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SUMMARY The geographical distribution and other epidemiological characteristics of multiple
sclerosis (MS) are compared with those of dental caries. The rates of death due to MS in Australian
states are linearly related to the numbers of decayed, missing, and filled (DMF) teeth found in
individuals from those states (r = 0.97, P <0.002). In the United States of America, a strong
positive correlation (r = 0.55, P <0.001) also exists between MS death rates and dental caries
indices. The prevalence ofMS in 45 countries or areas correlates well with the frequencies of DMF
teeth among children of school age in those locations (r = 0.78, P <0.001). The prevalence ofMS
also correlates well with the percentage of edentulous individuals in certain countries (r = 0-99,
P <0.001). A review of the literature shows that the risk for dental caries is lower among the
following groups: the lower socioeconomic classes in the United States of America; Chinese
immigrants to England compared with natives; blacks compared with whites; and males compared
with females. The dental caries risk is higher during pregnancy and lactation. All these trends have
been described for MS as well. It is suggested that dental caries may be a more accurate epidemio-
logical model for MS than poliomyelitis. It is also suggested that MS and dental caries may share
certain aetiological factors, two of which may be dietary excess of certain fats, and vitamin D
deficiency.

The incidence of multiple sclerosis (MS) is lowest in
the sunnier areas of the world and, with a few
important exceptions, increases as the annual amount
of sunshine declines. The annual amount of
sunshine received by an area has the highest
(negative) correlation with MS rates of any variable
studied (Leibowitz et al., 1967). The world's highest
prevalence of MS cases occurs in the Shetland and
Orkney Islands (Poskanzer et al., 1976), which are
among the least sunny regions (Landsberg et al.,
1965). At the other extreme, MS is virtually
unknown in the tropics, and numerous studies and
reviews have documented that living in sunny
climates, especially during the very early years of
life (Leibowitz et al., 1973; Visscher et al., 1977),
offers one protection against acquiring MS (Limburg,
1950; Acheson et al., 1960; Kurland and Reed, 1964;
Goldberg, 1974). Certain populations, however, like
the Eskimos, appear to be protected against acquir-
ing MS in spite of their extremely low sunlight expo-
sures; the Japanese also are protected without the
benefit of tropical levels of sunlight (Alter, 1977).

These exceptional populations present an unexplained
paradox in the otherwise close relationship between
MS and lack of sunlight. One explanation offered
states that both very high and very low levels of
sunlight may protect against MS, but that there is
an 'optimally detrimental' amount of sunshine
which is responsible for MS (Alter, 1977). A simpler
explanation can be found by considering other
diseases with geographical variations similar to
those of MS. One example is rickets, which has a
peculiar geographical distribution explained more
than 50 years ago (Mellanby, 1921).
At about the turn of the century, rickets was a

common childhood affliction in temperate climates,
both north and south of the equator, and usually
increased with latitude (Hess, 1929). Although little
quantitative data are available, the geographical
nature of rickets was summarised by Hess, who
stated that 'a map of the incidence of rickets is the
practical equivalent of a map of deficiency of
sunlight'. Certain exceptional populations were
noted, however, such as the Japanese and the
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Eskimos of northern Greenland, who, in spite of
their northern locations, did not get the disease.
A physician who practised extensively in Japan
(Palm, 1890) was 'struck with the absence of rickets
amongst the Japanese', and observed that 'the
staple food of the people is rice and fish'. Knowing
the anti-rachitic property of fish oils, we can now
recognise, with hindsight, that Palm's naive dietary
observation is the probable key to the paradoxical
epidemiology of rickets. The relationship between
sunlight, vitamin D, and fish oils is now firmly
established, and epidemic rickets is a thing of the
past.
The geographical similarity between rickets and

MS which can be seen at the qualitative level cannot
be fully explored because current data on rickets
are inadequate. Qualitative comparison of MS with
a more recent disease, paralytic poliomyelitis, has
been made (Poskanzer et al., 1963), in spite of serious
geographical discrepancies between the diseases.
Polio was epidemic in many parts of the tropics
(Leibowitz and Alter, 1973), and also among the
Eskimos (Rhodes, 1949). Nevertheless, the polio
analogy is cited as evidence for the viral origin of
MS (Kurtzke, 1977), and has inspired many
unsuccessful searches for the 'MS virus' (Johnson,
1975; Carp et al., 1977; Symington and Mackay,
1978). A more recent comparative epidemiological
survey was undertaken by Wolfgram (1975) in which
the World Health Organisation (WHO) mortality
statistics were systematically searched to discover
whether any diseases showed parallel geographical
distributions with MS. Among approximately 83
diseases listed for 36 countries, Wolfgram found
one, cancer of the colon, which had a significantly
positive correlation with MS. The epidemiological
similarities between MS and cancer of the colon led
the author to propose that the diseases were possibly
caused by some related dietary factors. A more
recent survey (Knox, 1977) has supported the
epidemiological link between cancer of the colon
and MS.

