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Abs t r ac t  Gompertzian analysis is a 
statistical technique which has been 
successfully applied to the analysis 
of  amyotrophic lateral sclerosis 
(ALS) mortality in England and 
Wales, Japan and the United States. 
This paper analyses the consistent 
trend of rising ALS mortality in 
France over the years 1968-1990, a 
period during which crude mortality 
rose from 400 deaths in 1968 to 950 
deaths in 1990. The findings indicate 
that age-specific mortality rates have 
risen at ages older than 54 years for 

men and 53 years for women and de- 
creased slightly at younger ages. The 
evolving ALS mortality pattern is at- 
tributable to changing inter-disease 
competition resulting from the in- 
creased life expectancy of the French 
population, rather than to changing 
environmental aetiopathogenic fac- 
tors or to substantial artefact effects. 
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Introduction 

Despite intensive epidemiological research and labora- 
tory-based studies, amyotrophic lateral sclerosis (ALS) 
remains as significant a challenge to medicine [29] as 
when it was first described [5]. Recent studies in a wide 
range of countries [2, 11, 14, 20, 45], including France [6, 
7], have pointed to a worldwide trend of rising ALS inci- 
dence and mortality. 

The search for the causes of this worldwide trend has 
centred on either particular and changing environmental 
factors [1, 3, 10, 16, 17, 21] or on the possibility of the 
trend being an artefact of increased recognition of existing 
cases of  the disease at diagnosis or death [40]. Although 
it appears plausible that increased knowledge of ALS 
amongst both physicians and patients has contributed in 
some measure to the increased recognition of cases of  the 
disease, the uniformity of the rise in patterns of  ALS mor- 
tality in many advanced industrialised societies - with 
very different health care systems, neurological services 
and patient organisations - suggests that such an explana- 
tion is problematic and, in the light of present research 
into ALS, is largely speculative [8, 15, 44]. 

Detailed research attention has been paid to exogenous 
environmental factors as causes for the rising world trends 
in ALS mortality. Intensive analysis of many factors [15, 
44] has identified some weak but statistically significant 
associations in single countries or in regions within coun- 
tries, but no factor has yet been identified which could 
consistently account for the worldwide uniformity of  the 
rising rates. In particular, a large number of environmen- 
tal variables associated with advanced industrialised soci- 
eties have been considered as potential aetiological agents 
in relation to ALS, some on the basis of  their known neu- 
rotoxicity, but at present it appears that their role must be 
considered at best unproven. Thus the conclusion of in- 
vestigators tends to be that there are unknown exogenous 
factor(s) to which the populations of  industrialised coun- 
tries have (relatively) recently become subject, but to 
which the populations of  other, largely developing coun- 
tries and some minority populations in developed coun- 
tries appear to have some resistance [4, 30]. This conclu- 
sion has led to an even more intensive and continuing 
search for exogenous ALS risk factors which has proved 
so far largely unproductive. 

Recently it has become clear that general theories of  
ageing and mortality may be of considerable utility in un- 
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covering the most plausible reasons for the worldwide 
trends in ALS deaths. It has become commonplace to ob- 
serve that changing patterns of mortality have been asso- 
ciated with demographic change. In many industrialised 
countries mortality from infectious diseases has been re- 
placed - at a later age - by mortality from chronic cardio- 
vascular and respiratory conditions, amongst others. Mor- 
tality at these later ages is undoubtedly "caused" in two 
senses, first through the action of specific endogenous 
and/or exogenous factors on individuals, but second through 
changing demographic structure (especially increased life 
expectancy through the reduction in general mortality) 
which results in a larger proportion of the population liv- 
ing to the ages at which most mortality from cardiovascu- 
lar and respiratory diseases occurs. In a number of coun- 
tries the beginning of a further trend is apparent with 
falling cardiovascular mortality, and rising mortality from 
neurological diseases at even older ages as the life ex- 
pectancy of populations rises through the critical years at 
which mortality from certain neurological diseases is al- 
ready most prevalent. It thus appears that population life 
expectancies, and what has been described as "competi- 
tion" between diseases is a critical variable in determining 
patterns of mortality, whatever the aetiologies of specific 
diseases for individual patients. In the case of ALS, it is a 
disease whose expression, in the form of both onset and 
mortality, mainly occurs in the upper band of current life 
expectancies in industrialised countries [4]. 

