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Abstract— The geographic distribution of stomach cancer mortality by province in the
Netherlands and Belgium, 1972-1975, is described. Areas of high risk for this disease
are identified along the common border of these two countries, suggesting common

etiologic factors.

INTRODUCTION

THERE are large differences between countries
in mortality due to malignancies at several sites
[1]. The highest stomach cancer mortality rates
are reported for Japan (58 for men and 30 for
women per 100,000), while in the United States
the mortality rates are relatively low (8 for men
and 4 for women per 100,000). As is the case
for Western Europe in general, both the
Netherlands and Belgium have stomach cancer
mortality rates between these two extremes (21
for men and 10 for women per 100,000). These
differences in death rates between countries
may be indicative of associated differences in
factors related to this disease.

Variations in the regional frequency of mor-
tality within countries may also provide in-
formation about possible etiologic associations.
In the United States, a cluster of high stomach
cancer mortality counties was identified [2] in
the north-central region where many im-
migrants from north-central Europe live.
There have been other reports of marked
differences in the geographic distribution of
cancer mortality within countries [3-5]. Al-
though the national stomach cancer mortality
rates for the Netherlands and Belgium are
about the same, prominent differences in
regional mortality within the countries have
been observed [6,7]. Further, an aggregation
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of high stomach cancer mortality in areas ad-
jacent to their common border suggests com-
mon cultural factors or environmental
exposures which may be associated with the
occurrence of stomach cancer.

MATERIALS AND METHODS

Available data concerning the total observed
number of deaths due to stomach cancer (ICD
8: 151) for men and women for the years 1972-
1975 as reported on death certificates were
obtained for the 11 provinces of the Nether-
lands and the 9 provinces of Belgium. Expec-
ted numbers of deaths due to this cause were
calculated for men and women for the respec-
tive provinces.

The expected numbers of deaths per year
for each province were computed as follows:
mortality rates for the Netherlands (sex and
5-year age specific, 1972-1975) were multiplied
by the (sex and age specific) population num-
ber (Netherlands, 1 Jan, 1974, and Belgium, 1
Jan, 1970) of the individual provinces. This
gave the age-specific expected mortality. The
expected number of deaths was then derived
by summing the age-specific expected mor-
tality. The ratio (O/E) of observed to expected
deaths, which is often referred to as the Stan-
dardized Mortality Ratio (SMR), was then cal-
culated. Confidence limits and tests of statistical
significance were derived using a normal ap-
proximation formula for the expectation of a
Poisson variable [8].
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RESULTS

In Table 1 the relationship between the
stomach cancer mortality in the study area is
shown for men and women. The individual
OJE ratios as well as the confidence limits (95%)
are shown. This data is illustrated in Fig. 1, in
which the O/E ratios for stomach cancer among
women in the respective provinces is plotted in
relation to that for men. The individual data
points are identified for the Netherlands (A-K)
and for Belgium (1-9).

As illustrated in Fig. 1, there is considerable
variability in stomach cancer mortality within
the study area: the ratio (X 100) of observed to
expected stomach cancer mortality ranges from
65 to 132 for men and from 65 to 169 for
women,

There is a linear relationship (Pearson’s r =
0.77, P <0.01) between the stomach cancer
mortality for men and for women by geo-
graphic region. For one province, C. Drente
(encircled in Fig. 1), there is an apparent
exception to this linear relationship in relative
mortality for males as compared to females.

As shown in Fig. 2, the highest O/E ratios for
men are observed for the provinces of Zealand
and Friesland in the Netherlands and for West
Flanders, East Flanders and Limburg in Bel-
gium. The areas of lowest stomach cancer
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mortality for males in the Netherlands are the
provinces of South Holland and Utrecht, while
for Belgium the four most southern provinces
show a relatively low mortality for this cause
(Hainault, Liége, Luxemburg and Namur).

Figure 3 presents the distribution of stomach
cancer mortality for women. As would be
expected from the positive correlation of mor-
tality by sex, there is considerable similarity in
this distribution and that described for men in
Fig. 2. The high stomach cancer mortality in
the provinces of Zealand, West and East Flan-
ders in the two countries observed for men is
also found here and in the adjacent provinces
of North Brabant and Limburg in the Nether-
lands and of Antwerp and Limburg in Bel-
gium.

