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ORIGINAL ARTICLE

The Epidemiology Study in Multiple Sclerosis -
Relevance to Natural History

Jeffrey Scott Sloka, MD, PhD*

ABSTRACT Multiple sclerosis (MS) is a chronic, demyelinating disease of the central nervous system
white matter that has been extensively studied using the epidemiological approach, and yet an etiology
for the disease remains elusive. This paper presents a review of past publications that have made
suggestions toward the design of epidemiological studies in MS. A formal search strategy is described,
and a short summary of these papers is provided. A natural history of MS based on previous studies is
proposed as a framework for describing future directions in the neuroepidemiology of the disease, and
categorization based on the clinical forms of MS is described. Within the context of a proposed natural
history, suggestions are made on the use of sub-regionalization in cluster studies across different
domains, as well as on the use of specific reference points in a patient's lifetime in the analysis of

clusters.

INTRODUCTION

Multiple sclerosis (MS) is a chronic, demyelinating
disease of the central nervous system white matter that
may cause paralysis, sensory disturbances, incoordination,
visual impairment, and alterations in bowel, bladder,
and sexual function(1). The precise etiology of MS has
not been elucidated; however, many observations have
been made that suggest both genetic susceptibility and
environmental factors play a role(2). In the search for
an environmental contribution to the etiology of MS,
numerous epidemiological studies have been
conducted, and a large body of literature based on the
results of these studies has been published (1,3). Many
hypotheses of exogenous causes of MS have been
explored (4), including exposure to viruses (5,6),
organic solvents (7), diet (8), and soil type (9). Intriguingly,
many purported associations remain controversial, and
studies have shown conflicting results on the
contribution of viral causes to etiology (1), conflicting

*To whom correspondence should be addressed: 108 Moss Heather
Drive, St. John's, Newfoundland, Canada A1B 4S1; Email:
p97jss@mun.ca

genetic susceptibilities in similar populations to
different categories of MS (10,11), evidence that the
pathology may not follow clinical observations (12,13),
and large temporal gradients in disease populations (either
related to changes in environmental factors or to diagnostic
coverage) (14,15). Consistent study design in future
comparative studies may help to explain these differences
and add to the significance of previous research.

The role of the epidemiological study in the search
for etiology is well-documented16. In fact, much of the
evidence for both genetic susceptibility and
environmental triggers in MS has been elucidated from
epidemiological studies (1,2). Historically, variations in
incidence and prevalence have been related to temporal
and geographical gradients and other variations in risk,
in order to generate hypotheses towards the causation of
disease. The epidemiological approach has not yielded
all the answers, but it holds great merit and much
potential to further contribute to the knowledge of
disease etiology (16). Although many epidemiological
studies have been published, few recent papers have
been dedicated to suggesting study methodologies in
order to elucidate new epidemiological information,
especially in the context of a natural history (16-27).
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Background

An epidemiological study of MS in Newfoundland is
currently being conducted in order to both update the
results of a previous study (28) and to explore further
hypotheses toward the etiology of MS. A survey of
previous epidemiological studies was conducted using
MEDLINE in order to gain insight from other authors'
past experiences. Search terms used were the
following: multiple sclerosis and (epidemiology or
epidemiological). Altogether, 1791 citations were
found for all available years and a review through the
abstracts and titles from 1990 to 2001 yielded
references that were used to discover the recent trends
and suggestions for the design and administration of
epidemiological studies for MS (16-27). Although
older studies were indeed reviewed, only references
to recent papers were included in this summary since
an understanding of recent trends in the
neuroepidemiology of MS was sought. Furthermore,
the historical context of older reviews was captured in
the newer reviews. Several recent papers that presented
results of epidemiological studies were also surveyed
for methodology, data analysis, and concluding
suggestions towards the design of both their study and
studies conducted by others (27, 29-38). Papers that
discussed the epidemiology of MS in the context of the
natural history of the disease were particularly sought,
but none was found that presented suggestions in the
context of a formally presented natural history.

