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Observations from New South Wales on the
changing incidence of gastric ulcer in Australia

B. P. BILLINGTON

From Prince Henry Hospital, Little Bay, N.S. W.

EDITORIAL SYNOPSIS In New South Wales, further changes in the pattern of gastric ulcer in women
have occurred in the two decades since the change in gastric ulcer first began to be noted in
Australia. The prediction that as a result of the change considerably more women at all ages would
develop gastric ulcer than men seems to be coming true.
The pattern which has developed could be interpreted in the following way: a sudden environ-

mental alteration has revealed a new group of women susceptible to gastric ulceration; the environ-
mental alteration seems to involve a single new factor which has acted positively to create this new
group of ulcer patients; it is most likely related to a practice created in Australia at the time of the
second world war, a practice which has been adopted by, or has been necessarily utilized by women
and is dependent upon some aspect of their behaviour; the environmental alteration is probably
limited by administrative rather than commercial boundaries.
A new challenge exists for the epidemiological method to make a contribution to the under-

standing of the obscure pathogenesis of a relatively common disease.

I have previously drawn attention to the curious
change which has occurred in Australia since 1940,
producing a rise in the incidence of chronic gastric
ulcer affecting only women of childbearing and
premenopausal age. This change has been apparent
both by hospital in-patient studies and by national
mortality statistics and seems limited to two states
of the Commonwealth, New South Wales and
Queensland (Billington, 1960a; 1963).
For a relatively common disease in which the

pathogenic mechanisms and aetiological factors are
so poorly understood, and in which there are such
unexplained wide geographical variations (Watkin-
son, 1961) and changes in incidence with the passage
of time in a single community (Susser and Stein,
1962), the Australian situation is of uncommon
interest. It seems to offer a unique opportunity to
delineate precisely in one instance a pattern of
cause and effect which could bear on the general
problem of peptic ulcer. Particularly could this be
the case as Australia seems to be the only country
affected and as the change has now produced, in an
apparently homogeneous and socially uniform
population, obvious contemporaneous differences
in the pattern of gastric ulcer between definite
geographic or administrative areas.
As the previous studies, which dealt with the

period up to 1955, showed no obvious causal
factors, the present communication will attempt to

add further and more recent information about the
events in New South Wales, and consider how the
observed phenomena could be put together to
suggest causal influences. Such speculations, although
poorly systematized at this stage, seem necessary to
introduce possible hypotheses which could lead to
further enquiry.

MORTALITY IN NEW SOUTH WALES AND HOSPITAL
IN-PATIENT STUDIES

In order to assess possible further change of the
situation in New South Wales as had been predicted
(Billington, 1960a) the age distribution of patients
with proven chronic gastric ulcer admitted to the
four general teaching hospitals of the University of
Sydney, during the period 1959 to 1961, was
obtained by scrutiny of the hospitals' medical
records. The results, together with the data obtained
previously from the same hospitals, using identical
criteria (Billington, 1960a), are shown as frequency
polygons in Figures 1, 2, and 3.
The male/female ratio has changed remarkably

from 2-5 in the period 1930-39 through 1-3 in 1946-55
to 0 8 in 1959-61, indicating that the changes which
began in the early part of the decade commencing
in 1940 have continued to progress up to the years
around 1960. Although the age distribution of men
with chronic gastric ulcer has obviously not altered,
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FIG. 1. Sex and age distribution of 427 in-patients with chronic gastric ukcer in Sydney hospitals 1930-39, with relative
prevalence according to age in each sex.
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FIG. 2. Sex and age distribution of1,388 in-patients with chronic gastric ulcer in Sydney hospitals 1946-55, with relative
prevalence according to age in each sex.
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FIG. 3. Sex and age distribution of963 in-patients with chronic gastric ulcer in Sydney hospitals 1959-61, with relative
prevalence according to age in each sex.

the age distribution of affected women has altered
progressively. Comparisons of the age distribution
of patients do not take into account possible
variations between different periods in the age
structure of the general population. For this reason
Figures 1, 2, and 3 also show the relative prevalence
of chronic gastric ulcer according to age in each sex,
where the number of in-patients in each group is
divided by the total number of persons of that age
and sex resident in New South Wales for that period.
Although the arbitrary units in which relative
prevalence according to age and sex is expressed
differ between the three periods, it can readily be
observed that the pattern of relative prevalence for
chronic gastric ulcer according to age, in men
admitted to Sydney hospitals, has not altered
between the decade 1930-39 and the period 1959-61.
Previous studies have indicated that this pattern is
consistent with an attack rate for the disease in the
community which increases with age (Pulvertaft,
1959; Billington, 1960a; Saint, 1962). For women,
while a similar pattern existed in the decade 1930-39,
a change occurred subsequently, leading to a different
pattern of relative prevalence according to age for
the period 1946-55 in Sydney. The present study
indicates that for the period 1959-61 the relative

