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A significant increase in prevalence over time, although it is not clear the
extent to which this reflects better case ascertainment or differential
migration of people from high risk populations (Hammond et al, 1987;
Hammond et al, 1988b). Prevalence in Newcastle has risen by 272% for
females and 74% for men from 1961 to 1996 (Barnett et al, 2003). The rise
was attributed to increased incidence, particularly among females, and to
increased survival rates. The 1996 study of prevalence in the ACT found
unexpectedly high levels of MS, compared to results then available (1981)
of prevalence in Newcastle, a city of similar iatitude. Subsequent
publication of MS prevalence in Newcastle (Barnett et al, 2003) during
1996 in fact shows very similar results between the two cities at the later
date.
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Abstract

The prevalence of multiple sclerosis (MS) in Newcastle, Australia increascd significantly between 1961 and 1981 and the incidence of the
discasc also incrcased between the decades 1950-1959 and 1971-1981. The present study sought to determine whether there has been a
further increasc in the frequency of MS in the subsequent 15 years, and to cxamine the potential factors underlying this change. The
incidence, prevalence and clinical profile of multiple sclerosis were therefore re-examined in Newecastle, Australia in 1996 using comparablc
diagnostic critcria and mcthods to thosc employed in studics in the same region in 1961 and 1981. There has been a significant progressive
increasc in prevalence from 19.6 to 59.1 per 100,000 population and a significant incrcase in incidence from 1.2 to 2.4 per 100,000
population from 1961 to 1996. The most pronounced increase in prevalence was in females and in the age-group over 60 years, and there was
also an incrcased incidence in females aged 20—-29 years. There was little change in the age of discasc onsct, but duration of discasc in
femalces had increased substantially. The significant increasc in prevalence is attributed to increased incidence, particularly in femalces; and to
incrcased survival. Although such trends in prevalence have been obscrved in the Northern Hemisphere, this is the first such study in the

Southern Hemisphere to show a longitudinal increase in prevalence and incidence over a period of this duration.

© 2003 Elscvier Science B.V. All rights rescrved.
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1. Introduction

The prevalence of multiple sclerosis (MS) in three
Australian cities (Newcastle, Perth and Hobart) increased
significantly between 1961 and 1981 and the incidence of
the disease also increased between the decades 1950—
1959 and 1971-1981 [1]. The present study sought to
determine whether there was a further increase in the
frequency of the disease over the subsequent 15 years.
Using diagnostic criteria and methods comparable to those
employed in the previous studies, we therefore undertook
a point prevalence survey in Newcastle for 8§ August 1996,
the date of a national census, and determined the inci-
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dence of MS in Newcastle in the decade 1986—1996. The
clinical profile of MS in 1996 was also compared with
that in 1981 [2].

2. Materials and methods

The city of Newcastle is situated on the Hunter river at
latitude 32°52’S, longitude 151°49'E. It lies on the eastern
coast of New South Wales approximately 160 km north of
Sydney, and encompasses an area of 205 km?®. The pop-
ulation was 142,574, 135,207 and 133,686 on the preva-
lence days in 1961, 1981 and 1996, respectively.

The major sources for case ascertainment were as follows:

1. The diagnostic index of the John Hunter Hospital, the
major teaching hospital of the University of Newcastle.
2. Practising doctors. There were six neurologists practising
in the Newecastle area on the prevalence day. A circular
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was sent to all neurologists and general practitioners
requesting the name, most recent address, approximate
date of diagnosis and hospital where notes might be
found of any patients known to them either currently or
in the past in whom the likely diagnosis was MS. Follow
up procedures included a second mailing of this letter if
no reply was received to the first and personal telephone
calls were also made in some instances.

3. The New South Wales Multiple Sclerosis Society records.

4. Patients included in the 1981 survey [1].

5. Patients included in a trial of beta-interferon, commenced
in 1994 [3.4].

Details of doctors’ records and hospital admission notes
were transferred to a standard protocol form designed to
facilitate entry of information into a computerised database.
All patients were examined by a neurologist. All patients in
whom a diagnosis of MS was considered to be correct were
classified according to the diagnostic criteria of Rose et al.
[5] into clinically definite, probable or possible groups. As in
the previous surveys, laboratory results (e.g. cerebrospinal
fluid (CSF) analysis, evoked potential studies and magnetic
resonance imaging (MRI)) were not considered in the
allocation of individual patients to particular diagnostic
categories. The disability status of each patient on prevalence
day was assessed according to the Kurtzke disability status
scale (DSS) employed in the previous studies. Approval for
the study was obtained from the Hunter Area Research
Ethics Committee.

