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Frequency of multiple sclerosis in three Australian
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In the Northern hemisphere the geography of
multiple sclerosis has been studied extensively. In
general the frequency of the disease increases with
increasing distance from the equator. Comprehensive
reviews of the literature have been published by
McAlpine, Lumsden, and Acheson (1965) and
Kurtzke (1966).

In the Southern hemisphere comparatively little
information is available. Dean (1949) suggested that
multiple sclerosis is rare in the Republic of South
Africa except in immigrants from Northern Europe.
His subsequent more detailed surveys have confirmed
this finding (Dean, 1967). Mortality figures for the
white settler population of the Southern hemisphere
show a trend of increasing frequency of multiple
sclerosis with increasing South latitude (Acheson,
1961). Preliminary surveys of Queensland and West-
ern Australia (Sutherland, Tyrer, and Eadie, 1962;
Saint and Sadka, 1962) suggested that the prevalence
of multiple sclerosis in these areas was substantially
lower than in the British Isles. For Queensland this
has been confirmed by a further population study
(Sutherland, Tyrer, Eadie, Casey, and Kurland,
1966). Unfortunately no formal population studies
are yet available for New Zealand, and little has been
published about the disease in South America.

Australia presents a particularly suitable area for
comparative community studies of the frequency of
multiple sclerosis. It extends from latitude 10°41'S
to 43039'S, has a uniformly high standard of medical
care, and relatively uniform training in medical
nosology and diagnosis. A similar pattern of medical
care exists throughout the country, and a census
every five years provides accurate population data.

This paper describes a survey of the prevalence
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and incidence of multiple sclerosis in three Australian
cities: Perth, capital of the State of Western
Australia; Newcastle, second largest city in the
State of New South Wales; and Hobart, capital of
the State of Tasmania. Population figures were
available for each city from the census taken on the
30 June 1961, and this date was chosen as prevalence
day for the Survey.

GEOGRAPHICAL NOTE

Perth, population 420,133, is situated at latitude
31°57'S, longitude 115°52'E, straddling the estuary
of the Swan river and extending across the coastal
plain to the foothills of the Darling escarpment. Its
average altitude is 197 feet, and the metropolitan
area covers 192 square miles. The mean maximum
temperature is 73-50F and minimum 55-3°F. The
rainfall occurs chiefly in the winter months, the
May-October average being 30-24 inches while the
November-April average is only 4-80 inches. The
metropolitan area of Perth, which includes
Fremantle, is the centre and port for a large area of
countryside where wheat, sheep and cattle farming,
and viniculture are the principal activities. At the
time of the survey there was little heavy industrial
development in the area. In 1961 immigrants from
overseas comprised 24% of the population.
The city of Newcastle, population 142,574, is

situated on the Hunter river at latitude 32°52'S,
longitude 151°49'E, and covers an area of 83 square
miles at an average altitude of 112 feet. The mean
maximum temperature is 70-7°F and minimum
51 7°F. The rainfall is evenly distributed throughout
the year, the May-October average being 20-56 inches
and the November-April average 20-80 inches.

Newcastle is an industrial city based on iron and
steel production and engineering. In addition, its
port provides facilities for the surrounding rural area
where sheep and cattle are raised and vines
cultivated. The growth of population has occurred
largely by natural increase, and the proportion of
immigrants from overseas (12 %) is half the figure for
Perth but similar to that for Hobart (vide infra).
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Hobart, population 115,932, is situated at latitude
42050'S, longitude 147°21'E, on the Derwent river
and covers 105 square miles at an average altitude of
177 feet. The climate is cool, with a mean maximum
temperature of 61 90F and mean minimum of
46-90F. The rainfall is evenly distributed throughout
the year, with an average 12-34 inches in May-
October and 12-61 inches November-April. The city
provides a centre and port for a rural area in which
cattle are raised and apples grown. There has been
little industrial development. The rate of population
growth has been relatively slow, and only 12% of
the population were born overseas.

Medical facilities in each of these centres are of
similar quality, based on a number of major hospitals
where record keeping is of good standard. In each
centre the number of practising doctors per head of
population is of the order of 1 to 700. Diagnostic
indices have been in existence in the principal
hospitals in Perth and Hobart since 1955 and in
Newcastle since 1951.

