two LCLs after calcitriol
stimulation with a 1% FDR are shown.

Ramagopalan et al, 2010



Can vD be used as a MS disease modifying therapy?
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Vitamin D as an early predictor of MS activity and progression

Probability of Converting to COMS After 1y
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Ascherio JAMA Neurol. 2014 Mar;71(3):306-14.



Vitamin D as an early predictor of MS activity and progression

16+ 180+
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Ascherio JAMA Neurol. 2014 Mar;71(3):306-14.



Vitamin D as an early predictor of MS activity and progression
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d25-OH D3 (nmol/l)

Multivariate International CIS risk factor study - 25-OH D3
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Kuhle et al. submitted 2014.



Hazard of relapse

Higher 25-OH vD is associated with lower relapse risk
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vD status predicts new brain MRI activity in MS

1.2

New T2 Lesions Gadolinium-Enhancing intiles of Vi
Lesions L
1 B Reference Quintile («19.3'
£ 08 s
E = Quintile 2 (19.3-25.3)
£ 06 G
e« Quintile 3 (25.4-30.2)
1]
g 04
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p value (trend) 0.032 0.006

FIGURE: Magnetic resonance imaging outcomes associated

with quintiles of vitamin D. CI = confidence interval. @ @

* EPICis a 5-year longitudinal MS cohort study at the UCSF.
* 469 subjects annual clinical evaluations, brain MRI, and biomarkers. @

* Each 10ng/ml higher vitamin D level was associated with lower
subsequent disability (-0.047; 95% Cl = -0.091 to -0.003; p = 0.037). @

Mowry et al. ANN NEUROL 2012;72:234-240.



Chicken or Egg

Association?

Causation?




The effect of the systemic inflammatory response on plasma
vitamin 25 (OH) D concentrations adjusted for aloumin
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Hypothesis

“Hypovitaminosis D3 is a consumptive vitaminopathy.”

Therefore, the association between low vD levels and
disease is due to reverse causation.

® Association?

Causation? .
- .-,J e



Immunomodulatory effects of vD in MS
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Seasonal Effects




Seasonal patterns in optic neuritis and MS: a meta-analysis

Pooled results

——- MON/RN onset —a— MON/REN onset
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Fig. 3. Seasonal proportion in pooled MON/RN, MS onsets and MSE.
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95% CL

Jin et al. J Neurol Sci 2000:181;56—64.



Solar radiation [Wh/m?]

Daily temperature ['F]
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Seasonal prevalence of MS disease activity

Intensity of disease activity

A New lesion rate
(310 new lesions in 939 exams)

B New lesion rate
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Meier et al. Neurology 2010;75:799-806.



vD and disease activity in MS before and during IFN-beta treatment
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The effect of vitamin D-related interventions on
multiple sclerosis relapses: a meta-analysis

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight |V, Random, 95% CI IV, Random, 95% CI
Burton 2010 4 24 g 23 21.3% 0.31[0.08, 1.21] - = I
Kampman 2012 6 35 4 33 21.2% 1.50 [0.38, 5.88] e
Shayganeejad 2012 8 25 9 25 25.5% 0.84 [0.26, 2.70] I
Soilu-Hanninen 2012 a8 34 7 32 259% 1.10[0.35, 3.48]
Stein 2012 4 11 a 12 6.0% 15.00[0.70, 319.52] " y
Total (95% CI) 129 125 100.0% 0.98 [0.44, 2.17] .
Total events 30 29
Heterogeneity: Tau? = 0.29; Chi? = 6.24, df = 4 (P = 0.18); I? = 36% "u.u y ﬁf y 3 ,|=ﬂ y D[}i
Test for overall effect: Z = 0.05 (P = 0.96) Favours experimental Favours control

James et al. Mult Scler. 2013 Oct;19(12):1571-9.



The effect of vitamin D-related interventions on
multiple sclerosis relapses: a meta-analysis

Table 4. Characteristics of currently on-going trials.

