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ABSTRACT

Title of Dissertation: Ultraviolet Radiation, Vitamin D Intake and Multiple Sclerosis
Tzu-Yun McDowell, Doctor of Philosophy, 2010
Dissertation directed by: Sania Amr, MD, MS, Associate Professor
Department Epidemiology and Preventive Medicine
University of Maryland, Baltimore
Background: Multiple Sclerosis (MS), an inflammatory and neurodegenerative disease,
has an elusive etiology that is thought to be an interaction between genetic and
environmental risk factors. Ultraviolet Radiation (UVR) and/or vitamin D have been

consistently shown to be protective against MS development; however, their roles in

modulating the clinical course of this disease remain unclear.

Objectives: The overall objective of this dissertation was to examine the effects of UVR
and vitamin D related exposures on the ages of disease onset and progression to disability

among a national cohort of Veterans with MS.

Methods: We conducted a cross-sectional study, using a questionnaire designed to assess
the different parameters that contribute to UVR exposure and vitamin D synthesis. We
examined the dual influence of (1) timing and geographical location of birth and (2) sun
exposure and vitamin D-related intakes from childhood to MS onset on the clinical
course of this disease. All the analyses were conducted by disease subtype (Relapsing vs.
Progressive MS). Multiple linear regression and Cox proportional hazard models were

used to analyze the data.



Results: Among Veterans with Relapsing MS (N=731), those born in winter and in low
solar radiation areas, had their disease symptom onset on an average 2.8 years earlier (p =
0.02) than those born during other seasons in areas with medium to high solar radiation.
Among 948 veterans with Relapsing MS, we found that low sun exposure in fall/winter
seasons during childhood and early adolescence was also associated with early MS onset
(p = 0.01); whereas regular use of cod liver oil in childhood was associated with later
disease onset (p = 0.01). Among Veterans with progressive MS (N=151), low average
fall/winter sun exposure before symptom onset was associated with an increased risk of
disability (p = 0.01); while regular intake of cod liver oil during childhood and early

adolescence decreased the risk (p = 0.04).

Conclusions: Our findings suggest that environmental exposures before MS onset,
primarily related to UVR and/or vitamin D status, early in life and during childhood and

early adolescence have significant effects on the clinical course of MS.
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CHAPTER I: LITERATURE REVIEW

1.1 Multiple Sclerosis

1.1.1 Introduction to Multiple Sclerosis

Multiple Sclerosis (MS), a chronic, immune-mediated inflammatory and
neurodegenerative disease, is the most common neurological disorder as well as the
leading non-traumatic cause of disability among young adults. The signs and
symptoms of MS occur as the consequence of underlying neuropathologic changes
within the central nervous system (CNS). Acute inflammatory demyelination initiated
by autoimmune attacks, and axonal loss that results from chronic demyelination are
the mechanisms underlying CNS damage and neurodegeneration. They can lead to
either slowing of neural conduction or complete disruption of conduction'.
Demyelination resulting from acute focal inflammation is often what causes MS
symptoms to appear at early stages of the disease. When inflammation subsides,
partial or complete recovery of the clinical symptoms (remission) often occurs with
repair of the axonal structure (re-myelination), especially in the early phases.
However, once a pathological threshold is reached (chronic demyelination and
accumulated axonal loss), disease progresses under the primary mechanism of
neurodegeneration that aggregates the clinical disease and results in irreversible
neurological disability *. Brain atrophy, in addition to cortical lesions, is another
major contributor to disease burden in patients with MS; causing a variety of signs
and symptoms that depend on the size, number, and location of the CNS lesions. The
most common symptoms include: optic neuritis, nystagmus, weakness, sensory loss,

fatigue, ataxia, bowel dysfunction and cognitive impairment °.



