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ANALYSIS has been made of the deaths from cancer of the stomach amongst
residents in the 83 County Boroughs during the 19 years from 1921 to 1939 inclu-
sive. Of these large towns other than London 42 are located in the northern
region of England and 41 in the remainder of England and Wales, these groups
being designated as “ North >’ and “ South * in this paper.

The deaths classified to cancer of stomach in 1921-30 and to cancer of stomach
and duodenum in 1931-39 were aggregated by sex and age groups 0—, 15—, 25—,
35—, 45—, 55—, 65—, 75 and over. The total deaths in all County Boroughs,
numbering 70,110, were divided by the census population at the centre of the
period, 1931, and ‘“ expected ratios ’ of deaths to population obtained for each
of the 16 sex-age groups. The census population of each town at each sex-age
group was then multiplied by the corresponding ‘“ expected ratio,”” giving the
““ expected >’ deaths in that group in 1921-39. The actual deaths in a particular
age group, or at all ages, divided by the expected deaths at the corresponding
ages, or by the summation of them in all the age groups, and multiplied by 100,
gave for each sex Comparative Mortality Ratios (C.M.R.) at each age group and
at all ages. These are only approximate indices, since no correction has been
made for irregular population trends in some of the towns; but in no instance
would the error from that cause exceed 5 per cent, and for only a few towns
would it exceed 2 per cent. ,

In Table I the 83 towns are arranged in order of diminishing C.M.R. at all
ages for cancer of the stomach in males. The values range from 130 to 55, those
which are greater than 100 by at least twice the standard deviation being denoted
by a 4 sign, and those less than 100 by twice the standard deviation are denoted
by a — sign. The total deaths from cancer of the stomach are also shown.

The towns with C.M.R. in excess of 100 are divided into two approximately
equal Groups (@, b) ; and those with C.M.R. not greater than 100 are again divided
in the same way (c, d).

In each of the Groups a, b, ¢, d, the actual and expected deaths of all the towns
were aggregated at ages 15—, 35—, 45—, 55—, 65—, 75 4, and the actual expressed
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* This excludes appéndicit' , but includes cancer of liver.
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*This excludes appendicitis, but includes cancer of liver.
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as a percentage of the expected deaths, giving a series of group C.M.R.’s, indi-
cating how the relative excess or deficiency of mortality characterizing the towns
within the group changed according to age.

Table I shows also the following characteristics of the towns :

Social Class Index (S.C.I.) : Percentage of all employed males in 1931 who
were in unskilled or partly skilled occupations (i.e. social classes IV and V).

Age Index (A.I.): Percentage of males (or females) aged 15 and over
who were aged 55 and over in 1931.

Degrees of total hardness of water supply (H): Average value estimated
for the period 1910-1931, expressed as parts per 70,000.

North or South : Whether situated in the Northern Region of England or
elsewhere in England and Wales.

Peptic ulcer indices : Ratios of deaths from gastric and duodenal ulcer
in 1931-39 to population in 1931 at ages 45-65 and over 65.

Other digestive indices: Similar ratios for deaths from cancer of the
liver and causes included in the international groups for diseases of the diges-
tive system except appendicitis and peptic ulcer.

Table II gives the same information for females.

In Table I 23 of the towns had C.M.R.’s exceeding 100 by twice their standard
deviation or more, and 30 had C.M.R.’s less than 100 by that amount. No more
than 4 out of the 83 would be expected to give values differing from 100 by as
much as this on account of random variations due to a small number of deaths,
so it is evident that the deviations for 49 of the towns cannot be so accounted for.

In Table II the range of C.M.R. was from 142 to 61, with 27 towns showing
significant excess over 100 and 27 a significant deficiency, so the deviations for
50 of the towns cannot be accounted for by random variation.

Group (a) for males comprises 20 towns with C.M.R. exceeding 114, and for
females 20 towns with C.M.R. exceeding 118, all the valdes being significantly
greater than 100.

For each sex 17 of the 20 towns in this group were in the North of England.

