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SUMMARY Mortality rates from motor neuron disease in England and Wales for the years 1959-
1979 were studied through death certification data supplied by the Office of Population Censuses
and Surveys. The age- and sex-adjusted mortality rate increased over the period from 1-2 per
100000 per year in 1959-61 to 1-6 in 1977-79, the increase being most apparent in women over age
45 years and men over 60 years. The ratio of the sex-specific mortality rates remained fairly constant
at 1-6:1 (male to female). The distribution of motor neuron disease deaths within England and
Wales showed more variation between counties and between Hospital Regions than expected, and
areas of high motor neuron disease mortality along the south coast and low mortality in the
Midlands could be identified. The variation was most marked in those aged over 65 years at death.
Examination of occupation, as listed on the death certificates, showed an excess of motor neuron
disease deaths in leather workers in all three periods for which data were available (1959-63.
1970-72 and 1975). A small study of the certified cause of death of 56 motor neuron disease patients
showed that a high percentage (88%) had motor neuron disease given as the cause of death.

Approximately one in a thousand deaths in England
and Wales are caused by motor neuron disease. The
course of the disease is fairly rapid with death
occurring usually within 3-5 years of onset. Several
variants are recognised: progressive muscular
atrophy, when the disease is confined to the anterior
horn cells of the spinal cord, progressive bulbarpalsy,
when the cranial motor nuclei are primarily involved
and amyotrophic, lateral sclerosis when there is
pyramidal involvement. In the United States, the
generic name amyotrophic lateral sclerosis is
preferred to motor neuron disease.

Despite the apparent simplicity of the pathological
process in motor neuron disease, there is an almost
complete lack of knowledge of its cause, or of any way
of slowing or arresting the progress of the disease.
Many factors have been reported in association with
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motor neuron disease, but usually in small series of
cases. These have included exposure to lead,' organic
compounds of mercury,2 manganese,3 selenium,4
pneumatic drilling,5 heavy labour,6 mechanical
injuries,' 78 electric shock,9 spinal anaesthesia,'0 and
various diseases including malignant neoplasial" and
poliomyelitis."2 One of the few large studies
compared 504 male cases among World War II army
veterans in the United States with matched controls,
using data collected at induction or during wartime
service.8 Significantly more cases than controls
reported a history of trauma or surgery before
entering military service, and cases had significantly
more trauma, particularly limb fracture, during their
service.
The dearth of information about the disease and its

aetiology prompted Sylvia Irvine, a motor neuron
disease sufferer and co-author of this paper. to
conduct a study of motor neuron disease in England
and Wales with the help ofJR Tew. The present study
has grown out of their initial work on motor neuron
disease mortality patterns and looks particularly at
secular trends, regional variations and occupational
associations.
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Methods

Mortality rates from motor neuron disease were calculated
from data supplied to us by the Office of Population
Censuses and Surveys (OPCS) or obtained from OPCS
publications.'3 The ICD rubrics of 356 (7th Revision), 348
(8th Revision, used by OPCS from 1968 to 1978) and 335
(9th Revision, introduced in 1979) include the spinal
muscular atrophies as well as the diseases of interest,
progressive muscular atrophy, bulbar palsy and
amyotrophic lateral sclerosis. After exclusion of cases aged
under 30 years, however, these three digit rubrics
adequately define the adult forms of motor neuron disease.
Only deaths for which motor neuron disease was classified
as the "underlying cause"' have been supplied to us by
OPCS, so that patients with motor neuron disease whose
deaths were certified as due to another cause have been
excluded from our analyses.
To check on the accuracy of death certification, we

identified as many patients as possible who presented to
hospitals in Oxfordshire and Berkshire between January
1974 and December 1978, in whom a clinical diagnosis of
motor neuron disease had been made. Case notes for these
patients were traced from the records of the individual
consultant neurologists in the Oxford area, from the records
of Dr G Rushworth in the Neurophysiology Department in
Oxford and through the Oxford Record Linkage System.
Over 100 sets of case notes were examined and it was
possible to identify 72 patients in whom the diagnosis of
motor neuron disease appeared certain.

Secular Trends Deaths from motor neuron disease in
England and Wales from 1959-1979, classified by age and
sex, were used with corresponding population figures to
estimate age- and sex-specific mortality rates. A moving
average (over three consecutive years) was used to smooth
the graphed mortality rates and the overall mortality rate
for each year was standardised to the 1971 population using
the direct method.