DEFINITION OF TERMS

In this survey, prevalence has been defined as the
ratio of persons with an acceptable diagnosis of
multiple sclerosis living in the defined area on
30 June 1961, to the total number of persons in the
population of the same area on the same day.
Incidence has been calculated from the number of
cases ascertained in each area, in which the onset of
symptoms occurred during the decade 1950-59,
within the defined area. Average annual incidence
rates have been computed using the populations
enumerated in the census of 30 June 1954 as
denominator.

METHOD OF STUDY

The methods employed in collecting medical data
were similar in each centre, and standardization of
procedures was ensured by annual visits between
centres by one of us (M.G.McC). A provisional
register of cases of suspected multiple sclerosis was
compiled as follows: a search of diagnostic indices
of all hospitals in each area was conducted in respect
of multiple sclerosis (345),* encephalitis, myelitis,
and encephalomyelitis (343),* other cerebral par-
alysis (352),* other diseases of the brain (355),* and
inflammation of the optic nerve and retina (377).*
In addition, because of the proximity of Newcastle
to Sydney, a search of the diagnostic indices of all
Sydney teaching hospitals with respect to multiple
*These numbers refer to the appropriate rubrics in the International
Classification of Diseases and Cause of Death. 7th Revision. W.H.O.,
Geneva.

sclerosis was undertaken. In each area the Repatria-
tion Department State Diagnostic Index was
similarly searched. The Commonwealth Department
of Health in each area was requested to notify cases
of suspected multiple sclerosis applying for financial
assistance or an invalid pension, and to notify any
cases found among the admission returns furnished
by chronic-care hospitals. A circular letter was sent
to all practising doctors in each of the areas, request-
ing the name, most recent address, approximate
date of diagnosis, and hospital where notes might be
found of any patient resident at any time in the area
of survey (even if deceased) in whom the likely
diagnosis was multiple sclerosis or retrobulbar
neuritis. By follow-up procedures including personal
telephone calls a minimum reply rate of 98% of
practitioners was achieved in each centre. A special
inquiry was made at all terminal and chronic-care
hospitals in and adjacent to the areas of survey. A
letter requesting the cooperation of medical prac-
titioners and explaining the aims of the survey was
published in the monthly broadsheet distributed by
the local branch of the Australian Medical Associ-
ation in each survey area. In Newcastle and Hobart
the cooperation of the Multiple Sclerosis Society was
enlisted. No branch of this Society was active in
Perth at the time of the survey. Further special
measures were taken in Newcastle, and a letter was
sent to all neurologists in active practice in Sydney,
all of whom replied to this request for names of
patients from the Newcastle area. Similarly for
Hobart, neurologists in Melbourne supplied names
of patients referred from Tasmania. Finally, the
Commonwealth Statistician was requested to notify
the survey of deaths from multiple sclerosis in the
areas of survey, subsequent to prevalence day
(30 June 1961). Patients notified in any of these ways
were recorded on the provisional register in each
centre.

Details of doctors' records and hospital admission
notes were transferred to the standard pro forma
prepared for the survey, and the living-dead status
of each patient on 30 June 1961 determined.
Permission for the surveyor to contact all patients
was obtained in each area except in respect of two
patients in Perth. Detailed clinical notes on these
patients were, however, provided by the neurologist
concerned. All patients on the provisional register
apart from these two were personally interviewed and
examined by the surveyor of each area. Case registers
for prevalence cases were closed on 31 December
1964.
A second case register was compiled from the

pooled data collected from the physicians and
neurologists' notes, the hospital records where
available, and the findings on interview and exam-
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ination by the surveyor. Patients on this register
were classified according to the criteria of Allison
and Millar (1954) into Probable, Early Probable,
Possible, and Discard groups.

In order to achieve comparability of case accept-
ance as well as comparability of case ascertainment
all records of patients in the second case register,
including those discarded, were forwarded to the
clinical coordinator (J.M.S.) After scrutiny, he
selected those patients in whom the diagnosis or
classification seemed in doubt. He then visited each
centre in turn and interviewed and examined each of
these patients, who totalled approximately 30% of
those finally accepted. As a result of his visit a final
case register was available in each centre with
patients classified according to Allison's criteria by
the visiting coordinator. All results reported are
based on the final register.