prevalence of chronic gastric ulcer according to age
in women, based on hospital in-patients, is again
different. The data for the period 1946-55 suggested
that the relative prevalence pattern according to age
of chronic gastric ulcer in women was in fact
bimodal (Billington, 1960a). Two groups of women
with chronic gastric ulcer appeared to be present:
one in which the relative prevalence according to
age had the same pattern as that which existed for
women during the period 1930-39 similar to, but at
a lower numerical level, than the male pattern; and
a 'new' group of women, not previously present, with
a peak between the ages of 35 and 40 years (Fig. 4).
The relative prevalence according to age of chronic
gastric ulcer in women based on in-patients of
Sydney hospitals in the period 1959-61 can likewise
be considered bimodal (Fig. 5), in which the original
pattern of relative prevalence according to age
remains unaltered as with men, and in which the
'new' group of women with chronic gastric ulcer has
a peak between the ages of 45 and 54 years.

It is possible in this way to compare what has
happened to the 'new' group of women with gastric
ulcer between the years around 1950 and those
around 1960. Figure 6 shows the relative prevalence
according to age of this new group from the two
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FIGS. 4. and 5. Interpretation ofthe relative prevalence ac-

cording to age ofchronic gastric ulcer in Sydney hospital in-

patients 1946-55, showing the probable bimodal distribution
for women, with a 'new' group at younger ages and an

'original'group having the same characters as in Fig. 1, and
in Fig. 5 with the 'new' group (2) differing from Fig. 4,
and the 'original' group (1) having the same characters as

in Figures and 4.

different periods of observation, the units again
being arbitrary. In the construction of this figure
the assumption has been made that the absolute
prevalence of chronic gastric ulcer in men and in the
original group of women has not altered in New
South Wales between 1946 and 1955 and 1959 and
1961. There is no way to be certain that this assump-
tion is correct, and as far as women are concerned,
where the division into two groups is by hypothesis
only, it cannot be verified. In men, the assumption
could only be proved correct if actual mean annual
attack rates for gastric ulcer according to age in the
general population had been observed to be
unchanged between the two periods. The only
information available relates to mortality from ulcer
of the stomach, in which for men, there has been a
considerable decline during the period in New South
Wales as in the rest of Australia (Billington, 1963).
Such a decline in mortality could be due to a
declining incidence of the disease or a reduced
rate of dying from it, or both. Studies from Sydney
hospitals have shown that there has been a reduced
rate of dying from the disease during the period
comparable with the degree to which the mortality
in men from ulcer of the stomach has declined
(Billington, 1964a). It is not necessary therefore to
postulate that the declining mortality rate from ulcer
of the stomach reflects a declining incidence of the
disease in men, and it is probable that the assumption
necessary to construct Fig. 6 is not grossly in error.
There are several points worthy of comment in

examining the change which has occurred to the 'new'
group of women with chronic gastric ulcer in New
South Wales between 1946 and 1955 and 1959 and
1961 as shown in Figure 6. The peak of relative
prevalence according to age has advanced 10 years
during the 10 years separating the centre years of
the two periods, indicating that women born in the
10 years surrounding 1910 continue to be the cohort
most intensely affected by the gastric ulcer change.
In this 'new' group of women the relative prevalence
of chronic gastric ulcer has increased as they have
grown older, a phenomenon which both cohort
mortality and attack rate studies for gastric ulcer in
general have shown is the basic, natural and
predictable behaviour pattern for gastric ulcer in
any group (Pulvertaft, 1959; Susser and Stein, 1962).
Indeed the pattern of change in the figures from
Sydney hospitals suggests that with the 'new' group
of women with chronic gastric ulcer the rise of
relative prevalence with age will continue as further
decades pass, and that a time will be reached,
probably in the years around 1970, when the cohort
of women born around 1910, having by then reached
60 years of age, will have their peak prevalence of
gastric ulcer. At this time, the pattern of relative
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FIG. 6. Comparison of the relative prevalence according
to age of the probable 'new' group of women with chronic
gastric ulcer from Sydney hospitals between the periods
1946-55 and 1959-61.

prevalence of gastric ulcer according to age in the
'new' group will be similar in shape to that which
appears natural for men and for the pre-existing
group of women with gastric ulcer by having a
peak between 55 and 64 years. When this occurs
the two groups of women with gastric ulcer will
have the same age distribution as each other, and
as men, except that women will exceed men at all
ages with a possible male/female ratio of 06.
Further evidence to support this prediction made
on the initial study (Billington, 1960a) and now

partially confirmed by the analysis of the more
recent data relating to in-patients of Sydney
hospitals, will be found later in this paper.

Regarding the possible factors involved in the
causation of the Australian gastric ulcer change as
it affects New South Wales, the most interesting
observation which can be made from Fig. 6 relates
to women older than those initially affected by the
change. In the 1946-55 in-patient study the 'new'
group of women with gastric ulcer were those of
child-bearing and pre-menopausal age, the oldest
affected women being born in the 10 years around
1900. Figure 6 suggests that in the 1959-61 in-patient
study, women born before 1900 are now included
in the 'new' group of women with gastric ulcer. This
observation confirms the suggestion made from
mortality studies (Billington, 1960a; 1963) that in
the years succeeding its onset, the change has
spread in the community to affect women born
before those originally affected.