2.1. Definitions

Crude prevalence was defined as the ratio of persons with
an acceptable diagnosis of MS living in the study area on the
prevalence date of 8th August 1996, a national census day, to
the total number of persons in the same area on the same day
and was expressed per 100,000 population. The crude
prevalence of MS on both prevalence days was age-stand-
ardized to the distribution of the total Australian population
on 8th August 1996 by the direct method. In addition, the
crude MS prevalence data from 1961 and 1981 were age-
standardised to the same population distribution to facilitate
direct comparison.

Crude incidence was calculated from the number of cases
in the study area on 8th August 1996 in whom onset of
symptoms occurred during the decade mid-1986 to mid-
1996, and is expressed per 100,000 person years using the
1991 Newcastle census data as the denominator. The inci-
dence data was age standardised using the direct method to
the distribution of the Australian population on 8th August
1996. The crude incidence data for the decade mid-1971 to
mid-1981 was age standardised to the same population to
facilitate direct comparison.

Age-specific incidence data for the 1950—1959 period
was not available, and thus incidence data for this period
was not age-standardised.

2.2. Statistical methods

Confidence intervals for crude prevalence and incidence
may be computed using the relationship between the Pois-
son and chi-squared distributions [6]. A generalization of
this approach was used to calculate confidence intervals for
the standardised rates [7]. Poisson regression [6] was used to
test for a trend in prevalence across years by fitting year as a
continuous variable. Poisson regression was also used to test
for a difference in incidence between the decades 1971-—
1981 and 1986-1996.

The chi-squared statistic was used to test for association
between categorical variables. Analysis of variance was
used to test for differences between means. The Mann
Whitney U and Kruskall—Wallis (non-parametric) tests were
used to compare medians for two or more groups respec-
tively when normality could not be assumed.

3. Results
3.1. Case ascertainment

All patients had been examined and were notified by a
neurologist. 44% of the patients were also identified from
records of the Multiple Sclerosis Society; 33% had been
included in the 1981 epidemiological survey [1]; 21% were
ascertained from hospital records; 15% were notified by
general practitioners; and 4% were known from the beta-
interferon trial. The average number of sources reporting
each case was 2.2.

3.2. Diagnostic classification

In 1996, the proportion of patients with definite MS was
81% (n=064), with probable MS 18% (n=14); and with
possible MS 1% (n=1). There was no significant change in
the distribution of diagnostic categories between 1961 and
1996 (3*=6.66, 4 df. P=0.16) (data not shown). The
Allison and Millar criteria [8] were used for the 1961 data,
and their ‘probable’, ‘early probable’ and ‘possible’ catego-
ries have been considered equivalent to the ‘definite’,
‘probable’ and ‘possible’ categories of Rose et al. [5].

3.3. Prevalence

The prevalence for all persons with MS in 1996 was 59.1
per 100,000 persons, the highest ever reported in the New-
castle region. In addition, age-standardisation of the crude
prevalence figures extracted from the previously published
1961 and 1981 data' revealed an almost linear increase over
the period. Based on the Poisson regression model adjusted
for age, this trend was statistically significant (y*=25.1, 1
df, P<0.001). Crude and age-standardised rates were not
appreciably different (Table 1). The mean age on the
prevalence day was 50.9 years in 1996. The ratio of
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Fig. 1. Comparison between age-specific prevalence rates (all persons)
1961—1996.

females:males consistently increased throughout the study
period, from 1.5 in 1961 to 2.0 and 2.6 in 1981 and 1996,
respectively. The age-standardised prevalence in females
rose by 272% between 1961 and 1996 (trend y*=24.5, 1 df,
P<0.001), and in males by 74% (trend y°=2.6, 1 df,
P=0.11).

Age-specific prevalence rates by sex for each study year
are shown in Table | and Fig. 1. The age-specific prevalence
rose to a peak in the 5th decade in 1961 and 1981, shifting
to the 6th decade for both sexes by 1996. The prevalence of
patients with MS in the 7th decade and beyond rose from 0
in 1961 to 35.4 and 79.4 per 100,000 in 1981 and 1996,
respectively. This represents a 125% increase in prevalence
in this age group between 1981 and 1996, during which
time the total prevalence rose by only 57%. A similar trend
is observed in the proportion of MS patients over 60 years
of age, which increased from 0% in 1961 to 17.6% and
27.8% in 1981 and 1996, respectively; the percentage of the
total population in this age group underwent a moderate
increase only, from 13.5% in 1961 to 18.9% and 20.8% in
1981 and 1996, respectively.