Regional Variations Deaths from motor neuron disease in
England and Wales from 1975-77, classified by age, sex and
district, and their corresponding population bases, were
obtained from OPCS. There are 381 districts (or municipal
boroughs) in England and Wales which can be grouped into
54 counties. The observed deaths in each area-district
or county (0j) was compared with an expected number
of deaths (El) assuming no regional variation, and
the standardised mortality ratio for the area

(=oi x 100) and a test of significant (non-random)

variation between areas (the sum of (O.-E-)2/E- for all
areas) were calculated.

Data were also available on age- and sex-specific
mortality rates in England and Wales by Hospital Region
(of which there are 15) from 1963-1973. These were analysed
in the same way as the district and county figures for the
years 1963-66, 1967-70 and 1971-73 and the results pooled.
The numbers of neurologists and neuropathologists in

each county were obtained from the membership list of the
Association of British Neurologists and the relationship
between the standard mortality ratio in each county and this

estimate of availability of specialist neurology consultants
was assessed by the Kendall test of rank correlation.
The clustering of high and low standardised mortality

ratios in different areas of England and Wales was tested for
significance by the method suggested by Ohno et al. 14

Occupational Mortality The occupation given on the death
certificate is coded and made available by OPCS only for a
census year and the years on either side of the census. An
exception to this was in 1975 when all occupations were
coded in anticipation of a possible mid-decade census in
1976. We obtained the detailed listing of deaths from motor
neuron disease in 1975 and compared the number of cases
aged 30-74 in each Occupation Order with an expected
number based on the proportion of the general population
in each Order as determined at the 1971 census. Observed
and expected deaths in 1970-72 for each Occupation Order
for men aged 30-64 years were also available from OPCS
and these were combined with the 1975 figures.

Results

Accuracy ofdeath certification
Of the 72 patients from Oxfordshire and Berkshire
who had well-documented motor neuron disease,
eight could not be traced through the National Health
Service Central Register. A further eight patients
were known to be alive at the time information was
requested (September 1981). For the 56 patients
known to have died, motor neuron disease was
recorded on Part 1 of the death certificate
("underlying cause") for 49 patients (87-5%) and on
Part 2 ("contributing factor") for four patients. In
three instances motor neuron disease was not
recorded on the death certificate-in one, the cause
of death had been initially given as motor neuron
disease, but changed to cerebral infarction after a
post mortem examination.

Mortality rates and secular trends
The age- and sex-specific mortality rates averaged

6

/4

3~~~~~~~~~~~~~

Age at death

Fig 1 Age- and sex-specific mortality ratesfrom motor
neuron disease averaged over the years 1959 to 1979.
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Motor neuron disease in England and Wales, 1959-1979

over the period 1959 to 1979 are shown in fig 1. The
male to female ratio remained fairly constant, at
about 1 6 to 1 between the ages of 45 and 74 years.
The ratio was higher for those aged 75 years or over
(1 9 to 1) and for those aged below 45 years (2-4 to 1),
but diagnostic uncertainties in the oldest age group
and
mal
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and 4. The increases are most apparent in those aged
over 60 years in both sexes but the increase in motor
neuron disease death rates in women aged 45-60,
although smaller in absolute terms, represented a
similar percentage change (35-45%).

the very small number of cases under age 45 years Regional variations
ke both these ratios unreliable. The standardised mortality ratios for the 54 counties
Fhere has been a gradual increase in motor neuron in England and Wales in 1975-77 are listed in table 1.
oase mortality rates over the last 20 years as can be In view of the small number of motor neuron disease
n from fig 2. Each point in this figure is the average deaths in most counties, the calculated standardised
e for three consecutive years. The upward trend is mortality ratios had wide confidence limits. However,
)arent for both sexes but is more marked in there was statistically significant variation in the
iales, so that from 1960 (actually an average over standardised mortality ratios between counties for all
i9-61) to 1978 (averaged 1977-79) the male to aged 30 or more (p = 0-006) and for those aged 65
iale ratio for the whole population decreased from years or more (p < 0-001) but not for those aged 30 to
X to 1 to 1 18 to 1. The graphs of moving averages 64 years (p = 0-7). A cluster of counties with a high
the age- and sex-specific rates are shown in figs 3 standardised mortality ratio was apparent along the

southern coast and a region of below average
d mortality extended through South Wales and the