Further confirmation can be obtained from
examination of the New South Wales mortality
figures for ulcer of the stomach in women. Figure 7
gives a cohort analysis of this mortality, expressed
as means for the periods 1936-40, 1946-50, and
1956-60. The lines represent the mean mortality as

age increases for each of the specified five-year
periods for successive populations of women born
in the ten years surrounding an index date. Between
1936-40 and 1946-50, there was a rise in mortality
from ulcer of the stomach between cohorts born
around 1908 and 1918, but a fall in mortality
between cohorts born around 1898, 1888, and
1878. In the period 1946-50 to 1956-60, the rising
mortality between cohorts born around 1908 and
1918 continued, but the previously falling mortality
between cohorts born around 1898 and earlier
changed to a rising mortality. The Australian gastric
ulcer change had therefore come into effect between
the late 1930s and the late 1940s, and had produced
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FIG. 7. Mean age-specific mortality rates in women from
ulcer of the stomach in New South Wales for periods
1936-40, 1946-50, and 1956-60 arranged in cohorts. The
rates are expressed as deaths per million living at age.

an increase in the mortality from ulcer of the
stomach in New South Wales in cohorts of women
born around 1908 and later. Between the late 1940s
and the late 1950s this change has continued to
cause a rising mortality in the cohorts affected a
decade previously, but in addition has extended to
cause a rising mortality in cohorts born around
1898 and earlier. The problem of interpretation of a
falling mortality by cohort analysis previously
discussed does not exist when there is a rise in
mortality, which in this case is clearly an indication
of a rising incidence of the disease in the population,
particularly when it is known that the rate of dying
from gastric ulcer is falling both in women as in
men (Billington, 1964a). In cohort studies of
peptic ulcer from England and Wales (Susser and
Stein, 1962) and of other diseases, the mortality
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rise corresponding to a rising incidence of a disease
in the community starts with one cohort, for which
at all ages the mortality rate is higher than that of
the preceding cohort. The phenomenon present in
the mortality from ulcer of the stomach in women
in New South Wales (and in Queensland) with a
rising mortality suddenly appearing in two cohorts
and then progressing to involve three preceding
cohorts, is most unusual, and surely points to
environmental factors as being responsible.

Despite the correspondence between the inform-
ation from New South Wales mortality and hospital
in-patient studies in indicating that in the decade
1950 to 1960 the gastric ulcer change has spread to
involve women of all ages in New South Wales,
there is still a discrepancy at the lower ages between
Figure 6 and Figure 7. It is not immediately clear
whether there has been a further and progressive
increase in the incidence of gastric ulcer in women
aged under 35 years in New South Wales. Hospital
in-patient studies suggest that in terms of relative
prevalence according to age, there has been no
progressive increase in this age group (Fig. 6), but
the cohort mortality information suggests that such
a further rise has occurred (Fig. 7, comparing
cohort 1928 with cohort 1918). The figures from
which cohorts 1928 and 1918 are derived represent
very few deaths under the age of 35 years. For the
age group 25 to 34 years in the whole period 1946-50
there were only seven deaths in women from ulcer
of the stomach in New South Wales, and 20 for the
total period 1956-60. It is therefore difficult to know
how much reliance can be placed on the apparent
increase in mortality under the age of 35 years.
Likewise the information presented in Fig. 6 is
speculative only. The actual number of hospital
in-patients in each sex in the two periods shows
that under the age of 35 years the male/female ratio

has not declined, as would be expected if there had
been a progressive increase in the incidence of
gastric ulcer in women of this age between the two
periods.

Is there anything unusual about the 'new' group
of women with chronic gastric ulcer? It is impossible
to classify an individual patient as belonging either
to the original or the 'new' group. Examination of
Fig. 5 shows that of the in-patients in the period
1959-61 approximately 76% of the women with
gastric ulcer aged under 40 years are likely to belong
to the 'new' group. Table I gives information
relating to the occupation, marital status, and
smoking habits of 127 of these women aged under
40 years, as recorded in the hospital in-patients
notes. It is quite apparent that nothing obvious
bearing on the causal factors responsible for the
gastric ulcer change could be deduced in the absence
of suitably chosen control observations. As far as
marital status and occupation are concerned, there
is nothing to suggest that the pattern in this group of
affected women is likely to be different from what
might be expected in a group of women of the same
age in the social class from which hospital in-
patients are derived. The absence of controls also
makes the proportion of non-smokers (between
23f6 % and 323 Y%) unsuitable for comment. If the
proportion of non-smokers could be found to be
significantly lower than in a group of suitably
chosen control subjects, the difference might
theoretically be accounted for by the argument that
smoking had adversely affected ulcer healing (Doll,
Avery Jones, and Pygott, 1958) and therefore had
rendered this group of women with gastric ulcer
more likely to become hospital in-patients by virtue
of the complications or the need for surgical treat-
ment of unhealed ulcer. Certainly no conclusion
can be drawn from the information available as to