Dental caries has been recently added to the
WHO compilation and this disease is here reported
to share many epidemiological features in common
with MS. Casual comparison of the WHO map of
dental caries incidence throughout the world (Barmes
and Infirmi, 1977) reveals a striking parallel in general
trend. The dependence on latitude of the incidence
of dental caries led many investigators to theorise
that caries attack rates increased with decreasing
levels of sunlight, and that sunlight provided
protection against caries (Mills, 1937; East, 1939;
Blackberry, 1943; Saunders, 1945; Dunning, 1953;
Shaw, 1970). The sunshine hypothesis, similarly

William Craelius

proposed for both dental caries and MS, has not been
experimentally tested for either disease, in spite of
an abundance of epidemiological evidence pointing
to sunshine as a possible protecting agent.

Dental examinations of 51 MS patients (Firnhaber
and Orth, 1977) have demonstrated an abnormally
high rate of carious teeth among them, compared
with an age-matched group of epileptics. This
result certainly does not prove any aetiological
relationships between MS and caries, but it does
give a further rationale for the present epidemiological
study of the two diseases.

Material and methods

Geographical comparisons of MS and dental
caries were made in three areas: Australian states,
the United States of America, and the world.
Australian dental data (Table 1) were taken from a
study (Andrews, 1948) of 2000 men and women in

Table I Dental cariesanddeath ratesfor multiple sclerosis
in Australian states

MS Dentists per
State death rate* DMF teetht 1000 populationt
Western Australia 037 17-50 4-4
NewSouthWales 0 65 18*66 5*3
South Australia o*67 18*57 3.7
Queensland 0-76 19-72 4-6
Victoria 0-96 19-74 4 5
Tasmania 1-25 2198 2-9

r = 0*97 P <0-002 (MS and DMF)
r = -059 P>0 (MS and Dentists)
r = -0-61 P> 0 1 (DMF and Dentists)
*Average age-adjusted death rate for 1950-59 (Acheson, 1961)
tDecayed, missing and filled teeth among RAF personnel drawn from
the designated state 1939-45 (Andrews, 1948)
tNumber of dentists per 1000 population, from the 1933 Australian
Census

the Royal Australian Air Force, drawn from various
states. The data are presented in terms of the average
numbers of decayed, missing, and filled (DMF)
teeth during the period 1939-1945. MS death rates
for the corresponding states were taken from
Acheson (1961). These are age-adjusted death rates
compiled by the Department of Medical Statistics
from 1950 to 1959. Both the dental and the MS data
are based on Caucasians only. Because there is a
gap of five to 20 years between the dental surveys
and the MS data, the validity of the comparison
between the two sets of data must be considered.
Statistical comparison could be made most directly
if the dental health statistics were known for the
same population on which the MS death rates are
based. However, the fact that the dental surveys
precede the MS deaths by five to 20 years means that
both samples were taken from roughly the same
generation, since the average age of death from MS
is 52 years (Leibowitz and Alter, 1973), and the age
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of subjects in the dental surveys ranged from 18 to
35 years. Thus, although the sampling is separated
in time, the population studied is roughly the same
in both surveys. Dental data from older adults would
in fact be less valid methodologically because the
DMF figure becomes a less reliable index of dental
caries with increasing age (McPhail, 1967). The use
of war time dental data for the various Australian
states poses no special problem. The caries rate
among most European children declined during
the second world war, concurrently with a decline in
consumption of sugar and meat; but in Australia,
sugar consumption per caput did not decline, and
meat consumption dropped only slightly (Official
Yearbook, 1946-47). There is no reason to believe
that factors associated with the war would have
affected the states differentially.