To summarize the existing suggestions of others, new
epidemiological insights into MS beget new directions
for the study of MS. Problems of current study design
do exist but can be overcome. For example, very little
of a patient's residential history is captured on
consultation sheets, and so other means of information
gathering are required (such as questionnaires), and
their respective limitations must be accepted (such as
response rate). However, it is possible to gather such
information using questionnaires (29), and methodologies
for optimizing the amount of information that one can
elicit from a questionnaire have been suggested by
others (21), so lack of patient information should not be
a limiting factor. As well, methods to correct for known
deficits in data have been proposed (19,37), as have
suggestions on the logistics of conducting a study (36).
Papers have suggested that age, gender, and race should
be collected while performing epidemiological studies
and adjustments for these variables made (18); methods
to minimize bias while performing ecological studies
have also been made18. Others have discussed methods
of eliciting information from time and space analyses
(20,22,39) and still others have discussed
epidemiological methodologies in the context of genetic
research (20,38).

Since the design of epidemiological studies in MS has
not been suggested in the context of a proposed natural
history for the disease, this paper first presents such a
proposal and then makes suggestions towards future
study designs. First, a general discussion on latency and
induction periods is presented as an introduction to the
concepts of formalizing a natural history. The section
that follows describes results of several observational
studies on MS pertaining to genetic susceptibility,
environmental contributions, and disease heterogeneity.
The final section formally ties the observations of these
studies together and makes suggestions towards future
directions in cluster analysis as related to natural
history.

NATURAL HISTORY

Current theories on the natural history of a disease
have implications on the design of epidemiological
studies. In fact, the natural history of a disease may
shape the type of data that can be drawn from a study.
For example, the time course of the disease affects the
feasibility of a study in diseases with sub-clinical
periods. Diseases with either long time courses or long
latency periods between exposure and disease are both
more expensive to study and more susceptible to loss
from follow-up. Importantly, however, knowledge of
the current thinking on the natural history of a disease
also guides one to develop hypotheses in order to
supplement or refute current theories.

The concepts of latency and induction period are
related to the sub-clinical and clinical progression of
MS and are important in the early stages of the disease.
Therefore, observations made at these stages contribute
to knowledge of the etiology of MS.

Induction Period and Latency

The induction period is defined as the period of time
from causation until disease initiation40 (Figure 1).
The beginning of the induction period is the time at
which the earliest component cause influences the
etiologic mechanism (40). In the case of a genetic
susceptibility, the induction period begins at
conception. In people who are genetically predisposed
to a disease that is environmentally triggered (possibly
type I diabetes, MS, atherosclerotic heart disease), the
concept of an environmentally-specific induction period
may be defined as the period from the first
environmental exposure until disease initiation (Figure
1).

It is possible to have multiple dependent or
independent environmental exposures (41). These can
either be the same environmental pathogen or different
pathogens altogether. Initial environmental exposures
precede a final exposure that concludes the disease
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initiation process - the final exposure (genetic mutation
or environmental exposure) is sufficient to initiate the
disease process (Figure 1).

The disease may clinically manifest itself
immediately after the final environmental exposure
(e.g. bacterial toxins leading to gastrointestinal disease),
or it may take decades to manifest itself (e.g.
diethylstilbesterol exposure in utero leading to vaginal
cancer), depending on the natural history of the disease.
This time interval between the initiation of disease and
the time at which the disease is first detected, either by
the individual or clinician, is called the latency
period40. In other words, this latency period is the time
during which the disease is initiated but "hidden" and is
typified by diseases such as type I diabetes and MS. In
practice, it is sometimes difficult to separate the

induction period and the latency period, and so the sum
of these two periods is generally used and is defined as
the empirical induction period (EIP) (40) (Figure 1).

