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Abstract

Serological markers of gastritis, like
pepsinogen A, pepsinogen C, gastrin, and
Helicobacter pyloni antibodies, can be
used to explore the state of the gastric
mucosa in populations with contrasting
cancer risks. A decreasing pepsinogen A:C
ratio and an increasing serum gastrin are
known to reflect an increasing severity of
atrophic corpus gastritis, which is a precursor of gastric cancer. In 723 subjects
(without gastroduodenal surgery) from
Japanese (n=225) and Dutch (n=498)
working populations, which had a similar
composition of age (mean 48 years), sex
(male to female ratio 6:1), and type of
occupation, fasting serum samples were
analysed for IgG antibodies to H pylon,
pepsinogen A, pepsinogen C, and gastrin
in the same laboratory. H pylorn infection
was significantly more prevalent in the
Japanese than in the Dutch (74.70/o and
31/3%); as was a very low pepsinogen A,
indicative of severe mucosal atrophy (4.4%/o
and 1.6%). Among subjects with and without severe mucosal atrophy the H pyloni
seropositivity rate was similar. Between
the Japanese and the Dutch there were
significant differences in mean gastrin
(31.8 and 13.4 pmoIl) and pepsinogen A:C
ratio (1.7 and 2.9). These intercountry differences were as great for H pylon negative subjects (gastrin: 23.7 and 103 pmol/l,
pepsinogen A:C ratio: 2.4 and 3.2) as for
H pylon positive subjects (gastrin: 34.6
and 201 pmol/l, pepsinogen A:C ratio: 1.5
and 2.5). The intercountry difference in
gastrin nearly disappeared after stratification into categories of pepsinogen A:C
ratio. In conclusion, the intercountry
differences in pepsinogen A:C ratio and

gastrin reflect a higher prevalence of mild
and severe mucosal atrophy of the corpus
in the Japanese than in the Dutch, both
among H pylorn positive and negative subjects. Thus, these findings suggest that in
the Japanese the development of atrophic
gastritis is in part unrelated to H pylori.
(Gut 1995; 37: 199-204)
Keywords: atrophic gastritis, gastric cancer,
Helicobacterpylori, pepsinogen, epidemiology.

Measuring serum pepsinogens, gastrin, and
Helicobacter pylori antibodies can be a patient
friendly, cheap, and powerful way of obtaining
information about the stomach in large population based studies, this in contrast with performing endoscopies with biopsy specimens.
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TABLE I Means and 95% confidence intervals (CI) of pepsinogens in the Jfapanese and the Dutch, subdivided by H pylori status
No (%)

Japanese

Dutch

57 (25)

342 (69)*

168 (75)

156 (31)

225 (100)

498 (100)

Pepsinogen A:C ratio

Japanese

Dutch

JIapanese

Dutch

Japanese

Dutch

40-9

44.9

20-7
17-1 to 24-3

14-4 to 15-8

15-1t

2-36
2-11 to 2-61

3-16*
3-04
to 3-27

51-3
48-1 to 54-5

37-9
34-8 to 41-1

26.4*

1-52

54-5 to 62-9

2-45t

49-2

33-6
30.9 to 36-3

36-5 to 45-3

48-7
45.9 to 51-4

42-9 to 46-9
58-7t

47-2 to 51-2

24-0 to 28-7

1-42 to 1-61

18.6*
17-6 to 19-6

1-73
1.63 to 1-84

2-30 to 2-60

2.94t

2-84 to 3-03

Significance of difference between the Japanese and the Dutch: *p<0-001 (X2 test), tp<0-0l, *p<0 001 (Student's t test). All differences between H pylori negative
and positive subjects within each population are significant: p<0 001 (Student's t test).

prevalence of H pylori induced superficial gastritis as well as gastric mucosal atrophy than a
fourfold lower risk country such as the
Netherlands. Moreover, we examined to what
extent the presence of mucosal atrophy was
dependent on H pylori seropositivity.