Group (d) for males comprises 18 towns with'C.M.R. below 80, all being signifi-
cantly below 100, and of these only 3 were in the North. For females it com-
prises 20 towns with C.M.R. below 83, all significantly below 100, and of these
only one was in the North.

Because of the strong tendency for towns in the North to have higher mor-
tality from cancer of the stomach, correlation co-efficients between the C.M.R.
and the Social Class Index on the one hand and the Age Index on the other
have been calculated separately for the 42 Northern towns and 41 other towns,
and also for the 83 together. The values given in Table III show that cancer
of stomach mortality is positively correlated with the proportion of unskilled
workers in the population, more so in south than north; and in England and
Wales as a whole the coefficients are about + 5 for each sex. There is, however,
a strong negative correlation between the social class index and age index, mean-
ing that towns with larger proportions of unskilled labour tend to have smaller
proportions of their adult populations with ages over 55. When the age index
is kept constant cancer of stomach is still positively correlated with social class
index to the extent of +-3 to 44, and this agrees with a similar result for the
Metropolitan Boroughs of London in 1921-30 (Registrar-General, 1948). It was
to be expected from the pronounced gradient of cancer of stomach mortality upon
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social class of the whole population in 1930-32, as demonstrated in the Occupa-
tional Mortality Supplement (Registrar-General, 1931).

It is now seen that there is also a small negative correlation between cancer of
stomach and the proportion of people of the same sex alive at ages 55 and over,
and that this does not disappear when the social class index is made constant.
This is important, because it shows that the great variation in cancer of stomach
rates in the towns is not due to mere differences in the correctness of certification
of this cause of death by doctors. It has been suggested that the notable
differences between cancer of stomach rates recorded in Britain, Denmark and
Switzerland may be due to excessive statement of this as cause of death in parts
of those countries. If that were so it would be expected that the over-state-
ment would be greater amongst old than amongst young people, since the care
devoted to diagnosis and correct statement of cause of death inevitably diminishes
after about age 55. Consequently, if the great differences in standardized death
rates in different towns, and in social grades, were due to excessive statement of
cancer of stomach in certain of them, those with high rates would tend to have
larger proportions of old people. But in fact the reverse is the case both for the
towns and for the social classes.

This can be shown in another way, by comparing the group C.M.R.’s at different
ages in Tables I and II. The differences and ratios between the C.M.R: indices
for the towns of very high and very low mortality at successive ages are shown
in Table IV for each sex. For males the contrast is greatest at ages between 35
and 55, when the death rates in the aggregate of 20 towns forming Group (&) were
just double those in the 18 towns forming Group (d); and after 55 the relative
excess diminishes to only 35 per cent at ages 75 and over. For females the excess
in Group (@) compared with Group (d) was around 90 per cent up to age 65, and
then diminished to 45 per cent at 75 and over.

A pronounced decrease in the dispersion of death rates as age advances after
45 in males and after 55 in females is to be seen in Table V, where rates for cancer
of the stomach in the different social classes of the population of England and
Wales in 1930-32 are compared in the same way. For males the excess mor-
tality in Class V, unskilled labourers, compared with that in Classes I-II, pro-
fessional and higher graded occupations, was as great as 86 per cent at 35-45,
and diminished progressively to only 8 per cent at 70 and over. For the wives
of men in Class V and single women in unskilled occupations the excess was 80
per cent at 45-55, and fell to 37 per cent at 70 and over.

These relations with age are the reverse of what would be expected if the
large differences in causes of stomach mortality between various large towns and
between social classes arose from differing accuracy of death certification. The
wide differences in the various parts of London are also incapable of such an
explanation (Registrar-General, 1947). It will be seen from Table 13 of that
publication that the dispersion of rates according to a housing density grouping
were much smaller at ages over 65 than at 45-65.

