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Multiple sclerosis in Tayside, Scotland: detection of clusters using a spatial
scan statistic
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Debate continues over the relative importance of genetic factors over infectious agents in the aetiology of muiltiple sclerosis (MS).

Detection of clusters of M5 in space and time in the Tayside region of Scotland, UK would provide valuable evidence for the movement of
infectious agents Into a genetically susceprible population. A spatial scan statistic was used ro detect, locate and provide a robust scatistical
test of any clusters found, without prior knowledge of their location or size. This was applied to a population-based MS register for the
Tayside region of Scotland from 1970 to 1997, allowing for age at symptom cnset, gender, population density and social deprivation. There
were a total of 772 cases during the study period; an annual incidence of 7.2 per 100 000. The mean age of symptom onset was 35.7 (5D =

10.5) and 73.8% of cases were women. There was a general increase in cases over time probably reflecting gradually betrer detection and
diagnosis. There was a peak around the mid-19%0s and some evidence of periodicity. There was a highly significant temporal cluster
between 1982 and 1995 (P =0.002) for the whole region. Additionally, a significant spatial cluster for the time period 19931995 was
found centred in the rural area south-west of Perth (P =0.018). Significant temporal and spatial—temporal clusters are consistent with

exogencus factors contributing to the distribution of M5 in Tayside, Scotland.
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Introduction

Variation in the global prevalence of multiple sclerosis
(MS) has been observed for over a century. The subsequent
broad assignment of gross geographical regions to areas of
*high, medium and low” prevalence indicated a prepon-
derance of the disease in latitudinal zones consistent with
the settlement and spread of largely Caucasoid popula-
tions.! Such generic epidemiological observations
strongly favour a genetic predisposition in the develop-
ment of MS. However, this assumes that within anv given
study population the prevalence of M5 is homogeneous.
Intraregional variation in the prevalence of MS has been
observed, notably in the Farce Islands® and to a lesser
extent in the Orkney and Shetland Islands® and Iceland.*
It has been suggested that this was associated with the
introduction of an exogenous agent(s), specifically an
infectious agent(s), in a genetically susceptible population
by troops garrisoned in these regions during the second
world war. This has subsequently been contested in all
three areas.® 7 Furthermore, it has been difficult to
confirm these observations in larger populations.
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Clustering of MS has been reported elsewhere in main-
land Europe and America.® '* However, there is a ten-
dency for many of these apparent ‘clusters’ to be identified
using post hoc analyses. It is more rigorous to analyse a
given area for clusters without a priori specification of
their size and location. Several authors ® have used
this approach to identify clusters and have largely based
their analysis on the space-time interaction method
devised by Knox'". This method examines ‘closeness’ in
space and time for pairs of cases compared with pairs of
controls. However, dependence is introduced between
two variables and consequently. the test statistic and
significance value of any given cluster can only be
approximated. Moreover, these methods do not take
account of the multiple testing inherent in such a
procedure and therefore, the possibility of eliciting a
significant cluster by chance increases. We wished to
lock for clustering in a large MS population without a
priori specification of the size or location (temporal or
spatial) of potential clusters recorded in a population-
based MS register covering the Tayside region of Scotland
for the period 1970-1997." We used the spatial scan
statistic, which has been developed to detect and locate
aggregations of leukaemia and breast cancer.’® ** It uses a
moving circular window of variable size, which scans the
study area to detect clusters without prior knowledge of
location or size. It also provides a robust statistical test of
any clusters found. In addition, we used capture—recap-
ture methods® 3 to test the hypothesis that clusters may
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be detected due to improved ascertainment either tempo-
rally or geographically.

Materials and methods

Study papulation

The study was made possible by accumulation of data on
every potential case of MS in the Tayside region, Scotland
from 1970 to 1997. The first survey was completed in 1996
and the register has been maintained prospectively since
that date. The database contains, among other data,
information on the date of symptom onset, date of
diagnosis, age, gender, clinical information, addresses
and postcodes. All patients gave informed consent to he
included in the database. A diagnosis of MS was defined
according to Poser’s criteria.”® Multiple sources (morbid-
ity records, departmental records and surveys of general
practitioners) were used to identify cases and therefore it
was possible to estimate the completeness of ascertain-
ment using capture-recapture methods.®* Forbes et al.
demonstrated ascertainment of between 93 and 99% using
a two-source model in 1996 for the Tayside region.’® For
this analysis, a three-source capture-recapture method
was used to test the ascertainment of ‘cluster’ and
‘noncluster” cohorts, The most appropriate model, namely
the one that sufficiently accounted for intersource depen-
dencies, was chosen on the basis of goodness-of-fit as
represented by the likelihood ratio statistic (G*).2*