3.4. Incidence

Incidence rates in the decades 1950 to 1959, mid-1971 to
mid-1981, and mid-1986 to mid-1996 are compared in

Table 2
Incidence rate per 100,000 person years in the decades 1950 to 1959, mid-
1971 to mid-1981 and mid-1986 to mid-1996"

Cases Census Average 95% CI

with population” annual

onset incidence
1950-1959 17 137,428 1.2 -
19711981 29 138,719 2.1(2.3) 1.55-3.37
1986—-1996 33 131,303 2.4 (2.5) 1.68-3.47

?Figures in parentheses are age-standardised to the 1996 Australian
population.

® Census population taken at mid-point of each decade studied (1954,
1976 and 1991).



4 M.H. Barnett et al. / Journal of the Neurological Sciences 213 (2003) 1-6
Table 3
Age-specific incidence rates in the decades mid-1971 to mid-1981 and mid-1986 to mid-1996 by sex and for all persons®
Age 1971-1981 1986—1996
group Males Females All persons Males Females All persons
(years)

n Incidence/ n Incidence/ n Incidence/ n Incidence/ n Incidence/ n Incidence/

100,000 100,000 100,000 100,000 100,000 100,000

0-9 0 - 0 - 0 - 0 - 0 - 0 -
10-19 2 1.62 2 1.66 4 1.64 0 - 0 - 0 -
20-29 6 5.24 6 5.64 12 5.43 2 1.73 7 6.27 9 3.96
30-39 2 2.64 5 6.73 7 4.66 6 6.13 5 5.35 11 5.75
40-49 4 5.10 2 2.50 6 3.79 0 - 4 5.12 4 2.56
50-59 0 - 0 - 0 - 1 1.67 4 6.48 5 4.11
60-69 0 - 0 - 0 - 1 1.53 2 2.74 3 2.17
70+ 0 - 0 - 0 - 0 - 0 - 0 -
Total 14 2.05 (2.20) 15 2.13 (2.49) 29 2.09 (2.34) 10 1.56 (1.52) 22 3.27 (3.36) 32 2.44 (2.45)
95% Cl1 1.21-3.79 1.34-4.03 1.55-3.3 0.74-2.85 2.07-5.02 1.68-3.47

? Figures in parentheses are age-standardised to the 1996 Australian population.

Table 2. There was a substantial and statistically significant
increase in the overall crude incidence over the periods
ranging from 1950 to 1996 (trend y*=5.67, P=0.017). The
age-standardised incidence rate in females and all persons
rose between the two decades 19711981 and 19861996,
but did not change significantly in males (Table 3). The age-
standardised F:M incidence ratio rose from 1.1 to 2.2
between the two decades (P£=0.18). In addition, the peak
incidence rate in males shifted from the 3rd to the 4th
decade, while that in females shifted from the 4th to the 3rd
decade (Table 3). The age-specific incidence data for all
persons is illustrated in Table 3, from which it may be seen
that there has been a marked increase in the incidence of MS
in groups aged over 50 years.

3.5. Clinical profile

The mean age at disease onset in 1996 was 33.8 years in
males and 34.1 years in females. The age-specific distribu-
tion of disease onset for 1996 is shown in Fig. 2. The peak
age of onset for all persons and females occurs in the age
group 21-25 years, but there is a bimodal distribution
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5 D oD
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Fig. 2. Distribution of ages at disease onset by half-decades for male,
female and all patients in 1996.

evident in both sexes, with a later peak at 36-40 years.
There was no significant change in age of disease onset
between 1981 and 1996.

Median disease duration in women increased from 12
(range 1—47 years) in 1981 to 16 years (range 1-48 years)
in 1996 (P=0.72); and in males fell from 12 to 10 years
(P=0.63). The proportion of female patients with disease
duration of 30 years or more increased from 10.8% to 21.1%
between 1981 and 1996 (;(2: 1.67, P=0.20), while that of
male patients fell from 15.4% to 9.1% (3° =0.32, P=0.57).

There was no significant association between sex and
clinical course (y°=0.33, 1 df, P=0.85). On the 1996
prevalence day, 63.3% of patients had relapsing—remitting,
16.4% secondary progressive and 20.3% primary progres-
sive disease. There was a significant association between
disease course in 1996 and age of onset (£ ,,=3.36,
P=0.04). Patients with a relapsing remitting course had
the youngest mean age of onset at 32 + 10.3 years, while
those with progressive disease from the outset were afflicted
at the older mean age of 40.7 £ 14.7 years. The peak age of
onset in patients with relapsing—remitting disease and
relapsing—remitting disease becoming progressive was
21-25 years, compared with 36—40 years in those with
progressive disease from outset.

