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Vitamin D and Multiple Sclerosis Recommendations

BACKGROUND

The association between vitamin D status and risk for multiple sclerosis (MS) prevention and/or disease
modification has been the centre of considerable research and public discussion over the last decade.
Studies ranging from mechanistic (cell and animal models) to population health to clinical trials have
explored how low vitamin D status influences MS risk and whether vitamin D can be used as a
standalone or add-on treatment for MS. To date, varying study approaches and inconsistencies in
findings have limited the capacity to develop evidence-informed, clear recommendations on vitamin D
for people affected by MS.

Despite the lack of definitive recommendations, people living with MS are vocal regarding their interest
in vitamin D and its relationship to the disease. They want to know whether they should test their
vitamin D status, whether supplementation is necessary, and if so how much supplementation is
required and what the best sources of vitamin D are. They access various sources to obtain this
information such as their healthcare team, organizations like the MS Society of Canada, friends and
family, the internet and social media. It is therefore imperative that they are provided with clear,
accurate information to make the best decisions for them regarding vitamin D.

DEVELOPING STATEMENTS AND ESTABLISHING CONSENSUS

In early 2016, the MS Society of Canada convened a panel of scientific and clinical experts, staff from
other national MS patient organizations, and a person affected by MS to discuss the available evidence
on the link between vitamin D and MS. The purpose of the meeting was to begin the process of
developing evidence-driven statements that can help guide people affected by MS in making informed
decisions about their health. The recommendations will also support healthcare professionals and policy
makers by providing them with a detailed assessment of the evidence on vitamin D and MS that will
guide clinical practice and public health policy.

Discussions at the in-person meeting led to the creation of key statements on vitamin D and MS that
would provide guidance in four areas: prevention, disease modification, comorbidities (presence of
more than one condition), and toxicity. Following the meeting, email exchanges and teleconferences
were held during which members of the panel identified and graded scientific publications relevant to
each statement (see grading system in Appendix). The relatively small number of relevant published
studies, particularly randomized clinical trials, limited the panel’s ability to conduct a formal systematic
review and meta-analysis. The statements were then discussed and revised in a follow-up
teleconference, and final grades were assigned based on thoughtful assessment of the level of evidence
supporting each statement and expert consensus.
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INTRODUCTION

Vitamin D for General Health
Vitamin D plays an essential role in human health, primarily in calcium and phosphate regulation to

support bone health. Before vitamin D can act at the tissue level it must first be converted to 25-
hydroxyvitamin D in the liver and then to 1,25-dihydroxyvitamin D — the active hormone that is the main
functioning unit. An individual’s vitamin D status can be measured in two ways — vitamin D dietary
intake and vitamin D levels in the blood. The latter gives a true picture of vitamin D status, and is
determined by measuring the amount of 25-hydroxyvitamin D in in the blood®.

In addition to the well documented role in bone health, evidence is emerging from ecological and
observational studies that the active form of vitamin D — 1,25-dihydroxyvitamin D — also has functions in
immune, cardiovascular, and neurological systems, as well as glucose regulation and placental function.
This is supported by knowledge that the active vitamin D hormone is synthesized not only in the liver
but in cells in the placenta, pancreas, prostate, breast, and in immune cells such as macrophages. Such
information has been the basis of observations of the association of vitamin D status in humans and
certain cancers, immune disorders, cardiovascular disease, abnormal glucose metabolism, and
neurodegenerative diseases.

Recommended Vitamin D Intake

Health Canada has published recommendations for daily consumption of vitamin D which are based on a
2010 report from the U.S. Institute of Medicine: Infants 0-1 year - 400 IU (10 pg)/day; children and
adults 1-70 years - 600 1U (15 pug)/day; adults over 70 years - 800 U (20 pg)/day. The recommended
intake is the same for males and females. For pregnant and lactating women, the recommendation is

the same as for adults. For adults over 50 years, Health Canada recommends a daily vitamin D
supplement of 400 IU since aging may reduce the efficiency of vitamin D synthesis in the skin. Too much
vitamin D can be harmful, so Health Canada also recommends an upper intake limit of 4000 IU (100
ug)/day unless there is a medical reason such a malabsorption or bone disease that requires higher
intakes as directed by a physician.