Midlands (fig 5). The cluster pattern failed to reach
Al statistical significance by the method of Ohno et al'4

- / D (p = 0-14), which tests for an increase over chance in
the number of pairs of adjacent counties with a
standardised mortality ratio in the same grouping (the
standardised mortality ratio groups used were <85,
85-94, 95-105, 106-115 and >115).
One possible explanation for variations between

* , counties is that the diagnosis is made more often in
1960 1965 1970 1975 1978 those counties with the best medical services, or more

Year particularly, with the most neurologists. An estimate
2 3-year moving average of age-adjusted mortality of the number of neurologists per 100000 population

!sfor motor neuron disease in England and Wales over the in each county is given in table 1. It can be seen that
iod 1959 to 1979. (Standardised to the 1971 population of some counties with high standardised mortality ratios
'land and Wales.) such as Oxfordshire, Tyne and Wear, and Surrey are

well served with neurologists while some areas with
70_74 low motor neuron disease mortality rates (Salop,

11 A 75+ Clwyd and Lincolnshire for example) have no neurol-
65-69

-77 -
0 3
0 0

86 1.- "I 60-64
4, -
-5-5

C2
4 ~~~~~~~~~~~55-59

7 ~~~~~~~~~~~~~~50-54
2

I~~~ ~ ~ ~ ~ ~ ~~ ~~~45-49
40-44
30-39O

1960 1965 1970 1975 1978
Year

Fig 3 3-year moving averages ofage-specific motor neuron
disease mortality rates for males in England and Wales. The
line for 75+ is dashedfor clarity.

6

§5

p4

o 3

a,2

70-74
e 65 69

a 60-64

- 75+

, 55-59

L

50-54

1 45-49

1 9 74009741960 1965 1970 1975 1978
Year

Fig 4 3-year moving averages ofage-specific motor neuron
disease mortality rates forfemales in England and Wales.
The lines for 70-74 and 75+ are dashedfor clarity.
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200 Buckley, Warlow, Smith, Hilton-Jones, Irvine, Tew

Table 1 Standardised motorneuron diseasemortality ratiosforeach countyforall deathsin 1975-77atage30yearsormore,
for deaths at ages30-64years, forages 65+ years, formales andforfemales. The observednumbers ofdeaths in each category
are given in brackets. Also tabulated are the number ofmembers ofthe Association ofBritish Neurologists per 10( 00)
population in each county