Therefore, the epidemiological contribution to
quantifying the early stages of the natural history of a
disease may include the following: the elucidation of
the precise pathogen(s), the discovery of the number of
exposures required for sufficient cause, the induction
period length, the latency period length, and the effects
of differing genetic susceptibilities on all of these
variables.

GENETIC AND ENVIRONMENTAL CONTRIBUTIONS

As was previously stated, both environmental factors
and genetic susceptibility are felt to contribute to
disease induction (1,2). This section presents the results
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of epidemiological studies specific to both the genetic
and environmental contribution to disease.
Additionally, disease heterogeneity is discussed since
different clinical categories of MS have different
clinical presentations and pathologies (12,13) with
different natural histories.

Genetic Contribution

Concordance rates among monozygotic twins with
MS is approximately 31-40% whereas the concordance
rates among fraternal twins and non-twin siblings is
approximately 3-5% (42,43) - this demonstrates an
approximate six to eight times increase in relative risk.
As well, prevalence rates among non-biological siblings
adopted into a family are similar to prevalence rates of
MS found in the general population and significantly
less than for biological relatives, suggesting a
significant genetic component to the familial
aggregation of MS (42). Genetic susceptibility has also
been shown to vary with several genetic markers (44-
47), especially the human leukocyte antigen (HLA)-
DR2 antigen on chromosome 6 (44).

The mode of transmission is complex and sporadic in
most cases (2). The susceptibility itself and the timing
of disease initiation may depend on the particular
combination of disease susceptibility markers in the
individual, thus having an effect on the length of the
EIP. As well, the beginning of the EIP may be as early
as conception for those with a genetic predisposition
(Figure 1). Therefore, a variation in the EIP should be
accounted for in any model of the natural history of
diseases with a continuum of multiple susceptibility
markers. In populations with longer EIPs, there is a
greater risk of confounding factors such as migration
and co-morbidity that complicate study results. Longer
EIPs also increase the chance that the empirical
induction period has a greater variability (40).
Therefore, the genetic makeup of the population under
study should be accounted for in any model of natural
history.

Environmental Contribution

A geographical distribution highlighting increased
MS prevalence with higher latitudes provides evidence
of an environmental contribution (48). However
counter to this correlation with latitude, large variations
in prevalence among geographically close regions with
similar latitudes have been noted in places such as
Sicily and Malta (49,50). This may suggest that locally-
specific etiologies (either environmental or genetic)
contribute to disease pathogenesis.

Migrant studies also contribute to proof of an
environmental component. The results of multiple
migrant studies in MS (51-57) suggest that people who

migrate before adolescence acquire the incidence rates
of the region to which they have migrated. In contrast,
people that migrate to a region after adolescence retain
the incidence rate of the region from which they grew
up (58). This compelling evidence is fairly consistent
for migration from areas of high risk to areas of low risk
and suggests that there is a part of the disease process
that depends on geographical location, possibly
involving an environmental pathogen. However, the
evidence is also fairly consistent that migration from
areas of low risk to areas of high risk is not associated
with a substantial change in risk (58). This diminishes
the strength of conclusions that can be drawn from all
migrant studies but does permit the observation that
both geography and age play some as-yet undetermined
role in the natural history of the disease.

Studies of the age at which people migrate have
shown that a general age range might be important in
the natural history of the disease in terms of
susceptibility to an environmental pathogen. Many
studies on age-at-migration suggest that either a general
age range (51-57) or a "critical age" at migration alters
the risk of disease, and this critical age tends to be close
to 15 (52-54, 57) (e.g. populations migrating before the
age of 15 from high to low risk regions acquire the
lower risk of susceptibility). The implication of these
studies is that the risk of acquiring MS may be largely
determined by the age of 15 years. However, these
studies are based on very small population sizes (58).
In other studies from Australia (59) and the US (56), a
relation between the age of migration and the change in
risk of acquiring MS has been suggested, and still others
have suggested that the critical age is not 15 but exists
sometime within the latter part of the first two decades
of life (57,58).

