Article abstract—Geographically, multiple sclerosis (MS) seems to be distributed into three zones of high, medium, .
and low frequency. High-frequency areas, with prevalence rates over 30 per 100,000 pepulation, include Europe
between 65° and 45° north latitude, southern Canada and the northern United States, and New Zealand and southern
Australia. These regions are bounded by areas of medium frequency with prevalence rates of 5 to 25 per 100,000,
which include southern Europe, the southern United States, and most of Australia. Known areas of Asia and Africa
(save for one white group in South Africa) are all low, with prevalence rates under 5 per 100,000 population.

All high- and medium-risk areas are among predominantly white populations: In America, blacks and Orientals
have much lower rates of MS than whitesbut still demonstrate the geographic gradients found for whites. Migration
studies indicate that on the whole, migrants retain much of the risk of their birthplace. However, this risk is clearly
not defined at birth: MS death rates for migrants born in one risk area and dying in another are intermediate between
the rates characteristic of their birthplaces. Prevalence studies for migrants from high- to low-risk areas indicate the
age of adolescence to be critical for risk retention; those migrating under age 15 years acquire the lower risk of their
new residence. Furthermore, several low-to-high studies show that those migrating in childhood or adolescence
increase the risk of MS.

The migrant data, plus the geographic distributions, serve to define MS as an acquired, exogenous (environmental)
disease whose acquisition in ordinary circumstances takes place years before clinical onset. The data fit best the
"simple” or “prevalence” hypothesis: that the cause of MS will be found where the clinical disease is common. Further
evidence for this viewpoint is provided by the occurrence of two epidemics of MS: one (definite) in the Faroe Islands,
the other (probable) in Iceland. Both followed the occupation of those lands by British forces during World War II. If
this relation is causal, MS is not only acquired but also transmittable.
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Epidemiologic contributions
to multiple sclerosis:
An overview

John F. Kurtzke, M.D.

Epidemiology. For over a century, multiple
sclerosis (MS) has intrigued workers in all the
neural sciences, but it still remains a disease of
unknown cause, inadequate treatment, arfl un-
predictable outcome. To attack all these areas of
ignorance, a number of investigators have turned
to epidemiology.

One definition of epidemiology is the study of the
natural history of disease. Its content and uses are
described in figure 1. The epidemiologic unit is a
patient with a diagnosed disorder. The basic ques-
tion, after diagnosis, is how common the disease is,
and this in turn is delineated by measures of the
number of cases (numerator) within defined popu-
lations (denominator). These ratios, with the addi-
tion of the time factor to which they pertain, are
referred to as rates. The population-based rates in
common use are the incidence rate, the mortality

rate, and the prevalence “rate.” All are ordinarily
expressed in unit-population values. For example,
10 cases among a community of 20,000 inhabitants
represents a rate of 50 per 100,000 population, or
0.5 per 1000 population.

The incidence or attack rate is defined as the
number of new cases beginning in a unit of time
within the specified population. This is usually
given as an annual incidence rate in cases per
100,000 population per year. The date of onset of
clinical symptoms ordinarily decides the time of
accession, although occasionally the date of first
diagnosis is used.

The mortality or death rate refers to the number
of deaths with this disease as the underlying cause
occurring within a unit of time and population,
and thus an annual death rate per 100,000 popula-
tion. The case fatality ratio refers to the proportion
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EPICEMIQLOGY
15 THE STUDY OF THE NATURAL HISTORY OF DISEASE
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Figure 1. Epidemiology: content and uses. From
Kurtzke (1974).1

of the affected who die from the disease. When this
is high, as in glioblastoma multiforme, accurate
death rates reflect the disease well. When it is low,
as in epilepsy, death data may be strongly biased.

The point prevalence "rate” is more properly
called a ratio and refers to the number of affected
within the community at one point in time, again
expressed per unit of population. If there is no
change in case fatality ratios or annual incidence
rates over time (and no migration), the average
annual incidence rate times the average duration
of illness in years equals the point prevalence rate.

When the numerator and the denominator refer
to the entirety of a community, their quotient is a
crude rate, all ages, for the entity in question.
When both terms of the ratio are delimited by age,
sex, color, or other criteria, we are speaking of
age-specific, sex-specific, or similar rates.

Because different communities.will differ in
their age distributions, the proper comparisons
among communities are for the age- (and sex-)
specific rates. Such comparisons become unwieldy
when more than a few surveys are considered, and
the proper step then is the calculation of age-
adjusted rates. One method of age adjustment is to
take the age-specific rate for each age group from
birth on and multiply it by a factor representing
the proportion of a standard. population that this
same age group contains. The sum of these indi-
vidual adjusted figures provides an age-adjusted
rate, all ages, or a rate all ages, adjusted to a stan-
dard population. One standard population often
used is that of the United States for a censal year.
This method is important when dealing with
common disorders that affect primarily either end
of the age spectrum. It is less indicated when con-
sidering rare entities that have no notable age (or
sex) predilection.