Table 2 MS ranks and dental cariesfor the United States
of America

Average MS* Averaget
death rate dental

State 1946-67 MS rank rank
Alabama 0 38 3 14
Arizona 0.S1 12 15
Arkansas 0'47 10-S 2
California 0-72 18-S 19
Colorado 1 '03 29 15
Connecticut 1'04 31 41
Delaware 0'86 20 42
Florida 0-67 16 17
Georgia 0-31 1 19
Idaho 1 *02 28 28
Illinois 1'04 31 30
Indiana 0'9S 26 19
Iowa 1*43 46eS 16
Kansas 0-93 23'5 6
Kentucky 0 44 7 16
Louisiana 0 33 2 21
Maine 1*20 38 44
Maryland 0*72 18*S 34
Massachusetts 127t 41 44
Michigan 0'97 27 34
Minneapolis 1'1S 3S 30
Mississippi 0-41 S'S 11
Missouri 0-86 21-5 17
Montana 1X43 46XS 23
Nebraska 1-36 45 18
Nevada 0-62 14-5 16
New Hampshire 1'28§ 42 43
New Jersey 0*93 23*S 43
NewMexico 0-41 S'S 11
New York 0-94 25 44
North Carolina 0'47 10'S 15
North Dakota 135 44 28
Ohio 107 34 34
Oklahoma 0 62 14'S 7
Oregon 122 39 35
Pennsylvania 1'00 33 39
Rhode Island 1-04 31 45
South Carolina 0*45 8 18
South Dakota 1'31 43 23
Tennessee 0o46 9 10
Texas 0'40 4 5
Utah 0-86 21'5 24
Vermont 1-49 48 41
Virginia 0*61 13 17
Washington 1'17 36 31
West Virginia 0'71 17 25
Wisconsin 1-24 40 31
Wyoming 119 37 12

r - 0'S5 P <0 001
Rate per 100 000 population averaged from four maps in Leibowitz
and Alter (1973)
tDunning (1953)
?1967 figure not available
§1949-S1 and 1967 figures not available.

The numbers of dentists per 1000 population for
the various states were obtained from the 1933
Australian census.

Dental health ranks for the United States of
America (Table 2) were published by Dunning
(1953) and are based on dental examinations of
994 205 young men from three military studies in
1918, 1934, and 1943. The 1918 study (Britten and
Perrot, 1941) and the 1943 study (Nizel and Bibby,
1944) were based solely on the numbers of decayed
and missing (DM) teeth per person. The 1934 study
(Ferguson, 1935) reported the DMF figure. Dunning
(1953) averaged the results of the three studies by
assigning a rank to each state within each study
based on its relative dental status. MS death
rates for the United States of America were taken
from maps published in Leibowitz and Alter (1973)
for the years 1946, 1959-61, 1958-67, and 1967.
A weighted average death rate was computed from
these data by applying weighting factors of 3 to the
1949-51 rates, and 10 to the 1958-67 rates, and
then taking the average of all four maps. The states
were ranked according to the average, with the
rank 1 assigned to the state with the lowest death
rate. The dental surveys precede the MS death
surveys by three to 49 years, with an average time
separation of 17 years. It can be assumed that, like
the Australian study, the US dental surveys were
carried out among roughly the same generation as
the MS death surveys.
World maps of dental caries are published by

McPhail and Grainger (1969) and theWHO (Barmes
and Infirri, 1977). To help in the transcription of
data from the study by McPhail and Grainger, the
original large map (90 x 60 cm) was used. The
WHO map is colour coded and easy to transcribe.
These studies are based primarily on dental records
of children of school age using the DMF tooth
count index. The dental surveys were carried out
from 1940 to 1974. In both studies, countries or
geographical areas were divided into five numerically
equal groups representing very low, low, medium,
high, and very high rates of caries. A scale of one to
five was assigned to these categories. Because of the
similarity in methods and criteria in these two
studies, the data could be combined in order to
categorise a larger number of countries. The
overlapping data from the two studies usually
agreed, or differed by one rank, in which case the
ranks were averaged. MS prevalence data for the
various countries were obtained from data presented
in Leibowitz and Alter (1973), except for the pre-
valences in Netherlands Antilles and Senegal, taken
from Kurtzke (1975), and the datum on south-east
Finland, taken from Wikstrom and Palo (1975).
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The prevalences in Tables 6.1 and 7.2 of Leibowitz
and Alter (1973) were averaged for each country to
provide the most reliable figure. Most of the MS
data represent the 1960s, although some surveys
date from the 1950s and 1970s. The countries were
listed according to increasing prevalence, the list was
divided into five numerically equal groups, and each
group was assigned a category from one to five
(Table 3).