RESULTS

COMPARABILITY OF CASE ASCERTAINMENT AND DIAG-
NOSTIC CLASSIFICATION In Table I a comparison is
made between the proportion of accepted cases
ascertained in various ways in the three survey areas.
In all three areas many of the patients were referred
from more than one source. The average number of
sources reporting each case was highest for Perth (3),

TABLE I
MEANS OF ASCERTAINMENT IN EACH CENTRE

ALL ACCEPTED CASES

Survey Area

Perth Newcastle Hobart

(No.) ( %) (No.) ( %) (No.) ( %)

Hospital diagnostic index
or pension application 85

Repatriation department 11
General practitioner 75
Physician 41
Physician neurologist 65
Other (ophthalmologists,

etc.) 34
Total no. of patients 106
Average no. of sources

reporting each case 3

32 3 9 17 31
33 55 Perth 91 86 13 12 2 2

Newcastle 25 71 8 23 2 6
2 2 5 Hobart 48 87 7 13 0 0

TABLE II
DISTRIBUTION BY RELIGION

ALL ACCEPTED CASES

No. of Cases in Each Survey Area (No. and %)

Perth Newcastle Hobart

(No.) (%) (Expected %) (No.) (%) (Expected %) (No.) (%) (Expected Y.)

and lowest for Newcastle (2), while the figure for
Hobart was intermediate (2 5). Examination of the
differences in reporting from particular sources
shows that there is a significant difference in case
reporting by general practitioners in both Newcastle
and Hobart as compared with Perth (X2 = 3-3
P<0.05, X2 = 2-9 P<0 05). Newcastle also has
lower figures for notifications from neurologists
(X2 = 8.6 P<001), while Hobart has a low pro-
portion of notifications from physicians (X2 = 4-7
P<0-05). The findings in this Table suggest that a
lower proportion of the actual number of cases of
multiple sclerosis existing in Newcastle, and in
Hobart, than in Perth may have been brought
forward for examination. The similar distribution of
the cases in each area by religion professed suggests
that a similar degree of ascertainment was obtained
from the various denominational hospitals (Table II).

Tables III and IV deal with the comparability of

TABLE III
DIVISION OF MATERIAL BY DIAGNOSTIC CATEGORY

ALL ACCEPTED CASES

Survey Area Cases in Each Diagnostic Category (No. and %Y)

Probable Early Probable Possible Total

(No. (%) (No.) (5%) (No.) (5%) (No.)

Perth 70 66 23 22 13 12 106
Newcastle 24 73 4 12 5 15 33
Hobart 36 66 14 25 5 9 55

TABLE IV
ACCEPTANCE OF DIAGNOSIS BETWEEN AREA SURVEYORS

AND CLINICAL COORDINATOR
ALL ACCEPTED CASES

Coordinator's Decision on Surveyor's Diagnosis

Anglican and other Protestant
Roman Catholic
Jewish, other, unknown, and none
Total patients (no.)

74 69
21 20
11 11

106 100

64 23 70
25 9 27
11 1 3

33 100

67 40 73
23 10 18
10 5 9

55 100

Source of Case

80 25 76 40 73 Survey Area Complete Agreement on Disagreement
10 1 3 5 9 Agreement acceptance but on acceptance
71 12 37 24 44 change of or rejection
38 13 39 9 16 category
61 5 15 35 64

(No.) ( %) (No.) ( %) (No.) ( %)

Religion

68
21
11

3
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diagnostic classification reached in the three areas.
Table III shows that the proportions of cases
classified as probable,> early probable, and possible
are closely similar (X2 =2 6 P>005). This is also
true when cases 'accepted -for computation of pre-
valence and incidence are considered separately. In
Table IV a comparison is made between the
diagnostic classifications reached by the area sur-
veyors and the clinical coordinator. Disagreements
were somewhat commoner in Newcastle than
elsewhere, but- the differences are not significant

TABLE VII
AGE CORRECTED PREVALENCE RATES BY SEX AND

FOR ALL PERSONS

Survey Area Age-corrected Prevalence Rates per 100,000
Population

Male

Perth
Newcastle
Hobart

12-7
172
196

Female

26-7
21 4
46 1

Persons

196
19-3
330

(X2=2-2P>0 05). Table VII shows prevalence rates by sex corrected
A further check on comparability is provided by for age in terms of a common population for the

Table V. This shows that the mean degree of dis- three areas. The female-male sex ratio (based on
ability graded according to Hyllested's criteria persons as is customary, not rates) for Perth was

2*3 :1, for Newcastle 1 5:1, and for Hobart was 2-1 :1.
TABLE V These ratios do not differ significantly.

