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The distribution of multiple sclerosis in the United
Kingdom
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SUMMARY Parts of the United Kingdom have the highest incidence, prevalence and mortality rates
for multiple sclerosis in the world. Although methods of ascertainment are not standardised,
regional differences and changes with time are present for each of these statistics. Mortality has
declined, whereas prevalence and hospital discharge rates have increased owing in part to the
improved survival but also to better case ascertainment. The gradient in prevalence seen between
Southern England (63/105), Northern England and Northern Ireland (76-79/105), Wales
(c. 1 13/105), North-East Scotland (155/105) and the Orkneys (258/105) can in part be attributed to
varying methods of ascertainment but correlates with regional differences in the frequency of HLA-
DR2 in normal individuals (21-50%). However no HLA-DR2 association is observed in parts of
Scotland, where the prevalence is the highest in the United Kingdom, because HLA-DR2 and
linked genes occur in up to 50% of the normal population from these areas. If the aetiology of
multiple sclerosis is multifactorial the frequency of the disease will increase where susceptibility
genes are common because the probability of concurrence of the remaining critical events is high;
conversely when each aetiological agent is infrequent the chance of them all occurring in the same
individual and therefore incidence of the disease are both lower. The fall in incidence observed in the
Orkney Islands, possibly reflecting decline in an exogenous agent interacting with susceptibility
factors, is consistent with this multifactorial hypothesis.

Differences in the distribution of multiple sclerosis
have been studied in the hope that temporal, geo-
graphical and individual variations may provide clues
to the aetiology. The World can be categorised into
low, medium and high prevalence zones with
increasing distance from the equator but frequency
also varies in some regions of similar latitude and
between racial groups living in the same area.' These
and other epidemiological observations have estab-
lished the infective and genetic theories for the cause
of multiple sclerosis but it is difficult to test these
hypotheses in more detail using epidemiological
methods because world-wide variations in meth-
odology and other factors prevent detailed com-
parison between countries. Investigations *within
particular regions are less likely to be confounded in
this way.

Variations in the number of new cases in an at-risk
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population per year (incidence) provide the best mea-
sure of any change in the influence of aetiological fac-
tors. Unfortunately the incidence of multiple sclerosis
is difficult to measure since the disease is rare, of long
duration and insidious onset. However other statistics
which depend on incidence may usefully be examined
especially point prevalence, which varies with inci-
dence and mean duration of the disease. Mortality
rate, which approximates to incidence assuming near
complete certification of diagnosed cases, can be used
in areas which have not been surveyed. Hospital dis-
charge rates should reflect prevalence but are biased
by variations in availability of local resources, interest
and admission policies. Lastly, estimates of preva-
lence and incidence of multiple sclerosis recorded in
surveys of general practice should produce better case
ascertainment than hospital-based studies.
We have reviewed all the available incidence, prev-

alence, mortality and morbidity statistics for multiple
sclerosis relating to the United Kingdom from 1921.
The geographical trends can in part be accounted for
by methodological factors but the distribution of the
disease correlates better with regional variations in
the frequency of HLA-DR2 in normal individuals
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Table