Sources of Vitamin D

Vitamin D can be obtained from food and supplements, and humans are able to synthesize vitamin D in
the skin when exposed to ultraviolet radiation from the sun in the summer months. Black pigment in
skin reduces the production of vitamin D, therefore people with pigmented skin are more at risk of low
vitamin D status and may need supplements to acquire adequate vitamin D, especially during Canadian
winters. While skin exposure to the sun can result in obtaining sufficient vitamin D, excessive exposure
has been associated with risk of skin cancer, therefore one should follow Health Canada

1 Provinces and territories do not cover the cost of vitamin D tests for the general public. Certain health conditions
are exempt from the cost, though multiple sclerosis is not currently one of them.


https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-eating/vitamins-minerals/vitamin-calcium-updated-dietary-reference-intakes-nutrition.html
https://www.canada.ca/en/health-canada/services/sun-safety.html?_ga=2.215330967.18389.1519828613-1383043435.1519828613

Multiple
Sclerosis

Society of
® Canada

recommendations for safe sun exposure. Coverage of the skin with low SPF (<30) sunscreen will allow

some vitamin D to be produced in the skin.

Food sources of vitamin D are primarily fatty fish (e.g. salmon and mackerel), egg yolks and vitamin D
fortified foods. In Canada, cow’s milk and margarine have mandatory regulations for vitamin D
fortification. Voluntary fortification is also done for some orange juice and plant milk products.

In Canada, vitamin D supplements are primarily found in pill form as vitamin D3 (cholecalciferol) — the
form that is made in the skin. Vitamin D2 (ergocalciferol) is derived from plant sources and is used in
foods and supplements but primarily in the United States. It is thought that vitamin D3 is the most
biologically active form but this is debated. Of note, the Food and Drug Administration does not regulate
Vitamin D supplements, hence the potency of supplements may vary between preparations. To absorb
the largest amount of vitamin D from a supplement or vitamin D fortified food source, it should be taken
with the meal that contains the highest amount of fat since vitamin D is soluble in fat. The time of day
of vitamin D supplementation does not appear to affect the absorption of vitamin D. Vitamin D can also
be taken as an emulsion and obtained from cod liver oil, however it’s important to discuss these
applications with a healthcare professional to understand dosing, benefits and safety.

Vitamin D and Multiple Sclerosis

As new research evidence emerges, experts are assessing the role vitamin D plays in the development
and course of MS. The recommendations in this report are based on assessment of the available
evidence, and are intended for those who are at risk — as defined in the following section — of
developing MS and those who live with MS.


https://www.canada.ca/en/health-canada/services/sun-safety.html?_ga=2.215330967.18389.1519828613-1383043435.1519828613
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VITAMIN D AND MS RECOMMENDATION STATEMENTS

1. Multiple Sclerosis prevention for at-risk populations

1-1 Adults deemed to be at risk? of developing multiple sclerosis (MS) are advised to achieve and
maintain a normal vitamin D status defined as serum 25-hydroxyvitamin D in the target range of 50-
125 nmol/L (20-50 ng/ml). Once this level has been achieved, they are encouraged to consult with
their primary care physician about the frequency of monitoring on the basis of changes in health
status. Vitamin D testing is advisable but not essential.

(Level 3 evidence, Grade C recommendation)

Additional considerations

= Additional evidence provided by genetic studies (e.g. Mendelian Randomization)
supports the epidemiological evidence that there is an association between higher
vitamin D status and reduced MS risk.

= Although these genetic studies are unable to prescribe target vitamin D status for at
risk populations, they eliminate confounding factors and strengthen the
epidemiological observations.

= Careful language is needed to avoid the term “genetic risk” which may mislead the
public to think that they can be genetically screened for MS risk based on vitamin D
alleles.