The age-specific prevalence rates for each sex and
PREVALENCE CASES DIVIDED BY AGE AT ONSET

INTERVAL BETWEEN ONSET AND PREVALENCE DAY, both sexes together are g ovenin Table VIII. Inspote
AND BY DEGREE OF DISABILITY of the fact that the number of cases in some of the

Survey Mean Age at Mean Duratton Prevalence groups is very small, the features familiar from other
Area Onset (yr) on Prevalence Cases Mean surveys are apparent-namely, a rising curve of

Day (yr) Disability at prevalence to the fifth or sixth decade with a fall
Interview thereafter, and in Perth and Newcastle an earlier

Males Females Males Females Males Females peak in females than males (McAlpine et al., 1965).
Perth 340 32-8 10-6 10-3 2-6 2-9 With few exceptions prevalence rates in the various
Newcastle 26-7 32-2 15-3 8-7 2-5 3-3 age groups are higher for Hobart than for Perth or
Hobart 36 5 31-6 9-3 13-6 2-7 2-9 Newcastle.

In Table IX the cases are distributed by birthplace.
(1956), the mean duration of symptoms, and the The proportions born abroad are almost exactly
mean age at onset are closely similar in Perth and those expected from the proportions of immigrants
Hobart. Some differences are observed for Newcastle in the populations surveyed. The numbers of cases
males, but the numbers are small and the means are involved are too small in Hobart and Newcastle to
weighted by two cases with onsets under the age of allow correction for the relative age composition of
20 and a duration of the disease of 40 years in each the immigrant and native born populations. In
instance. Perth after age correction there is no significant

PREVALENCE The numbers of cases accepted for the difference in prevalence rates between the native

calculation of prevalence in each area according to population and immigrants from high risk areas.
The prevalence rates for West Australian-borndiagnostic category are shown in Table VI, which i o P a ni

also gives prevalence rates. The prevalence rates for in.hbart , a n nable' .
Moximrnalt-l nA IP'L LrkiuupwiA t1hAn zynrPo-A in Hobart, are shown m Table X.114CWCSICt ujnu irtrtni wt;rx; lurvaticul Wllt;l r"Prubsceu
to the nearest whole number (20 per 100,000), while
the rate for Hobart (32 per 100,000), was sub-
stantially and significantly higher. An adjustment for
the differences in age structure between the pop-
ulations did not alter these rates appreciably.

INCIDENCE Average annual incidence rates have
been calculated from cases in which the clinical
onset occurred in the area during the decade
1950-1959, based on the populations enumerated in
the 1954 census. The number of cases by sex for

TABLE VI
NUMBER OF CASES AND PREVALENCE RATE OF M.S. BY DIAGNOSTIC CATEGORY, IN PERTH, HOBART, AND NEWCASTLE

Survey Area Population Probable Possible and Early Probable Probable and Early Probable and
Possible

1961 Census

420,133
142,574
115,932

Cases (no.) Prev. per
100,000

62 14-8
21 14-7
25 21-6

Cases (no.) Prev. per
100,000

74 17-6
25 17-5
33 28-5

Cases (no.) Prev. per
100,000

83 19-8
28 19-6
37 31-9

Perth
Newcastle
Hobart
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Age Group (yr) Cases
(no.)