The geographical area unit used in this study was the
postcode sector. Each sector comprises aggresations of
smaller area units, called postcodes, which are arbitrary
boundaries derived for mail delivery. Postcodes contain
approximately 10 houses and postcode sectors vary in
population size from 500 to 10 000 individuals. There are
69 postcode sectors in Tayside, Scotland, and the number
of cases of MS in each postcode sector was recorded in the
database over the study period. The spatial location
(postcode sector] of any given individual was recorded
at the time the patient was entered on the register. The true
geographical location of the postcode sector in terms of
longitude and latitude was identified from digitized
postcode information and presented as an X,Y co-ordinate
for the sector centroid. In addition, the population of each
postcode sector is known from census data from 1971,
1881 and 1991, giving accurate population data by age
group and gender over the whole study pericd. Finally, a
social deprivation score has been assigned to every
postcode in Scotland based on the 1981 and 1991
censuses.”” In detail, the score is composed of data
relating to overcrowding, car ownership, male unemploy-
ment and social class of the head of household, This study
was approved by the Tayside committee on medical
ethics.

Statistical analvsis

The algorithm for the spatial scan statistic of
Kulldorff* ** was used to detect and test for statistical
significance of clusters of MS. The geographic unit was
the postcode sector and the method assumes a Poisson
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distribution for the counts of cases in each sector, allowing
for population density stratified by age group [ <30, 30—
40, 40+) and gender. The spatial scan statistic is a
generalization of a test first proposed by Turnbull®® A
series of circles centred at each of the postcode sectors is
generated. At each centre the radius increases continu-
ously covering more and more of the adjacent sectors until
50% of the total population is covered, leading to an
infinite number of circular zones. This means that before
knowing the size of any cluster in the region we set an
upper limit of 50% as a sensible maximum. The circles
also extend in time giving a cylinder in space and time for
each postcode sector. The null hypothesis is that there is
complete spatial or temporal randomness, where the
probability of falsely detecting a cluster anywhere in the
region is equal to the 5% level of significance. The spatial
scan statistic results in a likelihood ratio test, conditional
on the total number of cases observed. The distribution of
the test statistic was obtained from a series of 999 random
Monte Carlo replicas of the data set, generated under the
null hypothesis. The test statistic was calculated for each
replica. The cluster detected is statistically significant at
the 5% level if the value of the test statistic from the real
data set is among the 5% highest of the 1000 values
generated (i.e.. in the top 50], including the 999 replicas.
The P-values obtained for secondary clusters are conser-
vative. A computer programme, SaTScan, is available
from the authors.*® In this study adjustment was made
for age, gender, population size and social deprivation.
Once significant clusters are detected, the maximum
window size was sequentially reduced to assess whether
there are subclusters which have enough strength on their
own to reject the null hypothesis.®!

Results

There were a total of 772 cases of clinically definite or
probable MS identified in the region of Tayside between
1970 and 1997. The cases of MS were predominantly
female (73.8%). The mean age of MS at symptom onset
was 35.7 [SD =10.5) with a range from 13.9 to 69.7 with no
significant difference between males and females (P=
0.66). The mean age at svmptom onset appeared to
increase slightly with age 33.2 (5D 9.9) in 1870-1979,
34.8 (SD 10.0) in 1980-1989, and 38.1 (SD 11.0) in 1990-
1997. The total number of postcode sectors used in this
analysis was 69 covering a total population of 383 405.
With 772 cases the disease incidence was 7.2 per 100000/
year [85% CI: 4.5, 9.9 per 100000/vear). The number of
cases of M5 by postcode sector is shown in Figure 1. The
number of cases by year shows a general increasing trend
with some indication of a peak around the mid-1990s
(Figure 2), There is also some periodicity in the number of
cases with peaks occurring every two to three years. A
formal time series analysis demonstrated a significantly
increasing trend over time and sinusoidal terms (p <0.1)
with a frequency of three years. A periodogram showed a
peak between 2 and 3 years.
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Figure 1 Counts of cases of M5 in the Tayside region of Scotland (1870 1897) by posteods sector,