The majority of studies use conventional epidemiolog- 
ical techniques to analyse changing mortality patterns 
which, despite great statistical sophistication, fail to ac- 
count for life expectancy and changing "competition" be- 
tween causes of death. The analysis of survival distribu- 
tions with increasing failure (mortality) rates has proved 
to be of particular importance in relation to the investiga- 
tion of trends in mortality in later life. Amongst the mod- 
els used for this kind of analysis the exponential, the 
Weibull, the Gompertz, and the Gompertz-Makeham have 
been the most useful. One of the most promising of these 
models of mortality and ageing for the analysis of rising 
ALS in France, which specifically takes into account life 
expectancy and inter-disease competition, is based on the 
observations of Gompertz [9], a nineteenth century Eng- 
lish actuary. He noted that the relationship between age 
and mortality was an exponential one. In recent years his 
arguments have been used to develop further theoretical 
approaches to understanding patterns of general mortality, 
and to investigate the changing characteristics of mortal- 
ity from individual diseases [18, 39]. The technique has 
proved appropriate to the analysis of adult mortality [33], 
stroke [36] and Parkinson's disease [35] mortality in the 
United States. Application of the Gompertzian relation- 
ship to the rising trend of mortality from ALS in the 
United States, and to a similar trend in England and Wales 
both nationally [25, 26] and regionally [23], has demon- 
strated its explanatory power [27]. These analyses have 

shown that the rises in mortality from ALS in recent 
decades in both these countries are almost entirely associ- 
ated with the increased life expectancies of the general 
population over that time, rather than being associated 
with either changing environmental or artefact effects. 
Furthermore, mortality appears from these studies to be 
confined to a defined subpopulation of similar size in each 
country and region. 

An analysis of ALS mortality in France from 1968 to 
1990 provides an additional comparative means of testing 
the general hypothesis that rising mortality from the dis- 
ease is strongly related to population life expectancy, and 
results from changing inter-disease competition, rather 
than having its origin in environmental aetiopathogenesis, 
or in artefact effects. In addition, such an analysis comple- 
ments recent thorough investigations of French ALS mor- 
tality using more traditional epidemiological techniques [7]. 

Materials and methods 

In France, the Institut National de la Sant6 et de la Rtcherche Med- 
ical (INSERM) is responsible for collecting and recording all death 
certificates. The data provided by INSERM include certificates 
where ALS was coded as the underlying cause of death under the 
rubric of the International Classification of Diseases (ICD-7 356.1 
[42], ICD-8 348.0 [43] and ICD-9 335.2 [41] for the 23 years from 
1968 to 1990. Deaths were categorised by sex and by age in the 5- 
year age-groups 0-4, etc., up to 85 years and over. Population data 
were supplied in the same age and sex categories for the years 
1968, 1975 and 1990. Linear interpolation was used to calculate 
population distributions for tile intervening years. In Fance unclas- 
sified causes remain a significant proportion, of the order of 5%, of 
all deaths [13] and it cannot be determined what proportion of 
these might be attributable to ALS [7]. However, ALS mortality 
records, despite significant problems of diagnosis [22], have been 
shown to encompass the majority of previously diagnosed cases of 
the disease [12, 32]. 
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Fig. 1 Amyotrophic lateral sclerosis (ALS) mortality rate for men 
at all ages in France, 1968-1990; age-adjusted to the 1990 UK 
population. - -  France; - -  England and Wales; ..... United 
States 



Table  1 Age-specific amyotrophic lateral sclerosis (ALS) mortal- 
ity rates in France in 1968 and in 1990 

Age Men Women  
(years) 

1968 1990 1968 1990 

14. 