TABLE VIII
AGE SPECIFIC PREVALENCE RATES BY SEX AND FOR ALL PERSONS

Males Females Persons

Pop. at Prev. rate Cases Pop. at Prev. rate Cases Pop. at Prev. rate
risk per 100,000 (no.) risk per 100,000 (no.) risk per 100,000

4 62,687
4 27,979
4 25,284
14 22,458
- 23,252
26 205,107

2 21,237
3 10,418
5 10,126
3 8,083

13 71,029

- 7,613
3 8,295
6 7,315
2 5,377
- 5,647
1 1 57,337

6-4 10 65,030
14-3 10 28,617
15-8 21 26,935
62-3 1 1 22,532
- 5 30,534
12-7 57 215,026

9-4 2 20,605
28-8 5 9,976
49.4 5 10,147
37-1 3 7,903

18-3 15 71,545

- 2 7,326
36-2 7 7,908
82-0 9 7,288
37-2 4 5,325
- 4 7,995
19-2 26 58,595

154 14 127,717
34.9 14 56,596
78-0 25 52,229
48-8 25 44,990
16-4 5 53,786
26-5 83 420,133

9.7
50-1
49.3
37-9

22-4

27-3
88-5
123-5
75-1
50-0
44.4

4 41,842
8 20,394
10 20,273
6 15,986

28 142,574

2 14,939
10 16,203
15 14,603
6 10,702
4 13,642
37 115,932

11-0
24-7
47.9
556
9.3
19-8

9 6
39-2
49.3
37.5

20-3

13-4
61-7
102-7
56-1
29-4
31 9

each area and the average annual incidence rates are

shown in Table XI. The incidence rate for Hobart
(both sexes) is 2-2 per 100,000 per annum, and 1-2
per 100,000 per annum for the other two cities. Sex
ratios computed from such small numbers are

unreliable.
In view of the considerable delay which may

elapse between onset and diagnosis in multiple
sclerosis, year of onset is an unsuitable parameter
with which to study recent time trends in incidence.
In Table XII the number of cases in which a first
definitive diagnosis of multiple sclerosis was reached
are shown by year of diagnosis for each area, and
annual average rates have been computed for each
time period. This admittedly crude indicator dis-
closes no evidence of any change in the incidence of
multiple sclerosis in recent years.

TABLE IX
DISTRIBUTION OF PREVALENCE CASES BY BIRTHPLACE

Survey Area State of Other Birthplace Unknown
Survey Aust.
Area Overseas Other

High Risk Overseas

Perth M.S. Cases 51 (W.A.) 11 17
All persons 275,311 43,737 68,124
Newcastle M.S.

cases 24 (N.S.W.) 0 2
All persons 125,494 11,902

(all Aust).
Hobart M.S. cases 31 (Tas.) 2 4
All persons 90,505 11,324 10,843

4 0
32,215 110

1 1
4,765 42

0 0

3,190 70

MORTALITY Figures for deaths from multiple
sclerosis in the Newcastle area are not available.
Deaths in Perth and Hobart, where multiple sclerosis
was certified as the underlying cause of death, were

notified to the survey from the Bureau of Census and
Statistics for the period 1951-1964. It is from such
deaths that mortality rates are customarily cal-
culated. The number of deaths and the average

TABLE X
PREVALENCE RATES: NATIVE BORN WEST AUSTRALIANS

AND TASMANIANS

M.S. Cases Pop. at risk. Prev. Rate
(No.) per 100,000

Native-born West Australians
Males
Females
Total

Native-born Tasmanians
Males
Females
Total

17 132,761 12-8
34 142,550 23-9
51 275,311 18-5

9 43,968 20-5
22 46,537 47-3
31 90,505 34-3

TABLE XI
INCIDENCE RATE PER ANNUM IN EACH SURVEY AREA IN

THE DECADE 1950-1959

Survey Cases ascertained Population at Average annual
Area with onsets 1954 Census incidence per

between 1950-59 100,000
(no.)

Perth
Newcastle
Hobart

41 348,647
17 137,428
21 95,206

1*2
1-2
2-2

Perth:
0- 9
10-29
30-39
40-49
50-59
60+
Total
Newcastle:
0- 9
10-29
30-39
40-49
50-59
60+
Total
Hobart
0- 9
10-29
30-39
40-49
50-59
60+
Total

5
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TABLE XII
NUMBER OF CASES DIAGNOSED IN EACH AREA BY YEARS

OF DIAGNOSIS

Years of Persons Definitively Diagnosed as M.S. (no.)
Diagnosis

Perth Newcastle Hobart

No. Rate/100,OOO No. Rate/100,000 No. Rate/100,000
pop. p.a. pop. p.a. pop. p.a.