One study that stands out is an analysis of MS
incidence data from an "outbreak" of MS on the Faroe
Islands related to the stationing of British troops there
during World War II (41). The author analyzed the data
and considered both an age at exposure and a latency
period of the disease. A model was developed using a
critical age of puberty for a sufficient cause exposure
(13 years old for females and 14 years old for males),
and an average latency period could be consistently
estimated from this age to be 5 years for females and 6.3
years for males until the manifestation of disease
symptoms. The biological plausibility of these results is
supported by the physiological changes occurring at
puberty, with the idea that some unknown factor that
changes the susceptibility occurs at that point in life and
may be either hormonal or developmental in nature.
The observations in this study have problems of low
power. However, others have calculated latency periods
and found ranges of 9 years (60),9-12 years (61), and 8-
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Table 1. Epidemiological characteristics of different clinical forms of MS. There is a large variation in reported values. Therefore, ranges are
given where possible and significant comparisons within single studies were used. These differences in epidemiological characteristics suggest
that different natural histories should be considered for each clinical form. PPMS tends to have a later age of onset and a smaller male-to-female

ratio
Clinical Classification Clinical Course Age of Onset (years) Male to Female Ratio | Percentage of MS Patients
Relapsing Remitting MS MS with acute 292 (66) Not a universal 63-92%
(RRMS) exacerbations and full or 30.7+/-8.4 (67) difference with PPMS
nearly full remission to (68)
baseline
Secondary Progressive MS that was initially 50% of RRMS after 10 1:3.2 (67) 50% of RRMS after 10 yrs,
MS (SPMS) RRMS but now retains yrs, 90% after 25 yrs 90% after 25 yrs (69)
progressively additive (69)
deficits with each
exacerbation
Primary Progressive MS MS that has had a 35.9+/-9.9 (67) 1:1.7 (67) 8-37% (70-72)
(PPMS) progressive course from
onset

14 years (60), and these results are compelling enough
to consider the concept of a critical age and latency
period. Yet difficulties comparing the data of migration
studies arise due to the lack of uniform diagnostic
criteria, uncertainty about the latency period,
deficiencies in case finding and follow-up, and
enormous variability in the clinical presentation and
course of the disease (19).

Heterogeneity of Disease

To further complicate matters epidemiologically, MS
may in fact be a collection of heterogeneous disorders
by epidemiological, pathological, and diagnostic
parameters and may therefore be a spectrum of disease
instead of one disease entity (62,63). Based on an
international survey of MS experts, MS has been
clinically classified as relapsing-remitting (RRMS),
secondary progressive (SPMS), and primary
progressive (PPMS) disease (see Table 1 for a
description of clinical course and characteristics)64.
This survey was based on observations of the clinical
presentation and course of MS. Another category,
progressive remitting (PRMS), was included in the
survey paper; however others have suggested that
PRMS is, in fact, a variant of PPMS (65).

Differences in the epidemiological characteristics of
disease categories suggest that each clinical form has a
separable natural history. Further clinical, diagnostic,
and immunological evidence for categorizing PPMS as
a separate entity from RRMS and SPMS includes lack
of clinical attacks (70), fewer lesions on MRI (70),
higher in vitro migration (73), different epidemiology
(62), differences in immune cell products (73), less
inflammation on necroscopy70, and differences in HLA
prevalences (74-76). Additionally, it has been reported
that SPMS, although an apparent continuation from
RRMS, has significant differences from RRMS and

PPMS including differences on diagnostic imaging
(77).