0 -  4 0.06 0.00 0.00 0.07 
5 -  9 0.00 0.00 0.00 0.00 

10-14 0.05 0.00 0.00 0.00 
15-19 0.09 0.05 0.00 0.00 
20-24 0.00 0.09 0.00 0.05 
25-29 0.00 0.23 0.07 0.05 
30-34 0.13 0.09 0.00 0.05 
35-39 0.35 0.19 0.06 0.09 
40-44  0.24 0.45 0.12 0.14 
45-49  0.91 1.00 0.70 0.55 
50-54 1.89 2.44 1.59 1.67 
55-59 2.51 2.93 1.91 2.59 
60-64 2.56 4.88 2.04 3.18 
65-69 4.24 9.10 2.45 5.29 
70-74 4.81 7.28 2.66 4.68 
75-79 3.97 i 1.32 1.95 8.17 
80-84 3.17 10.59 0.75 4.69 
85+ 2.98 8.96 1.43 5.17 

0-54  0.25 0.35 0.17 0.20 
55+ 3.35 6.82 2.05 4.57 

All ages 0.91 1.80 0.68 1.53 

The age-adjusted mortality rate was calculated for the period 
using the population of England and Wales in 1990 as a reference, 
and is shown for men in Fig. 1. As can be seen from comparable 
curves for England and Wales (1963-1990) [25] and for the United 
States (1977-1986) [34], there is a similar trend of increasing ALS 
mortality in all three countries. The trend for women is broadly 
similar, with rates about one-quarter lower than for men. The age- 
specific mortality rates for both men and women in 1968 and 1990 
are given in Table 1. 

In a Gompertz  model the mortality rate Rx rises by equal pro- 
portions in equal intervals of age x, being determined by an initial 
rate R 0 at age zero and the rate of exponential increase c~ as 
shown in Eq. 1. It should be noted that the mortality rate at birth in 
the Gompertz model is an extrapolation from the age range 
analysed and does not represent the actual mortality rate at age 
zero. Taking logarithms of both sides transforms Eq. 1 into the 
computationally simpler relationship expressed by Eq. 2 in Appen- 
dix I. 

Rx = R0 l0  ~ (1) 

Age-specific mortality rates were calculated for all age and sex 
groups for each year of the study. The mortality rate curve for men 
is shown for some selected years (1970, 1980 and 1990) in Fig.2. 
The curve for women is similar, with rates of approximately half 
those for men. The procedures set out in Appendix 1 were used to 
fit a linear model to the logarithm of the mortality rate and test 
whether adult ALS mortality rates in France conform to the Gom- 
pertz model. 

The Strehler-Mildvan modification of the Gompertz model 
[39] provides the possibility of a more comprehensive analysis of 
the factors influencing ALS mortality. They propose a negative 
linear relationship between the rate of exponential increase in mor- 
tality (c0 and the logarithm of the extrapolated mortality rate at age 

12 

ALS mortality rates among men 
in France in 1970, 1980 and 1990 

j , , ,  

2.5 

10 

4 6 

~ 4  

, , i i i I , ~ , , , , , , , i , 

12.5 22.5 32.5 42.5 52.5 62.5 72.5 82.5 
7.5 17.5 27.5 37.5 47.5 57.5 67.5 77.5 87.5 

Age' (years)" 

450 

Fig .2  ALS mortality rate for men in France, selected years. - . . . .  
1 9 7 0 ; -  1 9 8 0 ; -  1980 

zero (R0). This implies that a high initial mortality rate will be ac- 
companied by a low rate of increase with age, and that mortality 
rate curves, even when drawn from populations with differing life 
expectancies, will intersect at an age point determined by the rate 
of ageing (B). Mortality rates at this age point will therefore be sta- 
tic and independent of variations in life expectancy. This relation- 
ship was tested by linear regression of the (o~, log R0) pairs calcu- 
lated from ALS mortality rates in each year studied (see Eq. 3 in 
Appendix II). This modification of the Gompertz model allows the 
identification of an aetiopathogenic factor (K), which can be con- 
sidered to be the sum of all environmental  causative influences 
upon ALS mortality, and which affects mortality rates at all ages 
by the same proportion. This is in contrast to the competitive ef- 
fects of changing life expectancy, which decrease early mortality 
and shift the age distribution of deaths to later ages. Thus, in an un- 
changing causative environment and with a constant rate of age- 
ing, mortality rates at all ages are determined solely by R0, as 
demonstrated (by substitution of Eq. 3 into Eq. 2) in Eq. 4 of Ap- 
pendix II. 

