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SUMMARY Mortality statistics provided a valuable source of support for data obtained from
prevalence surveys ofmultiple sclerosis in Australia. Firstly, multiple sclerosis mortality data for the
decade 1971-80 in the States of Australia confirmed the relationship between increasing disease
frequency and increasing south latitude shown by State and regional point prevalence surveys based
on the national census day 30 June 1981. Secondly, a comparison with mortality data from the decade
1950-59 showed that in most States there had been a substantial fall in multiple sclerosis mortality in
the more recent decade and this was clearly an important contributing factor to the rise in prevalence
noted between the morbidity surveys of 1961 and 1981. Thirdly, multiple sclerosis mortality in the
UK-born migrant population dying in Australia was found to be similar to that of the Australian-
born population and very much lower than that found in the UK. This observation corroborated
evidence from the 1981 morbidity surveys and suggested that migration from the UK to Australia
may lower the risk of developing multiple sclerosis either through a reduction in disease incidence or
the operation of environmental factors curbing disease expression.

Mortality statistics have provided important insights
into the epidemiology ofmultiple sclerosis, despite the
potential inaccuracies of such data.'-5 The first clear
demonstration of the relationship between geo-
graphical latitude and multiple sclerosis frequency was
made with mortality statistics,6 and they have also
been helpful in studying temporal trends in multiple
sclerosis frequency.3"9

In Australia, the first epidemiological study of
multiple sclerosis was based on mortality data:
Acheson'0 found that mortality over the decade 1950-
59 in the six States showed a close relationship with
latitude with the notable exception of Queensland
(QLD), whilst no such relationship was found for
mortality from motor neuron disease (MND) over the
same time period. His study also showed that mor-
tality from multiple sclerosis in Australia was
considerably lower than that in the United Kingdom
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(UK) measured over the triennium 1954-56, whilst
mortality from MND was much the same in the two
countries.

Recent State and regional multiple sclerosis
prevalence surveys in Australia" 2 have also shown a
strong association between disease frequency and
latitude, with multiple sclerosis frequency increasing
about fourfold in a southerly direction across the
continent. Furthermore, multiple sclerosis prevalence
in English-born migrants was found to be consider-
ably lower than that found recently in England'3 '4 in
all except the southernmost areas of Australia.
The principal aims of this study were firstly, to see if

the findings of the recent multiple sclerosis prevalence
surveys in Australia were supported by mortality
statistics for the decade 1971-80 prior to the surveys,
and secondly, to make a comparison between these
mortality data and those obtained by Acheson."
Finally, the reliability of such mortality data in
estimating the frequency of multiple sclerosis in Aus-
tralia was assessed by a comparison with data on
deaths among known multiple sclerosis patients in the
State ofNew South Wales (NSW).
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Methods

Epidemiological surveys ofmultiple sclerosis were conducted
in five areas of Australia: the States of QLD, Western
Australia (WA) and South Australia (SA), the statistical
division of Hobart in the State of Tasmania (TAS) and the
statistical district of Newcastle in the State of NSW. For all
areas the prevalence day was the national census day 30 June
1981. The methods ofcase ascertainment for the surveys were
similar in all areps and have been fully described else-
where."'2 Standardisation of procedures was ensured by
regular meetings of survey co-ordinators from each area.

Mortality data for multiple sclerosis in the decade 1971-80
were supplied for the States and Territories of Australia by
the Australian Bureau ofStatistics (ABS); similar data for the
countries ofthe UK for the triennium 1974-76 were obtained
through the ABS. In each case, the data consisted of only
those patients in whom multiple sclerosis was stated as the
underlying cause of death (UCD). Average mortality rates
were expressed per 100,000 person years, the denominators in
Australia being the census populations at 30 June 1976 in
each area, and in the UK the 1975 mid-year population
estimates in each country.
The ABS also supplied mortality data for multiple sclerosis

in the decade 1971-80 for the whole country of Australia
according to birthplace in Australia or in the UK. Denomin-
ator populations enabling calculation of separate mortality
rates for these two populations were obtained directly from
the national census of 30 June 1976.
For the purpose of examining the relationship between

multiple sclerosis mortality and latitude, a mean latitude was
calculated for each State of Australia from the population
distributions in their respective statistical divisions at the
1976 census. Similarly, for the prevalence data, mean

latitudes in the States of QLD, WA and SA were calculated
from their population distributions at the 1981 census.