Table 3 World MS prevalence and dental caries

MS* MS Dentalt
Area prevalence category category

Ethiopia 0 1 1
Jamaica 0*4 1 2
Senegal 1 1 I
Korea 2 1 1
India 2 1 2
Japan 2 1 2
Netherlands Antilles 3 1 1
Iraq 3 *5 1 1
Turkey 4*5 1 1*5
Egypt 6 2 1*5
Morocco 6 2 2*5
Iran 7 2 1
Bulgaria 7 * 5 2 2
Israel 95 2 15

Yugoslavia I1 2 2-5
Italy 15 2 3
Australia 18 2 5
Greece 18 2 2-2
New Zealand 23 3 5
Ukraine 23 3 2
White Russia 25 3 2
France 30 3 4
Russia 30 3 4
SE Finland 32 3 4
Lithuania 32 3 4
Hungary 32- 5 3 3 * 5
Poland 35 * 5 3 4-5
United States 36 4 3
Romania 38 4 3
Canada 39 4 4
Netherlands 43 4 3*5
Norway 43 4 5
England 50 4 4
Austria 51 4 2
Iceland 51 4 5
Far6e Is. 54 4 5
Sweden 56 5 4
Czechoslovakia 56-5 5 4
Switzerland 58*5 5 4.5
Denmark 59 5 5
Germany 60-5 5 5
Scotland 62 5 4-5
N. Ireland 66 5 5
Orkney Is. 108 5 5
Shetland Is. 129 5 5

r = 0-78 P <0-001
*Prevalences per 100 000 are averaged from Leibowitz and Alter (1973)
except for Senegal and the Netherlands Antilles, from Kurtzke
(1975); and SE Finland, from Wikstrom and Palo (1975).
tDental categories from McPhail and Grainger (1969), and Barmes
and Infirri (1977).

The dental data in Table 4 are presented in terms
of the proportion of edentulous individuals in the
age group 55 to 64, in various regions. The data were
obtained from national dental surveys in England
and Wales (Gray et al., 1970); Scotland (Todd and
Whitworth, 1974); the United States of America
(National Center for Health Statistics, 1971);
Iceland (Dunbar et al., 1968); and Northern Ireland
(Sheiham and Dimmer, 1971). The corresponding

MS prevalences were averaged from Tables 6.1 and
7.2 in Leibowitz and Alter (1973) except for the
prevalence in the Scottish islands of Shetland,
Orkney, Lewis, and Skye. This was averaged from
Sutherland (1956).

Table 4 MS and edentulousness in temperate countries

MS* / edentuloust
Area prevalence ages 55-64
United States 36 38
England and Wales 50 60
Iceland 51 63
Scotland (mainland) 62 78
Northern Ireland 66 81
Scotland (islands) 66 80

r = 099 P<0 001
*Prevalences per 100000 are averaged from Tables 6-1 and 7-2 in
Leibowitz and Alter (1973)

tFigures from national dental surveys in the US (National Center for
Health Statistics, 1971); England and Wales (Gray et al., 1970);
Iceland (Dunbar et al., 1968); Scotland (Todd and Whitworth,
1974); and a survey in Northern Ireland (Sheiham and Dimmer,
1971)

Results

Tables 1 to 4 show the similarity in geographical
distributions of MS and dental caries.

AUSTRALIA
The numbers of DMF teeth and the MS death rates
in the Australian states are presented in Table 1.
The DMF average ranges from 17-5 in Western
Australia to 21 *98 in Tasmania. Although the
differences in DMF teeth among states are relatively
small, analysis of the data (Dunning, 1953) showed
seven statistically significant differences: Western
Australia differs significantly from both Queensland
and Victoria, and Tasmania differs significantly from
all the other states. It therefore seems reasonable to
attach some significance to the geographical variation
in caries rates in Australia. Comparison ofDMF teeth
with the MS death rates results in a correlation
coefficient of 0 97, and the probability of a chance
occurrence is less than 0 002. This represents a
nearly perfect linear relationship between dental
disease rates and MS death rates.
The proportion of dentists in the various states is

presented in order to determine whether DMF
teeth are influenced significantly by the level of dental
care. It has been suggested that the DMF index may
vary directly with the level of care, because dentists
tend to fill undecayed teeth as a prophylactic measure
(Jackson, 1974). In Australia, the DMF figures do
not show a positive correlation with the prevalence
of dentists, but rather a slight negative correlation.
In fact, levels of dental care were relatively uniform
because free treatment was made available to
schoolchildren in all the states at least as early as
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1933 (Official Yearbook, 1940). The variation in
DMF teeth in Australia thus seems to represent
actual variation in disease rates.