The spatial scan analysis identified two clusters. The
maost likely cluster was exclusively temporal, in that, for
the whole of Tayside, there was a statistically significant
cluster between 1982 and 1995 (P=0.002). The total
number of cases was 467 during this time period with
an annual incidence of 8.6 per 100000/year (95% CI:
5.7, 11.5 per 100000/vear), There was also a significant
secondary temporal-spatial cluster for the period 1993-
1995 for the area to the south-west of Perth. centred in
the rural area around Auchterarder (PH3 2), but also
including central Perth (P=0.016), as shown in Figure
3. There were 42 cases in this area during 1993-1995

Count

Year of symplom onseat

Figure 2 Counts of cases of MS in the Tayside region of Scotland
by year {1970-1997),

giving an annual incidence of 17.1 per 100000/year. The
overall relative risk (RR) was 2.37 [85% CI: 1.85, 3.09)
for this area during this time period. When the max-
imum window was reduced in size there was still
a highly significant purely temporal cluster for the
whole of Tayside, which was centred around the period
1990/1994 when the peak number of cases occurred
(Figure 2). In addition, the original spatial-temporal
cluster remained significant for the same time period of
1993-1995, when both spatial and temporal window
sizes were reduced to 20%.

Both the large temporal cluster and the temporal-
spatial cluster in Perthshire were examined using
capture—recapture methods to determine whether im-
proved ascertainment during these periods might ex-
plain their presence. Using a three-source capture—
recapture method, the number of missing cases for the
whole of Tayside, during the temporal cluster from 1982
to 1995 was estimated to be 29 (95% CI: 20, 41). This
model accounted for intersource dependency between
morbidity data and general practitioner's (GF) records
(G*=4.7, 2 df, P=0.095). The number of missing cases
for the remainder of the study period, namely 1470-
1981 and 1995-1997 combined was estimated to be 28
(95% CIL: 19, 40) accounting for interaction between
morbidity and GP records (G* =8.9, 2 df, P=0.012). For
the Perthshire cluster from 1983 to 1995 the estimated
number of missing cases was 3 [95% CL: 3, 10) with an
independent model (G*=3.1, 3 df, P=0.38). For the rest
of Tayside during the same period the estimated missing
number of cases was one [95% CL: 0, 8) using a model
accounting for GP and morbidity data interaction (G* =
4.5, 2 df, F=0.11).
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Figure 3 CGeogrophical location of the cluster detected in Perthshire, Scotland (1993-1995).

Discussion

We have used the spatial scan statistic,® ** a robust
method of identifving disease clusters, to demonstrate
significant temporal and spatial-temporal aggregations of
MS in the Tayside region of Scotland. This approach
detects spatial-temporal clusters over and above that
expected by chance alone. The clusters identified have a
prominent temporal component and it is notable that for
the period 1982-1995 the whole region demonstrated a
significant increase in M$ incidence. Furthermors, the
area south-west of Perth city and Perth itself demonstrated
a significantly higher number of cases for the period
1883-1995 yielding an annual incidence of 17.1 per
100000, Increasing the ‘resolution’ of the analysis by
reducing the potential size of the scanning window
illustrated that this cluster was stable to a decrease in
window size, remaining statistically significant.

There are several factors to consider when scrutinizing
the reliability of these clusters. First, whether case
ascertainment has been complete and appropriately per-
formed. Secondly, whether confounding variables have
been accounted for, and thirdly, whether other explana-
tions of the results can be discounted.

We used capture-recapture methods to determine the
ascertainment of ‘cluster and noncluster’ aggregations of
MBS, Ascertainment was, in fact, similar for the temporal
period of clustering to the period outwith the cluster.
Secondly, the estimate of missing cases for the temporal -
spatial cluster was similar to that for the rest of the region
outwith the geographic aggregation of MS identified.
Hence, there was little evidence of differential case
ascertainment between clusters and noncluster regions

and time periods. It is possible that the upward trend
could be partially explained by some deaths in the early
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part of the study period, which would not appear in the
database. However, around 75% of patients remain alive at
20 years postclinical onset and hence this could only
account for a few missing cases. For example, we estimate
two missing cases in 1979 due to early death. Hence, this
potential bias could not explain the peak found in the
mid-1990s or the cyclical nature of the temporal pattern.
All entries were classified according to Poser's criteria and
thus there was uniformity of diagnostic categorization. We
used only clinically definite and probable cases of MS to
ensurse accuracy of ascertainment,

Deprivation has been inversely correlated with MS
previously, and furthermore. one would anticipate that
this may also hold true for population density according to
Alter's hypothesis.* Population densities stratified by age
group, gender and deprivation status were included as
confounding variables in the analysis and so all clusters
were identified independently of these factors. The
observed aggregations of MS could not be explained by
occurrence in populations which were particularly sus-
ceptible, namely young female cohorts.