Swingler, Compston

Surveys ofmultiple sclerosis in the United Kingdom since 1931

Year Author Ref Place Cases Population prevalence* Incidence method

1929 Allison 18 N. Wales 65 489000 13 (10-17) A§
1949 Pratt 8 Lincs 18 41000 44(26-69) 244t A
1950 Campbell 19 Oxford ? ? 20 B
1950 ,. Berks ? ? 20 B
1950 Bucks ? ? 20 B
1950 ,, Suffolk ? ? 20 B
1950 Cornwall ? ? 20 B
1950 ,,Derby ? 56 B
1951 Allison 9 N. Ireland 555 1370700 40 (37-44) 2 2 A
1954 Sutherland 10 N. W. Scotland 74 146075 51 (40-64) A
1954 ,, W. Isles 8 35807 22 (10-45) A
1954 ,, Shetland 22 19343 113(71-172) 7 5 A
1954 Orkney 17 21258 80 (47-128) 10-9 A
1958 Hargreaves il Cornwall 214 338800 63 (55-72) 3 0t A
1958 Poskanser 12 N. E. England 958 2308400 42 (39-44) 2 6t A
1961 Brewis 13 Carlisle 57 71100 80 (61-104) 4 0t A
1961 Millar 14 N. Ireland 1123 1425000 79(74-83) 4 8 A
1962 Fog 21 Shetland 21 17537 120 (69-170) B
1962 Fog Orkney 31 18531 167 (107-224) B
1970 Poskanser 22 Shetland 23 17535 131 (83-197) B
1970 Poskanser 23 Orkney 38 17137 222 (151-292) B
1970 Shepherd 15 N. E. Scotland 464 440200 105 (96-115) A
1973 Shepherd 16 ,, 517 440200 117(107-127) A
1974 Poskanser 22 Shetland 28 18445 152(95-208) B
1974 Poskanser 22 Orkney 45 17462 258 (182-332) B
1977 McCoubrie 23 W. Yorks 120 157400 76(63-91) B
1977 ,, 23 Hebdenl3R 17 16500 103 (60-164) A
1979 Dean 24 W. Isles 25 30844 81(52-120) A
1980 Downie 17 N. E. Scotland 682 440200 155 (143-167) 5 3-7-5 A
1983 Cook 3 Orkney 37 19182 193(130-255) 109-37 B
1985 Swingler$ S. Wales 440 389000 113(103-124) B

Cases of possible multiple sclerosis are not included.
*95% confidence limits calculated according to method of Kurtzke'
tCalculated from prevalence and duration of disease.
+In preparation.
§Method A = reviewed cases, near complete ascertainment, compatible in methodology and diagnostic criteria. Method B = unreviewed cases
or less comparable methodology.

than other factors which might influence the distribu-
tion of multiple sclerosis.2 But genetic factors alone
cannot account for the trends with time, especially the
decline in incidence in some areas,3 indicating that the
aetiology of the disease is multifactorial.

Methods

Incidence and prevalence
All incidence and prevalence surveys published since 1931
were reviewed; the methods differed considerably between
individual studies (table). Where incidence rates were not
provided we have derived a figure from the quoted preva-
lence and mean duration of disease. Prevalence rates for
cases of definite and probable multiple sclerosis have been
used where possible but some studies only provide an overall
estimate and patients with suspected multiple sclerosis may
be included.

In view of the rarity of the disease and the absence of a
specific diagnostic test, it has rarely been possible clinically
to screen random samples of a given population so that case
finding techniques have been used, relying initially on postal
questionnaires to medical practitioners, searches of local
medical records and examination of hospital diagnostic
indices or membership of local multiple sclerosis societies;

more recently computer-based records from the Hospital
Activity Analysis and departmental or general practice mor-
bidity registers have been used.

Mortality
Mortality returns for multiple sclerosis as the underlying
cause of death were obtained from publications of the Regis-
trars General relating to Scotland, Northern Ireland, Wales
and the Regional Health Authorities (RHAs) of England for
the period 1976-80, the most recent available. Standardised
Mortality Ratios (SMRs) were then calculated by com-
paring the observed number of deaths in each of these
regions with the number expected based on the figure for
England and Wales between 1951-75 which is given an arbi-
trary SMR of 100. SMRs for other quinquennia have pre-
viously been calculated for Scotland, Northern Ireland and
England and Wales as a whole using the same method.4 We
have derived the ratios separately for Wales in 5 year inter-
vals between 1961-80. Ratios for the United Kingdom have
been plotted to detect trends with time. In order to dis-
tinguish a cohort from a period effect age-specific mortality
rates for multiple sclerosis in England & Wales for each year
from 1968-78 were examined separately for males and
fehnales by standardisation to mid-year population estimates
for each of these years but insufficient data was available for
mathematical analysis.
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The distribution of multiple sclerosis in the United Kingdom

Cornwall
3 in 1958

Fig I The incidence ofmultiple sclerosis in the United
Kingdom. The diameter ofthe circles is proportional to the
local rate. In areas surveyed more than once the hatched
areas represent the most recent estimate.