Clinicaltrials.gov identifier Vitamin D group Placebo group Study duration [weeks] Estimated enrolment
intervention intervention

NCTOI 198132 100,0001U/month vitamin Rebif 3x/week 96 250
D3
Rebif 3%/week

NCTO 1420502 30001U/day vitamin D3 6001U/day vitamin D3 104 172
Copaxone Copaxone

NCTO1024777 10,000IU/day vitamin D3 4001U/day vitamin D3 26 40

NCTO01285401 6670IU/day (4 weeks), Rebif 3x/week 96 358
| 4,0071U/day (92 weeks)
vitamin D3
Rebif 3x/week

NCTO 1440062 20,4001U alternate day 400IU alternate day 78 80
vitamin D3. Interferon Blb. vitamin D3. Interferon

Glb

James et al. Mult Scler. 2013 Oct;19(12):1571-9.



Example: "Hear sitsck™ AND "Los Angeles™

ClinicalTrials.gov Search for studies: | [Searcn]
A service of the U.3. National Institutes of Health Advanced Search | Help | Studies by Topic | Glossary
Find Studies About Clinical Studies Submit Studies Resources About This Site
Home > Find Studies » Search Results Text Size ~

29 studies found for:  “itamin D multiple sclerosis
Modify this search | How to Use Search Resulis

List By Topic 0On a Map Search Details

+ Show Display Options T Download  Subscribe to RSS

[ Include only open studies O Exclude studies with unknown status

Rank Status
1 Not yet
recruiting

2 Completed

3 Completed

4 Completed

5 Recruiting

6  Terminated

T Recruiting

8 Completed

9 Recruiting

Study

Role of Vitamin D in Reducing the Relapse Rate in Patients With Multiple Sclerosis
Condition: Multiple Scleresis
Interventions: Dietary Supplement: Vitamin D3; Dietary Supplement: Placebo

Safety and Immunologic Effect of Low Dose Versus High Dose Vitamin D3 in Multiple Sclerosis
Conditions: Multiple Sclerosis; Vitamin D Deficiency
Intervention: Drug: Cholecalciferol

Safety Trial of High Dose Oral Vitamin D3 With Calcium in Multiple Sclerosis
Condition: Multiple Scleresis
Intervention: Dietary Supplement: Witamin D3

Vitamin D3 Supplementation and the T Cell Compartment in Multiple Sclerosis (M5)
Condition: Multiple Sclerosis
Intervention: Distary Supplement: vitamin 03

Pharmaccokinetics of Vitamin D in Multiple Sclerosis and in Health
Condition: HKultiple Sclerosis, Relapsing-remitting
Intervention: Dietary Supplement: Witamin D3

The Effects of Interferon Beta Combined With Vitamin D on Relapsing Remitting Multiple Sclerosis
Patients

Condition: WULTIPLE SCLEROSIS
Intervention: Dietary Supplement: Witamin D3

Correlation Between Relapses in Multiple Sclerosis (MS) and Vitamin D Intake
Condition: HNultiple Scleresis
Intervention:

Vitamin D Pilot Study in Patients With Multiple Sclerosis
Condition: Relapsing Remitting Multiple Sclerosis
Intervention: Drug: 19 nor vitamin d

Vitamin D Supplementation in Multiple Sclerosis
Condition: Relapsing Remitting Multiple Sclerosis
Intervention: Drug: Vitamin 03




What dose of vitamin D?



