
The geographic pattern of multiple sclerosis has eluded a sound explanation.
Studies have eliminated a number of erroneous concepts, but clarification
of cause and control still remains to be achieved. However, etiologic
hypotheses should be consistent with the known geographic distribution.
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MULTIPLE sclerosis is a neurological
disease of unknown cause and is

often progressive and fatal. It has an
unusual geographic distribution which
has defied an explanation that might
elucidate its cause or lead to effective
treatment or prevention. The disease
has been the subject of numerous in-
tensive mortality and morbidity analyses
which provide excellent illustrations of
survey technics in chronic disease epi-
demiology.
An essential preceding step to effec-

tive field studies is the clear description
of the clinical syndrome. Unfortunately,
in multiple sclerosis there is no specific
laboratory or clinical procedure to con-
firm the diagnosis of multiple sclerosis
cases, nor do we have assurance that
what we count as cases are the same
disease entity. Because there are many
neurological diseases of genetic and un-
known etiology which resemble multiple
sclerosis, the diagnosis is often reached
only after the patient has had more
than one episode and other possibilities
have been excluded. The error of diag-
nosis is greatest early in the disease; yet
the early cases are the very ones which
might facilitate identification of some

predisposing or disease precipitating ex-
perience. Since early symptoms often
develop insidiously and may remit and
recur, the precise season or even the
year of onset may be uncertain. Further-
more, a delay of months or even years
from onset to diagnosis is not uncom-
mon and further complicates the recog-
nition of significant events which may
have preceded the onset of the disease.

Since incidence rates are relatively
small and difficult to obtain accurately,
most geographic comparisons have been
limited to prevalence rates. These are
statistically more stable but may be
biased if severity of the illness or longev-
ity of the patients differ geographically
or if there is appreciable migration of
patients into or out of the community
under study. In spite of these difficul-
ties, many epidemiological surveys have
been undertaken to clarify the basic
issue of whether genetics or environ-
ment is the major causative influence.

In view of the early clinical impres-
sion that multiple sclerosis selectively
occurred in people of northern European
origin or extraction,1 a first step in
the series of epidemiologic investigation
was to examine the geographic pattern
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of multiple sclerosis mortality. Figure Because of the nonuniformity of many
1, based on Limburg's study in 1948,2 international mortality reporting sources,
reveals an inverse relation between crude it seemed more profitable to map the
mortality rates for multiple sclerosis and geographic pattern over a wide area
the mean annual temperature of the ma- which had similar coding, classification
jor city of each country. Mortality stud- systems, language, and medical stand-
ies with age-adjusted rates showed a ards. Figure 2 shows the distribution
similar pattern. Although it appears that of the average annual age-adjusted multi-
the colder the climate the higher the ple sclerosis mortality rates per 100,000
crude death rate, alternate explanations population for the United States and
such as the relative amount of neurolog- Canada. The high rates are associated
ical diagnostic services cannot be ig- with the northern United States and
nored. Canada.

Figure I-Crude Death Rate for Multiple Sclerosis for Selected Countries by Annual
Mean Temperature

Annual
Mean

Temperat.ure

Singapore
Leags, Nigeria
Tangamyika

)

Hong Kong
Alexmzdria, EUnt
Car-ss,. Ymiezu-a].

Rle, Italy
Melbmne, Australia

801.

701.

60

Chriat Clmrch, N. ZAlaM
lew Yort, U.S.A.
A _terdm, Rolam) 50
Amdon, Cgland
Glasgow, St.land

Montreal., C m.ad

.

1 2 3

asltiple Sclerosis Deaths Per 100,000
pop.lation

Modified from Limburg, C. Multiple Sclerosis and the Demyelinating Diseases. Williams and Wilkins, 1950, Chapter II.

APRIL, 1964

L

589



Isotherm pxxs co,rspond to points,, ,
of equal mpon Jonuory tvmpe,atwe >i~

Figure 2-Average Mortality Rates/100,000 Population, Canada and the United States,
for White Population, 1949-1951

The next step was to determine the
morbidity and mortality of multiple
sclerosis in detail in several large, widely
separated communities in which the
standards of medical practice were high.
These studies were completed in Boston,
Winnipeg, New Orleans, Denver, and
San Francisco.3

All available diagnostic sources includ-
ing hospitals, clinics and practitioners
serving the respective communities were

studied to discover cases of multiple
sclerosis and allied disorders. Duplicates
were consolidated, the latest diagnosis
and living or dead status was de-
termined, and the prevalence rates were
computed for a date about one year
prior to the study to partially compen-
sate for the long delay from onset to
diagnosis. Table 1 shows that multiple
sclerosis prevalence was much greater
in the northern cities than in New Or-