In NSW, the ABS provided the death certificate numbers
of all patients in whom multiple sclerosis was coded as the
UCD in the period 1976 to 1985 inclusive. These certificates
and those of multiple sclerosis patients not included in the
ABS data who were known from the NSW prevalence survey
to have died in this time interval were examined by one of us
(SRH) with the permission of the Registrar of Births, Deaths
and Marriages.

Statistics
Prevalence in 1981 and mortality rates for the decade 1971-
80 in Australia were age-standardised to the 1981 Australian
population. In addition, prevalence and mortality ratios and
their respective 95% confidence intervals were calculated
from a Poisson regression model in which the number of
cases was considered to be the (Poisson) response variable,
and the population size was declared to be an offset term.'5
Prevalence and mortality were modelled as a function of age
(grouped in six categories 20-29, 30-39, 40-49, 50-59, 60-69,
70+; the age group 0-19 was not included as no deaths
occurred among people less than 20 years old) and place of
residence in Australia. Trends in prevalence and mortality by
latitude ofresidence in Australia were examined by including
a single linear term for latitude in the regression model, this
function predicting that multiple sclerosis prevalence and
mortality increased exponentially with increasing south

latitude. Differences between the respective relationships ot
multiple sclerosis prevalence and mortality with latitude were
tested by adding an interaction term of outcome (that is,
mortality or prevalence) by latitude.

Mortality rates for the decade 1971-80 in Australia and the
triennium 1974-76 in the UK were also age-standardised to
the 1950 US population to facilitate comparisons with
Acheson's'° data. Acheson's"' report did not contain age-
specific rates or variances of age-standardised rates;
therefore, statistical comparisons between rates presented in
that paper and those calculated from the present data were
made by assuming the number of deaths in the population
followed a Poisson distribution. Using this assumption, the
variance of the log of the ratio of two rates is given by the
formula 1/0, + 1/02 where 0, and 02 are the numbers ofdeaths
in the two populations under comparison.'6 For large
samples, the log of the rate ratio (RR) is approximately
normally distributed and thus calculation of its 95%
confidence interval was based on the normal approximation.
Statistical comparisons between age-standardised mortality
rates calculated from the present data were made with the
method described by Knowler et al " and have also been
expressed as RRs with their 95% confidence intervals.

Results

Temporal trends in multiple sclerosis mortality:
(a) Australia-the decades 195S0-59 and 1971-80
Table 1 shows that the age-standardised mortality of
multiple sclerosis in Australia had declined in each
State in the more recent decade with the exception of
WA where multiple sclerosis mortality had remained
essentially stable. The falls in mortality were greater
than could be explained by chance in Australia as a
whole (28%, p < 0 0001) and in the States of QLD
(53%, p < 0-0001), NSW (31%, p < 0-001) and
Victoria (23%, p < 0004) but not in SA (13%,
p > 0-42) or Tas (34%, p > 0 07).

Table 1 Comparison between multiple sclerosis mortality in
the decades 1950 to 1959 and 1971 to 1980 in Australia

19501959* 1971-1980t
Rate

State Deaths Mort. Deaths Mort. ratio 95% Cl

Queensland 94 0-76 71 0-36 0 47 035-0-64
Western Australia 22 0-37 40 0 39 1-05 0-63-1-77
New South Wales 223 065 222 045 0-69 0 57-083
South Australia 52 0-67 72 0 58 0-87 0-61-1-24
Victoria 237 0-96 267 0-74 0-77 0-650-92
Tasmania 35 1 25 32 0-82 0-66 0-41-1-07