Both incidence and prevalence rates of diseases
are derived from surveys for the disease in ques-
tion as it occurs within circumscribed populations.
Mortality rates come from official published
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Figure 2. Catchment diagram of case ascertainment of
disease within a population. From Kurtzke and
Kurland (1973).2

sources. Characteristics of the diseased in terms of
associated factors, course, and treatment should
come from the population prevalence studies as
well, but much of our current information on these
aspects is actually derived from case series from
hospitals.

Figure 2 is a diagram reflecting how cases of a
given disease are ascertained within a community.
Within the finite resident population, there will be
at any one time a finite number of persons affected
with the disease. As is true of almost every illness,
some of these will be asymptomatic, whereas a
proportion will have symptoms appropriate to the
condition. Among the asymptomatic, a subset will
have abnormalities discoverable by examination
or laboratory methods, whereas the remainder
will then be, by all known criteria, free of disease
even though affected. By examining the entirety of
the population or an appropriate sample thereof,
one can discover the symptomatic and abnormal
asymptomatic cases. This is called the population
survey in figure 2 and has been used for common
diseases, but it is impractical for rare entities.
What has generally been done in neurology is the
ascertainment of all the affected who have come to
medical attention. This I have loosely referred to
as the “prevalence study” rather than a true
“population survey.” :

One step still further removed from complete
enumeration of cases is a listing of deaths that the
disease has caused. Such data originate in death
certificates, specifically that item written thereon



as the “underlying cause of death.” On the stan-

dard certificate there are also places for “contribu-
" tory causes of death” and “associated conditions.”
In selected instances they too can be obtained, and
they provide another (undefined) fraction of the
affected. The (underlying) cause of death on the
official death certificate is coded according to a
three- or four-digit number, which represents a
specific diagnosis within the International Statis-
tical Classification of Diseases, Injuries, and
Causes of Death (ISC). In the United States, a
glightly altered version known as the ICDA is
used. The ISC is revised every 10 years, and the
last two revisions—the eighth and the new
ninth—each had major changes over prior edi-
tions.

The autopsy series is really a subset of hospital
case series, with all the biases implicit in such
material.? To these are added its own unique
biases. Even if all autopsies are collected from all
the resources of the community (including the
medical examiner), they will still represent a very
fragmentary portion of the affected. In most areas,
far from all the deceased are subject to postmortem
examination (selection bias). Of pertinence to neu-
rology, not all autopsies done include the examina-
tion of the brain by neuropathologists, and the
spinal cord is seldom included. Aside from that, we
must accept that the autopsy series is limited to
some who die because of the disease, plus some who
die with the disease known but for other reasons,
plus some who die with the disease clinically man-
ifest yet undiagnosed, plus some in whom the dis-
ease would have been impossible to determine
during life.

At every step along this pathway, then, we must
miss a proportion of the affected. And the further
we get from a true survey of the subject population,
the larger this proportion will be—and the more
undefinable its setting within the range of the
illness.

In the period since World War II especially,
there have been an increasing quantity and qual-
ity of works designed to define the natural history
of MS. Thus, we do have today some useful infor-
mation on survival, risk factors, and prognostic
features. Here, though, we shall concentrate on
the geographic distribution of MS and what it
seems to tell us.

It is well to recall that in virtually all series of
MS cases, whether defined for the laboratory or for
an epidemiologic inquiry, we are dealing with a
clinical diagnosis without recourse to a pathog-
nomonic diagnostic test or to pathologic verifica-
tion. A number of schemes for diagnostic criteria
have been put forth, none with universal accep-
tance. In almost all of these, however, there are
several grades relating to the degree of confidence
in the correctness of the label. If we limit attention
to the classes considered “best,” and discard “pos-

sible MS” and “uncertain MS,” we do in fact have
defined groups that are quite similar one to an-
other in time and space. Thus, the assessments
that follow are based upon series of cases variously
lﬁele&;deﬁnite,” “clinically definite,” and “prob-
able” MS.

Geographic distribution of MS. The geographic
distribution of MS has been best delineated from
prevalence surveys, whose number at present is
approaching 200. Almost all have been performed
since World War II. In 1975, I tried to collect all
such studies and to rate them as to quality.4

Figure 3 shows the studies then available for
Western Europe, with the prevalence rates per
100,000 population for “probable MS” correlated
with the latitude of the locus of the study.* The
solid circles are what I consider Class A studies,
which represent proper surveys with well-defined
and reasonably comparable methodology and di-
agnostic standards. Those I rate Class B (open
circles) are good surveys, but there are reason(s)
why they are not fully comparable to those of Class
A. Surveys denoted by diamonds are Class C. They
have obvious defects that make them unreliable.
Open boxes are Class E surveys, which represent
an estimate of the prevalence from the ratios of MS
to amyotrophic lateral sclerosis (ALS) cases in
series from hospitals. Taking this ratio and a
likely prevalence for ALS of 5 per 100,000, we can
calculate estimated prevalence rates for MS. The
vertical bars in the figures define the 95% confi-
dence intervals for each rate. Thus, if the cited rate
arose from a random sample of its parent universe,
the “true” rate for this universe would be found to
lie within this interval 19 times out of 20. There-
fore, one should not pay too much attention to the
precise digits for any given rate.