TABLE I
FEMALE PATIENTS AGED UNDER 40 YEARS WITH CHRONIC GASTRIC ULCER ADMITTED TO SYDNEY HOSPITALS BETWEEN

1959 AND 1961
Occupation Smoking Habits

With children

Children not stated

No children

79 Home duties
Employed:

19 Clerical and office
Factory
Nursing

8 Maid, waitress
Barmaid
Shop assistant
Hairdresser
Musician
Cook
Nun

Total employed (13 married etc. and
21 single)

21
127

9
8
4
5
2
2

93 No information
Non-smokers
Smokers (cigarette usage)

Not stated
0-9 per day
10-19 per day
20 and over per day

Total smokers

34

Total 127 Total

Marital Status

Married
Widowed
Divorced
Separated
Deserted
De Facto

Single
Total

11
30

2
13
27
44

86

126

127
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whether smoking has played even a permissive part
in the causation of the Australian gastric ulcer
change.

In men, in Great Britain, social class has been
found to be an important epidemiological factor in
the incidence of gastric ulcer (Doll, 1952; Pulvertaft,
1959; Litton and Murdoch, 1963) there being a
higher incidence in lower social classes as defined
by the Registrar-General of the United Kingdom.
In women, the information is not clear. In Australia
it is not known whether the division of the population
into social classes along the lines of the Registrar-
General has any meaning, although Saint (1962)
indicated that in Western Australia gastric ulcer
was also commoner in the lower social classes, but
there is no mortality evidence to confirm this, as in
Great Britain. In the absence of previous inform-
ation it is impossible to decide whether the Australian
gastric ulcer change has involved an increased
incidence of gastric ulcer in women of all social
classes. From the hospital in-patient material,
dealing with an incomplete social cross section of
the community, together with one's own experience
and that of others in consultant practice, it seems
likely that the Australian gastric ulcer change, as it
affects Sydney, has not included the wives of men
of professional or managerial rank, corresponding to
social classes I and II of the Registrar-General's
scale.

EVIDENCE FROM A RADIOLOGICAL SURVEY

Previously published studies of the Australian gastric
ulcer change have been based only on hospital
in-patient studies confirmed by mortality statistics.
It seemed desirable to show that the population of
the whole of New South Wales had been affected, in
particular that there should be at younger ages a
predominance of women with gastric ulcer diagnosed
both in country areas and in the city and suburban
areas independent of hospital admissions. Confirm-
atory evidence is now available. With the cooperation
of the New South Wales Faculty of the College of
Radiologists of Australasia, an attempt was made
to document the age, sex, and place of residence of
each new patient with gastric ulcer diagnosed by
barium meal radiographs in New South Wales in
the first six months of 1963. Details of the survey
are being published elsewhere (Billington, 1964b).
Although it was not possible to calculate the annual
attack rate of gastric ulcer in the State, as has been
done elsewhere (Pulvertaft, 1959; Saint, 1962), some
information of value was obtained. Figure 8 shows
the sex and age distribution of 441 patients with
gastric ulcer at their first and diagnostic radiological
examination. This series, in which women pre-
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FIG. 8. Sex and age distribution of 441 patients with
chronic gastric ulcer newly diagnosed by barium meal
radiographs in New South Wales in 1963.

dominate, carried a bias in favour of men in that
there was full reporting from the Commonwealth
Department of Repatriation in New South Wales
(an ex-service population with a heavy preponder-
ance of men), while the rest of the State is only
partly reported. Figure 9 shows the sex and age
distribution of newly diagnosed patients in city and
suburban areas with repatriation patients omitted,
and Fig. 10 gives the same information for New
South Wales country areas, the smaller number of
cases being determined by the fact that only one
third of the adult population of the State resides
in the country. The male/female ratio figure of 0 8
for the total number of patients differs from 1-8
provided by Saint (1962) from a similar but complete
radiological survey of 190 newly diagnosed patients
with gastric ulcer in Western Australia in 1956-57.
There can be little doubt therefore that the Australian
gastric ulcer change is fact rather than statistical
fantasy, as has been suggested.
For men the highest number of new cases in New

South Wales occurred between the ages of 45 and
54 years, that is, 10 years before the characteristic
frequency peak in hospital in-patient studies. This is
not surprising, for hospital in-patients represent, in
the main, patients with complicated ulcer at a
variable period from the time of its original diagnosis,
whereas the results of the survey are concerned with
ulcer at its point of diagnosis, mainly uncomplicated
ulcer. Not only do women predominate at younger
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FIG. 9. Sex and age distribution of 290 patients with
chronic gastric ulcer newly diagnosed by barium meal
radiographs in city and suburban areas of New South
Wales in 1963.
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FIG. 10. Sex and age distribution of 104 patients with
chronic gastric ulcer newly diagnosed by barium meal
radiographs in New South Wales country areas in 1963.