and stored at -20°C until simultaneous determination of anti-H pylon IgG, pepsinogen A,
pepsinogen C, and gastrin.
IgG antibodies to Hpylori were measured by
a modified enzyme linked immunosorbent
assay, which has previously been described in
detail.27 The sensitivity and specificity of this
assay in diagnosing H pylori infection are both

Methods

97%.28

Populations
Details of the subjects studied have been published elsewhere.26 Briefly, the source of participants were companies in The Hague and
Eindhoven, the Netherlands, in which
80-90% of employees regularly undergo
periodic medical examinations and Japanese
companies where the employees undergo
periodic medical examinations in the
specialised departments of two private
hospitals in Fukuoka. In Japan companies are
legally obliged to give employees yearly
medical examinations from the age of 35
years. In both the Netherlands and Japan
almost all employees (95% and 99%) who
came for their medical examinations were willing to participate in the study. In the

Pepsinogen A and C were measured by
radioimmunoassay as previously described and
the pepsinogen A:C ratio was calculated.29
Their normal ranges in our laboratory are
19-95 Kig/l, up to 24 j±g/l and 2.1 or higher,
respectively, as defined in H pylori negative
blood transfusion donors.30 Severe chronic
atrophic gastritis that has led to achlorhydria
was estimated by a serum pepsinogen A value
lower than 17 pug/1.6 24 31 The accuracy of this
estimation is illustrated by the fact that half of
the subjects with a pepsinogen A < 17 ,ug/l also
had a very high gastrin value (>80 pmol/),8 on
average 200 pmol/1, showing severe atrophic
gastritis affecting mainly the corpus, while
their mean pepsinogen A:C ratio was very low:
0.4.
Serum gastrin was measured by a sensitive
and specific radioimmunoassay as previously
described.32 The normal range of gastrin in our
laboratory is up to 40 pmol/l.

Netherlands, eight employees (1%) were not
included because they had a different ethnic
origin than white Dutch subjects.
During a four month period at the end of
1988 (Japan) and of 1991 (the Netherlands)
196 men and 35 women from Japan and 427 Statistical analysis
men and 73 women from the Netherlands
participated in the study, in total 731 employees, aged 22-71 years. Two Dutch and five
Japanese male ulcer patients and one
Japanese male gastric cancer patient were
excluded because of gastroduodenal surgery.
Thus, 723 subjects form the basis of this
report. As the male to female ratio was 6:1 in
both the Japanese and the Dutch, we did not
separate the women from the men when comparing the Japanese with the Dutch. They
were similar with regard to socioeconomic
status as reflected by their occupations: the

All statistics were computed using the
Statistical Package for the Social Sciences,
SPSS. Prevalence data were compared by the
X2 test with Yates's correction while means
were compared by Student's t test. Confidence
intervals (CI) for proportions were based on
binomial distributions.

Results

Serum measurements
Blood samples were obtained after an

H pylori
The prevalence of H pylori infection increased
with age. In the Netherlands, among those
aged 22-39 years, 40-59 years, and 60-71
years the rate of H pylon seropositivity was
11%, 35%, and 53%; in Japan it was 59%,
76%, and 82%. Thus H pylorn infection was
much more frequent in Japan than in the
Netherlands among all age groups. In all 498
Dutch (mean age 48 0), the rate was 31% and
in all 225 Japanese (mean age 48 6) it was 75%

overnight fast; they were centrifuged, coded,

(Table I).

ratio of white to blue collar workers was 2:1 in
both countries. The study was approved by
the local review committees of the participating centres and subjects gave informed
consent.
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TABLE II H pylori seropositivity rate among subjects with or without severe mucosal
atrophy as shown by a pepsinogen A lower than 17 ,ug/l
No (%)
3tapanese

10 (4.4)

8 (1-6)*

215 (95.6)

490 (98.4)*

J'apanese

Dutch

70
35to93
75
69 to 81

25
3to65
31
27 to 36

Significance of difference between the Japanese and the Dutch: *p<0.05 (X2 test).