It seems to me that in Western Europe MS is
distributed according to latitude within two clus-
ters: a high-frequency zone with prevalence of
some 30 to 80 (or more) per 100,000 population
extending from about 43°to 65° north latitude, and
a medium-frequency zone with prevalence of some
5 to 25 per 100,000, and mostly 10 to 15, from about
38° to 46° N. Later surveys have in essence con-
firmed this distribution.s This includes eight new
studies from Italy and Sicily. Kelly and Dean,$
however, have reported a prevalence of 52 per
100,000 with 15 cases from a small city in Sicily.

Similar prevalence data for Eastern Europe are
shown in figure 4. Note the relative paucity of
good-quality studies. There still seems to be a dis-
position of rates into the same two frequency
zones—high from about 45° to 65° and medium
from 32° up to possibly 50°—but latitude alone
does not serve fully to separate the two. As to later
information, we do have available a good study
from Bucharest, Romania. The prevalence for
probable MS was 41 per 100,000 with 798 patients
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Figure 3. Prevalence rates per 100,000 population for probable MS in Western Europe, correlated with
geographic latitude. Numbers identify the survey in Kurtzke (1975).4 Solid circles represent Class A studies,
open circles Class B, diamonds Class C, and squares Class E. Vertical bars define 95% confidence intervals

on the rates. From Kurtzke (1975).4

as of January 1977.7 Bucharest lies in southern
Romania at 44° N. In the northwestern part of its
western neighbor, Yugoslavia, the Rijeka region is
at 45° N. This area provided a prevalence of 32 per
100,000 with 95 probable MS on December 31,
1969.8

Data were presented previously to indicate clus-
tering of MS in Switzerland and Scandinavia, and
the statement was made that the disorder in the
latter region comprises a “Fennoscandian focus”
extending from the waist and southeastern plains
of Norway across the southern part of Sweden to
southwestern Finland, and thence back to Sweden
near Ume&.? This focus is taken to define the
northern boundaries of high MS in Europe.

The geographic distribution of MS in Europe
may thus be considered to follow the pattern of
figure 5. The high-frequency region of Northern
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Europe is rather sharply separated, both north and
south, from a medium-frequency area. The more
recent studies suggest that the high-risk zone may
include not only that part of the Balkans to the
south of the dotted line but also its extension from
the head of the Adriatic Sea to the Black Sea. This
is based on the recent Romanian and Yugoslavian
works.”'8

Prevalence surveys from the Americas are de-
noted in figure 6. Here we see all three risk zones:
high-frequency from 37° to 52°, medium-frequency
from 30° to 33°, and low-frequency (prevalence less
than § per 100,000) from 12° to 19° and from 63°to
67° north latitude. The coterminous United States
and southern Canada are represented by all the
surveys from Number 88 to 119a, except for Num-
bers 106 (Greenland), 109 (Jamaica), 113 (Alaska),
117 (Netherlands Antilles), and 118 (Mexico City).
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Figure 4. Prevalence rates per 100,000 population for probable MS in Eastern Europe and Israel, as in

figure 3. From Kurtzke (1975).%

The Alaskan rate of 0 refers to natives of that
state. The prevalence rates for the northern
United States and southern Canada, then, are
quite similar to the high frequency rates of West-
ern Europe. Note that there are no data referable
to South America.

However, Christiansen® has published preva-
lence estimates for several regions of that conti-
nent, based on the ratio of MS to ALS cases seen at
major clinics in Buenos Aires, Tucamén, and Men-
doza, Argentina, and in Montevideo, Uruguay,
and Lima, Peru. All but the last gave estimated
prevalence rates of 15 to 21 per 100,000; in Lima
the estimate was 5, using an expected prevalence
of 5 per 100,000 for ALS. Thus, it would seem that
South America from 36°south latitude as far north
as perhaps 12° south might fall within the
medium-prevalence zone for MS.

In the United States, the modest number of prev-
alence surveys in figure 6 leaves much of the
country undefined as to the distribution of MS.
Visscher et al!! recorded a prevalence of 69 per
100,000 for probable MS among 399 native-born
whites of King and Pierce Counties, Washington,
and 22 among 356 whites of Los Angeles County,

California, as of April 1970. These rates confirm
the high-north and medium-south partition of the
country but still leave wide gaps in our knowledge.
However, by taking advantage of our recent his-
tory, we can provide a rather detailed delineation
of the disease throughout the United States.

In the World War II period, some 16.5 million
Americans served in the armed forces. In the Ko-
rean conflict there were 6.8 million, including 1.5
million who had also served in World War II. Vet-
erans of these wars who are judged “service-
connected” for MS provide a nationwide series of
unprecedented size. “Service-connection” requires
evidence of disease either during or within 7 years
after discharge from the military service. By
matching these individuals with their military
peers, we then have a large, national, unbiased,
preillness case-control series.

Table 1 summarizes our series of 5305 cases and
matched controls by sex and race.!3 In figure 7 are
the case-control ratios for white males in World
War IT according to state of residence upon entry
into service. Note the strong north-south gradient.
This distribution is quite similar to that for death
rates in the United States.?













