ages and in total numbers when all patients are taken
together, but also for both country and city and
suburban areas when repatriation patients are
excluded. It is of special interest that the peak of the
age distribution of women with newly diagnosed
gastric ulcer also falls in the age group 45 to 54 years
as with men. It is likely that a proportion of patients
with ulcer diagnosed during the survey will, over the
course of the next few years, be admitted as in-
patients to hospitals for treatment of complications
of ulcer or for elective surgery. The 1963 age
distribution of newly diagnosed patients will then
probably become akin to the age distribution of
hospital in-patients in say five years time, except
that the numbers will be distributed five years
higher in the age scale, but the age of the peak
number of patients will be identical for both men

and women. The results of the survey make it
impossible, on the basis of age distribution, to divide
the cases occurring in women into two groups, those
representing the original pattern before the onset of
the Australian gastric ulcer change and those
representing the 'new' group resulting from it. The
results of the survey further act as supportive
evidence for the prediction made earlier in this
paper, that by 1970 a study of hospital in-patients
in Sydney will show the same age distribution of
gastric ulcer for men and women, with women
exceeding men in numbers at all ages.
Another outcome of the survey is the knowledge

that geographically the whole of New South Wales
has been affected by the Australian gastric ulcer
change, confirming suggestive evidence based on the
geographic distribution of registered deaths from
ulcer of the stomach in women aged under 40 years
during the period 1946-60 (Billington, unpublished).
As New South Wales has borders with two states,
Victoria and South Australia, in which the Australian
gastric ulcer change does not appear to have
occurred, a special study of gastric ulcer in these
border areas seems desirable. As there are no
large centres of population which could provide
sufficient number of cases in the period of the survey,
it is likely that longitudinal studies will be necessary.
Broken Hill, an isolated mining city in New South
Wales close to the border of South Australia,
having closer commercial and social links with
South Australia than with the rest of New South
Wales, reported four newly diagnosed cases of
gastric ulcer, inadvertently omitted from the survey,
and as all were in women aged 40 years or less, it
seems likely that the change in New South Wales
extends to the South Australian border.

COMBINED GASTRIC AND DUODENAL ULCER

Included in the 963 patients with chronic gastric
ulcer admitted to Sydney hospitals in 1959-61, there
were 106 with convincing evidence of an associated
duodenal ulcer or scarring of the duodenal cap
consistent with previous ulceration. The sex and
age distribution of these patients is shown in
Figure 11. At younger ages there are more women
with combined gastric and duodenal ulcer than men.
showing a difference from the usually accepted age
distribution of patients with combined gastric and
duodenal ulcer, which generally has the same
pattern as for gastric ulcer alone, as shown for men
in this study (Mangold, 1958; Weisberg and Glass,
1963). I know of no study in which there has been a
preponderance of women with combined ulcer at
any age. There has also been an increase in the
number of younger women with combined ulcer
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FIG. 11. Sex and age distribution of 106 in-patients with In most diseases the basic abnormalities are either
combined gastric and duodenal ulcer in Sydney hospitals genetic or of environmental origin or result from
1959-61. subtle combinations of many such factors. With

respect to gastric ulcer it appears that both genetic
and environmental influences are involved (Doll and

when compared with the period 1946-55 (Billington, Kellock, 1952; Susser and Stein, 1962). It is likely
1962). The events in Sydney with respect to combined that environmental factors have been concerned
gastric and duodenal ulcer indicate that whatever with the Australian gastric ulcer change for reasons
has been responsible for the gastric ulcer change, previously advanced (Billington, 1 960a), when the
women with duodenal ulcer have also been affected. only possible complicating factor, immigration, was
Marks and Shay (1959) had suggested that the also discussed. In the 1959-61 in-patient study from
frequent association of the two diseases could be Sydney hospitals less than 200 of the women were
explained by the hypothesis that duodenal ulcer migrants from sources other than Great Britain,
produces secondary changes in the gastric mucosa where the age-specific mortality rates for ulcer of
which in turn predispose to the sequential formation the stomach in women in the period 1956-60 are
of gastric ulcer. Arguments against this hypothesis, lower than those in New South Wales. In any case,
which is also implicit in Daintree Johnson's classifi- any effect of immigration cannot explain why the
cation of gastric ulcers (Daintree Johnson, 1957), gastric ulcer change is limited to two states of the
have been published elsewhere (Billington, 1959). Commonwealth when no differential pattern of
To them can now be added the information relating immigration between states is evident, nor why men
to combined gastric and duodenal ulcer in Sydney, have been unaffected in all states.
where the changing age distribution in women The normal behaviour of chronic gastric ulcer
clearly indicates that factors independent of duo- is of both an increasing attack rate and increasing
denal ulcer are operating to produce the rising prevalence with age in both sexes (Brinton, 1865;
numbers of younger women with combined ulcer. Pulvertaft, 1959). This could imply that there is a
The situation could be viewed in another way group of susceptible individuals who in contact with