In our previous studies we have proposed that ALS is restricted 
to an inherently susceptible subpopulation [25] and that increasing 
mortality rates amongst older age-groups were due to increasing 
survival of susceptible individuals, effectively increasing the het- 
erogeneity of the elderly human population [31]. We further sug- 
gested a means of determining the subpopulation size [24] using 
the methods given in Appendix III. In the United States [34] and in 
England and Wales [25, 26] the estimated subpopulation sizes 
were consistent, both across time and between countries. Environ- 
mental causative influences upon ALS mortality (summarised by 
K) were also found to be essentially constant over considerable 
periods of time, whilst the extrapolated initial mortality rate (R0) 
continuously declined. 

Results 

T h e  l o g a r i t h m  o f  t h e  m o r t a l i t y  r a t e  o v e r  t he  age  r a n g e  

3 0 - 6 4  y e a r s  s h o w e d  a s t r o n g  l i n e a r  c o r r e l a t i o n  w i t h  age  
fo r  b o t h  m e n  ( 0 . 9 3 6  < r 2 < 0 . 9 9 5 )  a n d  w o m e n  ( 0 . 9 4 2 < r  2 < 
0 . 9 8 6 )  fo r  a l l  y e a r s  s tud ied .  T h e  h i g h  s q u a r e d  c o r r e l a t i o n  

c o e f f i c i e n t  i n d i c a t e s  t ha t  t h e  l i n e a r i s e d  G o m p e r t z  m o d e l  
e x p l a i n s  m o r e  t h a n  9 3 %  o f  the  a g e - s p e c i f i c  v a r i a t i o n  in  
m o r t a l i t y  r a t e s  w i t h i n  th i s  a g e  r ange .  F o r  b o t h  s e x e s  the  
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Table 2 Full results of linear 
regression of ALS mortality 
rates (ages 30-64) in France, 
1968-1990 

M e n  

Log R0 O~ 

1968 -2.45 0.05 
1969 -2.49 0.05 
1970 -2.46 0.05 
1971 -2.65 0.05 
1972 -2.58 0.05 
1973 -2.73 0.06 
1974 -2.63 0.05 
1975 -2.70 0.05 
1976 -2.51 0.05 
1977 -2.55 0.05 
1978 -2.49 0.05 
1979 -2.33 0.05 
1980 -2.24 0.05 
1981 -2.28 0.05 
1982 -2.34 0.05 
1983 -2.40 0.05 
1984 -2.70 0.06 
1985 -3.29 0.07 
1986 -3.34 0.07 
1987 -3.18 0.06 
1988 -2.99 0.06 
1989 -2.93 0.06 
1990 -2.85 0.06 

Min. -3.34 0.05 
Max. -2.24 0.07 

Women 

r 2 log K Log R o cz r a log K 

0.94 1.71 -3.43 0.06 0.94 0.89 
0.96 1.83 -3.16 0.06 0.94 0.83 
0.97 1.98 -3.04 0.06 0.98 0.83 
0.98 1.99 -3.16 0.06 0.94 0.80 
0.97 1.91 -3.30 0.06 0.98 0.89 
0.96 1.89 -3.27 0.06 0.97 0.96 
0.97 1.74 -3.31 0.06 0.98 1.02 
0.99 1.73 -3.34 0.06 0.96 0.99 
0.99 1.68 -2.99 0.06 0.98 0.98 
0.98 1.81 -3.00 0.06 0.96 0.94 
0.97 1.84 -3.14 0.06 0.95 0.93 
0.97 1.88 -4.02 0.07 0.95 0.84 
0.98 1.92 -4.02 0.07 0.95 0.84 
0.99 2.02 -3.56 0.07 0.96 0.92 
0.99 2.04 -2.86 0.05 0.95 1.04 
0.99 2.04 -2.64 0.05 0.94 1.17 
0.98 1.97 -2.84 0.06 0.98 1.18 
0.97 1.90 -3.18 0.06 0.99 1.20 
0.99 1.80 -4.00 0.08 0.95 1.13 
0.99 1.86 -3.96 0.08 0.94 1.14 
0.99 1.98 -3.96 0.08 0.94 1.14 
0.99 2.11 -4.07 0.08 0.96 1.06 
0.99 2.10 -4.00 0.08 0.95 1.04 