Table 1-M. S. Prevalence Ratio for White Population, U. S.
and Canadian Communities (NINDB Study)

Temp. Mean Prevalence Ratio
Latitude Jan. per 100,000

Community "N. 0F. Population

Winnipeg 50 -3.5 42 (40)
Boston 42 28 41
Denver 40 31 38
San Francisco 37 50 30
New Orleans 30 55 13 (6)

[ Preliminary result.
Final result after detailed neurological examination of patients.
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leans. Although there appears to be a
north to south gradient, there was no
obvious focalization of cases within these
cities. There were so few conjugal or
familial cases that ordinary transmis-
sibility or a common source of exposure
seemed unlikely. In spite of the differ-
ences in prevalence, the clinical features
of the disease were similar in all cities;
however, the mean age of onset appeared
to progressively decrease as the preva-
lence rate increased. In New Orleans
and Winnipeg,4 the two cities whose
latitude and multiple sclerosis preva-
lence differed the most, a particularly
intensive reevaluation was made, includ-
ing an additional examination of the
patients.

All patients uncovered by the earlier
study, plus those found by a review of
all sources, were interviewed and exam-
ined by a neurologist. The numbers in
parenthesis in Table 1 show that the
agreement with the over-all result of the
earlier survey was good, but that the
previous estimate of a 3.6 to 1 ratio
between Winnipeg and New Orleans was
conservative. The review following
neurologic examination revealed a ratio
of 6.6 to 1. The discrepancy occurred
because many cases in New Orleans
which had been counted were not ac-
ceptable when examined.

Figure 3 shows multiple sclerosis prev-
alence rates by age in Winnipeg and by
age and race in New Orleans. This is a

Figure 3-Multiple Sclerosis Prevalence* Ratios per 10'
by Age, New Orleans by Age and Color, January 1, 1949
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graphic illustration of the difference in
the rates, at all ages, between the two
cities. There was no statistically signifi-
cant difference between Caucasians and
Negroes in New Orleans.
A further follow-up study in Winni-

peg by Stazio is now in progress and
preliminary results are available.5 There
was no indication of any change in the
annual incidence rates for the 20 years
prior to 1961. About 30 per cent of the
1951 cases were no longer acceptable
as multiple sclerosis and an additional
20 per cent, mostly cases which had
been symptomatic but undiagnosed in
1951, were now included. The over-all
result in prevalence was not appreciably
affected, but there is a discrepancy in
a sizable proportion of the individual
cases. Inaccuracies of about 40 per cent
underreporting and 18 per cent over-
reporting for multiple sclerosis as the
primary cause of death was also noted.

In order to elucidate any etiological
or associated factors, numerous charac-
teristics of the Winnipeg patients prior
to the onset of the disease were com-
pared with a representative, matched
sample of the Winnipeg population.4
No statistically significant difference

was found in the comparison in regard
to: areas of Europe from which the indi-
viduals or their ancestors had migrated,
place of birth, birth order, education,
occupation, urban or rural residence,
source of food and water, exposure to
animals, vaccinations and inoculations
received prior to onset, previous illness,
back injuries, and head injuries.

Ethnological differences appeared to
be of little significance. In Winnipeg
there was no difference in prevalence for
persons of English, French, or Ukrainian
descent. In the earlier study in Boston,
the rate among Caucasians and Negroes
was similar and was considerably higher
than the corresponding rates among
Caucasians and Negroes in New Orleans.

In recent years, other population sur-
veys have been completed in Ireland,

Scotland, Denmark, Canada, and the
United States.l18-8 These surveys also
attempted to enumerate all the living,
medically attended multiple sclerosis pa-
tients in a specified population. In most
instances, patients were examined by
the investigator or a neurologic con-
sultant and the diagnostic criteria of
multiple sclerosis which were expressed
or inferred are believed to be sufficiently
alike to justify a comparison.
The results of these and many other

investigations could be summarized as
follows: multiple sclerosis is found in
many parts of the world and among all
major racial groups. In the northern
hemisphere it is more prevalent among
the people of northern Europe, Great
Britain, Canada, and the northern United
States where the rates range from about
35 to 65 per 100,000 population. In
these areas the rates are in the high to
moderately high range, and it is difficult
to see any pattern which would suggest
a difference in risk for the northern
Europeans as compared to those in
Canada and the northern United States.
The rates are generally higher (within
the same geographic latitude) in the
smaller communities, but this is proba-
bly due to the greater intensity of the
study which is possible in such ho-
mogeneous populations. Among the
people of the tropics and subtropics, the
rates are considerably lower than in the
temperate zones.
The one area in the northern hemi-

sphere which does not show the north
to south gradient is Japan.9 An effort
was made to conduct a survey, using
the same technics as used in the United
States, in two Japanese communities of
over 300,000 population separated by
100 latitude. The results failed to show
a variation in multiple sclerosis preva-
lence rates which were approximately 2
per 100,000 in each city. This may be
an accurate picture, but the low rates
may also be due to a number of limita-
tions and difficulties inherent in the