Australia 663 0 74 713$ 0 53 0-72 0-65-080

Abbreviations: Mort. = Mortality per 100,000 person years
adjusted to the age distribution of the 1950 US population;
CT = confidence interval.
*-ata obtained from Acheson (1961).
t-data obtained from the Australian Bureau of Statistics.
$-this figure includes 9 deaths from the Territories (7 from the
Australian Capital Territory and 2 from the Northern Territory);
there were no recorded deaths from multiple sclerosis in either
territory in the earlier decade.
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(b) United Kingdom-the triennia 1954-56 and
1974-76
Table 2 shows that the age-standardised mortality of
multiple sclerosis in the UK had declined by 19%
(p < 0-0001) in the more recent triennium. This trend
was seen in each of its constituent countries, the falls
all being greater than could be explained by chance
(Scotland 42%, p < 0-0001; England and Wales 14%,
p < 0-0001; Northern Ireland 25%, p < 0-03).

Table 2 Comparison between multiple sclerosis mortality in
the triennia 1954 to 1956 and 1974 to 1976 in the United
Kingdom

1954-1956* 1974-1976t
Rate

Country Deaths Mort. Deaths Mort. ratio 95% Cl

Scotland 488 2-93 305 1-70 0-58 0 50-067
Northern Ireland 128 3-14 110 2-34 0-75 0-58-97
England & Wales 2453 1-60 2404 1-37 0-86 0-81-0 91

United Kingdom 3069 1-77 2819 1-43 0-81 0-77-0-85

Abbreviations: Mort. = Mortality per 100,000 person years
adjusted to the age distribution of the 1950 US population;
CI = confidence interval.
*-data obtained from Acheson (1961).
t-data obtained from the Australian Bureau of Statistics.

Comparison ofmultiple sclerosis mortality in the
United Kingdom and Australia
In both time periods of comparison, the age-standar-
dised mortality from multiple sclerosis was substan-
tially higher in the UK (table 2) than in Australia
(table 1) (first period: RR 2-39, 95% CI 2-20-2-60,
p < 0-0001; second period: RR 2-70, 95% CI 2 50-
2-92, p < 0 0001). Age-specific mortality in the more
recent time period of comparison showed a mono-
phasic pattern in both countries (fig. 1), peaking
around the sixth to seventh decades of life with a
decline thereafter; the peak for females and all persons
was slightly later in Australia than in the UK. An
excess of females was also apparent in both countries,
the female:male ratios being 1 9:1 and 1 6:1 in Aus-
tralia and the UK respectively, the figure for Australia
being similar to that found in the five 1981 regional
prevalence surveys combined (2.4:1).
Of the 713 deaths from multiple sclerosis in Aus-

tralia from 1971-80, 561 (79%) subjects were born in
Australia and 72 (10%) in the UK. Age-standardised
(1950 US population) mortality was 0 57 in the
Australian-born population and 0-44 in the UK-born
population, a difference just exceeding that which
could be explained by chance (RR 1P30, 95% CI 1 01-
1 67, p < 005). However, the difference in age-
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Fig Age-specific mortality per 100,000 person years in the decade 1971 to 1980 in Australia and the triennium 1974
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standardised mortality between the UK-born popula-
tion in Australia and that of their non-migrating
compatriots was very large (RR 3 25, 95% CI 256-
4-12, p < 0-0001).