0.94 1.68 -4.07 0.05 0.94 0.80 
0.99 2.11 -2.64 0.08 0.99 1.20 

ex t rapola ted  ini t ial  rate o f  mor ta l i ty  (log Ro) has dec l ined  
since 1968, whi ls t  the rate of  exponent ia l  increase  in mor-  
tal i ty  (~)  has increased.  The  full  regress ion  results  and 
values  o f  log R o and c~ o f  Eq. 2 are given in Table 2. The  
s tandard errors o f  both  parameters  lay be tween  3% and 
11% for men  (mean 6%) and be tween  5% and 12% for 
w o m e n  (mean 9%) which,  with 7 data points  and 5 de- 
grees  of  f reedom,  leads to conf idence  intervals  of  + 15.4% 
and + 23.1% respect ively.  
A negat ive  l inear  re la t ionship  be tween  the ex t rapola ted  
init ial  mor ta l i ty  rate and the rate of  exponent ia l  increase  
with age was de te rmined  by  l inear  regress ion o f  the (c~, 
log Ro) pairs  for all  years,  with a squared corre la t ion coef-  
f ic ient  o f  r 2 = 0.99 in both sexes.  This es tabl i shed  a com-  
mon f ixed  intersect  point  in the mor ta l i ty  rate curves for 
each year  and indica ted  a static ae t iopathogenic  effect. 
The  logar i thm of  the mor ta l i ty  rate for the range 3 0 - 6 4  
years  was therefore  def ined by  Eq. 4 o f  A p p e n d i x  II, 
where  R 0 is a var iable  de te rmined  by  the compet i t ive  ef- 
fects o f  increas ing life expec tancy  and where  B and K are 
re la t ive ly  constant:  

log mR x = log mR 0 + 0.01846 (log (1.90) - log mR0) x 
(r  2 = 0.99) 

log wR x = log WR 0 + 0.01891 (log (0.98) - log WR0) x 
(r  2 = 0.99) 

The rate o f  ageing was therefore  in the region  o f  1.8% per  
annum in both sexes.  This  de termines  a set o f  mor ta l i ty  
curves that pass through a f ixed point  at age 1/17 and mor-  
tal i ty rate K. Thus ALS mor ta l i ty  rates for all years  were  
de te rmined  by  a set o f  curves pass ing through a rate of  1.9 
per  100,000 men  at an age o f  54.2 years  and a rate of  0.98 
per  100,000 women  at an age o f  52.9 years.  

Accord ing  to Gomper t z i an  analysis ,  mor ta l i ty  rates at 
all ages up to 54.2 years  for men and 52.9 years  for 
w o m e n  have  dec l ined  over  t ime,  whi ls t  those at o lder  ages 
have risen. This can be examined  graphica l ly  in F ig .3 ,  
which shows mor ta l i ty  rates in 5-year  age groups for men. 
There  is a ba re ly  discernible  fall  in mor ta l i ty  rates be low 
the age of  55 years  and an unequivoca l  increase  in mor-  
tal i ty rates above  the age of  55 years.  In addit ion,  the 
mean  age at death  has increased  f rom 60.3 to 63.6 years  
after age ad jus tment  to the 1990 Uni ted  K i n g d o m  popula-  
t ion distr ibut ion.  A r igorous  test was appl ied  to these 
t rends by  fit t ing a l inear  mode l  to the age-speci f ic  morta l -  
i ty rates against  t ime and calcula t ing the rate o f  change  in 
each group over  the per iod  as a percentage  o f  the mean  
(1968 to 1990) mor ta l i ty  rate, shown in Table 3. There  
have been  decl ines  in the mor ta l i ty  rates in most  age 
groups  younger  than 55 years,  a l though the 95% confi-  
dence intervals  repor ted  in Table 3 indicate  that these de- 
cl ines are not  s ta t is t ical ly  significant .  
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Age specific ALS mortality rates 
of French men, 1968- 1990 
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F ig .3  Age-specif ic ALS mortality rates for men  in France, 
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60-64;  70 -74  

Tab l e  3 Annual  percentage change in age-specific ALS mortality 
rates in France be tween 1968 and 1990 

Age Men 95% CI Women 95% CI 
(years) 