1920-1939 -
1940-1949 4
1950-1959 36
1960-1964 32

3

1-03 16
1-52 9

3
9

1-16 25
1-26 12

TABLE XIII
MORTALITY RATES FROM M.S. FOR PERTH AND

HOBART

Survey Years Deaths Death Deaths in M.S.
Area Bureau of rate/100,000 sufferers not

C. and S. pop. p.a. notified by Bureau
(no.) of C. and S.

Perth 1951-1959
1960-1964

Hobart 1951-1959
1960-1964

10
8

17
6

0-32
0-38
200
104

4

5

3
2

annual death rates have been calculated in
Table XIII for Perth and Hobart for 1951-1959 and
1960-1964 separately.

Since names of these deceased persons were not
available from the Bureau of Census and Statistics,
deaths ascribed to multiple sclerosis could not be
checked against clinical notes. A further number of
deaths in persons known to the survey to be suffering
from multiple sclerosis and in whom the certified
cause of death was not multiple sclerosis is listed in
Table XIII.

DISCUSSION

Failure to exploit to the full all available sources of
ascertainment of suspect cases and variations in case
acceptance criteria are the most likely causes of
incorrect estimates of disease frequency, which tend
to diminish the value of comparisons between
community studies of the prevalence of multiple
sclerosis. To this end standard ascertainment
procedures were used in each of the survey areas
with an approach to all available case sources along
the lines established by Alter, Allison, Talbert, and
Kurland, 1960; Stazio, Kurland, Bell, Saunders,
and Rogot, 1964, and others.

Despite this precaution, analysis suggests that
case finding was more complete in Perth than in
Newcastle, and that Hobart occupies an intermediate
position. As far as Newcastle is concerned this may
reflect the special problem of surveying a community
adjacent to the major metropolitan area of Sydney.
The lower returns of general practitioners and

neurologists suggest that the frequency rates may
be an under-estimate for this area. The sex ratio and
age specific prevalence rates, together with the
deficit ofnew cases with onset in the years 1960-1964
in comparison with the decade 1950-1959, suggests
a shortage of case finding among women with recent
onset of the disease, which is the group most likely
to be notified by general practitioners. Despite this
suggestion of incomplete case finding in Newcastle,
the general conformity with distribution by religious
persuasion, a factor unassociated with the develop-
ment of multiple sclerosis (Beebe, Kurtzke, Kurland,
Auth, and Nagler, 1957), suggests that there is not
a major case deficit.

Comparability of case-acceptance criteria in each
centre was ensured by review of the records of all
suspect cases by a single neurologist (J.M.S.), and
interview and examination by him of cases in which
the diagnosis or diagnostic category was in doubt.
The same neurologist also reviewed cases in the
Queensland survey (Sutherland et al., 1966), and in
a survey in the Northern hemisphere (Sutherland,
1956). The degree of agreement in diagnosis between
the observer in each area and the visiting neurologist
was high and confirms Poser's (1965) conclusion that,
despite the lack of a diagnostic test, most neurol-
ogists have equivalent standards for the diagnosis of
multiple sclerosis.

In a number of features, findings in the survey
reported here are closely similar to those reported
from the Northern hemisphere. The distribution of
prevalence cases by diagnostic category is within
the range described in recent series namely 75-60%
Probable, 22-11 % Early Probable, and 21-10%
Possible (Allison and Millar, 1954; Oftedal, 1965;
Gudmundsson and Gudmundsson, 1962; Sutherland
et al., 1966). This distribution appears to hold
irrespective of the prevalence rate for the area.
A predominance of female sufferers from multiple

sclerosis has been noted previously, and Kurland,
Stazio, and Reed (1965) have remarked on a higher
female-male ratio (1X5 :1) in more recent studies than
was found (1:1) in earlier decades. The female-male
ratio is higher than usual in both Perth (2-3:1) and
Hobart (2-1:1), and is not accounted for by the
female-male ratio of the population in the survey
areas which are close to unity. A similar female-male
ratio (2-4:1) is reported by Dean (1967) for South
African whites.
A peak age-specific prevalence rate around 50