Pepsinogens
The prevalence of a very low pepsinogen A
value indicative of severe atrophic gastritis was
almost three times higher in the Japanese than
in the Dutch: 4.4% and 1. 6% (Table II).
Comparing subjects with and without severe
mucosal atrophy the Hpylori seropositivity rate
was similar, both for the Japanese and for the
Dutch (Table II).
Among H pylori positive subjects the mean
pepsinogen A concentration was significantly
lower in the Japanese than in the Dutch (Table
I). Among H pylori negative subjects this
difference was weaker and not significant.
Pepsinogens are higher in Hpyloni positive subjects than in H pylori negative subjects while
the Japanese population consists of more than
twice as many H pylori positive subjects as the
Dutch. Therefore the mean pepsinogen A concentration was similar when comparing the
whole Japanese population with the whole
Dutch population.
Pepsinogen C was much higher in the
Japanese than in the Dutch, both among
Hpylori positive and negative subjects (Table I).
As pepsinogen A was slightly lower while
pepsinogen C was considerably higher in the
Japanese than in the Dutch, the pepsinogen
A:C ratio was much lower (Table I). The intercountry difference in pepsinogen A:C ratio was
almost as great among H pylori negative subjects, as well as positive subjects, as in the
whole population (Table I). The higher prevalence of decreased pepsinogen A:C ratios,
indicative of atrophic gastritis (Fig 1), among
the Japanese compared with the Dutch seems
therefore to be independent of H pylori
seropositivity.
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Figure 2: Mean gastrin concentrations in the Jrapanese and
the Dutch, subdivided by H pylon status. The error bar on
top of the columns shows the standard error of the mean.
Figures at the bottom of the columns give the number of
subjects in each group.
Whole

H pylori

Discussion
This study shows that in Japan, where gastric
cancer is known to be much more frequent
than in the Netherlands, the mean fasting
serum gastrin is higher and the pepsinogen
A:C ratio lower irrespective of H pylori
seropositivity. These intercountry differences
reflect a higher prevalence of mucosal atrophy
in the Japanese than in the Dutch. Also, severe
atrophic gastritis, as shown by a very low
pepsinogen A, is more frequent in Japan. In
subjects with or without severe mucosal
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Gastrin
In the Japanese the mean fasting serum gastrin
was around twice as high as in the Dutch (Fig
2: 31.8 v 13.4 pmolIl, 95% CI: 26.9 to 36.9 v
11.3 to 15.4 pmolIl). The intercountry difference in gastrin among H pylori negative
subjects (23.7 v 10.6 pmol/) and among
H pylori positive subjects (34-6 v 201 pmoVl)
was as great as in the population as a whole
(Fig 2). Therefore, as in Table I for the
pepsinogen A:C ratios, Fig 2 shows that the
higher prevalence of increased gastrin concentrations, indicative of atrophic gastritis (Fig 1),
in the Japanese compared with the Dutch is
independent of H pylori seropositivity.
Figure 3 shows that this intercountry difference in gastrin is indeed a reflection of a different prevalence of mucosal atrophy. Figure 3
shows a subdivision into degrees of mucosal