Multiple sclerosis mortality and morbidity in Australia
in relation to latitude
The five 1981 multiple sclerosis prevalence surveys
showed clearly that there was an overall relationship
between increasing multiple sclerosis frequency and
increasing south latitude (p < 0001) (table 3).
However, there was an inconsistency within this
gradient in that the age-standardised prevalence of
multiple sclerosis in SA (1981 population: 1,285,032)
was somewhat lower than that of the more northerly
situated Newcastle statistical district (1981 popula-
tion: 389,235) (RR 0-80,95% CI 0-66-0 97, p < 0 03).
The figures for multiple sclerosis mortality in the six
States of Australia in the decade 1971-80 (table 3; fig
2) confirmed (p < 0 001) and extended the multiple
sclerosis frequency gradient with latitude shown by the
1981 prevalence surveys with, moreover, no evidence
of anomalies. The associations between latitude and
multiple sclerosis prevalence and mortality were both
modelled well by a single linear term for latitude.
Furthermore, the test for interaction (that is, for
differences in the relationship with latitude shown
by the prevalence and mortality data) gave p = 0 39,
suggesting that any differences in the observed trends
of mortality and prevalence with latitude could easily
have been due to chance alone.

20°s

30's -

Table 3 Multiple sclerosis mortality per 100,000 person
years in the decade 1971 to 1980 and multiple sclerosis
prevalence per 100,000 ofpopulation in 1981 within Australia
in relation to latitude

Rate
Area Lat. S Pts. Rate* ratiot 95% CI

Mortality 1971-80
Queensland 25-1 71 0-36 1-00
Western Australia 31-4 40 0 39 1 08 073-1 59
New South Wales 33-6 222 0-46 1-30 0-991-69
South Australia 34-8 72 0-59 1-64 1.18-227
Victoria 37-6 267 0-75 2-12 1-632-75
Tasmania 42-0 32 0-81 2-36 1-56-3-59
Prevalence 1981
Queensland 25-1 420 18-6 1-00
Western Australia 31-3 318 25-9 1-56 1-351-81
Newcastle SDi 32-9 142 36-1 2 13 1-76-2-59
South Australia 34-9 378 28-8 1-76 1-532-02
Hobart SD 42-8 125 75-6 4-58 3-74-5-59

Abbreviations: Lat.'S = mean south latitude; CI = confidence
interval; SD = statistical division; SDi = statistical district.
* = adjusted to the age distribution of the 1981 Australian
population.
t = adjusted for age in a Poisson regression model.

Death certification ofmultiple sclerosis in the State of
NSW
In the decade 1976 to 1985, ABS data listed 230 deaths
in NSW with multiple sclerosis as the UCD (UCD
group); on reviewing the evidence for a diagnosis of
multiple sclerosis in these cases, three (0-01 %) were
rejected on the grounds ofincorrect diagnosis. During
this time period, a further 95 deaths not listed by the
ABS occurred among multiple sclerosis patients

Fig 2 Map ofAustralia showing
age-standardised (1981 Australian
population) multiple sclerosis
mortality in the decade 1971-80 in
the six States ofAustralia.
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known to the NSW prevalence survey (non-UCD
group); of these, 64 (67%) had multiple sclerosis listed
as a contributing cause of death (CCD) whilst in the
remaining 31 (33%) multiple sclerosis did not appear
on the death certificate. As a measure of prevalence of
multiple sclerosis at death in that time interval,
therefore, the official mortality statistics in NSW
provided an underestimate of29% (ABS listed deaths
[230]/total multiple sclerosis deaths [322]) or 30% if
the three rejected cases are excluded. Even if all causes
of death had been coded on death certificates, 10% of
deaths (31/322) in multiple sclerosis patients would
still have been missed.

Discussion

Mortality statistics in most countries, including Aus-
tralia, include only those deaths in which multiple
sclerosis has been coded as the UCD in their cause-of-
death statistics. Studies based solely on this source of
information will, therefore, underestimate the
frequency of multiple sclerosis at death. This is
exemplified by the study of multiple sclerosis death
certification in NSW. The prevalence of multiple
sclerosis at death was underestimated by at least one-
quarter in NSW. Furthermore, one-tenth of deaths in
multiple sclerosis patients in NSW had no mention of
multiple sclerosis on their death certificates and these
would have been missed even with multiple-cause-
coding. Other studies have shown similar trends: the
proportion of multiple sclerosis deaths in which
multiple sclerosis was not coded as the UCD varied
from 18% 18 to 55%,'9 and with no mention ofmultiple
sclerosis at all on the death certificate from 10%' to
26%.'9