VOL. 54, NO. 4. A.J.P.H.592



MULTIPLE SCLEROSIS

study. Neurology has only recently de-
veloped as a separate medical discipline
in Japan and case finding is always
influenced by the mode of medical diag-
nosis and the differences in neurologic
training of physicians. We prefer to
consider these rates as minimal values
until further surveys now in progress
are completed.

Data on the southern hemisphere are
limited but Acheson'0 has studied mor-
tality rates of multiple sclerosis in Aus-
tralia, New Zealand, and South Africa
and found a relationship to latitude
similar to that in the northern hemi-
sphere. Dean" had first observed that
multiple sclerosis is far more common
among European immigrants to South
Africa than among persons of European
stock born and raised in South Africa.

Dean's more recent studiesl2 show that
multiple sclerosis does occur in South
African born persons who have not been
overseas, but the rate is very low-about
2 per 100,000. This area is about the
same distance from the equator as New
Orleans and the rates compare quite
well with those of similar latitudes in
the northern hemisphere. Among the
immigrants from European countries the
prevalence of multiple sclerosis is nearly
as high as in the country of their origin.
Dean's most interesting finding is that
the prevalence of multiple sclerosis in
South African born persons who visit
Europe is about seven and a half times
greater than in South African born per-
sons who do not leave Africa.
The phenomenon of mass migration

offers unique opportunities for investi-
gating the question of geographic influ-
ence on multiple sclerosis. First Rozan-
ski'3 and later Alter'4 took advantage
of the unusual population composition
of Israel to study this question.
A large segment of the Jewish popu-

lation of Israel has been exposed to the
influences of diverse climatological and
geographic conditions. They have gath-
ered as one population in Israel where

immigration is not limited by any med-
ical restrictions, and where the doctor-
patient ratio is the highest in the world.
The findings are far more suggestive

of an association with a geographic fac-
tor than a racial one. The prevalence
rate among northern European immi-
grants was five to ten times higher than
among Jews of Oriental, southern Euro-
pean, and Mediterranean origin. Among
those persons born in Israel, the rates
were low, regardless of the national ori-
gin of their parents. Both Alter, et al.,'4
and Dean'2 have computed a minimum
latent period (from presumed exposure
in the "high risk" temperate areas to
the onset of symptoms after migration)
of about 9 to 12 years among immi-
grants to Israel and South Africa. Al-
though this procedure introduces several
gross assumptions, it is the first reason-
able effort to approach the question of
an "incubation period" in such a chronic
disease. The present mechanism does
not enable one to determine the upper
limit of such a latent interval.
The geographic pattern showing a

more frequent distribution of multiple
sclerosis further away from the equator
has been accepted by most investigators.
It is still uncertain, however, which of
the many possible factors related to lati-
tude may be relevant to the etiology of
multiple sclerosis. Various meteorolog-
ical and climatological influences such
as "colder" winter temperatures or
diminished sunshine appear to correlate
with multiple sclerosis distribution.
Whether these act directly on the pa-
tient or indirectly through plants, ani-
mals, or vectors in his environment is a
purely speculative matter at this time.

Dietary deficiencies and excesses, in-
cluding fat, lead, and copper, which may
vary in different regions, have been in-
vestigated. There is no convincing evi-
dence that any of these play a direct
role even though Swank,15 a proponent
of the theory that a high fat diet causes
multiple sclerosis, claims to have "as-
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Table 2

Multiple
Sclerosis Cases

Degrees North per Million Average Annual
City Latitude Population Sunshine Hours

Seattle 48 31 2,049
San Francisco 38 12 2,935
Los Angeles 34 4 3,217

From Acheson, Bachrach and Wright. 1 6 Some Comments on the Relationship of the
Distribution of Multiple Sclerosis to Latitude, Solar Radiation and Other
Variables. Acta psychiat. et neurol. scandinav. 35:132-147, 1960.