County Standardised mortality ratio (observed deaths) Neurologistsl
100000

All 30-64 65+ Male Female population

London 98 (326) 105 (158) 92 (168) 98 (174) 99 (152) 115
Greater Manchester 96 (113) 88 (47) 103 (66) 89 (56) 103 57 30
Merseyside 106 72) 128 (40) 86 (32) 125 (44) 85 28 48
S. Yorkshire 101 58) 119 (32) 84 (26) 105 (34) 93 24) 30
Tyne and Wear 122 64) 133 (32) 113 (32) 124 (34) 122 (30) 84
W. Midlands 87 (100) 91 (51) 82 (49) 94 (60) 77 (40) 25
W. Yorkshire 100 92) 121 (50) 82 (42) 91 (44) 113 (48) 48
Avon 111 46) 99 (18) 120 (28) 103 (23) 118 (23) 44
Bedfordshire 56 10) 46 (4) 66 (6) 68 (6) 52 (4) 0
Berkshire 56 14) 33 (4) 78 (10) 58 (8) 54 (6) 0
Buckinghamshire 94 18) 97 (9) 91 (9) 74 (8) 130 (10) 54
Cambridgeshire 115 25 134 (13) 96 (12) 114 (14) 114 (11) 73
Cheshire 82 30 109 (19) 57 (11) 45 (9) 125 (21) 11
Cleveland 103 22 87 (9) 118 (13) 110 (13) 93 (9) 18
Cornwall 77 16 70 (6) 82 (10) 98 (11) 52 (5) 25
Cumbria 100 22 113 (11) 90 (11) 117 (14) 78 (8) 0
Derby 87 35) 120 (22) 59 (13) 84 (19) 89 (16) 11
Devon 150 74) 115 (22) 172 (52) 152 (40) 146 (34) 43
Dorset 121 39) 58 (7) 158 (32) 113 (19) 128 (20) 0
Durham 105 28) 123 (15) 90 (13) 108 (16) 100 (12) 0
E. Sussex 113 45) 79 (11) 131 (34) 81 (16) 149 (29) 0
Essex 145 86) 93 (25) 187 (61) 134 (44) 154 (42) 28
Gloucestershire 84 18) 104 (10) 67 (8) 77 (9) 90 (9) 21
Hampshire 109 63) 131 (34) 91 (29) 100 (32) 117 (31) 28
Hereford and Worcester 76 19) 80 (9) 72 (10) 79 (11) 70 (8) 0
Hertfordshire 99 37) 86 (16) 112 (21) 81 (17) 120 (20) 11
Humberside 85 31) 97 (16) 76 (15) 91 (17) 84 (14) 24
Isle of Wight 136 (9) 80 (2) 170 (7) 115 (4) 158 (5) 0
Kent 86 56) 69 (19) 98 (37) 85 (30) 85 (26) 14
Lancashire 95 63) 97 (27) 93 (36) 108 (38) 78 (25) 29
Leicestershire 70 24) 51 (8) 86 (16) 53 (10) 90 (14) 24
Lincolnshire 77 (18) 87 (9) 69 (9) 99 (13) 48 (5) 0
Norfolk 63 (20) 45 (6) 76 (14) 85 (15) 35 (5) 30
Northamptonshire 101 (21) 97 (9) 103 (12) 60 (7) 149 (14) 0
Northumberland 112 (15) 135 (8) 95 (7) 81 (6) 149 (9) 0
N. Yorkshire 114 (35) 116 (15) 112 (20) 150 (25) 69 (10) 15
Nottinghamshire 110 (46) 78 (15) 138 (31) 125 (29) 90 (17) 10
Oxfordshire 146 (29) 97 (9) 189 (20) 125 (14) 171 (15) 278
Salop 83 (12) 61 (4) 100 (8) 111 (9) 46 (3) 0
Somerset 97 (19) 137 (11) 70 (8) 113 (12) 78 (7) 25
Staffordshire 97 (38) 95 (18) 99 (20) 96 (21) 96 (17) 30
Suffolk 93 (24) 73 (8) 107 (16) 97 (13) 94 ( 11) 0
Surrey 127 (57) 125 (26) 130 (31) 156 (37) 102 (20) 70
Warwickshire 81 (15) 101 (9) 63 (6) 106 (11) 49 (4) 21
W. Sussex 143 (48) 112 (14) 162 (34) 135 (22) 156 (26) 48
Wiltshire 109 (22) 109 (10) 109 (12) 97 (11) 122 (11) 0
Clwyd 85 (15) 81 (6) 87 (9) 63 (6) 107 (9) 0
Dyfed 93 15) 114 (8) 78 (7) 80 (7) 108 (8) 0
Gwent 80 15) 114 (10) 56 (5) 57 (6) 106 (9) 0
Gwynedd 122 14) 132 (6) 116 (8) 183 (11) 55 (3) 0Mgidlamorgan 78 18) 111 (12) 49 (6) 72 (9) 84 (9) 0
Powys 155 (8) 178 (4) 138 (4) 238 (7) 44 (1) 0
S. Glamorgan 77 (13) 65 (5) 86 (8) 66 (6) 88 (7) 77
W. Glamorgan 76 (13) 127 (10) 32 (3) 86 (8) 63 (5) 54

X 3(Testofheterogeneity) 81 1 492 1120 71 1 73-2
p 0006 0711 <0001 0078 0050

ogists (as determined by the addresses given by positive rank correlation (Kendall rank correlation
members of the Association of British Neurologists). coefficient 0-13, p = 0 10) between the rates of motor
Counter examples can be found however. West and neuron disease in different counties and the number
South Glamorgan have low standardised mortality of neurologists per 100000 population in each
ratios despite having a considerable number of county.
neurologists and in Powys and Dorset the reverse is Differing standards of neurological diagnosis might
true. Overall there was a slight, but non-significant, be expected to have most effect on the rates among
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Motor neuron disease in England and Wales, 1959-1979

FigS Counties ofEngland and Wales with high (>115) or
low (<85) standardised mortality ratios (SMR) for motor
neuron disease 1975-77. Counties with marginally raised
standardised mortality ratios (106-115) are indicated with a
"+", those marginally low (85-94) with a "-".