years of age in each area in this study corresponds to
findings in surveys in the Northern hemisphere. The
Hobart peak of 103 per 100,000 corresponds to rates
in other high prevalence areas-for example, 87 per
100,000 in Iceland (Gudmundsson and Gudmund-
sson, 1962) and 163 per 100,000 in Denmark
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(Hyllested, 1956). Peak age-specific prevalence rates
for Perth and Newcastle are approximately half the
Hobart rate, and correspond to rates in low preval-
ence areas such as Israel, 28 per 100,000 (Alter,
Halpern, Kurland, Bornstein, Tikna, Leibowitz, and
Silverstein, 1962), Charleston, 46 per 100,000 (Alter
et al., 1960), and English-speaking persons in South
Africa, 45 per 100,000 (Dean, 1967).
The incidence figures show that the attack rate in

Hobart is almost twice that in the other areas. The
Hobart incidence of 2-2 per 100,000 corresponds to
the lower range for high prevalence areas in the
Northern hemisphere. The Perth and Newcastle
incidence rate of 1 2 per 100,000 is comparable with
values from other low-risk areas (McAlpine et al.,
1965).
The mean age at onset for all prevalence cases is

similar in each area except for Newcastle males, a
numerically small group weighted by particularly
early onset in two cases, as mentioned above. An
average age of onset of 31 years is described for the
populations of Halifax and Charleston, with an
average duration of the disease on prevalence day of
between 11 and 13 years (Alter et al., 1960). The
mean age on prevalence day of 42 years in
Washington (Stazio and Kurland, 1962) compares
closely with that calculated for the three areas
described here. Progress of the disease as judged by
the development of disability appears to be similar
in each area.
The findings of similar prevalence rates for

multiple sclerosis in Perth and Newcastle, together
with a higher rate for Hobart, is in accordance with
the gradient expected from mortality data. When
considered in conjunction with the data published
for Queensland (Sutherland et aL., 1966), where cases
were reviewed by the same neurologist, the material
establishes a gradient of the disease for the continent
of Australia.
The prevalence rate published for South Australia

of 35-5 per 100,000 by Rischbieth (1966) is not in
accordance with this gradient, and in particular the
rate for Adelaide of 42-7 per 100,000 calculated from
Rischbieth's data is much higher than the rate
described here of 319 per 100,000 for Hobart.
Incidence figures for the disease in South Australia
are not available, but the prevalence rate described
is markedly at variance with the average age-adjusted
death rate of 0-67 per 100,000 for the area. It is
possible that Rischbieth has substantially over-
diagnosed the condition, and unfortunate that more
details of case categorization are not available in this
study. Throughout his paper there is also confusion
in the usage of the terms incidence and prevalence,
which raises the possibility that the usual definitions
have not been applied in the computation of rates.

40r
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FIG. 1 Relationship of latitude and the
multiple sclerosis in Australia.

prevalence of

In the circumstances, it would be unwise to accept
a prevalence figure until this area is resurveyed.
When prevalence rates from Australian com-

munity surveys are plotted against latitude (Fig. 1)
a close correlation is evident for studies in Queens-
land and the present survey. Rischbieth's figures for
Adelaide are not in agreement with the overall trend.
The close correlation with latitude of the Australian
figures, with the exception of South Australia, is
similar to the linear trend with latitude described for
the U.S.A., and contrasts with the description of
less distinct frequency bands in Europe (Kurtzke,
1966).
The correlation of the frequency of multiple

sclerosis with latitude (Kurland, 1952; Alter et al.,
1960; and others) has been neglected recently because
of the discrepancy of surveys in Japan and some
European areas. It is of interest to plot the prevalence
rate against latitude (Fig. 2) for the surveys described
here, and in Israel (Alter et al., 1962), together with
25 other prevalence surveys selected because mortal-
ity figures were available for comparable areas
(McAlpine et al., 1965). A single prevalence rate has
been calculated for Sutherland's study (1956) of
Northern Scotland, the Orkneys, and Shetlands.
Japanese studies are shown as open circles, since it
appears that Japan may be a special case for genetic
or other reasons. The correlation coefficient of
prevalence with latitude for all studies excluding
Japan is r = 0-845, and including Japan r = 0-780,
while the appearance is of a steady gradient of the
disease with latitude. In view of the difficulties in
comparisons of prevalence surveys already noted, it
is of interest to find that the acceptance of a sharp
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0r The finding of significant differences in the incid-
ence of multiple sclerosis between areas where

0 * standards of public health and sanitation do not
0 X differ significantly as gauged by the availability of

* X a sewerage system (Table XIV) is contrary to the
expectation of Poskanzer, Schapira, and Miller

o * % (1963) who drew an analogy between the general
patterns of multiple sclerosis prevalence and

o * * poliomyelitis, and Dean (1967) who also suggested
that the development of multiple sclerosis might be
related to differences in hygiene in childhood.