In Australia, however, it is unlikely that in recent
times there would have been any major interstate
differences in the extent to which such mortality
statistics underestimate the frequency of multiple
sclerosis because medical services are similar in all
States and ofa uniformly high standard. Certainly, the
striking gradient of disease frequency with latitude
shown by mortality statistics for the decade 1971-80
(table 3; fig 2) seems unlikely to be artifactual for a
number of reasons. Firstly, it confirms Acheson's'°
finding of two decades previously; moreover, in the
present study, QLD also conformed to the pattern.
Secondly, it is unlikely that the gradient could be
explained by any major interstate differences in the
case-fatality ratio; indeed, the 1981 morbidity studies
suggested that the disease may actually run a more
malignant course in the hotter northerly regions of
Australian' rather than the reverse. Thirdly, and
perhaps most importantly, it is clearly consistent with
and very similar to the gradient shown by the 1981
prevalence surveys."' 2 A similar consistency between

prevalence and mortality data in relation to multiple
sclerosis frequency variations with latitude has re-
cently been shown in neighbouring New Zealand2"22
and in the USA.5
The minor inconsistency in the multiple sclerosis

frequency gradient with latitude shown by the 1981
prevalence surveys in Australia was most probably
related to the differing sizes of the populations
surveyed because case ascertainment is generally more
complete with smaller population surveys.2 12 23 Indeed,
the latter observation constitutes a possible source of
criticism of the overall strength of the association
between multiple sclerosis prevalence and latitude
within Australia; this is particularly true of its
extremes because the QLD population surveyed in
1981 (2,295,122) was considerably larger than that of
the Hobart statistical division (168,363). The fact that
the multiple sclerosis mortality figures confirmed this
frequency gradient is, therefore, of considerable
importance because its data collection was entirely
independent of the prevalence surveys. Furthermore,
the mortality gradient with latitude showed no
anomalies and it extended the association to include
areas where we were unable to get prevalence data.
Although the multiple sclerosis frequency gradient
with latitude is thought to be partly due to genetic
factors in some countries,9122' there is no convincing
evidence that this is the case in Australia,'2 thus
arguing strongly for the existence of an important
environmental factor in the aetiology of multiple
sclerosis.

Mortality rates of multiple sclerosis in the decade
1971-80 had declined substantially in most States of
Australia in comparison with the decade 1950-59
(table 1). This decline was reflected by a considerable
increase in the age-specific prevalence ofpatients in the
seventh decade of life and beyond between the 1961
and 1981 prevalence surveys.'2 The fact that WA also
showed this increase' suggests that its mortality figure
for the decade 1950-59 may have been a comparative
underestimate. This occurrence could have resulted
from differences betweenWA and other States at that
time such as its lack of an established branch of the
Multiple Sclerosis Society before 1960, or, less likely, a
greater tendency among WA medical practitioners to
code multiple sclerosis as a CCD.

In the decade 1950-59, the Australian age-specific
multiple sclerosis mortality curves were biphasic in
both sexes with initial peaks around 60 and 50 years of
age in males and females respectively, followed in each
case by a slight fall and then a second steep rise in old
age; in contrast, the curves for England and Wales
(1954-56), and New Zealand (1950-59) were clearly
monophasic. Achesonl' suggested that the most likely
explanation for this difference was a continuing ten-
dency in Australia at that time to incorrectly code the