1-2 Due to limited direct evidence for supplementation, and variable responses to supplementation,
adults at risk of developing MS should follow the Health Canada recommended daily vitamin D3
supplementation range for healthy people (600 up to 4000 IU for individuals at risk of lower vitamin
D status) to achieve target vitamin D status of 50-125 nmol/L (20-50ng/ml) for reducing MS risk.

(IOM supplementation range: Level 1+ evidence, Grade A recommendation)
(Optimal risk reduction status: Level 4 evidence, Grade D recommendation)

1-3 Given evidence that low serum 25-hydroxyvitamin D levels during childhood and adolescence are
associated with increased MS risk, it is proposed that all children and youth consume vitamin D
supplements (see Health Canada and American Academy of Pediatrics recommendations). Children
of parents with MS have a higher MS risk than the general population, thus it is suggested that
children have serum 25-hydroxyvitamin D levels monitored and their practitioners ensure that their
serum levels remain in the recommended range for target vitamin D status (serum 25-
hydroxyvitamin D levels of approximately 75 nmol/L (30ng/ml)).

(Current standard of practice)

2 “3t risk” population defined as first-degree relatives (parents, children, and siblings) of a family member with MS. Children with a first degree
relative with MS (i.e. parent or sibling) have a 3-5% absolute risk of developing MS, which is higher than the general population. Individuals
should bear in mind other lifestyle factors that could modify one’s risk of developing MS, including past exposure to Epstein - Barr virus,
smoking and second-hand tobacco exposure, and obesity.

Also, of note, obesity may result in lower vitamin D levels, hence, obese people may need higher doses of vitamin D to achieve the same serum
level as those with normal weight.


https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-eating/vitamins-minerals/vitamin-calcium-updated-dietary-reference-intakes-nutrition.html#a10
http://pediatrics.aappublications.org/content/122/5/1142
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1-4 All women of childbearing age should take a prenatal multivitamin that includes vitamin D to achieve
intakes of 600 IU/day up to 4000 IU/day. Vitamin D supplementation should continue throughout
pregnancy and in women who are breastfeeding. Health Canada recommends that all breastfed,
healthy term babies receive a vitamin D supplement of 400 IU/day.

(IOM supplementation range: Level 1+evidence, Grade A recommendation)

2. Multiple Sclerosis disease modification

2-1. Some evidence suggests that vitamin D can modify disease course in adults with MS. Optimal
levels of vitamin D to achieve this are unknown and are currently being evaluated in clinical
trials. Observational evidence suggests that serum 25-hydroxyvitamin D levels in the range of
50 — 125 nmol/L (20-50 ng/ml) may be beneficial. Vitamin D3 supplementation up to 4000 IU
per day in adults is well tolerated and, as this is the recommended daily upper intake, should
not cause harm.

(Level 3 evidence, Grade C recommendation)

Additional considerations
= (Clinical trials studying vitamin D supplementation as a treatment for MS to date have
not been powered to sufficiently evaluate disease outcomes; these were primarily
pilot trials designed to evaluate safety and follow-up times were short. Ongoing trials
that are scheduled for completion over the next few years are expected to provide
more clarity about efficacy of vitamin D as an intervention (either alone or as an add-
on therapy) for disease modification.

2-2. In children and adolescents under the age of 18, serum 25-hydroxyvitamin D status should be
measured upon diagnosis of a first clinical demyelinating event, and levels should be
monitored every 6 months on follow-up.

(Level 4 evidence, Grade D recommendation)

2-3. Children and adolescents diagnosed with MS should be advised to start with daily vitamin D3
supplementation of 600 up to 1000 IU, with the dose increased under the guidance of their
physician incrementally until target range of 75 nmol/L (30 ng/ml) is achieved and maintained.
Status should be monitored every 6 months on follow-up, although more frequent monitoring
may be required if health status or body weight are changing.