the elderly in whom the diagnosis may be obscured by
other disorders and the general frailties of old age.
The figures in table I for those aged 64 years old lend
weight to this explanation. The heterogeneity in the
standardised mortality ratios between counties
seems, for the most part, to be due to variations in
ratios among those over the age of 64 years. The
variation between counties for deaths among those
aged 30-64 years was very close to that which might
be expected to have arisen by chance. However, the
number of neurologists per 100000 population in
each county was less correlated with the standardised
mortality ratios for those aged over 64 years than it
was for all cases (correlation coefficient r = 0 10, p =
0.17).
There was no appreciable difference in the hetero-

geneity of the standardised mortality ratios between
counties for males and females and there was a
statistically significant correlation between the
standardised mortality ratios for males and females
by county (r = 0 39, p < 0 02).
Each county is made up of several districts (or

municipal boroughs) and the variation observed in
the standardised mortality ratios across the 381
districts and boroughs of England and Wales was

Fig 6 Standardised mortality ratios for motor neuron
disease in the 15 Hospital Regions ofEngland and Wales
(1963-73).

statistically significant (p < 0-05). However, the
variation between districts within counties was not
significant (p = 0-12) indicating that the
heterogeneity of the ratio between districts might be
explained by variations in disease rates over larger
areas.
Data were also available on motor neuron disease

death rates by Hospital Region for the period 1963-
1973 and fig 6 shows the 15 Hospital Regions and their
standardised mortality ratios. The high motor neuron
disease mortality ratios of the southern coastal
regions and the below average rates in the Midlands
were again apparent over this longer and earlier time
period, confirming in general terms the impression
gained from fig 5. The standardised mortality ratios
shown in fig 6 were based on between 219 and 571
deaths per Hospital Region and are thus more
reliable than those given in table 1 and the hetero-
geneity of the standardised mortality ratios between
regions was highly significant (p < 0-001).
The variation between hospital regions in

standardised mortality ratios among those aged 30-64
years was statistically significant (p < 0-001) but the
variation was much less than in those aged 65 years
and over. The variation in the standardised mortality
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Buckley, Warlow, Smith, Hilton-Jones, Irvine, Tew

Table 2 Standardised mortality ratios for each Hospital Region for all motor neuron disease deaths during 1963-73 and
subdivided by age and sex. Observed deaths are given in brackets

Hospital Region Standardised mortality ratio (observed deaths)

All 3044 65+ Male Female

Newcastle 98 (397) 106 (225) 89 (172) 106 (244) 88 (153)
Leeds 98 (441) 104 (240) 92 (201) 99 (246) 97 (195)
Sheffield 94 (578) 102 (330) 85 (248) 94 (332) 94 (246)
East Anglia 101 (245) 100 (117) 101(128) 101(141) 99 (104)
NW Metropolitan 112 (644) 109 (334) 116 (310) 108 (344) 117 (300)
NE Metropolitan 106 (480) 100 (236) 112 (244) 101 (256) 111 (224)
SE Metropolitan 111 (565) 110 (273) 112 (292) 110 (306) 111 (259)
SW Metropolitan 119 (571) 112 (270) 127 (301) 118 (307) 121(264)
Wessex 117 (337) 91 (127) 140 (210) 112 (178) 122 (159)
Oxford 89 (219) 88 (112) 89 (107) 83 (115) 97 (104)
South Western 114 (537) 111 (248) 118 (289) 112 (292) 117 (245)
Welsh 95 (369) 102 (199) 88 (170) 98 (214) 91 (155)
Birmingham 81 (516) 81 (284) 80 (232) 83 (301) 78 (215)
Manchester 80 (519) 86 (288) 73 (231) 82 (291) 77 (228)
Liverpool 99 (278) 101 (150) 96 (128) 104 (159) 93 (119)

X 14 (Test of
heterogeneity) 108 2 33.3 112.0 49.0 69.3

p <0-001 <0-001 <0-001 <0-001 <0-001

Table 3 Standardised mortality ratios by social class for 15-64 year old men dying ofmotor neuron disease in 1970-72

Social class Deaths Standardised
mortality

Observed Expected ratio

I. Professional 20 23.8 84
I1. Intermediate 98 110.1 89
III.N Skilled (non-manual) 74 61 2 121
III.M Skilled (manual) 230 198.3 116
IV. Partly skilled 98 107 7 91
V. Unskilled 43 48.9 88

Total 563 550

x2 = 1071 (p < 0 10)

ratios among females was a little greater than that
among males (table 2).