tonishing results" with his low fat regi-
men. Viruses and allergic-hyperallergic
reactions have been sugested in the con-
tinuing research efforts, but clear, re-
producible evidence has not followed
theory. Ichelson'sl8 report of "successful"
culture of spirochetes from the spinal
fluid of multiple sclerosis patients has
once again stimulated the search for a
microorganism, but others have dem-
onstrated that Ichelson's spirochetes
were contaminants in her culture me-
dium.
A more recent attempt to identify

meaningful variables correlated with
latitude was made by Acheson, Bach-
rach, and Wright.17 They studied the
distribution of multiple sclerosis in men
discharged from Veterans Administra-
tion Hospitals with a diagnosis of this
disease, between 1954-1958. This study
was concerned with the birthplace of
the patients whereas previous studies
have been concerned with the residence
of the patients either at death or follow-
ing the onset of the disease.
A multiple-regression analysis was

done using the following variables: multi-
ple sclerosis rate per million for the
mean year of birth of the patients
(1920), degrees north latitude of birth-
place, average hours of sunshine, aver-
age annual degree day (an index of
severity of winter), and average daily
December solar radiation. The highest
correlations of multiple sclerosis preva-
lence were with average total annual

hours of sunshine and with average daily
December solar radiation. The fact that
the correlation between multiple sclerosis
and sunshine was a negative one indi-
cates that if sunshine exerts an effect it
must be preventive or protective rather
than harmful.
The best illustration of the possible

importance of sunshine is shown in Table
2 selected from Acheson's data. The
rates of multiple sclerosis per million (by
birthplace) decrease from north to
south in three principal cities on the
Pacific coast. The main difference in
climate along this coast lies in sunshine
(and precipitation) rather than in sever-
ity of winter.

Further speculation concerning the di-
rect protective qualities of solar radia-
tion comes from the work of Schneider.18
He identified a strain of mice which are,
genetically, 100 per cent susceptible to
the development of experimental allergic
encephalomyelitis (EAE), when inocu-
lated with a suspension of brain tissue
and adjuvant. When such animals were
subjected to a ftux of approximately
3,000 foot candle from a bank of high
output fluorescent lamps, EAE was re-
duced 50-75 per cent. Schneider thinks
the near infra red wave length is re-
sponsible for this phenomenon. One
drawback is that other investigators have
noted that heat and stress may also have
a similar effect. This relationship be-
tween multiple sclerosis and solar radia-
tion remains uncertain. If one assumed
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that the latent period from "exposure" to
onset or exacerbation were constant, a
seasonal variation in incidence would be
expected. However, several investiga-
tions have not revealed any such varia-
tion.19

In view of the difficulties in explain-
ing the geographic distribution of multi-
ple sclerosis, Barlow20 has sought a new
association. He plotted several sets of
mortality and morbidity data for multi-
ple sclerosis against the geomagnetic
latitude of the location from which the
data were obtained. The geomagnetic
latitudes relate to the earth's magnetic
field and are skewed with respect to
parallels of geographic latitude.
The plotted rates versus geomagnetic

latitude showed a consistent rapid rise
in multiple sclerosis between the geo-
magnetic latitudes of 400 and 500, and
a leveling off above 50°. According to
Barlow, the distribution of multiple
sclerosis and particularly the low rate
area of Japan are better correlated with
geomagnetic than geographic latitudes.
One of the phenomenon known to be
related to geomagnetic latitude is cosmic
radiation, and Barlow thought it appro-
priate to examine the various cosmic
ray parameters. He found that altitude
was a more important parameter of
cosmic ray intensity than latitude. At
sea level the latitude change between 00
and 500 is only 14 per cent, while from
sea level to 6,500 feet there is a 70
per cent increase. The present difficulty
with the cosmic ray hypothesis is that,
while the number of high energy parti-
cles observed at very high altitudes varies
with latitude, these particles appear to
be filtered out by the atmosphere and
no material increase in their effects can
be observed at sea level.
The epidemiological approach with

its emphasis on the host-environment re-
lationship does not mean we have satis-
fied ourselves that no genetic factor is
involved. The results of studies in Great
Britain, Ireland, Scandinavia, Germany,

and the United States6-8 have been in-
terpreted as showing that familial in-
cidence is higher than would be expected
by chance.