(Level 3 evidence, Grade C recommendation)

2-4. Administration of vitamin D should not be used as a standalone treatment for multiple
sclerosis.

(Level 3 evidence, Grade B recommendation)

3. Multiple Sclerosis and comorbid conditions

3-1. People living with MS are at increased risk of osteoporosis, falls and bone fractures; this risk is
attributable to an increased propensity for mobility and balance impairments and a sedentary


https://clinicaltrials.gov/ct2/results?cond=multiple+sclerosis+vitamin+D&term=&cntry=&state=&city=&dist=
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lifestyle. Although there is no definitive association between vitamin D supplementation and
bone fractures in MS, people living with MS should supplement with vitamin D at levels
recommended by Health Canada to achieve minimum serum 25-hydroxyvitamin D levels that
are protective for bone health in the general population.

(IOM supplementation range: Level 1+ evidence, Grade A recommendation)

4. Toxicity

4-1. The tolerable upper intake level (amount not to be exceeded in one day) for vitamin D in

4-2.

individuals living with or at risk of MS should be aligned with current Health Canada
recommendations for the general population which is 4000 IU (100ug)/day. Intake at this level
should be safe and not require continued monitoring.
(Level 2 evidence, Grade B recommendation)
Additional considerations
= Greater precautions must be taken in individuals with renal disease, parathyroid
disease and endocrine malignancies who have an increased risk of hypercalcemia;
supplementation should be done under careful monitoring of a physician.
= To correct vitamin D deficiency, weekly doses may be as effective as daily doses.
However, monthly high doses may not be adequate to correct deficiency although
may maintain normal status once it is achieved. Monthly high doses to 50,000 IU
vitamin D appear to be safe.
= For any supplement of vitamin D, but especially if the source is a liver oil such as cod,
check that the dose of vitamin A contained in the prescribed pro does not exceed the
following Health Canada recommended upper levels of intake: Infants to 3 years =
600 ug/day; children 4-8 years = 900 ug/day; 9-13 years = 1700 ug/day; 14-18 years -
2800 ug/day; and adults = 3000 ug/day.

Short-term, high-dose vitamin D supplementation above the tolerable upper intake level (i.e.
loading dose) is acceptable clinical practice in the treatment of individuals living with MS who
present with hypovitaminosis D, provided appropriate monitoring of the individual’s health
status is followed.
(Level 2 evidence, Grade B recommendation)
Additional considerations
= Aloading dose approach is unnecessary unless: (1) serum 25-hydroxyvitamin D < 30
nmol/L (12 ng/ml) and (2) the patient is unresponsive to oral dosing. Loading dose
would be maintained at least until values of serum 25-hydroxyvitamin D exceed 50
nmol/L (20 ng/ml).

ENDORSED BY:

Canadian
Metwork of

. %S Clinics THE CONSORTIUM OF
MULTIPLE SCLEROSIS CENTERS




Multiple
Sclerosis

Society of
® Canada

Vitamin D and MS Evidence Grading System

Level or grade Criteria

Evidence

1+ Systematic overview or meta-analysis of
randomized controlled trials

1 Randomized controlled trial with
adequate power

2+ Randomized controlled trial that does
not meet level 1 criteria

3 Nonrandomized clinical trial or cohort
study

4 Before-after study, cohort study with

noncontemporaneous controls, case—
control study

5 Case series with controls

6 Case series without controls

Recommendation

A Supported by level 1 or 1+ evidence
plus consensus

B Supported by level 2 or 2+ evidence
plus consensus

(& Supported by level 3 evidence plus
consensus

D Any lower level of evidence supported

by consensus

Adapted from 2002 recommendations for the management of osteoporosis published by Osteoporosis Canada
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http://www.robynbaldwin.com/

Multiple
Sclerosis
Society of
® Canada

Dr. Amit Bar-Or
Melissa And Paul Anderson President’s Distinguished Professor, Department of Neurology, Perelman
School of Medicine, University of Pennsylvania