Occupation
Table 3 shows the standardised mortality ratio for
each social class in 1970-72. The highest rates were in
skilled workers, and the lowest in professional and
unskilled workers but the variation in the
standardised mortality ratios between the different
social class groupings was not statistically significant.
The standardised mortality ratios for Occupation

Orders I-XXV'3 are given in table 4, ranked by the
standardised mortality ratios. The observed and
expected deaths are pooled from the figures for 15-64
year old men in 1970-72 and 30-74 year old men in

1975: reliable data for 1970-72 on the former
occupation of retired men aged 65-74 were

unavailable. The excess of motor neuron disease
deaths in leather workers is not particularly
remarkable in itself, being based on just nine deaths,
but this occupation had the highest standardised
mortality ratio in both 1970-72 (six deaths,

standardised mortality ratio = 259) and 1975 (three
deaths, standardised mortality ratio = 200). "Leather
workers" includes the Occupation Units'3 060
(tanners; leather, fur dressers and fellmongers), 061
(shoemakers and repairers), 062 (cutters, lasters,
sewers, footwear and related workers) and 063
(leather product makers, not elsewhere classified) but
there were insufficient deaths to study the Units
separately. The second Order in table 2, clothing
workers, includes tailors and upholsterers who might
also come in contact with leather, and "makers of
light leather products". Hawkes and Fox'5 reported
the increase in motor neuron disease deaths in leather
workers in 1970-72 and provided figures for 1959-63
(nine deaths, 5 97 expected). Combining all the avail-
able data, there is a significant excess of deaths from
motor neuron disease in leather workers (18 deaths,
9-79 expected: X 2 = 688, p < 001).

It was also possible to examine the standardised
mortality ratios in 1975 of women classified by their
husbands occupation. The largest standardised
mortality ratio was in women married to "leather
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Motor neuron disease in England and Wales, 1959-1979

Table 4 Occupation Orders I-XXVlisted in orderofdecreasingstandardised mortality ratioformotorneuron disease (NEC
is an abbreviation of "not elsewhere classified")

Occupation Order Deaths Standardised
morality

Observed Expected ratio

IX Leather workers 9 3-82 236
XI Clothing workers 7 4.63 151
XV Construction workers 43 31-59 136
V Furnace forge, foundry, rolling mill workers 12 9-25 130
X Textile workers 10 7-88 127

XVI Painters and decorators 20 15-96 125
XII Food, drink and tobacco workers 17 13-80 123

XXV Professional technical workers, artists 84 71-35 118
XIX Transport and communications workers 82 70-99 116
VII Engineering and allied trades workers, NEC 127 112-22 113

XXII Salesworkers 76 67-58 112
XIII Paper and printing workers 11 9-97 110

II Mines and quarrymen 25 22-95 109
VIII Woodworkers 21 19-23 109
XXI Clerical workers 65 64-87 100
VI Electrical and electronic workers 17 18-08 94
XX Warehousemen, storekeepers, packers and bottlers 32 35-67 90

XXIII Service, sport and recreation workers 53 58-62 90
XVIII Labourers NEC 56 68-76 81
XXIV Administrators and managers 44 54-05 81

I Farmers, forester and fishermen 31 39-99 78
XIV Makers of other products 7 9.05 77
IV Glass and ceramic makers 2 3-34 60

XVII Drivers of stationary engines 11 18-54 59
III Gas, coke and chemical workers 4 7.06 57

Table 5

Region Population Year ofstudy Cases Average annual
incidence
per 100000

Rochester, Minnesota19 37000 1925-77 35 1.8
Iceland20 187000 1954-63 24 0-8
Sardinia2l 1500000 1965-74 96 0-6
NW Switzerland22 300000 1951-67 89 1.4
Hawaij23 633000 1952-69 118 1-0
Mexico City24 494000 1962-69 16 0-4
Guam17 40000 1965-69 111 60-0

workers" with three deaths and 080 expected
(standardised mortality ratio = 375, p < 0-05).