Morbidity
Hospital discharge rates for multiple sclerosis were obtained
from the Hospital In-Patient Enquiries (HIPE) for Scotland,
England and Wales. The HIPE is processed by the Office of
Population Censuses and Surveys and collects details for
every 10th patient discharged from a general hospital in
England & Wales. The mean discharge rates for 1976-80
from these areas were determined and used to derive a stan-
dard rate (that is 1 00) using population estimates for 1978.
Discharge rates for the 5 year period 1976-80 in Scotland,
Wales and the Regional Health Authorities of England were

then expressed as a ratio of this mean. Discharge rates for
multiple sclerosis as principal condition for the whole of
England and Wales during the period 1968-78 were also
obtained from HIPE to detect trends with time.

General practice morbidity statistics
National Morbidity Surveys in which participating General
Practitioners informed the Office of Population Censuses
and Surveys about the nature of patient consultations were
conducted in England and Wales in 1955-56,' 1970 766 and
1981-82 (unpublished). They were conducted jointly by the
Royal College of General Practitioners, Office of Population
Censuses & Surveys and the Department of Health & Social
Security. The statistics can be used to provide national esti-

Fig 2 The prevalence ofmultiple sclerosis in the United
Kingdom. The diameter ofthe circles is proportional to the
local rate. In areas surveyed more than once the hatched
areas represent the most recent estimate.

mates of incidence and prevalence for each disease studied.
Patient consultation rates for multiple sclerosis were
obtained from both published surveys which provide
national and/or regional rates.

HLA studies
A prevalence rate for each area was identified and com-

pared with the frequency of HLA-DR2 in normal controls,
and patients with multiple sclerosis where available,
obtained either from published results or a local tissue typ-
ing laboratory by personal communications. The 1974 prev-

alence rate was used for the Orkneys because this was

obtained at the same time HLA typing was carried out.7 We
have used the frequency of the antigen B-group 4 in normal
Orcadians and this locally designated antigen may not be
identical to HLA-DR2.

Statistical methods
Spearmanns rank correlation test was used to test the
strength and direction of national trends in mortality & mor-

bidity over time and chi-squared tests were performed to
examine the significance of regional variations. A regression
line was fitted to the HLA-DR2/prevalence data but there is
insufficient information from surveys of the United King-
dom to extrapolate to areas of low prevalence and HLA-

r Cornwall
20 in 1950
63 in 1958
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Results

]l';;wtn-r85 \ Incidence
Figure 1 shows the incidence of multiple sclerosis

£2 85 \ from individual studies in the United Kingdom since
1940.3 8-17 The incidence in the Orkneys has been the
highest reported in the world (10 5/105/yr between
1941-64) but has fallen (3 7/105/year between

75. ~~~~~~~1965-82) below the level originally found in Aberdeeng75 s , 9B lt(5-3/105/year from 1959-73), where a recent rise
(7-5/105/year between 1974-80) has been observed,

8283 9 and Northern Ireland (4-8/105/year in 1961). Inci-
dence rates in England are the lowest in the United

82 2106 3~91.ityKingdom (2 4-4/105/year) but serial studies have not
been performed. Rates for Wales are being deter-
mined.

Prevalence
Fig 4 Standardised Mortality Ratiosfor multiple sclerosis Figure 2 shows the prevalence of multiple sclerosis in
in Scotland, Northern Ireland, Wales and the Regional studies performed in the United Kingdom since
Health Authorities ofEngland. 1931.3724 The Orkney Islands have had the highest
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The distribution of multiple sclerosis in the United Kingdom
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Fig 6 Male age-specific mortality rates infour age groups
for England and Walesfrom 1968-1978.

recorded prevalence rate in the world (258/10o,
definite and probable cases, 309/10o including sus-
pected cases) but this is now beginning to fall (193 &
224/105, respectively). The prevalence is high
(> 30/105) in all regions of the United Kingdom stud-
ied since 1954 (ranging from 44-309/105) and is
increasing in each area which has been reinvestigated
(fig 3). This may be a true increase or related to
changes in methods of ascertainment.