atrophy according to categories of pepsinogen
A:C ratio. In each category of pepsinogen A:C
ratio - that is, per severity of mucosal atrophy there was almost no difference in gastrin
between the Japanese and the Dutch. In both
populations, however, serum gastrin became
higher to a similar extent with a greater severity
of mucosal atrophy. The difference between
the populations is found in the distribution of
the pepsinogen A:C ratios: a lower value than
1.3, pointing to mild to severe atrophic corpus
gastritis, was present in 32-4% of the Japanese
and in only 3/6% of the Dutch.
In Fig 3, H pylorn positive and negative
subjects are shown together; when analysed
separately the near absence of intercountry differences in gastrin was similar, although at
slightly different values of gastrin as H pylori
positive subjects have a higher mean gastrin
than H pylori negative subjects in the range of
pepsinogen A:C ratios higher than 1.3 (Fig 4,
Fig 5). The distributions were, however, somewhat different: a significantly higher proportion of the H pylori positive subjects had a
pepsinogen A:C ratio between 0.7 and 2-49
compared with the H pylori negative subjects
and a lower proportion had a ratio between 2.5
and 10.5 (Fig 4, Fig 5), as H pylori induced
chronic superficial gastritis is associated with a
lower pepsinogen A:C ratio (Table I, Fig 1).
Besides, the higher proportion of H pylori
positive than negative subjects with a low
pepsinogen A:C ratio between 0.7 and 1.29
(30% v 9% for the Japanese and 6% v 1% for
the Dutch) reflects a higher prevalence of
mild mucosal atrophy among H pylori positive
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Figure 3: Mean gastrin concentrations in a logarithmic scale after stratification into
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atrophy the H pylori seropositivity raite is
similar. In addition, H pylori seropositivityz and
thus chronic superficial gastritis is shown 1to be
much more frequent in Japan than in the
Netherlands.
The age specific prevalences of H 1>ylori
infection we found in the working popula tions
of the Netherlands and in the south of Japan
correspond well with those found earlier iin the
United Kingdom and in the north and thLe far
south of Japan,23 33 showing that our finclings
can be generalised.
A particularly interesting finding was thLat in
the Japanese the higher gastrin and 1l ower
pepsinogen A:C ratio and thus the hiigher
prevalence of atrophic corpus gastritis were
independent of H pylori seropositivity. This
points to the fact that for the Japanese polpulation there are other risk factors besides HIoylori
in the development of atrophic gastritis iri the
corpus. Otherwise it would be hard to exlplain
why in Hpylori negative subjects we still fcDund
a large difference between the Japanese an(d the
Dutch.
One explanation could be that tthese
seronegative subjects had been infectecd by
H pylori in the past and that they had bec-ome
seronegative in the course of developing rmore
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Figure 4: Mean gastrin concentrations in the H pylon negative subjects after stratificazion
into categories of pepsinogen A:C ratio. Details as described in the legend to Fig 3.