UNITED STATES OF AMERICA
Table 2 presents the dental health ranks for the US
from 1918 to 1943, and the MS death rates from
1946 to 1967. Although the dental ranks are based on
studies of males, the figures are representative for
both sexes, since geographical variations in dental
caries in the US are similar for both sexes (Kelly,
1974). Comparing dental health ranks with MS ranks
results in a highly significant correlation coefficient
of 0 55 (P <0-001). The variation in dental health
ranks cannot be explained simply be variations in
levels of dental care among States, because two of
the three dental surveys were based solely on decayed
and missing teeth. So the dental health ranks are
fair measures of actual disease rates, as assumed by
Dunning (1953). More recent surveys in the US have
found similar geographical patterns in dental caries
(Ludwig and Bibby, 1969; Kelly, 1974).

WORLD
The prevalences ofMS in 45 countries or geographical
areas are ranked in order of increasing prevalence in
Table 3, with the corresponding index of dental
health for each entry. A correlation coefficient of
0*78 (P <0Q001) points to the existence of a close
relationship in worldwide MS and dental disease
rates. It can be seen that dental caries rates are low
in tropical countries and generally increase with
north and south latitudes, except for Japan, which
has low rates.

Technical advance among countries usually varies
with latitude, so the way in which this factor may
indirectly influence variations in dental caries has
to be considered. Specifically, it might be postulated
that the DMF teeth index varies directly with levels
ofdental care or survey methodology. This postulate
was already ruled out for the last two correlations.
A WHO dental epidemiologist (Barmes, 1977) has
stated that technically advanced countries do
experience high tooth mortality, and this is hardly
affected by widespread dental care. This fact can be
seen independently of the DMF index simply by
considering the proportion of individuals in various
countries with no caries whatever. It will also be
seen below that the proportion of caries-free
adolescents ranges from more than 60% in African
countries (Enwonwu, 1974; Retief et al., 1975) to
7% in the United States of America (Kelly, 1974)
and less than 3% in England (Todd, 1975). The
worldwide variation in DMF teeth therefore seems
to be directly related to actual variation in rates of
disease. Nevertheless, it is still possible that the rates

of dental disease are influenced by factors related to
technical advance, such as diet, and some of these
will be discussed.

Using a scale of one to five for correlating the data
means that the extreme ends of the data are not seen,
so it is useful to examine actual figures from certain
countries where data are available. An extremely
low or zero rate of MS was reported among the
Eskimos in the area around Anchorage, Alaska,
during the period 1950 to 1963 (Kurtzke, 1975).
This correlates well with the very low rate of caries
found among Eskimos from the same area in a
survey in 1960 (Russell et al., 1961). These data were
not included in the list, however, because caries rates
among certain groups of urbanised Eskimos have
increased in recent decades (Curzon and Curzon,
1970; McPhail et al., 1972). Another important test
case not included in the correlation is that of the
15 million Bantus of South Africa, who are possibly
unique in the total absence among them of any
reported MS cases (Dean, 1967). Dental surveys in
1937 (Staz, 1937) and more recently (Retief et al.,
1975) have found extremely low rates ofcaries among
this population. Sixty per cent of rural Bantus
aged 16 to 17 years were entirely free from caries,
and 33% of urban Bantus. The average DMF for
both rural and urban Bantus was 1 * 7. These figures
are among the lowest found anywhere in the world.
In the United States of America only 7% of those
aged 16 to 17 years are caries free, and the DMF is
8-0 (Kelly, 1974). In England the caries-free
proportion of those aged 16 to 17 years is 3% (Todd,
1975), and the average DMF in this age group
ranges from 11 * 5 to 13 - 3 (Jackson, 1974).
By contrast with the Bantus, the coloured and

Indian peoples of South Africa experience moderate
rates of dental disease. The caries-free proportion of
16- to 17-year-old coloureds is only 7*5 %, and DMF
teeth average 5-8. The figures for South African
Indians are similar, and it has been suggested that
increasing urbanisation, accompanied by dietary
changes, has led to dental deterioration among
these groups in the last few decades (Retief et al.,
1975). The first report on MS among non-whites
in South Africa has recently appeared (Ames and
Louw, 1977); the cases included seven coloured
people and one Indian. The appearance of MS for
the first time among these racial groups is interesting
in view of their declining dental health. Among the
English-speaking white population, the prevalence
ofMS was 11 per 100 000 in a survey in 1960 (Kurtzke,
1975), but since 1964 there have been well documented
annual increases in new cases ofMS among the whites
(Bird and Satoyoshi, 1975), and current prevalence
is certainly higher. An increasing frequency of dental
caries in this population was noted 20 years before
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the increase in MS (Ockerse, 1944). Among English-
speaking whites, DMF teeth at present average 100
(Retief et al., 1975). This is the highest rate in South
Africa, although somewhat lower than the corres-
ponding averages of 11 5 to 13 *3 found in England.
The highest frequency of MS is found in Northern