Vitamin D Status in Primates and Early Humans

[N
(o))
o

=
N
o

1N
o

Serum 25(OH)D nmol/L
o0
o

o

Humans exposing full “Normal”

skin surface to

o taking 25 mcg/d 4000 1U/da
Sunshine’s UVB 1000 1U/day /day

Old-World Primates Blood Levels when 100 mcg/d

Physiological adult intake
Slide adapted from Reinhold Vieth

Sources, include Cosman, Osteoporosis Int 2000; Fuleihan NEJM 1999; Scharla Osteoporosis Int 1998; Vieth AJCN 1999, 2000



Maasal median 25(OH)D = 104 nmol/L = 41 ng/mL
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Slide adapted from Reinhold Vieth Luxwolda et al. British Journal of Nutrition (2012), 108, 1557-1561



Osteopaenia: z-scores are lower in MSers

Lumbar spine

Femoral neck (NS)

Study or Subgroup

Mean Difference
IV, Random, 95% CI

MNieves 1994

Schwid 1996

Dovio 2004
Weinstock-Guttman 2004
Qzgocmen 2005
Mojtahedi 2008
Shuhaibar 2009

Terzi 2010

Triantafyllou 2011

Total (95% Cl)  -0.41[-0.82, 0.00]

F . ————
——
——

—_—

—_—
'l d

-

-2 R

0 1 2

Lower z-score in MS  Lower z-score in controls

Mean Difference
Study or Subgroup IV, Random, 95% CI
Dovio 2004 —
Mojtahedi 2008 TV
Nieves 1994 ——
0Ozgocmen 2005 —
Schwid 1996 —_—
Shuhaibar 2009 -
Terzi 2010 —
Triantafyllou 2011 -
YWeinstock-Guttman 2004 —_—
Total (95% CI) -0.49 [-1.01, 0.03] L 2

% 1 T
-4 -2 0 2 4
Lowerz-score in MS  Lower z-score in controls

Dobson et al. Mult Scler. 2012 Nov;18(11):1522-8.




HES data: risk ratio of fractures in MS

Rate Ratio (95%

Fracture (ICD code*) Observed  Expected . . P value
confidence interval)

All fracturest 4414 2238.3 1.99 (1.93-2.05) <0.001
Ribs (S22.2-522.4) 161 130 1.24 (1.06-1.45) 0.007

Clavicle (S42.0) 83 52.6 1.59 (1.26-1.97) <0.001
Humerus (S42.2-S42.4, S42.7) 415 204.2 2.05 (1.86-2.26) <0.001
Forearm (S52) 448 493.5 0.91 (0.82-1.00) 0.042

Wrist/Hand (S62) 157 188.1 0.83 (0.71-0.98) 0.025

:g'zv';/ Lumbar spine (532.0- 293 187.7 1.57 (1.39-1.76) <0.001
Tibia/Ankle (S82) 1393 506.1 2.81 (2.66-2.96) <0.001
Foot (S92) 194 95.5 2.05 (1.77-2.37) <0.001
Femur - neck of (§72.0-S72.2) 1579 574.2 2.79 (2.65-2.93) <0.001
Femur - other (572.3-572.8) 543 85.8 6.69 (6.12-7.29) <0.001
Femur - unspecified (572.9) 88 18.5 4.91 (3.92-6.08) <0.001

Ramagopalan et al. BMC Neurol. 2012 Nov 5;12:135.



Conclusions

MS prevention
— Population health-based initiatives
— Targeted high-risk population studies (children and siblings of people with MS)

Low vD levels are associated with MS disease activity
— relapses, disease progression and MRI activity (Gd, T2 and brain volume loss)

Possible reverse causation
— The consumptive hypovitaminosis hypothesis
— Arguments against consumptive hypovitaminosis hypothesis
* Worldwide MS epidemiology (latitude, migration, sex ratio, changing incidence, MoB effects)
* Seasonal variation of MS onset and disease activity
— Current evidence-base regarding treatment is unconvincing
— We need large well-controlled randomised clinical trials (easier said than done)

We need more basic science to support the causation theory
What dose?

— Evolutionary medicine suggests we need to target a blood plasma level above 100nmol/L

What advice?