Mortality
Figure 4 shows differences in SMRs for multiple
sclerosis as the underlying cause of death throughout
the United Kingdom aggregated for 1976-80.2527
Scotland (123) and Northern Ireland (138) have
amongst the highest rates in the world. Wales (75) has
a rate consistently below the average for 1951-75 in
England and Wales on which these rates are stan-
dardised, despite our recent high estimate of preva-
lence (c. 113/105: unpublished observations). The
observed numbers of deaths are significantly different
from those expected (X215 = 29'4; p < 0-05). The
rates have been compared between males and females

65-74 years

45-64 years

> 75 years

:1, *15-44years

1968 '70 '72 '74 '76 '78
Year

Fig 7 Female age-specific mortality ratesforfour age
groupsfor England and Walesfrom 1968-78.

for each country in the United Kingdom for quin-
quennia from 1921-754 (fig 5). There is a significant
decline in mortality for males and females in England
(p < 0-002 and <0 02 respectively) and Scotland (p
< 001 and <0 05). Age-specific rates are shown in
figs 6 & 7 and are only available for England and
Wales.28 A significant decline has occurred in mor-
tality for males aged 45-64 years (p < 0'05) and
females aged 15-44 years (p < 0 01). Although rates
are increasing in older age groups these trends are not
significant. Rates for females are higher than males.

Hospital discharges
Hospital discharge rates in the UK29 are shown in fig
8. There are significant regional variations (X214 =
506A4; p < 0-0005) and the discharge rates for each
region correlate well with mortality (r = 0 900 p <
0-0001). However, in England the observed trends
demonstrate higher rates in the South East not cor-
relating with incidence or prevalence which is higher
in the North of England and this discrepancy may
reflect higher readmission rates in the South East.
Figure 9 shows a significant increase in hospital dis-
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Swingler, Compston

Fig 8 Mean proportional hospital discharge ratesfor
multiple sclerosis in Scotland, Wales and the Regional Health
Authorities ofEngland.

charge rates for males (p < 0 05) and females (p <
0-01) throughout England and Wales between
1968-78.3°

GP patient consultation rates
Male and female patient consultation rates for multi-
ple sclerosis recorded in the first and second National
Morbidity Studies5 6 were 50/105, 70/105, 40/105 and
80/105 respectively. It has been claimed that regional
variations in patient consultation rates from the first
study show a gradient with higher rates in the east
than west5 (data not shown in figures). Observations
from the second study have previously been used to
derive incidence rates for multiple sclerosis of 10/105/
year for males and 20/105/year for females but the
method of derivation is complex depending more on
the number of episodes than new cases identified.

HLA studies
Figure 10 demonstrates the relationship between
regional differences in the frequency of HLA-DR2 in
normal individuals and the prevalence of multiple
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Fig 9 Hospital discharge ratesfor multiple sclerosis in
England and Walesfrom 1968-1978.

sclerosis (r = 0 935, p < 0-001). The frequency of
HLA-DR2 does not differ significantly in population
studies of patients with multiple sclerosis within the
United Kingdom (fig 11). Since the frequency of
HLA-DR2 varies in controls but not patients the
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Fig 10 Regional differences in prevalence ofmultiple
sclerosis and thefrequency ofHLA-DR2 in controls
throughout the United Kingdom.
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The distribution of multiple sclerosis in the United Kingdom
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Fig 11 The prevalence ofmultiple sclerosis and the
frequency ofHLA-DR2 in cases and controls atfour sites in
the United Kingdom.

strength of the association declines progressively in
South East England3" & Wales (unpublished obser-
vations) and is not seen in North East Scotland33 and
the Orkneys.7 3

Discussion

There are geographical and temporal trends in the
distribution of multiple sclerosis throughout the
United Kingdom. Incidence, prevalence, mortality
and hospital discharge rates indicate a gradient in the
frequency of the disease between Southern England,
Northern England, Northern Ireland, Wales, Scot-
land and the Orkneys. However incidence and preva-
lence are falling in the Orkney Islands which
previously have had the highest rates in the world.
The possibility exists that all these findings merely
reflect variations in methods used to collect informa-
tion.