Ireland and the Scottish islands, and these areas of
the world also rank highest in dental disease.
Table 4 presents data compiled from national dental
health surveys in Scotland, England, the United
States of America, Iceland, and Northern Ireland.
The data show the percentages of edentulous
individuals in the age group 55 to 64 (a measure of
severe and prolonged dental disease). When this
variable is compared with MS prevalences, the
result is an extremely high coefficient of 0 99
(P <0-001). In Northern Ireland and the Scottish
islands 80% of individuals aged 55 to 64 have no

natural teeth. This is the highest rate of tooth loss
reported in the world. Edentulousness is not simply
a problem of old age in these countries, since in
Scotland 15% of all individuals become edentulous
before the age of 30 (Todd and Whitworth, 1974).

It should be noted that, at least in northern Scotland
and England, dental disease was not always a severe
problem; according to some authors, advancing
civilisation, accompanied by changes in diet, has
caused the problem (Hardwick, 1960; Lunt, 1974;
Corbett and Moore, 1976). A modern illustration of
this point is found in the Scottish Island of Lewis.
A study by the British Medical Research Council of
dental health there in 1938 (King, 1940), found that
rates of caries were very low, especially among
children in rural areas. For example, 31 % of rural
adolescents were free of caries, but only 12% ofurban
adolescents. A follow-up survey in 1968 by the same
research council (Hargreaves, 1972) reported no
caries-free adolescents, extremely high rates of caries,
and no difference between urban and rural rates.
Similarly dramatic increases in dental decay after the
second world war have been documented in diverse
regions of the world where diets have become
increasingly 'Westernised' (Walker, 1975; Hartles
and Leach, 1977). In Lewis, dietary surveys made in
conjunction with dental surveys (Cathcart et al.,

William Craelius

1940; Hargreaves, 1972) showed that certain changes
in diet are believed to be responsible for the increase
in dental caries. Themajorchangewas the substitution
of meat for fish.
Geography apart, several other epidemiological

characteristics of MS resemble those of caries as
listed in Table 5. These are discussed below.

RACE
Blacks have been shown to have a reduced risk ofMS,
irrespective of geography. The case/control ratio
obtained in a US Army study suggests that the risk
of MS for white males is 2 * 5 times the risk for black
males (Kurtzke, 1975). National dental surveys in
the United States of America have clearly
demonstrated a reduced risk for dental caries
among blacks in various age groups, irrespective
of geography and socioeconomic differences (Kelly
1974; Rowe et al., 1976). For example, in the age
group 20-24 years, whites in the United States of
America have 1 * 8 times as manyDMF teeth as blacks.
Several smaller scale dental surveys have reached
similar conclusions (Hyde, 1944; Szwejda, 1962;
Miller and Chrietzberg, 1962; Jong, 1968; Littleton
et al., 1970) although some reports have appeared of
exceptional communities in the United States of
America where blacks have as much or more caries
than whites (Creighton, 1969; Bagramian and
Russell, 1971; Infante and Owen, 1975). In England,
blacks have a lower caries rate than whites. A study
of adolescent girls attending a London school
showed that the Negro girls had significantly less
caries than the European girls (Downer, 1970).
Negro schoolchildren in Liverpool also have signifi-
cantly less caries than their white classmates (Varley
and Goose, 1971). As was mentioned earlier, the
coloured and Indian peoples, and especially the
Bantus, in South Africa have less caries than whites
(Retief et al., 1975). Black Nigerians, including those
in the higher socioeconomic classes, have significantly
reduced caries rates compared with European
residents of Nigeria (Enwonwu, 1974; Akpabio,
1967). Thus, there is a vast body of evidence in
support ofthe idea that blacks experience significantly
fewer caries than whites; the question whether this

Table 5 Epidemiological comparison ofMS and dental caries

Characteristic* Multiple sclerosis Dental caries

Geographic variation Increases with N. latitude Increases with N. latitude
Increases with S. latitude Increases with S. latitude
Low in tropics Low in tropics

