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Earliest Recordings

ÅSt Lidwina of Schleidam

ïñThe virgin Lidwina fell whilst ice skating 

injuring her ribs and shortly developed 

weakness of her right side and asymmetric 

visual loss. Her condition progressed with 

improvements brought on by contact with 

angels until her death at the age of 53 in 

1433ò.





Sir Augustus dôEste



Sir Augustus dôEste

ÅGrandson of King George the III, born 

13th of January 1794 inconveniently 

shortly after the later annulled marriage 

of his parents Lady Augusta Murray and 

Prince Augustus Frederick Duke of 

Sussex and sixth son of George the III 

of the house of Hanover.



Sir Augustus dôEste

ÅIn the month of January 1826 My eyes 

were again attacked  as they were in 

Scotland émy eyes again recovered.

ÅOctober the 17th 1827 To my surprise I 

there ( in Venice) one day found a 

torpor of indistinctiveness about the 

feeling of the Temple of my left eye. At 

Florence I  began to suffer a confusion 

of sight.





Sir Robert 

Carswell 1840 

lithograph of MS 

lesions



MS Pathology



MS Pathology
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MS ïDisease activity over time
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Natural Course of MS

- Over 80% start off with  RR-disease

- Early stages may be subclinical (MRT)

- about 40-60% switch to SP-MS in 10 years



ÅWhat causes MS??
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ÅWhat Doesnôt Cause MS?









ÅGeography and MS?



Geographic gradient of 
Multiple Sclerosis 

http://www.msif.org/images/global_prevalence_of_MS1.jpg



Latitudinal gradient of 
Multiple Sclerosis in Australia

Distribution of multiple sclerosis (age-standardised prevalence per 100,000 

population) in Australia in 1981.

Data from McLeod et al. (1994)
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(a)National estimated MS Population 13,000

(b)Based on Pharmaceutical Benefit Services by State 2003. 5630 patient

years treatment dispensed, 43.3% uptake

(c)ACT - Canberra, 88.7/100,000

Australian Prevalence

65.4 /100,000

-Sub-tropical-

Total Australian Population 19,881,500.

Dots show population distribution. 1 dot =

2000 people

(ABS, Q2, 2003)

LEGEND

Bold numbers are MS Prevelance

Figures in []are derived MS Population by

state

Figures in ( ) are latitude of Capital Cities

ANALYSIS OF AUSTRALIAN MULTIPLE SCLEROSIS LATITUDE ïLONGITUDE PREVALENCE GRADIENT
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Brisbane
Newcastle

Geelong

Tasmania

FDE incidence increases by 9.4% per higher degree

of latitude (95% CI =  7.2-11.7,  p<0.001)

PPMS incidence increases by 5.3% per higher degree

of latitude (95% CI =  -1.8, 13.0,  p=0.15)
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Latitudinal variation in incidence of First Demyelinating Events 

(FDE) and Primary Progressive MS (PPMS), 2003-2006
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MS Prevalence 

In Tasmania
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Figure 1. Prevalence by Sex, Greater Hobart: 
1961-2009

Standardized to the 2007 Greater Hobart Population
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Figure 4. Annual Incidence Rates by Sex, 
Greater Hobart: 1951-2009

Standardized to the 1954 Greater Hobart Population

1951-1961 1971-1981 2001-2009

Test for trend: 
p<0.001

p=0.78

p=0.003



ÅRisk of MS In Relatives



Relation
No 

Affected/Total
Absolute risk % AAR %

Mother 3/321 0.93 0.94

Father 0/321 0 0

Parents 3/642 0.47 0.47

Sister 12/374 3.21 3.72

Brother 5/391 1.28 1.45

Siblings 17/765 2.22 2.55

Daughter 2/239 0.84

Son 0/233 0

Offspring 2/472 0.42

Aunt 11/1012 1.09

Uncle 2/1076 0.19

Aunts/

uncles
13/2088 0.62

Niece 3/824 0.36

Nephew 2/823 0.24

Nieces

/Nephews
5/1647 0.30

Cousins 23/3776 0.61

Relative Risk in Tasmania



GENE ENVIRONMENT 

INTERACTION

Gene Environment Interaction
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Smoking & MS
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ÅMS UVR and Vitamin D.



MS prevalence vsUVR

MS prevalence vssunshine

MS prevalence vs latitude



UV Radiation

Å Factors that affect personal UVR
ï Air pollution

ï Ozone

ï Cloud cover

ï Personal behaviour
Å Av. 2% of available received



Cloud ςcorrected Erythemal UV dose
Southern Hemisphere Summer



Cloud ςcorrected Erythemal UV dose
Northern Hemisphere Summer



UVR

Vitamin D
Down regulate APCs

ҧTreg Cells

Ҩ.ƻǘƘ ¢Ƙм ϧ ¢Ƙн 

Ҩ¢Ƙм ҧ¢Ƙн ҧTreg
Activity

Shift in immune 
Milieu to Th2 bias

Decrease in MS 
Activity



Skeletal disease

Skin cancers, eye disease            

Burden of Disease

A

C                              

B                                  Minimum risk 

Low              Optimal                   High

Personal exposure to UVR

Vitamin D insufficiency

The relation between personal UVR-

exposure and burden of disease

Points A and C represent inappropriate UVR exposure. Europeans in Australia with high outdoor 

UVR exposure typify point A. Point C represents people with insufficient UVR exposure, whose 

dietary vitamin D intake will also be important in determining their vitamin D status. Point B 

represents optimal UVR exposure: a person with careful titration of correct UVR dose for skin type.