Given that genetic, pathologic, and clinical
differences exist among RRMS, SPMS, and PPMS, one
might be tempted to categorize MS based on these
distinctions. However, new evidence suggests that the
spectrum of disease may also be delineated along
pathophysiological boundaries, and these newly-
considered boundaries may or may not correlate with
the clinical/genetic boundaries suggested above (63).
Observations suggest that one form of MS may be
characterized by inflammation directed against myelin
while another form of MS may be due to
progressive axonal degeneration (12,78). Whether the
pathophysiological categorization of MS correlates with
the clinical/genetic categorization of MS remains to be
established. However, the clinical categorization of MS
should at least be considered during the design of
epidemiological studies since each clinical entity
appears to have a different natural history as
exemplified by differences in age of onset, male-to-
female ratio, and the difference in likelihood of
presenting after age 40 (67).

A PROPOSED NATURAL HISTORY

A proposed natural history (Figure 2) would begin
with genetic factors that contribute to an individual's
susceptibility from conception. As described above,
multiple genetic factors contribute to susceptibility, and
different combinations of these factors within
individuals may affect the length of the induction
period, the number of environmental exposures required
for sufficient cause, and the clinical progression of
disease.

The environmental contribution to disease initiation
may occur either in utero or after birth. This
contribution may include different factors (such as
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Figure 2. A proposed natural history for MS including genetic factors that affect an individual's susceptibility from birth, multiple environmental
exposures, a critical age of sufficient exposure, unknown induction period length, an estimated latency period, and a heterogeneous disease

presentation.

exposure to viruses (5,6)), and multiple exposures may
be necessary, again depending on the genetic
susceptibility of the individual. Therefore, both genetic
and environmental variability contributes to a highly
variable EIP.

An individual may have different susceptibility to
disease initiation depending on a critical age of
susceptibility or their pubertal status (as highlighted
above in the migration studies). Following this critical
age, (highly variable) latency periods have been
estimated (see environmental contributions above).

Finally, different clinical categories of MS have been
described, each with a different clinical course. There
are different ages of onset, different rates of
progression, and different male-to-female ratios among
the categories, highlighting different natural histories
for each.

SUGGESTIONS FOR FUTURE
EPIDEMIOLOGICAL STUDIES

Now that a framework for the natural history of MS
has been proposed, proposals on the epidemiological
search for an etiology may be made in the context of
this framework. A body of evidence suggests that
clusters of MS exist in both space and time (79-84). In
searching for clusters of disease in time and space,
which may in turn lead researchers to possible
environmental or genetic contributions to disease

induction, a study of a large geographical region may be
regionalized for the comparison of subregions. The
subregionalization is normally selected to reflect
differences in subregions in some respect (soil type,
type of industry). These subregions need to be large
enough to guarantee sufficient statistical power for their
comparison (85). It is preferable to have a migrationally
stable population for cluster studies so that exposures in
space can be correlated without inter-subregional travel
diluting the conclusions that can be drawn on exposure
versus effect.

Methods to '"re-assign" the incidences and/or
prevalences have been suggested by several authors
(19.,86). Figure 3 shows two representations of four
geographical subregions. The diagram on the left
depicts a hypothetical prevalence map with a uniformly
constant prevalence across all subregions. In this
example, the prevalence is assigned to the subregion of
residence at the time of diagnosis. For the
representation at the right, the prevalence is recalculated
for an assignment of residence at the time of first attack
(which may be different than the residence at the time
of diagnosis) indicating, in this hypothetical
representation, that a person living in the upper left
subregion at the time of diagnosis actually had their first
attack while residing in the lower right subregion. If a
sufficient number of people had attacks in a given
subregion that is significantly more than in other
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regions, a cluster in that region would be found and
further searching would be necessary to elicit a cause.
Incidence remapping is also applied in this fashion.

Thus, time and space clusters may be "hidden" within
data sets and may be elucidated by giving a new time
reference point for the incidence and/or prevalence,
given that these reassignments correlate with
biologically plausible periods in the natural history of
the disease. This type of reassignment can distill space-
time clusters that would not be possible if the natural
history of the disease had not been considered.