President, Canadians Network of MS Clinics

(formerly: Neurologist and neuroimmunologist and Professor, Department of Neurology and
Neurosurgery, Montreal Neurological Institute and Hospital)

Dr. Kathryn Fitzgerald
Postdoctoral Research Fellow, Department of Nutrition, School of Public Health
Harvard University

Dr. James Fleet
Professor, Department of Nutrition Science
Purdue University

Dr. Glenville Jones
Professor, Department of Biomedical and Molecular Sciences
Queen’s University

Dr. Jonathon Maguire

Physician, Division of Paediatric Medicine, The Hospital for Sick Children

Scientist, Applied Health Research Centre, Li Ka Shing Knowledge Institute, St. Michael’s Hospital
Assistant Professor, Paediatrics, University of Toronto

Dr. Ruth Ann Marrie

Professor, Departments of Internal Medicine (Neurology) and Community Health Sciences
Max Rady College of Medicine, University of Manitoba

Director, MS Clinic, Winnipeg Health Sciences Centre

Dr. Kassandra Munger
Research Scientist
MS Project Director, Neuroepidemiology Research Group, Harvard School of Public Health

Dr. Anne-Louise Ponsonby

Adjunct Professor, Department of Paediatrics, University of Melbourne

Head of Environmental and Genetic Epidemiology Research Group, Murdoch Children’s Research
Institute

Dr. Brent Richards
Associate Professor, Departments of Medicine, Human Genetics, Epidemiology and Biostatistics
McGill University

CIHR Clinician Investigator



Multiple

e Sclerosis

. Society of
® Canada

References

1. Ascherio A et al. Vitamin D as an early predictor of multiple sclerosis activity and progression. JAMA
Neurology. 2014;71(3):306-14.

2. Baarnhielm M, Olsson T, Alfredsson L. Fatty fish intake is associated with decreased occurrence of
multiple sclerosis. Multiple Sclerosis Journal. 2015;20(6):726-32.

3. Bacon CJ et al. High-dose oral vitamin D3 supplementation in the elderly. Osteoporosis International.
2009;20(8):1407-15.

4. Banwell B et al. Clinical, environmental, and genetic determinants of multiple sclerosis in children
with acute demyelination: a prospective national cohort study. Lancet Neurology. 2011;10(5):436-
45,

5. Bhargava et al. Multiple sclerosis patients have a diminished serologic response to vitamin D
supplementation compared to healthy controls. Multiple Sclerosis Journal. 2016;22(6):753-60.

6. Bothra M, Gupta N, Jain V. Effect of intramuscular cholecalciferol megadose in children with
nutritional rickets. J Pediatr Endocrinol Metab. 2016;29(6):687-92.

7. Brown JP, Josse RG. Clinical practice recommendations for the diagnosis and management of
osteoporosis in Canada. CMAJ. 2002;167.

8. Burton JK et al. A phase I/Il dose-escalation trial of vitamin D3 and calcium in multiple sclerosis.
Neurology. 2010;74(23):1852-9.

9. Cashman KD et al. Vitamin D deficiency in Europe: pandemic? The American Journal of Clinical
Nutrition. 2016;103(4):1033-44.

10. Christakos S et al. Vitamin D: beyond bone. Ann N Y Acad Sci. 2013;1287:45-58.

11. Cortese M et al. Timing of use of cod liver oil, a vitamin D source, and multiple sclerosis risk: The
EnvIMS study. Multiple Sclerosis Journal. 2015;21(14):1856-64.

12. Cranney A et al. Evidence Report/Technology Assessment No. 158. Effectiveness and Safety of
Vitamin D in Relation to Bone Health. Prepared for the Agency for Healthcare Research and Quality.
AHRQ Publication No. 07-E013. 2007.



MC‘

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Multiple
Sclerosis
Society of
® Canada

Dawson-Hughes B et al. Dietary fat increases vitamin D-3 absorption. J Acad Nutr Diet.
2015;115(2):225-30.