Lucas et al, Medical Journal of 

Australia, 2002.



The Tas MS  Case Control Study. Odds ratio estimates of MS for actinic damage.

Unadjusted OR

(95% CI)*

AdjustedÀ OR

(95% CI)

Cases Controls

Grade 3 18 21 1 1

Grade 4 34 59 0.47 (0.19ˈ1.13)0.32 (0.10ˈ0.98)

Grade 5 41 78 0.37 (0.15ˈ0.90)0.33 (0.12ˈ0.96)

Grade 6 12 60 0.14 (0.05ˈ0.42)0.17 (0.05ˈ0.60)

Linear trend p< 0.01 p< 0.01

Dichotomised (grade 4-6 vs grade 3) 0.39 (0.17ˈ0.90)0.32 (0.11ˈ0.88)

* OR, odds ratio; 95%CI, 95% confidence interval

À Adjusted for melanin density at the upper inner arm, whether ever smoked prior to the age of diagnosis and amount of sun 

after disease onset.



Vitamin D & MS



Vitamin D Metabolism



Vitamin D metabolism



Vitamin D Metabolism

Ɇ25-hydroxyvitamin D 3(25(OH)D) 
ɆMajor circulating metabolite of vitamin D
ɀ Longer half-life (~20-90 days)

ɆForm used for assay 

ɆForm used for measure of vitamin D in our study

ɀ1,25-dihydroxyvitamin D 3 (1,25(OH)D)
ɆActive form of vitamin D
ɀ Short half-life (hours)

ɆProduced in kidneys for bone metabolism

ɆMany cells in body can generate including:
ɀ Immune cells

ɀ Cells in CNS  (astrocytes/microglia)



Study Aims

Here we examine for the first time

whether higher levels of serum 25(OH)D

are associated with a lower risk of relapse 

among people with MS using a prospective 

cohort study design



Study Design

ɆProspective cohort study in Southern 
Tasmania, Summer 2002-Summer 2005

Ɇ145 participants (109 females, 36 males) with 
RRMS  

ɆMean follow-up of 2.4years.



Study Design

Ɇ25(OH)D measured at biannual review 

ɆSun exposure and other covariates assessed by 
questionnaire at biannual review

ɆObjective sun exposure (UVR) measured 
biannually using polysulphone badge

ɆRelapses reported by:

ɀPhone

ɀReview
ɆAll relapses evaluated by study neurologist 



Characteristics of cohort

Ɇ145 participants with RRMS
ɀ109 Female

ɀ36 Male 

ɆMean age: 45.5

ɆMean EDSS: 2.8

ɆMean duration of disease from Dx: 6.9-years

Ɇ71/145 (49.0%) participants had relapse during 
study

Ɇ119/145 (82.1%) participants using 
immunomodulatory Rx



Distribution of relapses

Å124 relapses in 71 (49.0%) participants during 

study (relapse rate: 0.38 relapses/person/year)

Å75/124 (60.5%) relapses in Winter (0.39 

relapses/person/year)

Å101/124 (81.5%) relapses in females (0.41 

relapses/person/year); 23/124 (18.5%) relapses in 

males (0.28 relapses/person/year)



Determinants of 25(OH)D

Summer season 18.4 p<0.001

Time in sun (hr/day) 1.9 p<0.001

Time outside (hr/wk) 4.6 p<0.001

Objective sun exposure  (SEDs) 2.5 p<0.001

Vitamin D supplementation (IU/day) 1.4 p=0.097

Age* -3.4 p=0.006

BMI* -6.6 p=0.001

EDSSscore* -3.3 p=0.057

* Adjusted for time outside



Seasonal change in 25(OH)D
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60

Variation in vitamin D status among controls

Seasonally adjusted vitamin D level 

by latitude (mean, 95%CI)

Region Proportion vitamin D 

deficient ¢40nmol/L

Brisbane 2.84%

Newcastle 4.44%

Geelong 7.04%

Tasmania 1.77%

Seasonal variation by study region
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Conclusions

ÅIncreasing serum vitamin D levels by 10 

nmoles / litre can reduce the hazard of 

relapse by up to12%.

ÅThis was seen in a linear dose 

dependent manner without a threshold 

or ceiling effect in the range of serum 

vitamin D studied.



Conclusions

Clinical context

Increase 25(OH)D by 50 nmol/L can halve the 

hazard of relapse
ɆThis in a cohort already largely on immunomodulatory 

therapy (82%)

ɆThis can be realized by 2000 IU/day ɀsimple, 
inexpensive, with virtually no side-effects 

ɆThese results, while compelling, do not 
fully prove causality. Vitamin D 
randomised controlled trials in people 
with MS are now needed. 
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ÅGenetics & MS



ÅThe Australia and New Zealand MS Genetics Consortium

University of 
Newcastle

Westmead 
Millennium 
Institute

University of Queensland

Flinders University

Griffith University

University of
Otago

Menzies Research Institute

Sir Charles Gardiner Hospital

Å11 institutions

University of Melbourne
Walter & Eliza Hall Institute

University of
Auckland

Å40+ researchers

Å4,500 MS cases 

Å$1.5M MS Research Australia / ARC 



Total sample = 1618 MS cases + 3413 controls

# 50

Å50th ranked non-HLA SNP, P=7.2 x 10-5

Å500th ranked non-HLA SNP, P=9.2 x 10-4

# 500

GWAS - results

P=5 x 10 -07

P=7 x 10-84

HLA

ÅGenome-wide significance threshold, P=5 x 10-7