5
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terms "cerebral sclerosis" and "general sclerosis" as
multiple sclerosis rather than as arteriosclerosis.
However, the Australian age-specific curves for the
decade 1971-80 were clearly monophasic and much
closer approximations of the patterns shown by the
United Kingdom in the triennium 1974-76 (fig 1) than
in the earlier time periods ofcomparison. This finding
supports Acheson's'° hypothesis and suggests that
while the majority of the fall in the multiple sclerosis
mortality rate in Australia in the more recent decade
almost certainly was due to a genuine decline in
mortality, part at least was due to resolution of this
nosological confusion.
Over much the same time period, mortality from

multiple sclerosis in the countries of the UK had also
fallen substantially (table 2).89 However, the con-
siderable difference between multiple sclerosis in the
UK and Australia noted by Acheson'" was still
apparent in the present study. More importantly,
Acheson's26 further observation that mortality from
multiple sclerosis in UK migrants dying in Australia
(1957-61) was slightly lower after age-standardisation
than that of the Australian-born population and very
much lower than that of the native UK population,
was also confirmed in the present study. One possible
explanation for this finding is that the migrant popula-
tion from the UK was preselected to exclude those
people with established multiple sclerosis. However, as
Acheson26 himself commented, it seems questionable
that differences of this magnitude could be entirely
explained by preselection. In this regard, it is also
interesting to note that 26% of all UK-born patients in
the 1981 Australian multiple sclerosis prevalence
surveys experienced disease onset prior to migration
(Hammond et al, unpublished observations). Hence,
when taken in conjunction with the findings among
English-born migrants in the 1981 prevalence
surveys,"1 12 a further, and perhaps more likely, explan-
ation for this discrepancy is that migration from the
UK to all but the southermost parts of Australia may
lower the risk of developing multiple sclerosis either
through a reduction in disease incidence or the
operation of environmental factors curbing disease
expression.

Kurtzke has stressed the importance of seeking
"support from other approaches for any conclusions
or inferences attained in any epidemiologic work".27 It
seems clear from the present study and from recent
studies in the USA' and New Zealand' that, in
multiple sclerosis at least, mortality statistics may
provide a valuable source ofsupport for data obtained
from prevalence surveys.

This study was supported by the National Multiple
Sclerosis Society of Australia and the Bushell Trust.
We are indebted to Professor J F Kurtzke for his

invaluable advice in the planning of the Australian
multiple sclerosis epidemiological study, and to Mr S
Bull and Mr L Coleman of the Australian Bureau of
Statistics for their assistance with the gathering of the
mortality data.
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Chekhov: playwright and physician.

A sketch of the brief medical career ofAnton Pavlovich Chekhov (1860-1904) may be of passing interest. Son of a Taganrog
grocer and grandson of a serf who had to buy his freedom, he was sent to read Medicine in Moscow, qualifying in 1884.
Under the nom-de-plume Antosha Chekhonte his literary talent surfaced in cheap and allegedly slightly pornographic and

cheap magazines, whilst still a student. He practised Medicine, full-time at first, then moved to Melikhovo, outside Moscow
and writing gradually became his prime work. Ivanov, his first play (1887) was a failure; his second, The Seagull (1896), was
ridiculed in St Petersburg. Later, the New Moscow Arts Theatre successfully produced The Seagull, Uncle Vanya (1899),
Three Sisters (1901) and his genius was finally confirmed with The Cherry Orchard (1903).

Biographers focus on two medical exploits. Shortly after qualifying he decided to visit a penal colony at Sakhalin in Siberia,
undertaking a long and arduous journey on foot, by cart and boat. He produced a comprehensive report of the island, its
inhabitants and their multitude of illnesses, based on appalling and inhumane living conditions. After publication,
governmental censorship swiftly quashed any further comment or corrective action. Similarly, despite the suggestion to the
University of Moscow that Chekhov's labours were worthy of academic recognition, none was bestowed. Two years later, in
his first year in Melikhovo he was made superintendent of services to counteract a fierce outbreak of cholera.

Like so many great artists and writers of his era, he fell victim to tuberculosis, and is said to have first coughed up blood on
his 25th birthday. Doubtless the hardships of his expedition to Sakhalin aggravated his symptoms. He tried numerous
remedies, alas in vain. He died in Bedenweile in 1904, attempting the "cure". Chekhov was one of those fascinating characters
who left Medicine and achieved fame and distinction in other ventures; Lord Moynihan called them "Medical Truants."
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