— To supplement to achieve a year long blood levels of > 100-120 nmol/L
— Inthe UK we can’t rely on diet or sun exposure to achieve these levels
— EFSA or Vitamin D council recommendations

Don’t forget bone health as a justification to act now



Back-up slide



The effect of vitamin D-related interventions on

multiple sclerosis relapses: a meta-analysis

Table 3. Serum 25(OH)D levels at baseline and end of study for high dose vitamin D treated group and control group.

First author and year Mean high dose vitamin D 25(0OH)D level Mean control 25(CH)D level [nmol/L]
of publication [nmol/L]

Baseline End of study Baseline End of study
Burton 2010 73 4]3* 83 NIA
Kampman 2012 55.56 123.17 57.33 61.8
Shayganeejad 2012 MN/A N/A N/A N/A
Soilu-Hanninen 2012 54 110 56 50
Stein 2012 Lo | 107 S4FF 55+

25(0OH)D — 25-hydroxyvitamin D.
*Following the 40,000IU/day dosing period.
“Median.

James et al. Mult Scler. 2013 Oct;19(12):1571-9.



The conditions for which our human genome was selected
offer a reasonable basis for optimal nutrition.

“"Modern” humans have existed for 100,000 years

Slide adapted from Reinhold Vieth



What dose of vD depends where you live?

no vD for >6 mo/yr

no vD for 1-6 mo/yr
vD all year

no vD for 1-6 mo/yr

no vD for >6 mo/yr

=y
=
o
e
3
&
3

Slide adapted from Reinhold Vieth



Level of vD supplementation

TAELE 1
25-Hydrozyvitamin [23(CHID] concentrations under sun-rich living
conditions
Eeference, vear, and subjects Location 2o{CH)D
mmall L,

Haddock et al {23), 1982 Puerto Rico

Hospital persennel (n = 26) 103

Farmers (n = 18) 135
Haddad and Eyung (243, 1971 St Louts

Lifeguards (n =9 163
Better et al (257, 1980 Tsrael

Lifeguards (z=34) 148

Circulating 25(OH)D (nmol/L)
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Veith Am J Clin Nutr 1999;69:842-56.
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European Food Safety Authority EFSA Journal 2012;10(7):2813

SCIENTIFIC OPINION

Scientific Opinion on the Tolerable Upper Intake Level of vitamin D!
EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA}E' 3

European Food Safety Authority (EFSA), Parma, Italy

ABSTRACT

Following a request from the European Comumission. the Panel on Dietetic Products, Nutrition and Allergies was
asked to re-evaluate the safety in use of vitanun D and to provide, if necessary, revised Tolerable Upper Intake
Levels (ULs) of vitamin D for all relevant population groups. The ULs for adults including pregnant and
lactating women, children and adolescents were revised. For adults, hypercalcaemia was selected as the indicator
of toxicity. In two studies in men, intakes between 234 and 275 pg/day were not associated with hypercalcaenua,
and a no observed adverse effect level (NOAEL) of 250 pg/day was established Taking into account
uncertainiies associated with these studies, the UL for adults including pregnant and lactating women was set at
100 pg/day. Despite a contmung pauctty of data for high vitamin D imtakes in children and adolescents, the UL
was adapted to 100 pg/day for ages 11-17 vears. considering that owing to phases of rapid bone formation and
growth this age group 1s unlikely to have a lower tolerance for vitamin D compared to adults. The same applies
also to children aged 1-10 years, but taking into account their smaller body size, a UL of 50 pg/day 15 proposed.
For mfants_ the UL of 25 pg/day based on previously available data relating high vitamin D mtakes to impaired
growth and hypercalcaenua was retained as linmted additional evidence has emerged since the previous nisk
assessment. Data on vitamin D intakes from surveys in 14 European countries indicate that intakes in high
consumers are below the revised ULs for vitamun D for all population groups. © European Food Safety
Authority, 2012



Register / Log in

VITAMIN COUNCIL

Information on the latest vitamin D news and

research. @ ° o Search ﬂ

Find out more information on deficiency, supplementation,
sun exposure, and how vitamin D relates to your health.

v

HOME ABOUT VITAMIN D HEALTH CONDITIONS NEWS ABOUT US BLOG

VITAMIN D NEWSLETTER

joesmith@gmail.com

SIGN ME UP!