0- 4 -13.19 (-25.40, -0.99) 4.79 (-10.65, 20.23) 
5- 9 -10.02 (-21.11, 1.08) -21.97 (-43.23, -0.71) 

10-14 -5.97 (-18.67, 6.73) -15.01 (-29.46, -0.57) 
15-19 2.97 (-1.31, 7.25) -4.12 (-22.86, 14.62) 
20-24 4.97 (-1.22, 11.17) -1.56 (-10.91, 7.79) 
25-29 5.84 (-0.22, 11.89) - -4 .44  (-10.27, 1.39) 
30-34 -1.88 (-5.39, 1.62) -2.05 (-9.41, 5.31) 
35-39 -0.36 (-3.85, 3.13) -0.38 (-5.20, 4.44) 
40-44 -0.75 (-2.82, 1.32) 2.77 (-0.10, 5.63) 
45-49 -1.36 (-3.33, 0.60) 0.29 (-1.96, 2.54) 
50-54 0.92 (-0.52, 2.36) 1.71 (0.06, 3.36) 
55-59 0.15 (-1.10, 1.36) 1.89 (0.60, 3.18) 
60-64 2.09 (0.87, 3.30) 1.60 (0.30, 2.89) 
65-69 2.97 (2.00, 3.94) 1.85 (0.72, 2.98) 
70-74 2.25 (1.19, 3.30) 1 .38 (-0.07, 2.84) 
75-79 5.35 (4.09, 6.62) 5.63 (4.78, 6.48) 
80-84 5.45 (3.96, 6.93) 5.28 (3.81, 6.75) 
85+ 5.89 (3.38, 8.39) 5.54 (3.42, 7.67) 

0-54 0.38 (-0.60, 1.35) 1.11 (0.15, 2.08) 
55+ 2.80 (2.48, 3.tl) 2.76 (2.33, 3.18) 

All ages 2.72 (2.36, 3.08) 3.08 (2.77, 3.40) 

For mortality at ages older than approximately 65 years 
it is apparent from Fig. 2 that the Gompertz model is no 
longer an adequate description. Actual mortality rates fall 
sharply from the calculated exponential curve until, at age 
85 years, the mortality rate approaches zero. It has been 
suggested that this decline in rates is attributable to the 
existence of a susceptible subpopulation to which ALS 
death are exclusive [25, 27, 34]. As a result of the higher 

mortality within this subpopulation (due to the burden of 
ALS in addition to all other causes), its size will constitute 
an ever-decreasing proportion of the total population. The 
observed mortality rate will consequently decline from 
the expected rate and will reach zero at the age at which 
no members of the subpopulation remain alive. Based on 
the assumption that ALS mortality rates follow the Gom- 
pertz model within the subpopulation and the assumption 
that general mortality within the subpopulation is equal to 
that for the whole French population, it is possible to pro- 
vide a best first estimate of the size of the susceptible sub- 
population. The procedure is described in Appendix III. 

The size of the subpopulation susceptible to ALS in 
France was estimated from the averaged age-specific 
mortality rates over the entire period at 170 per 100,000 
persons born, with a 95% confidence interval (CI) of 
124-217 per 100,000. Separate estimates were made for 
each sex at 220 per 100,000 men (95% CI: 133, 307) and 
139 per 100,000 women (95% CI: 85, 193), indicating 
that susceptibility is significantly higher in men. This 
compares well with estimates derived from other popula- 
tions using similar calculations [28]. The susceptible sub- 
populations were estimated in England and Wales at 199 
per 100,000 persons (263 per 100,000 men and 155 per 
100,000 women), in Japan at 118 per 100,000 persons 
(168 per 100,000 men and 81 per 100,000 women) and in 
the United States at 198 per 100,000 persons (245 per 
100,000 men and 153 per 100,000 women). Given the 
wide range and low levels of confidence implied by the 
variance, these values should be interpreted as best first 
estimates only, and probably as a lower bound if a false- 
negative diagnosis or death certification is considered 
more likely than a false-positive. 

Discussion 

On the basis of longitudinal Gompertzian analysis, ALS 
mortality rates in France were defined by a common fixed 
intersect point. The mortality rate at this point has remained 
static over 23 years whilst mortality rates at younger ages 
have fallen slightly and mortality rates at all higher ages 
have risen substantially. The broad pattern is similar in both 
sexes, with marginal differences in the intersect point. 