which could bear on the general pattern of the their environment are likely to develop gastric ulcer;
Australian gastric ulcer change. There is general amongst the group of susceptible persons there will
agreement that patients with duodenal ulcer run a be an increasing proportion of them who actually
higher risk of developing a gastric ulcer than the rest develop ulcer as the group grows older, either due to
of the population. The present information relating lowering of possible resistance factors associated
to combined ulcer in in-patients of Sydney hospitals with age changes in the host, or due to a cumulative
indicates that the Australian gastric ulcer change increase in exposure to the 'ulcerogenic' factors in
has brought about a further and progressive increase the environment. Although there is no factual
in the prevalence of gastric ulcer in these younger support for this hypothesis, it offers a means by
women who were already running a risk higher than which the experience with combined gastric and
usual by virtue of already having a duodenal ulcer. duodenal ulcer, and with the changing pattern of
As a corollary it could be suggested that the gastric gastric ulcer alone, can be interpreted.
ulcer change has acted, in this situation and within An alteration of the environment may add a new
the unknown relationship which determines the group of susceptible persons reacting with the new
association of gastric and duodenal ulcer, to reveal a environment to produce gastric ulcer, with an
further group of duodenal ulcer patients susceptible increasing proportion of the group developing ulcer
to the development of gastric ulceration. The as the group grows older. This hypothesis, involving
implication is that susceptibility to ulceration may be both a change in the environment and a new group
a variable factor in the genesis of peptic ulcer. of susceptible persons, can be used to explain the
3
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B. P. Billington

other changes which have occurred in New South
Wales in the decade between 1950 and 1960.
As there has apparently not been a progressive

rise in the number of women aged up to 35 years who
have been affected by the change, the hypothesis
implies that the environmental alteration was
sudden and widespread, and the whole of the new
group of susceptible persons at younger ages was
affected within a short period, say 1943 to 1950, and
that with continuance of the altered environment a
higher proportion of the new susceptible group will
develop gastric ulcer only as they grow older. To
explain why the change has spread up the age scale
to affect women older than those originally affected,
it must also be implied that the altered environmental
conditions, in revealing the new group of susceptible
persons, were first applied to women of childbearing
and pre-menopausal years, and that subsequently
they have been gradually applied to older women,
slowly revealing the new susceptible group amongst
them.
The effect of environment in the production of

gastric ulcer in general is unknown, although bed
rest and the avoidance of smoking are known to
hasten the rate of healing (Doll et al., 1958). At
least there is evidence from Sydney that the altered
conditions responsible for the Australian gastric
ulcer change probably acted in the direction of the
production of ulcers, rather than in the prevention of
healing and the promotion of chronicity (Billington,
1960b). The evidence supported 1943 as the year in
which the change began to affect women in Sydney,
but the evidence from Brisbane in Queensland could
not delineate an initial year in that city, although
not contradicting the general concept of the action
of the altered environment (Billington, 1963). As
the changes which have occurred in the age distri-
bution of women with gastric ulcer in Sydney, and
in the cohort study of mortality in New South Wales
over the decade 1950 to 1960 have been so clear-cut
and predictable, it seems likely that the environ-
mental alteration has been simple rather than
multifactorial. It is not absolutely clear whether the
environmental alteration has involved the addition
of a new factor or the exacerbation of previous
unknown influences. The fact that the sex ratio of
gastric ulcer cases in New South Wales is now
tending to reproduce the pattern existing in Europe
in the gaslight era of last century (a pattern which so
suddenly and mysteriously altered without explan-
ation at the beginning of this century), would give
credence to any suggestion that the factor involved
is not necessarily new. Nevertheless, it would be
difficult to define in what way during the second
world war the environment of New South Wales
and Queensland, but not other Australian states or

other parts of the world, changed to reproduce
conditions of at least 50 years previously, and harder
still to explain why the anachronism has persisted
since. There is no available evidence relating to
whether the preponderance of gastric ulcer in women
in the gaslight era in Europe actually applied to
Australia at the same time, before Federation
occurred. It seems more likely that a factor un-
related to past events has been introduced to account
for the Australian gastric ulcer change.

If the previous hypothesis relating to an environ-
mental alteration producing and reacting with a
new group of susceptible persons to produce the
Australian gastric ulcer change is correct, it could
settle the issue as to whether the environmental
factor has been in the nature of an additional agent
or the removal of a possible protective influence. If
such a possible protective influence existed and the
environment were altered by its removal, one would
anticipate that the result would be an increase in
the number of persons with gastric ulcer at all ages.
Under the conditions of war in Australia at the time,
it seems unlikely that the withdrawal of possible
protection would be partially cohort dependent to
affect younger persons first.

In the light of the evidence, it would seem
necessary to postulate an environmental alteration
which was new, not the reintroduction of a previous
agency, involving a single factor which has acted
positively to produce the new group of ulcer patients.