Asian immigrants vs native British Much lower in immigrants Much lower in immigrants
Social class in US More frequent in higher class More frequent in higher class
Urban vs rural rates No difference No difference
Seasonal incidence None demonstrated None demonstrated
Racial difference Much more prevalent in whites Much more prevalent in whites
Sex distribution Higher in females Higher in females
Effect of pregnancy and lactation Increased risk Increased risk

*For sources see text

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jech.bm
j.com

/
J E

pidem
iol C

om
m

unity H
ealth: first published as 10.1136/jech.32.3.155 on 1 S

eptem
ber 1978. D

ow
nloaded from

 

http://jech.bmj.com/


Comparative epidemiology of multiple sclerosis and dental caries

difference is genetic or cultural cannot be answered
with the information at present available.
A study of Orientals living in California and

Washington (Detels, et al., 1972) indicated that this
group had a much lower risk ofMS than Caucasians.
Parallel results are found for dental disease. Chinese
residents of the United States of America were found
to have the lowest rate of DMF teeth of any ethnic
group examined in a large military study (Hyde,
1944); blacks had a slightly higher rate. The highest
DMF teeth rates were found among those of English
or Irish extraction. Chinese adult immigrants to
Britain have excellent teeth compared with native
British of the same ages (Goose and Lee, 1976), but
children born to these immigrants have as many
DMF teeth as native English children, or more.
Parallels are found in MS migration studies.Asian
immigrants to Britain were found to have a reduced
risk of MS compared with European British (Dean
et al., 1977). A more detailed study in Israel showed
that Afro-Asians who immigrated to Israel after the
age of five had a lower risk of MS than European
immigrants of comparable ages, but Afro-Asians
who immigrated before the age of five acquired a risk
as high as, or higher than, the Europeans (Alter,
1977). The migration studies seem to suggest that
similar racial and environmental factors influence
both MS and dental caries.
SEX
MS is generally more common in women than in men
(Leibowitz and Alter, 1973), and dental caries are
more prevalent in women of all age groups than in
men, according to national surveys in the United
States of America (Kelly, 1974); Iceland (Dunbar
et al., 1968); England (Gray et al., 1970); Scotland
(Todd and Whitworth, 1974); Germany (Shirmer
et al., 1975); and Polynesia (Beck and Ludwig, 1966).
It has been suggested that very young girls have more
caries than boys because of earlier tooth eruption
in girls (Carr, 1962), but this does not explain the
marked differences in caries between olderwomen and
men.

Pregnancy and lactation increase the risk of MS
(Schapira et al., 1966) and of dental caries too
(Bottscher et al., 1970; Chapman et al., 1971;
Orosz et al., 1975).
SOCIOECONOMIC FACTORS
Recent reviews (Leibowitz and Alter, 1973; Acheson,
1977) have pointed out that studies from various
countries on socioeconomic factors associated with
MS disagree substantially, so any conclusions drawn
must be relative to the country and the methodology.
Two cases are considered here for which there are
directly comparable data for both MS and dental
disease. In the United States of America, a study of

ex-servicemen (Beebe et al., 1967) indicated that the
risk of MS was higher for the higher socioeconomic
classes. A dental survey of 67 000 men selected for
military service in the United States of America
(Hyde, 1944) also found significantly more caries
among the highest socioeconomic classes compared
with the lowest. This socioeconomic gradient in
dental disease was confirmed in recent national
surveys (National Center for Health Statistics, 1967;
Rowe et al., 1972).
MS in Northern Ireland is significantly more

frequent among agricultural workers compared
with employers, managers, and professionals
(Acheson, 1977), apparently opposite to the trend
in the United States. Dental disease follows the
MS pattern in Northern Ireland; a recent survey
found significantly more dental caries among manual
compared with non-manual workers (Sheiham and
Dimmer, 1971). In England there is controversy
about the relation of social class to MS risk
(Kurland et al., 1965; Campbell, 1971); hence no
firm comparison with dental caries can be made.

Discussion
Dental disease appears to correlate with MS to at
least the same extent as poliomyelitis, previously
proposed as the epidemiological model for MS
(Poskanzer et al., 1963). In some respects, dental
disease may be a better model for MS, because polio
was epidemic in the tropics and parts ofJapan, as well
as Alaska and the Arctic (Leibowitz and Alter, 1973).
The fact that polio, a disease ofviral origin, and dental
caries, the origin of which is largely dietary, can
both correlate with MS illustrates very clearly
the limitations of epidemiological correlation.
Specifically, it must be remembered that a correlation
of MS with either polio or dental caries does not
imply a direct or meaningful relationship. The search
for a MS virus has so far proved fruitless; it is
interesting to consider the possibility that the
aetiologies of dental caries and MS are similar.