It is possible to reassign prevalences and/or
incidences to dates of first attack if dates and locations
of residency are known. It is also possible to reassign
prevalences and/or incidences to increments of years
prior to first attack, with the age of first attack being the
reference. This reassignment process is designed to
"simulate", or readjust to, a series of hypothetical
latency and/or induction periods of differing length.
Problems with this new reassignment method include a
dilution of effect across time (a dilution of effect can

Incidence assigned for
residence at time o
diagnosis

Incidence assigned for
residence at time of
first attack

Figure 3. Hypothetical incidence maps showing reassignment of
incidences based on subregion of residence at first attack

occur in a case-control study between two groups if the
latency period is not chosen correctly (40)).

Reassignment can also be based on an estimated
critical age for susceptibility, such as a fixed age (e.g.
15 years old) or the individual's age at puberty. If the
natural history of a disease includes a time period where
a sufficiently long latency period exists, an estimated
latency period preceding the critical age can also be
used to look for clustering. This again necessitates
commenting on the residential stability of the
population under study. If a population is largely stable
from the time of birth to the critical age, then a
consistent exposure history might be hypothesized. If,
however, the population is more transient, then any
conclusions based on exposure are considerably
weakened.

Finally, reassignment can be referred to the time of
birth or subsequent years thereafter. There is some
evidence to support the relation of MS to the acquisition
of measles (87), a childhood illness that generally
occurs prior to most of the "critical age" estimates. A
possible reassignment time might be the mean age for
the contraction of measles. The time of birth can also
be used as the reference time for incidence/prevalence
reassignment because this represents a significant
change in the environment of the human, and
subsequent exposure to new environmental pathogens.

In terms of designing a cluster analysis study,
important dates should be captured for reassignment of
"attacks." Ideally, the exact locations of habitation from
birth until the first attack would be captured for each
patient. This would give invaluable information for the
purposes of comparisons between regions. For the
purpose of incidences, date and place of residence of
first attack instead of date of diagnosis is more
physiologically useful. Date and place of residence for
(i) puberty, (ii) an estimated latency period before
puberty, (iii) an estimated latency period before first
attack, (iv) at birth, and (v) a mean time to exposure of
viral illnesses after birth are all equally relevant
depending on the intent of the study.

In order to search for an etiology for this complex and
enigmatic disease, a migrationally stable and
sufficiently large population with very little inter-
regional travel is desired in order to strengthen
conclusions about exposure/disease occurrence. A
population with access to a sufficient number of
neurologists and medical facilities (MRI, facilities to
test for oligoclonal banding) is also required so that
regional differences can be stated to be due to variations
in exposure/genetics and not due to lack of health care
access. Uniform diagnostic criteria are essential and
since MS is purported to be a heterogeneous disease,
diagnoses should also capture the specific type of MS
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because relapsing-remitting MS can have different
epidemiological  characteristics  than  primary
progressive MS.

Additionally, regions do not have to be geographical
regions per se. Regionalization in a cluster analysis is
usually geographical, but could also be done virtually
with other categorizations. An example would be water
supply source. Towns in the same region could have
chlorinated water, be on boil order, have fluorination,
etc. These categories could be the "subregions" and
time and space clusters could be analyzed in the "water
domain" rather than the "geographical domain."

CONCLUSIONS

The natural history of a disease guides the design of
epidemiological studies of that disease. This paper has
presented suggestions for study design in the context of
a formally described natural history for MS.
Specifically, studies should analyze disease prevalence
and incidence based on the type of MS. Studies may
analyze subregions based on geography, but also may
subregionalize based on virtual domains not tied to
geography. Ideally, one should study homogeneous
populations that are migrationally stable. Reference
points within an individual's lifetime (i.e. time/place of
first attack, time/place of birth, time/place of puberty)
may be equally important in determining clusters.
Studies should look for "critical ages" based on these
reference points. Most importantly, one should account
for any of these possibilities early in the design of the
study so one may maximize the information that can be
analyzed from the data. If the design of the cluster
study is flexible enough, the search for an ecological
etiology can be sought from any clusters that are found.
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