In order to explain why women only had been
affected, it was suggested that either men had not
been exposed to the altered environment or that
they were constitutionally unable to react to it
(Billington, 1960a). As the decade 1950-60 has
passed in New South Wales, older women have been
involved in the gastric ulcer change beyond those
of childbearing and pre-menopausal age originally
affected. This would seem to render less likely the
possibility that men have been constitutionally
unable to react to the altered environment in the
hormonal sense originally intended. From the
hypothesis advanced earlier it could be argued,
however, that the alteration in the environment did
not find a new group of men susceptible to develop
ulcer in response to it. There is thus no evidence,
even now, to direct a search for an environmental
alteration applicable to women only, rather than one
to which both sexes have been exposed.

It seems desirable to discuss in more detail one of
the more unusual aspects of the affair, viz., the
phenomenon of crossing cohorts in mortality data,
corresponding to the progressive rise in age of the
'new' group of women with gastric ulcer in Sydney,
to include those born before the women originally
affected. It is convenient to recall that when the
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Observations from New South Wales on the changing incidence ofgastric ulcer in Australia

alteration in environment began to have its effect in
Sydney, probably in 1943, two cohorts were involved
at once (Fig. 7) corresponding to the information
relating to in-patients in Sydney hospitals (Billington,
1960a). It would seem likely that the environmental
factor, in not corresponding with cohorts, represents
a behavioural or social change which was first
adopted by or affected young women, and has
continued with them since, but has subsequently
been adopted by or affected older women. It might
be easier to suggest two hypothetical models to
understand what is implied by the evidence.

(a) (Nylon stockings) were first used by women around
the time of the second world war, and were used by
younger women first; later they came to be fashionable,
being used by women of all ages almost to the exclusion
of other types of (stockings), only very small segments
of the population not being involved. If (nylon stockings)
were ulcerogenic, the pattern of the resulting change in
the age distribution of patients with ulcer due to the
introduction of the new agent would first show a new
group of patients at younger ages and affecting these
susceptibles almost maximally at the beginning. The
increasing duration of exposure with the passage of time
would result in an increasing proportion of the suscept-
ibles, within the cohorts originally affected, developing
gastric ulcer. Subsequently older women commencing to
adopt the practice would be affected, so that the new
ulcers thereby produced would increasingly affect
women in cohorts born before those originally affected.

This hypothetical model situation representing a
deliberate practice of the population would mimic the
events of the Australian gastric ulcer change in kind,
but the time scale is wrong for the nylon stocking
revolution was over before 1950 for women of all ages.
The documented evidence would indicate a factor which
has spread up the age scale more slowly.

(b) Up to the second world war (saucepans) type A
were in common use and played no part in the production
of ulcer. During the war (saucepans) type B were locally
manufactured or produced as (saucepans) type A could
no longer be imported or produced locally. After the
war, finding that (saucepans) type B had minor, perhaps
only commercial or fashionable advantages over (sauce-
pans) type A, only (saucepans) type B continued to be mar-
keted. If (saucepans) type B had 'ulcerogenic' properties
for women, the first group of ulcers to appear would be in
the younger women susceptibles who had set up home
and been obliged to use (saucepans) type B. With the
passage of years subsequent cohorts of younger women
would be affected to the same degree. For all cohorts
there would be an increasing number of susceptibles
developing gastric ulcer with longer contact with (sauce-
pans) type B. Older women would be affected in turn,
slowly, as they were obliged to replace (saucepans)
type A with (saucepans) type B, either due to the
necessity for replacement or the dictates of fashion.

Several other theoretical model situations could
be constructed to mimic the evidence, but the

essential requirement of inserting the correct
environmental factor remains elusive. The habit of
cigarette smoking will not fit the data, for granted
that there may have been a great increase in the
number of young women starting to smoke during
the war years, the practice had been increasing for
many years previously, and cohort analysis would
show increases with successive cohorts, each remain-
ing distinct from its predecessor, bearing in mind
also that few women smoke cigarettes in their
fifties who have not done so before. Common to all
model situations which could be constructed to
mimic the events, is a practice which commenced
suddenly, affected younger women almost maximally
first, and later spread to affect older women, either
by the dictates of fashion or necessity-a practice
which was either determined by women themselves,
or thrust upon them by outside agencies. The fact
that the responsible practice started during the
second world war, in a country relatively isolated
from the rest of the world, and consequently being
obliged to adopt new practices, does not make the
task of finding the correct solution any easier.