Figure 1.1 illustrates a natural history of MS clinical presentation and
disability (Black line), underlying mechanism (Blue shaded areas on the bottom of
the diagram) and neurological disability measured from MRI (gadolinium enhancing
[GD] or ‘active’ lesions — Green; T2 lesions — Purple; and brain volume — Blue).
During the inflammatory phase, which is the dominant disease process in the early
stage of the disease, relatively frequent relapses (black line) and GD lesions (green
line) occur. During this phase, varying degrees of recovery can take place as depicted
by the stepped pattern in black and green line representing decrease of disability
along with reduction of GD lesions, respectively. As time progresses, there is an
accumulation of axonal loss (neurodegeneration) with fewer and fewer relapses and
GD lesions, a plateau in the number of T2 lesions and an ever increasing loss of total
brain volume. Once neurodegeneration becomes the dominant disease process,
patients transit their MS from relapsing-remitting (RRMS) type of disease to
secondary progressive (SPMS) type associated with constant worsening of the

symptoms and functions.
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Figure 1.1 Natural history of MS in terms of clinical presentation, underlying
mechanism and neurological disability measured from MRI. *

The unpredictable pattern in type, frequency, and severity of symptoms as
well as progression to disability is the hallmark characteristic of MS. As a
consequence of these clinical characteristics, MS presents as a complex disease that is
very difficult to manage > *. MS patients, not only have to deal with current
symptoms and the resulting disability, but also live with fear about progression of the
disease. To date, there is still no cure for MS. Most pharmacotherapy is for symptom
management (e.g., fatigue, spasticity), except for a subgroup of patients for whom
there are medications, such as interferon- 3 (INF- ), which are approved by the FDA
as primary disease modifying therapies (DMT). However, the long-term effect and

impact of DMT on MS progression has yet to be determined.



1.1.2 Clinical Course of MS: Subtype and Disease Progression

The clinical course of MS consists of two forms: (1) relapses of acute
neurological symptoms followed by a partial or complete remission, and (2)
progression with irreversible worsening of symptoms and signs *. Four main
subtypes for MS are defined based on whether clinical symptoms are relapsing or
progressive in nature: (1) relapsing-remitting (RRMS), (2) secondary progressive
(SPMS), (3) primary progressive (PPMS) and (4) progressive relapsing (PRMS) (see
Figure 1.2)'. RRMS, the most common subtype that affects about 85% of MS cases,
is characterized by relapses (symptom exacerbations) followed by varying degrees of
recovery with a stable course between relapses. Approximately 50-80% of RRMS
patients progress to SPMS within 10 years. SPMS is characterized by relapses with
incomplete recovery and a progressive course (e.g. increasing disability) between
relapses.

The primary distinction between RRMS and SPMS is what happens between
relapses. There is a stable course (little if any worsening) between relapses in RRMS;
whereas there is observable progression of disability between relapses in SPMS. In
contrast to the relapsing forms of MS, about 10-15% of new MS cases have a steady
progression of symptoms from onset without any exacerbation and remission, termed
PPMS. A small number of PPMS patients will go on to develop PRMS, which is
characterized by a progressive disease course from onset with appearance of relapses’,

which are usually rare and occur earlier in the disease history.
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Figure 1.2 Graphical summary of MS subtype A: Relapsing-remitting MS (RRMS), B:
Primary-Progressive MS (PPMS), C. Secondary-Progressive MS (SPMS), and
D. Progressive-Relapsing MS (PRMS)'

Because the clinical course of MS is variable between and within patients,
identifying reliable prognostic factors has been challenging. Lubin ' summarized the
broad clinical guidelines for favorable and unfavorable indicators in MS (Table 1.1).
Characteristics of relapses in the first year (low number, little residual disability after
each relapse and long time between first and second relapse), early age of onset,

female sex, and monosymptomatic onset with optic neuritis or sensory symptoms

have consistently been associated with a better prognosis. On the other hand, a



progressive course from onset is associated with the worst outcome . Although
these indicators have been widely accepted for clinical applications, whether or not
they are actual predictors for progression of MS is debatable.