Discussion

The uniformity of motor neuron disease incidence
rates around the world has been noted previously.'6
Apart from two remarkable foci in the Western
Pacific, Guam'7 and the Kii Peninsular of Japan,i8
where the incidence of motor neuron disease is
approximately 50 times higher than elsewhere, inci-
dence rates are close to 1-0 per 100000 everywhere
(table 5). Some of the variation in rates arises from
the different age structures of the populations studied
and the lowest rates are generally reported in under-
developed countries24 where there may be both
under-diagnosis and under-reporting.
The majority of patients with motor neuron disease

die of the disease, so that mortality rates should
approximate incidence rates. Juergens et al'9reported
that 30 of 33 deceased patients in Rochester,
Minnesota, over the period 1925-1977 had motor
neuron disease listed as a cause of death. This is
similar to our findings of cases from Oxfordshire and
Berkshire, where 49 of 56 patients known to have
died with motor neuron disease had the disease given
as the underlying cause. The diagnosis of motor
neuron disease was fairly certain in these cases, and it
is likely that a higher percentage of patients with
atypical forms of motor neuron disease would have
death attributed to some other cause. We are not in a
position to assess the degree to which death from
other neurological disease are erroneously attributed
to motor neuron disease.
The age-adjusted mortality rate in England and

Wales has increased from 1-2 per 100000 in 1959-61
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to 1-6 in 1977-79. Similar increases have been
reported elsewhere,25 but it is not clear how much of
the increase can be attributed to improved standards
of diagnosis and death certification and how much, if
any, reflects an increase in incidence of motor neuron
disease. Rates have risen most in the elderly of both
sexes as might be expected if the disease was being
diagnosed more reliably but it is difficult to explain
why the increase among 45-64 year olds should be
seen only in women.
The graph of the age-specific mortality rates (fig 1)

also suggests that the diagnosis might be missed after
the age of 65 years: a steep rise from age 45 to 65 years
abruptly tails off and the mortality rate for those aged
75 and over is less than that for 65-69. The same age
pattern has been reported elsewhere.'7 19 21 25 26 The
sex ratio is also remarkably similar in different parts
of the world, being close to 1 6:1 (male to female) in
most series.19-2' 25 26

Given the similarity of incidence, secular trends,
age distribution and sex ratio in countries with widely
differing health care systems and death certification
practices, it is perhaps rather surprising that we have
found significant variations within England and
Wales. Nevertheless the excess of motor neuron
disease deaths seen in the southern counties, and the
low mortality in the Midlands, are unlikely to have
arisen by chance. The differences between counties
are quite large, the standardised mortality ratio
ranging from 56 in Bedfordshire and Berkshire to 155
in Powys but there were too few cases in most
counties to provide reliable estimates. The
standardised mortality ratios varied much less by
Hospital Region from 80 in Manchester to 119 in SW
Metropolitan. For both analyses it was clear the
variation was largely attributable to deaths occurring
among those aged over 65 years, which suggests that
the low ratios might be a consequence of
underdiagnosis of the disease. There was no clear-cut
relationship between the motor neuron disease
mortality of a county and the number of neurologists
there, but a head-count of neurologists is a very crude
measure of the availability of specialist neurological
care in an area as many neurologists in the major
centres such as London, Oxford and Newcastle
conduct clinics in adjacent counties.
The southern coastal towns are popular retirement

areas and perhaps the onset of motor neuron disease
prompts some patients to move to these areas. It
would seem unlikely however that this migration
could account for more than a small proportion of the
observed excess of motor neuron disease deaths.
There was no evidence for geographical clustering

of the disease on a finer scale than by county: the
variation between districts within counties was no
greater than expected by chance. This suggests that

whatever is the reason for the variation in disease
rates in England and Wales, it is acting over quite
large areas rather than in localised areas.