More convincing evidence even than this is furnished by the correlations
between cancer of stomach death rates and those for other digestive diseases in
Table VI. If the differences between cancer rates in Groups (a) and (d) of Table
IV were due to more complete diagnosis, or excessive diagnosis, of stomach cancer
in (a) than (d), there must have been corresponding deficiencies in causes of death
other than cancer in the towns of Group (a). Most of the causes which could be
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confused with cancer of the stomach, such as gastritis, gall bladder and liver
diseases, including cancer of the liver, and intestinal diseases other than appen-
dicitis are included in the group ‘‘ other digestive diseases,” whilst peptic ulcer
has been dealt with separately. The total deaths in all the county boroughs
during 1931-39 from the various groups of causes concerned, and from cancer of
the stomach, at ages 45-65 and at 65 and over were as shown in Table VII.

TABLE VII.—Deaths in County Boroughs from Cancer of the Stomach.

Registrar-General’s short list Males. Females.
groups (1931-39). 45-. 65+ 45-. 65+
Cancer of stomach . . . 9995 . 9374 . 6381 . 9434
22, Peptic ulcer . . . . . 5961 . 2067 . 1553 . 1154
25. Cirrhosis of liver . . . . 1370 . 878 . 730 . 437
26. Other diseases of liver, ete. . . 907 . 1035 . 2055 . 2796
27. Other digestive diseases . . . 4097 ., 4183 . 4211 . 5198
Cancer of liver . . . . 1383 . 1785 . 1199 . 2137
Total “ other digestive ” - . . 7757 . 7881 . 8195 . 10,568

At the age-groups 45-65, 65 and over, the totals of cancer of stomach deaths
were not much different from the totals of digestive diseases excluding peptic
ulcer and appendicitis, and since the great bulk of any transfer of deaths into or
out of the cancer group by wrong certification must pass out of or into the
“ other digestive ” group, this means that a strong negative correlation must
exist between death rates attributed to the two groups if the large variation in
stomach cancer rates arises from diagnostic differences amongst the towns.
Indeed, if this were the main cause, doubling the stomach cancer rate (as in Group
(@) compared with Group (d) towns) would involve almost abolishing the rate for
other digestive diseases. If there is no appreciable negative correlation the diag-
nostic factor cannot be of any importance as a cause of the variation. Transfer
might also occur between stomach cancer and peptic ulcer as a result of mis-
taken diagnosis, but the numbers of deaths attributed to the latter group were
small in comparison with those attributed to the former, except amongst males
aged 45-65. It follows that the transfer of the whole of them to cancer, if that
were possible, in certain towns would fail to account for the excess of certified
cancer in those towns; and even large negative correlations between the two
causes could not account for the variation in stomach cancer amongst males
over 65 or amongst females of either age group.

Table VI shows that for males of both age groups cancer of stomach death
rates had no appreciable correlation with either peptic ulcer or other digestive
diseases ; for females of both age groups there was a small but statistically insig-
nificant negative correlation with peptic ulcer, and a small just significant positive
correlation with other digestive diseases in the country as a whole.

Since none of the factors tested above can account for the differences in
Tables I and II, the remaining explanation is that some extrinsic irritant factor
is concerned which differed in intensity in the various towns. In order to test
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further the curious contrasts in cancer of stomach mortality in London boroughs
when grouped according to their source of water supply (Registrar-General, 1947),
correlation coefficients were calculated between the C.M.R. for cancer of the
stomach during 1921-39 and the estimated total hardness of the water supply
of the 83 towns during 1911-31, as shown in Tables I and II. It has to be
remembered that the location of certain industries has been influenced to some
extent in the past by the need for a soft water supply, and that in the north of
England much of the industrial population is served by soft water. Of the 42
northern towns 23 had water supplies with less than 7 degrees, or 10 parts per
100,000 of total hardness; their average social class index was about 37 per cent
unskilled and partly skilled workers. The 9 northern towns with water supplies
of 20 or more parts per 100,000 total hardness had an average social class index
about 42 per cent ; and the correlation between hardness and social index was
significantly positive. In the 41 towns elsewhere there was no correlation between
the two indices.