The temporal variable we used for any patient’s given
geographical position at the proposed onset of the disease
was symptom onset. There are two problems with this
approach. First, the geographical position for each patient
was recorded when that individual was entered on the
register. This may have been different from the address at
symptom onset. Secondly. the use of symptom onset as a
marker for the onset of MS may be inaccurate due to the
potentially long, subclinical period of the disease. In this
respect, we intend to repeat the analysis, once we have
obtained residential histories for our cohort, using adoles-
cence [aged 15) as the pathogenstic onset of the disease.
Despite this, we are aware that migration rates for the
Tayside region are some of the lowest in the UK (2.3% per



annum estimated for the 1991 census) and thus the
potential error introduced by population movements is
reduced.

The temporal peak for the whole of Tayside (1990
1995) occurred in recent times and so it is possible that
the latency from symptom onset to diagnosis has pre-
vented those cases for 1998 onwards from heing regis-
tered. We therefore discounted cases from 1998 onwards.
The mean lag from symptom onset to diagnosis for the
whole cohort is 4.5 years (95% CI: 4.1, 5.0). We are
reasonably certain that no cases prior to and including
1997 have heen missed due to diagnostic lag. The slight
increase in age at onset may be partly due to improved
diagnostic techniques and hence detecting MS later in life,
even though it was present but not detected when the
patients were younger. It may also be due, in part, to the
shift upwards of the age distribution of the population.

Magnetic resonance imaging scanning was introduced
in Tayside in 1990 and a third neurologist was appointed
in 1995. It is therefore possible that a surge in MS
diagnoses may have occurred around this period with
subsequent stabilization at a higher overall rate. However,
this was not borne out by our examination of ascertain-
ment and furthermore, the incidence of MS appears to be
continuing to fall despite the availability of improved
diagnostic techniques for a decade. Indeed there were only
23 new cases in 1998 and 18 in 1999 overall. In the
spatial -temporal cluster, the number of new cases was 7
and 11 in 1998 and 1999 respectively. Furthermore, from
Figure 1, it is apparent that the increase in MS incidence is
cyclical, occurring approximately every three years, which
is more consistent with an exogenous agent rather than
service changes.

The cyclical nature and close temporal proximity of the
peaks argues against a purely genetic component. Indeed,
the population studied can be regarded as ancestrally
fairly homogeneous. The Tayside region has one of the
lowest migration rates in the UK, 99% of the population is
Caucasian, 90% have a Scottish surname and 88.5% were
born in Scotland (from the 1991 census). Swingler et al.
demonstrated that in northern Scotland, the frequency of
the HLA-DRZ genotype is equivalent amongst MS cases
and healthy controls.® It was therefore suggested that in
the Scottish population where the prevalence of suscept-
ibility genes is likely to be generally high, other environ-
mental factors become important in modulating the
frequency of MS. Taken with the cyclical changes in
incidence of MS in Tayside demonstrated in this study, we
would suggest such factors are exogenous but the causal
agent is unclear.

The spatial cluster detected occurred largely in a rural
area which is 60 km from the primary centre in Dundee. It
is therefore plausible that within this remoter area,
population mixing is lower, resulting in an increased
frequency of susceptibility genes. However, this cannot
singularly explain why the cluster for this area ocourred
during a specific two-vear period (see Figure 4) and we
would again take this to indicate that environmental
factors are salient.
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Figure 4 Counts of cases for the area in which a temporal-
spatial cluster wos detected (1970-1997).

Scotland, situated at latitude 56 N, has perhaps the
highest prevalence of MS in the world. The point
prevalence for clinically probable and definite MS in
Tayside region on the 31 January 2002 was 236 per 100 000
(95% CI: 221, 251). Our study indicates that within this
area there is clear temporal and geographical variation of
prevalence which cannot be explained by overascertain-
ment of clusters or confounding. The cyclical nature of
these changes leads us to postulate that infectious agents
may be of importance in determining the frequency of MS
in this genetically susceptible population but no particu-
lar agent has been identified. Recent evidence has sug-
gested a link between antibodies to Epstein-Barr virus
and increased risk of development of MS.**** Further-
maore, we would suggest use of the spatial scan statistic
combined with capture-recapture methods for future
examinations of MS clustering.
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