Dimitris MC et al. Effect of weekly high-dose vitamin D3 supplementation on serum cholecalciferol
concentrations in pregnant women. J Steroid Biochem Mol Biol. 2016;158:76-81.

Fioletov VE, McArthur LJ, Mathews TW, Marrett L. Estimated ultraviolet exposure levels for a
sufficient vitamin D status in North America. J Photochem Photobiol B. 2010;100(2):57-66.

Fitzgerald KC et al. Association of Vitamin D Levels with Multiple Sclerosis Activity and Progression in
Patients Receiving Interferon Beta-1b. JAMA Neurology. 2015;72(12)1458-65

Forsythe LK et al. Effect of adiposity on vitamin D status and the 25-hydroxycholecalciferol response
to supplementation in healthy young and older Irish adults. The British Journal of Nutrition.
2012;107(1):126-34.

Ghazi AA et al. Effects of different doses of oral cholecalciferol on serum 25(0OH)D, PTH, calcium and
bone markers during fall and winter in schoolchildren. European Journal of Clinical Nutrition.
2010;64(12):1415-22.

Gill P, Kalia S. Assessment of the feasibility of using sunlight exposure to obtain the recommended
level of vitamin D in Canada. CMAJ OPEN. 2016;3(3).

Gozdzik A et al. Serum 25-hydroxyvitamin D concentrations fluctuate seasonally in young adults of
diverse ancestry living in Toronto. The Journal of Nutrition. 2010;140(12):2213-20.

Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin D. American Journal of Clinical
Nutrition. 2007;85(1):6-18.

Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D. Washington DC:
National Academies Press 2011.

Jelinek GA et al. Latitude, sun exposure and vitamin D supplementation: associations with quality of
life and disease outcomes in a large international cohort of people with multiple sclerosis. BMC
Neurology. 2015;15:32.

Kampman MT et al. Effect of vitamin D3 supplementation on relapses, disease progression, and
measures of function in persons with multiple sclerosis: exploratory outcomes from a double-blind
randomised controlled trial. Multiple Sclerosis Journal. 2012;18(8):1144-51.

Kampman MT, Wilsgaard T, Mellgren SI. Outdoor activities and diet in childhood and adolescence
relate to MS risk above the Arctic Circle. Journal of Neurology. 2007;254(4):471-7.



MC‘

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Multiple
Sclerosis
Society of
® Canada

Khawaja N et al. Vitamin D Dosing Strategies Among Jordanians With Hypovitaminosis D. Journal of
Pharmacy Practice. 2017;30(2):172-9.

Kuchay MS et al. Efficacy and safety of a single monthly dose of cholecalciferol in healthy school
children. J Pediatr Endocrinol Metab. 2016;29(4):413-6.

Kuhle J et al. Conversion from clinically isolated syndrome to multiple sclerosis: A large multicentre
study. Multiple Sclerosis Journal. 2015;21(8):1013-24.

Loken-Amsrud Kl et al. Vitamin D and disease activity in multiple sclerosis before and during
interferon-B treatment. Neurology. 2012;79(3):267-73.

Lowe et al. Vitamin D toxicity due to a commonly available "over the counter" remedy from the
Dominican Republic. J Clin Endocrinol Metab. 2011;96(2):291-5.

Mahon BD et al. Cytokine profile in patients with multiple sclerosis following vitamin D
supplementation. Journal of Neuroimmunology. 2003;134(1-2):128-32.

Martinelli V et al. Vitamin D levels and risk of multiple sclerosis in patients with clinically isolated
syndromes. Multiple Sclerosis Journal. 2014;20(2):147-55.

May E, Asadullah K, Ziigel U. Immunoregulation through 1,25-dihydroxyvitamin D3 and its analogs.
Curr Drug Targets Inflamm Allergy. 2004;3(4):377-93.

Misra M et al. Vitamin D deficiency in children and its management: review of current knowledge
and recommendations. Pediatrics. 2008;122(2):398-417.