Further difficulty is encountered in the absence of
any clear knowledge of how environmental influences
of any sort act on the human stomach to produce
chronic gastric ulcer. While it is easy to visualize
the traditional view of agencies acting to produce
ulcer from the mucosal surface, accenting the gastric
contents and secretion in the ulcerogenic process, as
far back as 1853 Virchow postulated that vascular
factors could be responsible. In the light of newer
knowledge of the process of non-ionic diffusion
across membranes (Hogben, 1960), it is possible for
a group of poorly ionized, basic, lipid soluble, non-
physiological substances, once introduced into the
body, to be concentrated in the gastric mucosa.
Such concentration is dependent on differences inpH
between the two sides of the gastric epithelial
membrane. It is possible therefore that substances
with ulcerogenic properties introduced into the body
at sites remote from the stomach could act directly
on the gastric mucosa by virtue of their local
concentration at this site. If this were true, the pH
dependency of the process could provide an
alternative explanation of the phenomenon whereby
an ulcer cannot occur in the presence of achlorhydria
where no pH gradient exists between the two sides of
the epithelial surface.

Perhaps the most striking phenomenon of the
Australian gastric ulcer change relates to the
interstate variations, in which only New South
Wales and Queensland appear to be affected.
Although this phenomenon cannot be explained
either, it may be the one most likely to lead to a
satisfactory solution of the problem. The population
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132 B. P. Billington

and its social behaviour pattern have always been
considered to vary little between the states suggesting
that the Commonwealth of Australia is relatively
homogeneous in these respects. Although there are
pronounced climatic differences in different parts of
Australia which can affect social behaviour and
patterns of living, most of these are encompassed in
New South Wales and Queensland, and few major
differences from them are experienced in other
states. with the possible exception of Tasmania.
The greatest social and behavioural differences in
Australia rest between city and suburban life as
opposed to country and rural life, but even here, in
the past 20 years, such differences have become less.
In New South Wales it appears that these are not
important as far as the gastric ulcer change is
concerned. There is no obvious explanation of why
the two largest cities in Australia, Sydney and
Melbourne, should differ in their patterns of gastric
ulcer, as there are no obvious differences in the
pattern of behaviour of women between them.
With relation to consumer goods, free trade

exists between Australian states, and items produced
in one location may have an Australia-wide sale.
If such a commodity or product were involved in
the Australian gastric ulcer change, be it a primary
or a secondary product or a practice relating to
them, the geographic pattern of the ulcer change
would suggest that the item must be ubiquitous and
little or no interstate trade be applicable, e.g.,
bread. A study of the border areas between New
South Wales and both Victoria and South Australia,
where commerce is mainly dependent on Victoria
and South Australia rather than New South Wales,
seems particularly worthwhile. If the observation
relating to Broken Hill near the South Australian
border is sustained, it is unlikely that the responsible
product or practice is related to commercial
enterprise. Then the most striking differences
between the states would appear to rest in their
independent legislative and administrative control.
It is not inconceivable that within the common
legislative and administrative spheres of each state,
independent of Commonwealth jurisdiction, differ-
ing regulations may determine different technical
patterns of behaviour in respect to practices and
commodities which affect the general public.

It will be a formidable task indeed to study the
laws and regulations of each state of the Common-
wealth since 1940 to see what differences exist, when
there is no direct field of legislation or regulation
which needs scrutiny above any other. There is no
guarantee that such a study would be rewarding, for
the matter involved may be related to practices not
directly governed by law or regulation, practices
which changed presumably throughout Australia

during the war, but in which different areas changed
their practices in different ways and so explain the
interstate variations.
There seems no common point between the

geographical aspects of the Australian gastric ulcer
change and the behavioural pattern as far as age is
concerned. If the tentative conclusions, relating to
the progressive age changes of the woman affected,
are correct, viz., that behavioural patterns of women
are involved, it is difficult to see at this stage, now
that women of all ages in New South Wales are
affected, how further observation of the unaffected
states will produce any valuable or clear-cut
evidence. It seems likely, if a behavioural change has
occurred in Australian women with interstate
variations only in commodity or practice, that
women of all ages will be equally affected in any
new state involved in the future. This will make a
precise determination of the time of onset of the
change extremely difficult, as there will be no
characteristic age distribution of the new cases, as
has occurred in New South Wales.
These discursive speculations could well be

illusory, limited as they are by the epidemiological
method of observation which has so far failed to
point to any major matter for further study. They
further provide a challenge to the epidemiological
method to produce evidence on which to formulate
a working hypothesis and this is much more difficult
to do when unknown pathogenic mechanisms as well
as aetiological factors are under scrutiny. For any
method of observation to produce an answer to a
problem, it is necessary for a prior hypothesis to be
formulated in order to determine what must be
observed, and this, as Bernard pointed out in 1865,
is the essence of experimental rather than observ-
ational medicine. It is probable that observations
of a kind, considerably different in character from
the present studies, will be necessary to understand
the Australian gastric ulcer change where, at present,
there appears so much evidence in search of a
hypothesis.

My thanks go to the superintendents and honorary
medical staffs of the hospitals visited and especially to
their medical record librarians, to the Deputy Common-
wealth Statistician in Sydney, to Mr. K. Deason and his
staff for the graphs, and to the Honorary Editor of the
Journal of the College of Radiologists of Australasia for
permission to reproduce Figure 8.
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