In Sutherland's8 series, seven out of
545 sibs (1.3 per cent) of 127 patients
were said to be affected; while in Hylle-
sted's6 series 44 of 11,924 sibs (0.4 per
cent) were considered affected. The dif-
ficulty is that these findings do not
differentiate between the effects of an
environmental exposure common to mem-
bers of the same family and a genetic
disease.21 Concordance with respect to
multiple sclerosis has been studied in
identical twins and found to be low.22
This is one of the most serious argu-
ments against a purely hereditary basis
for multiple sclerosis. Aside from the
tendency to a slightly higher rate in fe-
males and a slight tendency to a familial
aggregation of cases, the occurrence of
multiple sclerosis in a community ap-
pears to be on an almost random basis
within the young adult group.
A very practical question which is often

asked is: Should patients with early mul-
tiple sclerosis be advised to migrate to a
warmer latitude where the prevalence is
low? Multiple sclerosis is a disease
marked by remissions and exacerbations;
in general, the more frequent the exacer-
bation, the more rapid the progression.
The cause of the exacerbation is no bet-
ter understood than the etiology of the
disease. Long-standing clinical attitude
has been to recommend that patients
move to a low prevalence area in the
hope that exacerbations would be fewer;
however, there is no evidence that such
a change has a beneficent effect. No pa-
tient group which has migrated from
one area to another has been carefully
evaluated. The only comparative study
was on life expectancy in New Orleans
and Winnipeg.4 Although the life ex-
pectancy of patients who could be identi-
fied in the two communities seemed to
be equal, the data were limited and the
results thus indecisive. In the absence
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of any specific treatment, and until a
decisive study is made, it seems that mi-
gration to a warm latitude might be
worth trying if it would cause no eco-
nomic or emotional hardship, and if the
patient recognizes that the benefits are
uncertain.

There are many other areas yet to be
explored. The similarity of the geo-
graphic distribution of multiple sclerosis
to that of rheumatic fever remains a
point of interest and speculation. The
cause of rheumatic fever is unknown, but
a hypersensitive reaction to streptococci
is suspected. It has been suggested that
multiple sclerosis may also be a mani-
festation of an allergic hypersensitivity
possibly triggered by a virus infection.
The analogy between the tissue-specific
type of hypersensitivity reactions re-
ported in various animals inoculated
with kidney and heart tissue and that
of demyelination produced in animals
inoculated with brain substance might
also be cited as evidence of an isoallergic
factor in multiple sclerosis. However,
the sequence of events that could initiate
such an allergic reaction in humans
(liberation of tissue antigen from the
CNS stimulating antibody formation,
which in turn react with the original
tissue) is as yet completely unknown.

Multiple sclerosis may be a syndrome
in which a specific agent prevalent in
the temperate zones is rare or absent
in the subtropics and tropics, accounting
for the differential incidence geograph-
ically. Another possibility is that clin-
ically recognized cases of multiple scle-
rosis represent only a small segment of
the total spectrum of the disease process
and that, for reasons still unknown, the
proportion of subclinical cases is less
in the temperate than in the other zones.

Efforts continue to be made to isolate
a virus from multiple sclerosis patients.
A new area in this field has been opened
by the studies on scrapie, a chronic
neurological wasting disease of sheep.23
Under natural conditions this disease

seems to be genetically determined. Ex-
perimentally the disease has been suc-
cessfully transmitted after an incuba-
tion period of months or even years to
sheep, goats, and mice by the inoculation
of brain homoginate from affected ani-
mals. This possible dual mechanism of
a genetic and an infective agent (so-
called provirus) could provide better
understanding of etiologic mechanisms
of human disease.

Summary and Conclusions

Multiple sclerosis has a remarkable
geographic pattern with the highest
prevalence and mortality rates in the
temperate zones of both hemispheres
and with decreasing rates in the sub-
tropics and tropics. This difference is
associated with geography rather than
with race or national origin. No specific
exogenous or genetic basis for the geo-
graphic pattern has been identified, but
it is speculated that some climatologic
condition influences the frequency of
the disease. It is unknown whether this
effect is a direct one on the patient or
an indirect effect on the animal or plant
life in his environment. Migratory
populations have been especially useful
in this research and indicate that the
rate among those migrating from a high
to a low risk area exceeds that of the
population into which they have immi-
grated. In the studies of migrating
populations, the average minimal latent
period from presumed exposure in their
prior home to the onset of symptoms
has been estimated to be about 9 to 12
years.

It will be essential to clarify many of
the features referred to above. Commu-
nities on the same latitude, but having
different climates with respect to tem-
perature and sunshine, should be com-
pared. Similarly investigation of com-
munities having different altitudes could
be rewarding.

It may well be that the causes of
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multiple sclerosis are determined by sev-
eral factors, including a genetic predis-
position, and the importance of each fac-
tor may vary in different geographic
areas. It is still reasonable to expect that
future etiologic hypotheses should be
consistent with the known geographic
distribution.
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