If the frequency of a disease is static in one popu-
lation, the incidence and mortality should be the
same, and the prevalence should be equal to the prod-
uct of either rate and duration of the disease. Rates
are influenced by age and sex structure within a popu-
lation and should be standardised, as is usually only
done for mortality. Since there is no diagnostic test
for multiple sclerosis, case ascertainment is dependent
on recognition by medical practitioners. Local aware-
ness and facilities for supplementing diagnosis with
laboratory tests will influence incidence, prevalence,

mortality and morbidity statistics. Categories of
patient who may be unrecognised or deliberately
excluded from surveys include those with isolated
demyelinating lesions or benign cases with a very long
interval between episodes; it has been estimated that
up to 20% of cases are not recognised at all during
life.35 The degree of underdiagnosis can be inferred
from surveys in Winnipeg and the Shetland and
Orkney Isles where the prevalence rose in a second
assessment by 33% & 50% respectively.22 35 False
positive diagnoses can also contaminate individual
studies.22 Certification errors, especially for mortality
of chronic diseases such as multiple sclerosis in which
complications are the registered cause of death, can
cause-underestimation of mortality by up to 50%.36
Changes in requirements for registering causes of
death, and elimination of ambiguities in nomen-
clature have lead to an apparent fall in mortality rates
for multiple sclerosis of 12 & 18% respectively in
some parts of the world.37

Hospital discharge rates reflect the number of
admissions, not patients, and show marked geograph-
ical variations or fluctuations with time in a single
area depending on the availability of services and
fashions in management; errors in coding and pro-
cessing are probably low. General Practice surveys of
patient consultation rates have been standardised for
several conditions but not multiple sclerosis; since
95% of patients consult their general practitioner in a
three year period these surveys could avoid the selec-
tion bias inherent in hospital based surveys, and
approximate to a true prevalence study rather than
the present case finding exercises.

But methodology has been consistent within and
between some areas where marked differences in the
distribution of multiple sclerosis exist and the trends
are not entirely artefactual. Mortality rates are lowest
in Wales and gradually increase in England, Scotland,
Northern Ireland and the Orkneys. Overall, mortality
rates have declined since 1921, particularly during
and immediately after World War 2.38 But age-
specific rates show that the reduction is most marked
in younger age groups and consequently there is now
an increase in death rate amongst individuals aged 70
and above due to better survival. The drop in mor-
tality can in part account for the increase in preva-
lence seen in most areas studied serially. Hospital
discharges attributed to multiple sclerosis have
increased significantly for males and females in
England and Wales since 1968; it is unlikely that this
can be explained by a change in readmission rates
over this decade and these data probably reflect a true
increase in prevalence attributable to better survival
but not necessarily increased incidence. It has been
shown that corrected morality rate can be used accu-
rately to predict prevalence.36 Since mortality is com-
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parable in Northern Ireland and North East
Scotland, it is probable that the prevalence for North-
ern Ireland is an underestimate. Conversely the low
mortality rate in Wales compared with the remainder
of the United Kingdom may be due both to
undercertification of multiple sclerosis in mortality
returns from Wales and underestimation of preva-
lence in England & Northern Ireland.
From an overall analysis of these statistics the inci-

dence of multiple sclerosis appears to vary within the
United Kingdom being lowest in Southern England
and progressively higher in Northern England,
Northern Ireland, Wales, mainland Scotland and the
Orkneys. The incidence seems to be declining in the
Orkney Islands and a similar decline has been
observed in Denmark, The Faeroes and Iceland2 39
which may be heralding an overall fall in the inci-
dence of the disease.
The geographical distribution of multiple sclerosis

correlates with the frequency of HLA-DR2 in normal
individuals from different parts of the United King-
dom. We have fitted a regression line to this data but
this should be interpreted with caution. Although
there is no information relating to points at the lower
end of the line in the United Kingdom the association
persists for many low prevalence areas elsewhere in
the world; but there are notable exceptions such as
Hungarian Gypsies in whom the normal frequency of
HLA-DR2 is high but prevalence for multiple sclero-
sis is low.40 The estimates of prevalence that we have
plotted may be spuriously low in Southern England,
Northumberland and Northern Ireland; HLA-DR2
frequencies are not available for certain localities and
the nearest possible estimate has been used in each
case. However the relationship between multiple
sclerosis and HLA-DR2 is still observed if the
remaining points (2, 3, 5, 6, 7 and 8) are considered.
The figures from the Orkney Islands (8) make a dis-
proportionate contribution to the r value quoted.
Although we have assumed that the frequency of
HLA-DR2 in Orcadians is similar to that of the
locally designated antigen B-group 4, it may be lower
in which case this point would lie further to the left.
When these factors are taken into consideration the
relationship is curvilinear, with a shallow gradient
near the origin gradually becoming steeper in areas
where HLA-DR2 is common. Points for the United
Kingdom lie on the steep part of the curve where the
relationship remains linear.
The hypothesis that histocompatibility genes in