In a recent systematic review, Langer-Gould et al. reported that early disease
characteristics (degree of remission after relapses, frequency of relapses) but not age
of onset nor patient gender, are the most consistent predictors of long-term disability
in RRMS patients®. Other investigators examined the age at which patients reached
disability milestones according to their clinical subtypes. They found that patients,
with either RRMS or PPMS, were comparable with respect to the age at which they
reached an assigned disability milestone, especially a more severe one > '°. They
suggested that clinical subtype and course of MS may be mainly age-dependent. The
degree of long-term disability increases with age, which reflects an age-related
degenerative process that is independent of previous relapses and age at onset '
Their findings also support the concept that MS should be viewed as a single disease
with different clinical phenotypes, rather than several distinct diseases.

Although the course of MS is very difficult to predict, there are important
clinical stages associated with disease progression that can be recognized by
neurologists and patients, such as physical disability. Various studies show that 50 to
80% of MS patients are unable to perform work tasks and usual housework after 10
years of disease. Approximately 32 to 76% of MS patients require a walking aid; and
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11 to 29% are bedridden after 15 years of illness
Steps (PDDS) is a simple and reproducible assessment of functional disability in

MS'" 8 1t primarily evaluates ambulation of MS patients on a scale of 1 to 9 (from a



stage of normal motor function to bedridden, see Appendix A); a broad scale of
disability categories that is particularly useful for studies targeting long-term

outcomes of MS.

Table 1.1 Favorable and Unfavorable prognostic indicators in MS

Favorable indicators Unfavorable indicators

Early age of onset Later age of onset

Female sex Male sex

Optic neuritis as presenting episode Progressive course from onset
Sensory Symptoms as presenting Involvement of cerebellar or motor
episode function

Little residual disability after each Poor recovery from exacerbations

exacerbation (i.e. Excellent recovery)

Long inter-exacerbation period Frequent exacerbations

Acute onset of symptoms

1.1.3 Epidemiology and risk factors of MS

The prevalence of MS is approximately one per 1000 with female to male
ratio of 1.5 to 2.5 . MS symptoms generally appear in early adulthood with the
diagnosis peaking between the ages of 20 and 45 >* %222 Because of the chronic
nature of this disorder, there are 250,000 to 350,000 cases of MS in the United States
at any point in time, with 45% of these being older than 55 **. The disease contributes
to about 92,000 hospitalizations per year with an estimated annual medical cost of
$2.5 billion in the U.S. ***.

The etiology of MS remains elusive and is thought to be a complex interaction
between genetic and environmental risk factors *>2’ . It is acknowledged that there is

a strong genetic component in development of MS. This is supported by evidence of



increased MS incidence in immediate family members, and association with certain
HLA allotypes **>°. Further, Caucasians, particularly of European/Scandinavian
descent, are more likely to develop MS compared to people of African and Oriental

descent %24 3!

. However, monozygotic twin and familial studies consistently show
that genetic factors contribute to approximately 30% of the risk '***3*; the remainder
is thought to be associated with non-inherited factors.

Parallel to the ongoing research on the genetic risk for MS, research for
possible environmental risks has investigated various infectious agents, toxins, and
vaccinations. Infectious agents have been suggested to be the most plausible

candidates among non-inheritable factors ****

. Many latent viruses, certain herpes
and influenza viruses, which have antigens close to the structure of myelin basic
protein (MBP), can trigger an autoimmune process by activating T-cells specific to
MBP?. Infection with a certain common viruses in late childhood and adolescence is
associated with increased risk of MS when compared to the same infection in early
childhood™*?".

In this context, “hygiene hypothesis” was originally proposed **. According to
the hygiene hypothesis, lack of intense infections (not a specific agent) in
industrialized countries due to improved hygiene and advanced medicine may alter
the human immune system and leads to autoimmunity or allergy. It was postulated
that exposure to several infectious agents early in life is protective against the
development of MS in susceptible individuals. On the other hand, there is compelling

evidence from epidemiological and biological research implicating Epstein-Barr virus

(EBV) as a specific infectious agent that triggers MS*® 273373940 ‘Hjoher EBV