There was a significant association between disease
course (RR, RR-P, P) and median level of disability
(P<0.001). Patients with secondary progressive MS had a
median Kurtzke Disability Status Score (DSS) of 7, the
greatest of the clinical subtypes. Patients with progressive
disease were significantly more disabled (median DSS =6)
than the combined RR and RR-P group (median DSS =3)
(P=0.015). The median DSS in males, females and all
persons did not substantially change between 1981 and 1996.

4. Discussion

This study shows a further significant increase in MS
prevalence compared with earlier studies carried out in
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Newcastle, Australia. The prevalence of MS in Newcastle in
1996 of 59.1 per 100,000 is very close to that determined in
the Australian Capital Territory on the same prevalence date
[9]. The increase in prevalence reflects similar trends
observed in several studies carried out in the Northern
Hemisphere [10—18]. The population size in Newcastle of
approximately 135,000 is small enough, given the available
resources, to ensure thorough case ascertainment, and is
large enough to avoid the potential pitfalls of case cluster-
ing. The use of identical diagnostic criteria and methods of
case ascertainment employed in the previous 1981 New-
castle MS epidemiological study justifies their direct com-
parison after appropriate age standardisation. Comparison
with the 1961 prevalence and incidence data is limited
somewhat by use of the Allison and Millar [8] classification
in that study, and the use of the more recently developed
criteria [5] in both subsequent surveys. The older criteria
are, however, considered to be more inclusive; their use
would tend to have exaggerated the 1961 estimates and
thereby to have diminished the increase in prevalence and
incidence found in the present study [19].

Increased incidence in females is likely to have contrib-
uted in part to the increased female prevalence found in
1996 compared with 1981. Median duration of disease also
increased substantially from 1981 to 1996 in females and
may have played a role in the prevalence findings in this
group.

The possibility that better case ascertainment contributed
to the increased incidence and prevalence figures cannot be
excluded. Resurvey of an area for a second or subsequent
time increases the prevalence yield because of improved
awareness in the at-risk population [10]. This finding is
principally due to benign or early cases being missed in the
initial survey. Recent improvements in MS therapy, partic-
ularly the introduction of the interferons in the 1990s, have
heightened public awareness of the disease and may have
brought patients to medical attention earlier. Although
modern investigatory techniques such as MRI were not
included in the diagnostic criteria used, their availability
may have had a similar effect, consistent with the finding
that a greater proportion of patients with shorter disease
duration (<10 years) were included in the recent study
years. A dominant contribution of females to increasing
prevalence, as well as an increasing female:male ratio with
serial surveys, has been previously noted [20] and may
indicate a diagnostic bias in females [11], but this fact alone
is unlikely to account for our findings. The stable proportion
of immigrants in Newecastle (12.1% in 1961 vs. 12.2% in
1996) also makes it unlikely that a change in population
genetic susceptibility to disease contributed to the increased
incidence/prevalence. Rather, sharp changes in incidence,
and therefore prevalence, point toward an undetermined
environmental or socio-economic factor.

Both increased incidence and survival contributed sig-
nificantly to the increased prevalence of MS found in
several previous epidemiological studies carried out in the

Northern hemisphere. In these reports, increased incidence
has been attributed to changes in local aetiological factors.
Several serial MS epidemiological studies in Scandanavia
have shown a trend to increasing incidence, particularly in
counties situated on the coastline; incidence in other regions
has, however, appeared to fluctuate [14]. Incidence in the
province of Nuoro, Sardinia, has increased in each half-
decade from 19551959 to 1990-1993, and this trend was
confirmed for both sexes [12]. By contrast, incidence of MS
in the present study increased in females between the study
decades 1971-1981 and 1986—1996, but did not change
significantly in males. Such discrepancies may in part reflect
differing methodologies, particularly case ascertainment
sources, between MS surveys and should be interpreted
with caution. Nevertheless, a substantial rise in total MS
incidence has been shown in several populations in both the
northern and now southern hemispheres. Interestingly, the
incidence of other diseases with a probable autoimmune
basis has increased over the same period [21]. Pooled data
suggest that the incidence of Type I diabetes, for example,
has increased by 3% annually between 1960 and 1996 [22].
The condition is not fraught by the diagnostic pitfalls and
ascertainment biases which affect epidemiological studies of
multiple sclerosis.

The present paper confirms a steady and significant rise
in MS prevalence and incidence from 1961 to 1996, and is
the first such study in the Southern Hemisphere to corrob-
orate this trend over a prolonged period. The homogeneity
of the population studied on each occasion and the appli-
cation of identical study methods suggest a true increase in
prevalence, which we attribute to increased incidence in
females and increased survival in the MS population of
Newcastle.
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