DONATE

Does vitamin D play a role in influenza? JOIN

TODAY!

Influenza epidemics occur in the winter, and it is thought that vitamin D might bea
factor that can affect your chances of getting the flu. Continue reading —

www.vitamindcouncil.org



http://www.vitamindcouncil.org/

How much vitamin D do | need to take?

Different organizations recommend different daily intakes. Here are the recommendations
from some organizations in the United States:

Recommended daily intakes from various organizations:

Vitamin D Council Endocrine Food and
Society Nutrition Board
Infants 1,000 IU/day 400-1,000 400 IU/day
IU/day
Children 1,000 IU/day per 600-1,000 6oo IU/day
25lbs of body weight IU/day
Adults 5,000 [U/day 1,500- 6oo IU/day, 8oo
2,000 IU/day for seniors
IU/day

The Food and Nutrition Board recommended daily intakes are the official
recommendations by the United States government.

Why are the recommendations so different? Some researchers believe that

thereisn’t enough evidence to support taking higher amounts of vitamin D yet. On the
other hand, some researchers believe that research is proving, or will prove, that taking
lower amounts isn’t enough.

www.vitamindcouncil.org



http://www.vitamindcouncil.org/

Do | put my money where my mouth is?
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Common genetic determinants of vitamin D insufficiency:
a genome-wide association study

Tz | Wang *, Feng Zhang®, | Brent Richards®, Bryan Kectenboum®, [oyoe B van Meurs*, Dione Bery®, Douglns P Kel, Elizabechd Streeten,

(oes Ofilzson, Dard L Koller, Leena Peftonent, joson D Cooper, Poul F OReilly, Denise K Houston, Nicole £ Gloaer, Liesbeth Yondenpot, fdonro Peacod,
Jeia Shi, Fernandn Rivadansie, Mark | McCartfy, Pouta Annel], lon H de Boer, Massimo Monging, Bemet Ento, Deborah | Smpth, SarahL Booth,

Pl F Jarques, Greg L Burke, Mark Goodor, ChingsLimg Cheung, Myles Wolf, Kenneth Rice, Dovid Goltaman, Kick Hidiroglow, Martin Lodoocesy,
Michokas | Wareham, Lynme | Hooking, Deborah Hart, Nigel K Arden, Cweus Cooper, Suned Malik, Wilklam D Fraser, Anno<Lisa Hartikainen,

Gumngjy fhai, Helen M Maocdonaid, Nita G Forouhi, Ruth | F Lo, Doid M Raid, Alan Hokim, Einine Dennison, Yongme Liv, Chns Fower,

Heden £ Seevers, Loitinen Joana, Romachandron S Viosan, Nicole Sarnzn, jorg Bojunga, Broce M Py, Mot tos Lorenton, Tatvona Foroud,

Tamarm B Hars, Adbert Hofrman, [ahn«(fov janscom, jane A Couley, Andve G Uitterlinden, Quince Gibsan, Marjo-Ritt fanselin, Dmd Earosil,

rovid 5 Siscowick, Michael | Econs, Stephen & Kritchevsky, jose € Aoz, john A Todd™, Josee Depuis®, Efng Hypponen®, Timaotfy [ Spector®

Summary

Background Vitamin I is crucial for mai v of musculoskeletal health, and might also have a mle in extraskeletal
tissues. Determinants of drcalating 25=hydroxyvitamin D concentrations inclode sun exposure and diet, but high
heeritalsility suggests that genetic factors could also play a part. We aimed o identify common genetic varants affecting
vitamin [} concentrations and risk of insufficiency.