some way determine the distribution of multiple
sclerosis cannot easily explain the decline in incidence
in the Orkneys and elsewhere, or the lack of an associ-
ation between HLA-DR2 and multiple sclerosis in
North East Scotland and the Orkneys. The change in
incidence in multiple sclerosis in some areas pre-

Swingler, Compston

sumably reflects decline in exogenous aetiological
agents. Specifically it has been suggested that canine
distemper virus has been responsible for a prolonged
epidemic of the disease in the Orkneys and some other
islands.2 3 Evidence from migration studies does sug-
gest that an exogenous agent acquired in childhood is
important in the aetiology of multiple sclerosis but
there is no clear evidence favouring a particular
organism.

The absence of HLA-DR2 association in parts of
Scotland may be explained in several ways. First,
multiple sclerosis as presently defined may be the
expression of more than one disease and this could
account for the genetic heterogeneity. Secondly,
HLA-DR2 may merely be a marker of a population
susceptibility to multiple sclerosis and the lack of
association in Northern parts of the United Kingdom
could occur because other as yet unidentified genes,
not necessarily HLA linked, are of equal or more
importance in the pathogenesis. Combined genotypic
and phenotypic analysis does reveal stronger disease
associations than are seen with HLA-DR2 alone41
and the more recently identified HLA-D region alle-
les, especially HLA-DQwl, appear also to show
stronger associations;32 however this allele may be
identical to locally designated antigens, including B
group 4, previously associated with multiple sclero-
sis.' 42 Thirdly, the associations observed in patients
with multiple sclerosis in some regions could have
been biased by sampling errors thereby accounting
for the reported geographical differences in associ-
ation between the HLA system and multiple sclerosis.

But we favour an alternative explanation. The
aetiology of the disease is likely to be multifactorial
and require possession of susceptibility genes,
exposure to environmental agents, possibly at critical
times,2 and other trigger factors. Individually these
are neither sufficient nor essential for the patho-
genesis, but the disease develops when they occur in
the same individual. Any factor which is common in a
given population will be present in many unaffected
individuals and not necessarily associated with the
disease. Under these circumstances frequency will
increase because the probability of concurrence of the
remaining critical events is high; conversely when
each aetiological factor is infrequent the chance of
them all occurring in the same individual and there-
fore incidence of the disease are both lower. If a high
proportion of the population possess the sus-
ceptibility gene(s) and only some are exposed to the
exogenous agent(s) the distribution will be deter-
mined by environmental factors alone. If all are
exposed to the exogenous agent(s) and only some pos-
sess the susceptibility gene(s) the pattern of the dis-
ease within a population will be governed more by
genetic factors. In areas where possession of the gene
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The distribution of multiple sclerosis in the United Kingdom

and exposure to the agent are both common other
factors, such as age of exposure, will be of importance
in determining the local distribution. Although pre-
vious analysis of multiple sclerosis in the Orkneys has
suggested that the disease is polygenic and that the
overall genetic contribution is moderate,43 we suggest
that, in association with other genetic and environ-
mental factors that remain to be identified histo-
compatibility genes have a significant role in
determining the distribution of multiple sclerosis
throughout the United Kingdom.
We are grateful to Miss A Stratton, Mr P Learoyd,

Dr D Middleton, Dr C Darke and Mr M Boyce for
providing the frequencies of HLA-DR2 in normal
controls and to the Welsh Office and the Office of
Population Censuses and Surveys for providing mor-
tality statistics for Wales.
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