Because MS has been shown to correlate well with
both dental caries and cancer ofthe colon (Wolfgram,
1975), the aetiological factors that the three diseases
may share in common can be explored. The factors
involved in dental caries are not completely under-
stood, and will be mentioned only briefly here.
Refined carbohydrates, especially sucrose, are
believed to be primary sources of decay, and fluoride
may be a primary protective agent. Other possible
cariogenic dietary factors include excesses of fat
(Mandel, 1970), and the minerals Cu, Fe, Zn, Se, Mn,
and K (Helle, 1977; Hartles and Leach, 1977). Other
protective factors may be vitamins C and D and the
minerals Ca, Mg, Mo, Va, Sr, B, and Li (Helle, 1977;
Hartles and Leach, 1977).
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In order to choose the factors relevant to the present
study, it is of interest to examine the factors
responsible for dental deterioration in the Isle of
Lewis, previously mentioned. The dietary surveys
there in 1937 and 1967, obtained through intensive
family interviews, revealed that per caput consump-
tion of both refined carbohydrates and sugar actually
declined slightly in the later survey. The most
significant change in the diet was a substitution of
meat for fish, resulting in a large increase in fat
consumption, and decreases in consumption of
vitamin D and the trace minerals present in fish.
A similar dietary change away from fish apparently
occurred in the nearby Shetland Islands during this
century (Cluness, 1951), where there has been a sharp,
linear increase in MS since 1954 (Poskanzer et al.,
1976). Fish would be a primary source of vitamin D
in these islands, where sunshine is rare. An increase
in fish consumption, conversely, has been implicated
as one of the factors responsible for the decline in
caries among children in most European countries
during the war (Mandel, 1970). Evidence from
Northern Europe thus appears to suggest that caries
increase as the total fat intake increases, and as the
fish intake declines.
A recent review of colon cancer (Cummings, 1978)

indicated that, while dietary fibre may protect
against the disease, the most important causative
factors are excesses of dietary fat and animal protein.
An epidemiological survey found that the incidence
of cancer of the colon correlated more closely with
total fat intake than with any other variable studied,
including total consumption of animal products
(Knox, 1977).
The possible relationship of MS to animal fat

consumption, first suggested by Swank (1950), has
recently been elaborated by Dick (1976) and Alter
(1977). It is suggested by these authors that dietary
excesses of certain fats may cause errors in the
development of myelin, possibly very early in life,
and these may render the myelin unstable or
susceptible to attack. It has been proposed that a
vitamin D deficiency early in life could also cause
errors in myelin (Goldberg, 1974). Recent experi-
ments on myelination in vitro support the latter
proposal (Craelius et al., 1978).
The possibility that the close correlations found

between MS and dental disease are due to chance is
extremely unlikely, and it has been shown that MS
prevalence varies with actual rates of dental disease
and not simply with dental indices which are
influenced by levels of dental care. Increases in the
prevalence of dental caries both in South Africa
and in the Scottish islands have been followed by
increases in the prevalence of MS. Conceivably, the
correlation may be due to factors unrelated to

William Craelius

aetiology. It might be hypothesised, for example,
that the higher intake of refined foods by more
civilised peoples of higher latitudes accounts for
their caries incidence, but not for MS. The results
contradict this argument. It is unlikely that the
variation in dental disease seen in Table 4 can be
explained by differing intakes of refined foods
among the regions. Also, the argument cannot easily
explain the south to north increases in caries in the
United States of America and in England (Gray
et al., 1970). In fact, a recent dietary and dental survey
of 457 children in Canada showed absolutely no
relationship between dental caries and intake of
refined foods (Richardson et al., 1977). This lack of
relationship is also seen in the example of the Bantus,
whose intake of refined carbohydrates has markedly
increased in the last few decades, with virtually no
increase in caries (Walker, 1975). Conversely, on
the Isle of Lewis, consumption of refined carbo-
hydrates declined slightly, at a time when caries
rates increased (Hargreaves, 1972). There is no reason
to believe, then, that the epidemiology of dental
caries can be explained by differences in intake of
refined foods. It is suggested that the possibly
meaningful explanations of the correlation, such as
fat intake, or vitamin D deficiency, be further
explored.
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