The decline in mortality from ALS among the youn- 
gest groups shows the same pattern of long term reduction 
as that observed in the United States [34] and in England 
and Wales [25, 27], indicative of an environment increas- 
ingly conducive to ALS survival. In the more conductive 
milieu characterised by higher population life expectancy, 
early mortality is reduced and the susceptible subpopula- 
tion increasingly survives to higher ages. The greater pop- 
ulation heterogeneity at older ages results in higher ob- 
served rates of ALS mortality. The rise in ALS mortality 
is a real rise, consequent upon the changing competitive- 
ness of ALS as a cause of death at higher ages. 
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The causative environmental contribution to ALS mor- 
tality (summarised by the aetiopathogenic factor log K) 
shows no significant within-country change over time, in- 
dicating an unchanging causative environment. It can there- 
fore be concluded that the real increase in mortality from 
ALS does not arise from an increase in exposure to 
causative agents. However, the value of K does differ be- 
tween countries and this warrants further investigation. 
The measured value of K is exponentially dependent on 
the rate of ageing (B in Eq. 3), and therefore small linear 
errors in the measurement of B lead to much larger expo- 
nential errors in the measurement of K. Using a common 
value of B = 0.182 for all three countries leads to much 
greater consistency in the measurement of log K for both 
men (1.84-2.35 in France, 2.43-3.30 in England and 
Wales and 2.23-2.37 in the United States) and women 
(1.05-1.63 in France, 1.46-2.16 in England and Wales 
and 1.44-1.63 in the United States) and it is probable that 
most of the difference results from measurement error. 

There may be inter-country aetiopathogenic factors of 
environmental origin which are constant over time, and 
which affect men and women differently. In all the coun- 
tries studied (France, England and Wales, Japan and the 
United States) male mortality is more affected by such 
factors shown in the Gompertzian analysis than female 
mortality. This inter-sex difference may imply either a dif- 
ferential response to a common source and magnitude of 
exposure, or that the nature and magnitude of the expo- 
sure may itself be different, perhaps through occupational 
patterns. The relatively constant relationship between 
male and female mortality in the countries studied, what- 
ever the overall level of ALS mortality, suggests that the 
former explanation is more probable. However, if this is 
indeed the case, it appears that such factors do not in- 
crease the size of the susceptible population itself, but 
may lower the age at which the disease is normally ex- 
pressed, and perhaps also accelerate the course of the dis- 
ease once its onset has occurred. It should be noted that in 
France, England and Wales and the United States the ae- 
tiopathogenic factor (K) is still of  relatively low signifi- 
cance in comparison with the competitive effects of life 
expectancy (R0). 

The generally lower common fixed intersect point for 
ALS mortality for both men and women in France, to- 
gether with the lower value of K, may also be partly the 
result of consistent biases in death certification processes. 
It has been noted [13] that the residual category of unclas- 
sified deaths is relatively high in France and could (in 
principle) include significant numbers of ALS death. 
However, for such a factor to result in the constant value 
of K, the biases in death certification would have to be of 
similar order over many years, with little variation, or 
more particularly little improvement in the rate of certifi- 
cation. Durrleman and Alperovitch [7] indicated that the 
classification (and therefore reduction in numbers) of this 
residual category is improving, and this may in itself be 

enough to disqualify this factor from affecting the value 
of K that has been observed. 

The calculation of the size of the susceptible subpopu- 
lation indicates that 0.2-0.4% of men and 0.1-0.2% of 
women are susceptible to ALS. The values calculated for 
all countries studied fall within this range and it can there- 
fore be considered to be a reasonable guide to the true size 
of the underlying population. As there are, at present, no 
means of clinically identifying an individual with suscep- 
tibility to ALS, there are no means of gaining independent 
confirmation of prevalence. The identification of the exis- 
tence of susceptibility does not, of course, mean the iden- 
tification of the nature of that susceptibility. The recent 
discovery of a gene for familial ALS [38] and the identi- 
fication of its function in coding for the superoxide dis- 
mutase enzyme [37] may point to the possibility of ge- 
netic involvement in sporadic ALS, although the basis of 
the sporadic form may prove more complex. The pattern 
of ALS mortality implies strongly that susceptibility is ei- 
ther genetic or is acquired very young (and certainly prior 
to the age of 20 years). The consistency of ALS mortality 
patterns over time and in all the countries studied would 
appear to confirm a consistent aetiological process. 