Methods We undertook a genome-wide assodation study of 25-hyd raxyvitamin D concentrations in 33 996 individuals
of European descent from 15 cohorts. Five epidemiological cohorts were designated as discovery coborts (n=16 125),
frve as inesilico replication cohorts [ne=9367), and five as de-novo replication cohorts {n=8504). 25-hydroxyvitamin D
concenirations were measured by radivimmunoassay, chemiluminescent assay, ELISA, or mass spectrometry.
Vitamin [ insufficiency was defined as concentrations lower than 75 nmal/L or 50 nmaol /L. We combined results of
genome-wide analyses across cohorts using Zescore-weighted meta-analysis. Genotype scores were onstructed for

[T Wiang MY, Disbsten,  CO0firmied variants.
Ewmearch Carnter (Duaksetes U]
UCFlomm POl ardSmnterfor  Gindings Variants at three lod reached genomewide significance in discovery cohorts for association with
ul:;::-ul_ﬁ 15hydroxyvitamin [ concentrations, and were confirmed in replication. cohorts: dpl2 joverall p=l.B10F for T 2 T
o Hompital, Bowton, W, TEZZBZ67Y, in GOJ; 11gl2 (pe2 - LellF3 for rs1278557E, near DHCRT); and 11pl5 [p=3. 3020 for rel0741657, near reat-2-1a rget
Ua; Hebrew Sembarlie,  CYPZRI). Varfants at an additional loous ([20q13, CYPZ4AT were genomeswide significant in the pooled sample
;ﬂﬁmm [p=&-0xl0F® for reGO13897). Participants with 1 genotype score [combining the three confirmed variants) in the
rnrn-ll m“u_gsm highest quartile were at increased risk of having 25-hydroxyviamin @ concentrations lower than 75 nmol/L (OR
O Karit PR00), Barvard Mackicall 2+ 47, B398 C1 2- 202 - T8, p=2.3u10~48) ar lower than 50 nmn]ll'l. {1-92, 1-Fl=2 - 16, p=]-Du 1025} mvpu:ud with those
school, Beaton, Ma, US4 in the lowest quartile.
(7] Wang, | € Mo
h—d_,““ﬁ Interpretation Variants near genes involved in cholesterol synthesis, hydroxglation, and vitamin D transport affect
(Tjwergoreel, Vitamin [ status. Genetic vanation at these loci identifies individuals who have substantially mised risk of
FefRSVmn 0%, vitamin D insufficiency.
Prok | Duprem PRD|: Coopartmant
l: MI m.[.:f:‘-: Funding Full funding sources listed at end of paper [see Acknow ledgments).
Lordon, London, L
¥ Zhang Pl M MangieaPst,  |ntroduction Personal, socal, and cultural factors are important
Gn::':;":;“:: Vitamin D insufhciency affects as many as half of  determinants of vitamin D availability via their effects on
Prof T Dipecss ML rwish otherwise healthy adubts in developed countries! The  sun exposure and diet. Sufficient exposure to ultraviolet
Comenlbopitd - mMusculoskeletal consequences of inadequate viamin D kight or adequate intake from diet or supplements =
OtreniRchach 0, copcentrations are well establshed, and indude needed to maintain vitamin D status. Concentrations of
i L MO hildhood rickets, asteomalacia, and fractures.? Agrowing  the  widely accepted  biomarker for vitamin D,
\Frofickzmnugy, Tumber of other disorders have also been Linked to  2Shydroxyvitamin D, are highest in the summer and
Depetmert oiMadicine  vitamin [F insufficiency, although causal associations  kewest in the winter in nesthern latitudes. However, only

Interpretation Variants near genes involved in cholesterol synthesis, hydroxylation, and vitamin D transport affect
vitamin D status. Genetic variation at these loci identifies individuals who have substantially raised risk of
vitamin D insufficiency.
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