This aggregation of high stomach cancer
mortality areas across national boundaries may
be indicative of common etiologic factors in
these regions.

DISCUSSION

The large differences in the occurrence of
stomach cancer in and within different coun-
tries, and the observation [9] that migrants tend
to maintain the risk of their country of origin,
whereas the succeeding generations tend to
assume the risk of the host country, both point

Table 1. The observed number of deaths (Obs) due to stomach cancer, the ratio of
observed to expected deaths (O/E) and its 95% confidence interval for the provinces
of the Netherlands and Belgium, 1972-1975

Males Females

Province Obs O/E 95% C.1.) Obs O/E  (95% C.L)
The Netherlands

A. Groningen 379 1.05 (0.95-1.16) 216 1.04 (0.91-1.19)
B. Friesland 452 1.23 (1.12-1.35) 229 1.10  (0.96-1.25)
C. Drenthe 239 1.04 (0.91-1.18) 159 1.69  (1.44-1.98)
D. Overijsel 529 0.98 (0.90-1.07) 335 1.13  (1.01-1.26)
E. Gelderland 779 1.04 (0.97-1.12) 472 093 (0.85-1.02)
F. Utrecht 351 0.79 (0.71-0.88) 240 0.82  (0.72-0.93)
G. N-Holland 1411 1.03 (0.98-1.08) 851 096  (0.90-1.03)
H. S.-Holland 1523 0.84 (0.80-0.88) 985 0.86  (0.81-0.92)
I. Zealand 325 1.32 (1.18-1.47) 195 1.47  (1.27-1.70)
J. N-Brabant 919 1.06 (1.00-1.13) 594 1.25  (1.15-1.36)
K. Limburg 485 0.99 (0.90-1.08) 334 1.18  (1.06-1.32)
Belgium

1. Antwerp 1029 1.05 (0.99-1.12) 671 1.16  (1.07-1.25)
2. Brabant 949 0.92 (0.86-0.98) 949 0.92  (0.86-0.98)
3. Hainault 695 0.76 (0.70-0.82) 634 1.01 (0.93-1.09)
4. Liege 486 0.71 (0.65-0.78) 420 085  (0.77-0.94)
5. Limburg 336 1.15 (1.03-1.28) 189 1.26  (1.09-1.46)
6. Luxemburg 119 0.79 (0.66-0.95) 91 097  (0.78-1.20)
7. Namur 164 0.65 (0.56-0.76) 114 0.65 (0.54-0.78)
8. East Flanders 1159 1.22 (1.15-1.29) 839 1.56  (1.46-1.67)
9. West Flanders 803 1.16 (1.08-1.24) 551 1.38  (1.27-1.50)

Sources: Netherlands Central Bureau of Statistics, Voorburg, the Netherlands;
National Institute of Statistics, Brussels, Belgium.
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to the possibility that stomach cancer may to a
large extent be associated with environmental
factors. A marked inverse socio-economic
gradient in stomach cancer risk has been con-
sistently reported [10], as well as suggestions
that occupational exposures [11-16] may be
causally related to stomach cancer mortality.
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The role of diet and nutrition has been con-
sidered with regard to a possible association
with several forms of cancer, including cancer
of the stomach. Among the dietary factors
which have been suggested to be associated
with gastric cancer are higher intake of starches
[17] and of salt [18], lower intake of certain
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The relationship between the ratios (O] E) of observed to expected number of deaths for men and women due to

stomach cancer (ICD8: 151) in the Netherlands and Belgium, 1972-1975. The Netherlands: A. Groningen (,*), B.

Friesland (*,), C. Drenthe (,*), D. Overijsel (,*), E. Gelderland (,), F. Utrecht (*,*), G. North Holland (,), H. South

Holland (*,*), 1. Zealand (*,*), J. North Brabant (,*), K. Limburg (,*). Belgium: 1, Antwerp (,*), 2. Brabant (*,*),

3. Hainault (*,), 4. Liége (*,*), 5. Limburg (*,*), 6. Luxemburg (*,), 7. Namur (*,*), 8. East Flanders (*,*), 9. West
Flanders (*,*).