Conclusions 

The use of a technique evaluating ALS mortality in 
France in the context of population survival (the Gom- 
pertz relationship) has demonstrated, in common with 
previous analyses of mortality from the disease in Eng- 
land and Wales and the United States, that increasing rates 
over the period from 1968-1990 are largely explicable in 
terms of increased life expectancy of the population and 
decreased mortality from other conditions at an earlier 
age. 

Whilst, intriguingly, the level of mortality from ALS in 
France appears to be lower both for men and women than 
in England and Wales or the United States, the reasons for 
this lower level appear unclear and require further study. 
Nonetheless, the pattern of mortality from ALS in France 
indicates that deaths are limited to a susceptible subpopu- 
lation many more of whose members are now living to an 
age at which ALS is expressed. The distinctive mortality 
curve for ALS which shows a sharp decline beyond the 
age of 75 years is similar in France to that in England and 
Wales, Japan and the United States, and demonstrates that 
the susceptible subpopulation is substantially depleted be- 
yond that age both by increased mortality from the dis- 
ease, and mortality from other unrelated causes. The size 
of the susceptible subpopulation has been estimated at 
160 per 100,000 persons, which is of similar order to that 
in England and Wales, Japan and the United States, al- 
lowing for appropriate margins of error. 

In France, as in other countries [15, 19], there is little 
evidence of any cohort effect in the mortality data as 
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would be the case if  a discrete and recent envi ronmenta l  
factor had any major  aetiological role, nor is there any 
substantial  evidence that the rise in mortali ty can be ac- 
counted for by artefact effects such as the increasing 
recognit ion of the disease at diagnosis or death. It appears 
that susceptibili ty to the disease is acquired early in life 
and that the increasing expression of ALS reflected in the 

mortali ty statistics is primari ly the result of increased life 
expectancy in France and decreasing competi t ion from 
mortali ty from other diseases at earlier ages. 
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Appendix 1 

The relationship between age and mortality given in Eq. 1 can be 
transformed to the linear relationship shown in Eq. 2 by taking log- 
arithms of both sides. A graph of the logarithm of the mortality 
rate should then be a straight line of slope c~ intercepting the Y-axis 
at log R 0. 

log R~ = log R 0 + tzx (2) 

Simple least-squares regression calculates the parameter values re- 
sulting in the smallest squared error in the predicted log Rx values. 
The quality of fit can be assessed from the r 2 statistic, which is the 
proportion of the total variation in log Rx explained by a linear 
model based on x. The standard errors of the parameters have a t- 
distribution with n-2 degrees of freedeom (where n is the number of 
data points), and can be used to estimate 95% confidence intervals 
of _+t0,25 × SE. 

Appendix II 

The Strehler-Mildvan thermodynamic analogy predicts a negative 
linear correlation between initial mortality rate and rate of increase 
given by Eq. 3 which, by substitution into Eq. 2, gives the rela- 
tionship in Eq. 4: 

= B (log K -  log R0) (3) 
log Rx = log R 0 + B (log K - log R0) x (4) 

Appendix III 

The proportion of the susceptible remaining alive at age x (where 
L× is the number surviving from L 0 at birth) is given by the survival 
function in Eq. 5. The observed rate of mortality, *Rx, depends on 
the survival function as shown in Eq. 6. 

L~/Lo = exp [go/cz (1-10~0]  (5) 
*Rx = S exp [Ro/o~ (1-10~0] R~. (6) 

The integral of the observed rate therefore leads to the value of S, 
the size of the susceptible subpopulation as a fraction of all indi- 
viduals at birth. 

S = fo *Rx dx (7) 

The standard error of S is estimated by the sum of the standard errors 
of the probability of death q in each age group, thus for n age groups 
each of width 5 years, the standard error would be given by Eq. 8 
and 95% CI can be found from a t-test with n-2 degrees of freedom. 

SE (S) = 5.2'i~,= l ~/(qi (l_qi)/Li) (8) 