0.*Western Australia is an area of particular interest
- in relation to the trace-metal deficiency theories of

the causation of multiple sclerosis (Campbell,
Daniel, Porter, Russell, Smith, and Innes, 1947).
Copper deficiency is endemic in this area and much

* original work on its manifestations in sheep has been
*0*carried out there. The low prevalence and incidence

0* rates recorded are not what would be anticipated if
copper deficiency played a part in the aetiology of

0 ° multiple sclerosis.
10 20 30 40 50 60 - The finding that the prevalence rate of multiple

Latitude in Degrees sclerosis in immigrants to Perth (chiefly from the

2 Relationship of latitude and the prevalence of United Kingdom) is similar to the prevalence rate of
Wple sclerosis in selected community surveys. 0 native-born West Australians is reminiscent of a

anese studies. similar finding of Sutherland et al. (1966) in their
survey of Queensland. It is evident that this requires
an explanation when it is recalled that the prevalence

in multiple sclerosis frequency in Europe below rate in the United Kingdom is two or three times
'N latitude is based on only two studies available higher than in Western Australia or Queensland.
ween 45"N and 32°N latitude, in neither of which Inquiries from the Commonwealth immigration
re case-ascertainment procedures exhaustive authorities reveal that intending immigrants to
acchi, Saginario, and Valla, 1962; Behrend, 1966). Australia undergo a strict and thorough medical
idies of environmental variables associated with examination and it seems likely that their low
itude still seem to be indicated. prevalence rate of multiple sclerosis in Australia
jeomagnetic latitude has been offered as a better reflects selection. To demonstrate whether immigra-
relate with the prevalence of multiple sclerosis tion reduces the risk of developing the disease,
irlow, 1960). An area for survey critical for this studies of incidence after migration, in immigrants
pothesis is South America where the prevalence from high risk zones, will be necessary.
e expected on the basis of a correlation with It is to be hoped that the delineation of Australia
)magnetic latitude differs widely from that as an area of gradient of risk for the development of
)ected if the frequency of the disease correlates multiple sclerosis will lead to further collaborative
th geographic latitude. studies on populations in this area, since the general

TABLE XIV
STANDARD OF SANITATION AS JUDGED BY NUMBER OF FLUSH TOILETS IN EACH SURVEY AREA*

Houses

With Flush Toilets

Perth
AJl West Australia
Newcastle
All New South Wales
Hobart
All Tasmania

(No.)

40,737
46,911
24,148
309,071

9,936
22,833

Without Flush Toilt

(%) (No.)

76-0 11,483
43-3 54,260
89-7 2,249
51-5 259,816
70-0 3,487
42-9 26,610

'ets Not stated

( Y/) (No.)

21-4 1,416
50-1 7,103
8-4 513

43-3 30,983
24-5 802
50-0 3,794

*Taken from material collected at the 1947 Census of Australia.
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Frequency of multiple sclerosis in three Australian cities-Perth, Newcastle, and Hobart

comparability of genetic, medical, and dietetic
standards between communities in this region should
facilitate the identification of other possibly critical
environmental influences.

SUMMARY

Community surveys of the frequency of multiple
sclerosis in three Australian centres are described.
A prevalence rate of 20 per 100,000 population was
obtained for Perth and Newcastle, while the rate in
Hobart was 32 per 100,000.

Incidence figures are calculated for each area, and
mortality rates are available for Perth and Hobart.
The findings in these surveys are compared with

those of other Australian surveys, and selected
surveys within the Northern hemisphere. It is con-
cluded that a gradient of frequency of the disease
exists in Australia.

Attention is again drawn to the relationship
between latitude and the frequency of multiple
sclerosis.
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