*P <0.05 (males, females), that O/E = 100.
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Fig. 2. Geographical distribution of the ratio (O/E) of observed
to expected deaths for stomach cancer (ICD8: 151) for men in the
Netherlands and Belgium, 1972-1975.
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Fig. 3. Geographical distribution of the ratio (O/E) of observed
to expected deaths for stomach cancer (ICD8: 151) for women in
the Netherlands and Belgium, 1972-1975.
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fresh produce [19] or dietary vitamin A [20],
the presence of large amounts of polycyclic
hydrocarbons in the diet [21] and exposure to
carcinogenic nitrosamines [22].

Stomach cancer mortality has in most coun-
tries over the last several decades been mar-
kedly decreasing. In just the period 1961-1971,
the age-standardized gastric cancer mortality
rates for men decreased 27% in the Nether-
lands and 26% in Belgium [23]. Although this
decrease can in part be ascribed to more
effective diagnostic assessment of a previously
over-rated diagnosis, there is also a discernable
decrease for well-diagnosed cases [24]. The
reasons for this decrease have not been well
specified, although changes in living practices
and, in particular, in dietary patterns are sus-
pected of playing an important role.

The substantial geographic differences in
stomach cancer mortality observed in this study
could in part be due to the relative differences
in the time sequence of introduction of such
living practice changes in the various regions.
This is not directly evident as, for the Nether-
lands, Tromp [25] reported a similar geo-
graphic distribution of relative stomach cancer
mortality for the period 1946-1952, as reported
here, although the actual mortality rates were
considerably higher in that period.

In this study, the areas of high stomach
cancer mortality in the two countries are pre-
dominantly in adjacent border provinces. The
identification of disease risk aggregation as a
result of reporting from two countries with
independent disease reporting systems sup-
ports the possibility that the observed effects
are, in fact, real. Although these regions have
been parts of different countries for the last 150
years, the inhabitants have to a large extent a
common historical and cultural background
from which clues may be derived concerning
the etiology of stomach cancer.

Genetic susceptibility may play a role in the
etiology of stomach cancer, as suggested by
Ashley and Davies [3]. Available data on blood-
type among blood donors in the Netherlands
and army recruits in Belgium [26] do not show
any obvious relationship between blood-type
and the observed disease distribution.

Meinsma [27], in 1964, reported upon the
dietary patterns of stomach cancer cases and
controls in areas of high and low stomach
cancer mortality in the Netherlands. Using a
brief dietary questionnaire, he reported that
cases of gastric cancer consumed more bacon
and less citrus-fruit than controls. These con-
sumption patterns did not, however, parallel
the geographic distribution of mortality. In
Belgium, differences in the dietary patterns of
the northern Flemish population and the
southern Wallon population have been in-
dicated by a comparative dietary survey in
1963-1964 among the inhabitants of East Flan-
ders and of Liége, in Wallonia [28]. More fruits
and less animal protein, seafood and milk were
reported to be consumed in Liége than in East
Flanders. Specific factors associated with
stomach cancer are presently being investigated
by means of a case-control study in these
regions of Belgium (L. Ramioul, principal in-
vestigator).

Few studies as the one described here com-
paring the geographic distribution of disease
within more than one country have been
reported. The validity and availability of com-
parative data have limited such efforts. The
diagnosis, reporting and classification of dis-
ease may vary between countries, making in-
ternational comparisons of disease difficult.
Further, cancer incidence data, which is not
available for these countries, would be useful
for supporting the observed mortality patterns.

In this report we had to use available esti-
mates of the population of the Belgian pro-
vinces in 1970 for estimating expected mortality
there from 1972 to 1975. This approximation
does not lead to more than a marginal error.
However, such data base limitations, and those
of a greater magnitude, seriously hamper more
extensive international studies of this type.

This report indicates the use of intra- and
international mortality statistics for identifying
geographic areas of excess mortality by which
hypotheses concerning disease etiology can be
generated. International cooperation will be
needed for more extensive investigations of
this type.
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