The coefficients of correlation in Table IIT between cancer of stomach mor-
tality and hardness were positive in the North for males and negative in the South
for each sex ; and when all the towns are grouped according to an ascending scale
of water hardness, it appears that the C.M.R. was low in the groups with moderate
hardness and higher in the towns with very soft or very hard water. No expla-
nation is offered for this, but the figures are placed on record because they might
at some future time fit in with other facts (Table VIII).

TABLE VIII.—C’ompamti've Mortality Ratios in Towns of Varying Water

Hardness.
Hardness per 100,000. 0-. 5—. 10—-. 15—, 20-. 32)::: toﬁils.
Number of towns . .15 . 16 . 16 . 13 . 15 . 8 . 83
'Males . .108 . 93 .110 . 88 . 92 . 102 . 100
C.M.R.l 103
Females . 112 . 97 . 110 . 8 . 91 . 100 . 100
—_
106

Whatever irritant may be concerned in the production of gastric cancer, the
effect of greater intensity of the irritant in one environment than in another
might be (1) to increase the proportion of people developing cancer at each age
without changing the latent period of development ; (2) to shorten the average
latent period before cancer appears without changing the proportions of people
affected, or (3) to increase the proportion affected and also shorten the latent
period. If the irritant is a living organism the average latent period is unlikely
to vary, and the first effect would be expected from analogy with other infective
processes. If it is a long-continued mechanical or chemical injury to cells the
predominant effect to be expected from increased intensity of action would be a
shortening of the latent period, without necessarily increasing the proportion of
people affected, although that might also occur. '

Differences in proportions of people affected in two localities without change
in latent period would result in the same relative difference in death rate at each
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age, provided the numbers dying were small in comparison with the living popula-
tion. The ratios between death rates in groups of towns and between social
groups would not be expected to fall with advancing age after 50 or 60 as in
Tables IV and V, and this suggests that the irritant is not an infective organism.

Assuming some form of chemical or mechanical irritant is concerned, the latent
period before cancer appears will vary rather widely about a mean value in the
manner characteristic of most measurable vital factors ; and if the latent periods
of gastric cancers in residents of all towns could be measured they would form a
distribution approximating to the “ normal ” type.

It would be possible to reproduce the observed age-incidence of deaths from
gastric cancer on the supposition that the irritant begins to affect a certain pro-
portion, P, of people who are susceptible to it at about 15 years of age, and that
at each year of age thereafter an additional proportion P/K become susceptible to
it and begin to be affected. If, for example, the mean latent period before death
were 20 years, with a standard deviation of 5 and normal distribution, K being a
suitable constant, the numbers of deaths at successive quinquennial age periods
from 25-29 to 65-69 would give a reasonably good fit to the deaths registered in
England and Wales in 1947. A shortening of the latent period in the towns
where the irritant was most intense and a lengthening of it in those towns where
it- was least intense would then result in the ratio between the respective death
rates diminishing with advancing age after about 40, as in Table IV. The
observed facts appear to be consistent with such an explanation, but a careful
study of the mathematics of the assumptions outlined above is needed before
definite conclusions can be reached. '

SUMMARY OF CONCLUSIONS.

The death rates from cancer of the stomach in the 83 county boroughs of
England and Wales in the period 1921-39 show great differences, which cannot -
be explained either by chance variations, or by differing accuracy of certification
of the cause of death. Standardized mortality tends to be greater in the northern
towns, in towns with a low proportion of people of advanced age and in towns
with a high proportion of men in unskilled and partly skilled occupations. The
contrast between death rates in the towns with high and low mortality diminishes
with advancing age after about 45. Towns with a water supply of moderate
hardness tended to have lower rates than towns with soft or very hard water.
Cancer of the stomach death rates of men were unrelated with those for peptic
ulcer or other digestive diseases ; but amongst women there was a small negative
correlation with peptic ulcer and a positive correlation with other digestive
diseases. The facts seem to be consistent with the hypothesis that gastric cancer
depends on an irritant whose latent period is shorter in some towns than in others.
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