Mokry LE et al. Vitamin D and Risk of Multiple Sclerosis: A Mendelian Randomization Study. PLoS
Med. 2015;12(8):e1001866.

Mosayebi G. Therapeutic effect of vitamin D3 in multiple sclerosis patients. Immunological
Investigations. 2011;40(6):627-39.

Motlaghzadeh Y et al. Assessment of Vitamin D Status and Response to Vitamin D3 in Obese and
Non-Obese Iranian Children. Journal of Tropic Pediatrics. 2016;62(4)269-75.

Mowry EM et al. Vitamin D in clinically isolated syndrome: evidence for possible neuroprotection.
European Journal of Neurology. 2016;23(2):327-32.

Mowry EM et al. Vitamin D status predicts new brain magnetic resonance imaging activity in
multiple sclerosis. Annals of Neurology. 2012;72(2):234-40.



MC‘

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Multiple
Sclerosis
Society of
® Canada

Mulligan GB, Licata A. Taking vitamin D with the largest meal improves absorption and results in
higher serum levels of 25-hydroxyvitamin D. J Bone Miner Res. 2010;25(4):928-30.

Munger KL et al. Vitamin D intake and incidence of multiple sclerosis. Neurology. 2004;62(1):60-5.

Munger KL et al. Vitamin D Status During Pregnancy and Risk of Multiple Sclerosis in Offspring of
Women in the Finnish Maternity Cohort. JAMA Neurology. 2016;73(5):515-9.

Munger KL et al. Serum 25-hydroxyvitamin D levels and risk of multiple sclerosis. JAMA.
2006;296(23):2832-8.

Ramagopalan SV et al. Expression of the multiple sclerosis-associated MHC class Il Allele HLA-
DRB1*1501 is regulated by vitamin D. PLoS Genetics. 2009;5(2):e100369.

Ramagopalan SV et al. Rare variants in the CYP27B1 gene are associated with multiple sclerosis.
Annals of neurology. 2011:70(6):881-6.

Rotstein DL et al. Effect of vitamin D on MS activity by disease-modifying therapy class. Neurol
Neuroimmunol Neuroinflamm. 2015;2(6):e167.

Resj@ E et al. Vitamin D supplementation and systemic inflammation in relapsing-remitting multiple
sclerosis. Journal of Neurology. 2015;262(12):2713-21.

Resj@ E et al. Vitamin D status and effect of interferon-Bla treatment on MRI activity and serum
inflammation markers in relapsing-remitting multiple sclerosis. Journal of Neuroimmunology.
2015;280:21-8.

Runia TF et al. Lower serum vitamin D levels are associated with a higher relapse risk in multiple
sclerosis. Neurology. 2012;79(3):261-6.

Salzer J et al. Vitamin D as a protective factor in multiple sclerosis. Neurology. 2012;79(21):2140-5.

Simpson S Jr. et al. Higher 25-hydroxyvitamin D is associated with lower relapse risk in multiple
sclerosis. Annals of Neurology. 2010;68(2):193-203.

Smolders J et al. Association of vitamin D metabolite levels with relapse rate and disability in
multiple sclerosis. Multiple Sclerosis Journal. 2008;14(9):1220-4.

Soilu-Hanninen M et al. A randomised, double blind, placebo controlled trial with vitamin D3 as an
add on treatment to interferon B-1b in patients with multiple sclerosis. J Neurol Neurosurg
Psychiatry. 2012;83(5)565-71.



Multiple
Sclerosis

Society of
® Canada

54. Sotirchos ES et al. Safety and immunologic effects of high- vs low-dose cholecalciferol in multiple
sclerosis. Neurology. 2016;86(4):382-90.

55. Stein MS et al. A randomized trial of high-dose vitamin D2 in relapsing-remitting multiple sclerosis.
Neurology. 2011;77(17):1611-8.

56. Yao Y et al. A meta-analysis of the relationship between vitamin D deficiency and obesity. Int J Clin
Exp Med. 2015;8(9):14977-84.