Several putative aetiological factors are occupation
related. These include heavy labour, pneumatic drill-
ing, trauma, repeated minor electric shocks and
exposure to lead, organic compounds of mercury and
benzol. In this study only two occupations had a
significant excess of deaths-leather workers and
construction workers. In neither case was the signifi-
cance very high but other evidence suggests that the
excess in leather workers might be genuine. The
standardised mortality ratio for leather workers was
highest of all Occupation Orders in both 1970-72 and
1975 and was also high in 1959-63. The second Order
in table 4, clothing workers, also includes some
leather workers, and the wives of leather workers had
a marginally significant excess of motor neuron
disease deaths. There have been a number of reports
in the literature linking motor neuron disease to
exposure to animals: a preliminary report of a large
Los Angeles-based case-control study26 stated that
the only clue to an aetiological agent was a greater
frequency of exposure to animal carcasses and hides
among cases, and the only significant associations in a
case-control study in Guam were exposure to certain
animals and consumption of raw meat. Farmers have
been reported to have an increased risk of motor
neuron disease6 21 but other studies8 27 28 have failed
to confirm this finding and we found no excess motor
neuron disease amongst farmers (table 4).
The independent associations of leather working

and motor neuron disease in 1959-63, 1970-72 and
1975 make it unlikely to be a chance observation.
Systematic biases, such as would occur if the number
of men employed in the leather industry was sub-
stantially undercounted at the censuses, could
explain the high standardised mortality ratios but as
other cause-specific mortality rates and overall
mortality would be overestimated by the same factor
the error would be easily detected. It is difficult to
judge how far an association such as this should be
pursued. Kondo25 listed eight toxins, nine forms of
trauma (including surgery) and five miscellaneous
factors that have been reported by others to be
associated with motor neuron disease, although
admittedly most were based on very limited evidence.
It could be argued that, with so little known about the
aetiology of motor neuron disease, any lead is worth
following. In this instance the association is with a
relatively uncommon occupation--only 2-3 motor
neuron disease deaths occur each year in leather
workers-making further research very difficult and,
if the cause of the excess fails to throw light on the
aetiology of the other 99% of cases in the community,
the research will have proved rather unprofitable.
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Matters arising
2 Meyer et al. Progressive change in cerebral Notices

blood flow during the first three weeks after
subarachnoid haemorrhage. Neurosurgery

-1nen _1983;1Z:58-76.

Maurice-Williams replies:
I have carefully re-read the article con-
cerned and I cannot see that I have mis-
quoted it in my previous comment on the
letter of Mr Scharr and Mr Neil-Dwyer.
The subsequently published article does
indeed report that administration of
tranexamic acid appears to be associated
with a fall in cerebral blood flow during the
second week after subarachnoid haemor-
rhage. If this is confirmed it will clearly
have very important implications with
regard to the effect of anti-fibrinolytic
drugs on patients with ruptured aneurysms.-
However it does not resolve the main point
that I had hoped to get across in the paper
that is the subject of this discussion-
namely the differing time courses of
confirmed re-bleeds and episodes of non-
haemorrhagic deterioration and the fact
that the time course of the latter coincides
with the time course of rebleeding as
reported in earlier studies, suggesting that
those studies may have confused these two
events and thus significantly over-
estimated the incidence of early rebleed-
ing.

879

Correction
The Commonwealth Association for Men-
tal Handicap and Developmental Dis-
abilities (CAMHDD) has recently been
formed with the support of a launching
grant from the Commonwealth Foundation
and has as its principal aims the prevention
and amelioration of mental handicap and
related developmental disabilities in
developing Commonwealth countries. It is
hoped that its membership ultimately will
be that of individual professional and
non-professional workers either working
within developing countries in the field of
mental handicap or those in developed
countries that have a particular interest in
this field in such countries. It is hoped to
establish ultimately a form of directory of
interested workers and from time to time
practically orientated workshops will be
held in differing developing countries.
Further details may be obtained from the
Association's UK Representative: Dr
Gwilym Hosking, Consultant Paediatric
Neurologist, The Ryegate Centre, Chil-
dren's Hospital, Sheffield S10 5DD, UK.

Motor Neuron Disease in England and
Wales, 1959-1979 (J Neurol Neurosurg
Psychiatry 1983;46:197-205)

The authors wish to correct the figures in
the last column of table 1, where the values
for "Neurologists/100,000 population"
were too high by a factor of 100. Thus, for
example, the figure for London should
have been 1-15, for Greater Manchester
0*30.

Symposium on Brain Metabolism. The
Eleventh International Symposium of the
Fulton Society on Brain Metabolism will be
held on 2 October, 1983 in New Orleans,
USA associated with the 108th Annual
Meeting of the American Neurological
Association. Details may be obtained from
Professor Dr Victor Soriano, Calle Buenos
Aires 363, Montevideo, Uruguay.