severe atrophic gastritis. It is not likely, however, that this often happens as we found that
the seropositivity rate ofJapanese subjects with
severe mucosal atrophy was 70%, which is not
lower than in the general population. Besides,
a study with a follow up of 10-13 years has
shown that subjects who had developed progressive atrophic gastritis remained H pylori
seropositive, although the H pylori infection
rate as measured by staining of gastric biopsy
specimens declined with increasing atrophy.34
Also in another study the seropositivity rate in
subjects with atrophic corpus gastritis was high
while the prevalence of positive staining in the
biopsy specimens was low.7 So, once subjects
are infected, H pylori seropositivity usually
remains for life, unless eradication treatment is

effectively applied.
Another explanation would be that there is
such a genetic difference in gastrin production
between the Japanese and white races that at a
lesser degree of mucosal atrophy or even in the
absence of mucosal atrophy the Japanese have
a much higher serum gastrin concentration. In
that case the higher gastrin concentration in
Japanese H pylori negative subjects would not
be a reflection of a higher prevalence of
atrophic gastritis. We showed that this is
unlikely, however, as the intercountry differences in gastrin nearly disappeared after
stratification into categories of pepsinogen A:C
ratio, which correspond to certain degrees of
severity of mucosal atrophy (Fig 3, Fig 1).1-4
Yet another explanation for the higher gastrin concentration in Japanese Hpylori negative
subjects could be that in many Japanese the
atrophic corpus gastritis originated from
H pylori negative autoimmune gastritis. In
Japan, however, it is well known that autoimmune type A gastritis and pernicious
anaemia are extremely rare, much rarer than in
Western countries.3 Even in Western populations only a few atrophic gastritis cases originate from autoimmune type A gastritis.9 11-13
Therefore, we conclude that in the Japanese
population other factors than past H pylori
infection play an important part in the development of atrophic corpus gastritis. For
example, genetic differences or dietary factors
may influence the age and speed of development of atrophic gastritis.'5 25 35 So the
H pylori gastric cancer hypothesis must be
complemented for the Japanese population.
From our data we are unable to draw a similar
conclusion for the Dutch population. There
are, however, also studies in Western populations,24 36 apart from a Japanese study,37 which
do not support the view that H pylori is necessary for the development of mucosal atrophy in
the corpus. Of course H pylori remains an
important factor in the development of
atrophic gastritis, as we found a higher proportion of H pylori positive than negative subjects
with a pepsinogen A:C ratio between 0.7 and
1-29 (Figs 4 and 5). Pepsinogen A:C ratios this
low probably reflect mild atrophic corpus
gastritis.
Japanese dietary habits, such as high
consumption of nitrite rich salty and pickled
vegetables and dried fish, have been associated
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Figure 5: Mean gastnin
and occupation. Moreover, all measurements
into categories of pepsinogen A:C ratio. Details as descnrbed in the legend to Fig 3.
were carried out simultaneously in the same
with the development of atrophic gastritis and laboratory. We were therefore able to show for
gastric cancer.15 25 35 Also low consumption of the first time that a country with a high gastric
fresh fruits and raw vegetables may increase cancer risk has a great number of citizens with
this risk.'5 25 Such dietary habits could be an a high fasting serum gastrin. Such associations
independent risk factor for atrophic gastritis between serological markers and cancer need
and could also have a synergistic effect with to be established in a cross sectional study first,
H pylon'. Migrants to countries with lower as a longitudinal study is much more costly
gastric cancer rates show some diminution of and requires much more time. Whether hyperrisk.25 38 In this respect a comparison of sero- gastrinaemia is just an epiphenomenon of
logical markers of gastritis between Japanese atrophic gastritis or plays a separate part in carpeople living inside and outside Japan would cinogenesis by its trophic effect has not as yet
be interesting. However, such data are not yet been clarified.44
In conclusion, the intercountry differences
available.
Our conclusion of a higher prevalence of in pepsinogens and gastrin point to a higher
atrophic gastritis in the Japanese than in the prevalence of mild and severe atrophic gastritis
Dutch is in agreement with a necropsy study in the Japanese than in the Dutch. The Hpylori
comparing stomachs of Japanese and seropositivity rate and thus the prevalence of
American (Minnesota) people without focal chronic superficial gastritis is also much higher
gastroduodenal lesions.14 A study comparing in Japan than in the Netherlands. The
Japanese and Canadian outpatients using differences in the serological markers of
methylene blue dye spraying endoscopy also atrophic gastritis exist equally, however, in
showed more extensive atrophy in the Japanese H pylori negative and positive subjects. Thus,
in all age groups.39 Moreover, in an earlier these findings point to the possibility of develJapanese study of asymptomatic subjects, who opment of atrophic gastritis independent of
came for routine endoscopy and had no gastro- H pylor infection in the Japanese population.
duodenal lesions,40 the prevalence of atrophic We thank the medical services of Shell International and the
gastritis was high when compared with army in The Hague and Philips in Eindhoven, the Netherlands,
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tions of Hara Sanshin and Saiseikai Hospital and the section
In mild to moderate atrophic corpus gastritis gastroenterology of the department of psychosomatic medicine
Kyushu University Hospital in Fukuoka, Japan, for their
serum pepsinogen C is increased (Fig 1). This of
cooperation, J P Giliams and I Kuiper for their technical
increase may originate from pyloric gland assistance, and J Baines for his proofreading. This research was
supported by Glaxo Gastroenterology, the Netherlands. Part of
metaplasia of corpus mucosa that has led to an this
work was presented in abstract form during the Digestive
increased number of pyloric glands.' 40 In Disease Week of the American Gastroenterological Association
addition, the release of pepsinogen C from the in May 1994 (Gastrroetter'logv 1994; 106: A26).
antrum often occurs at an increased rate
IM, Varis K, Ihamaki T, Siurala M, Rotter JI.
because of inflammatory changes. 1 Serum 1 Samloff
Relationships among serum pepsinogen I, serum pepsinogen II, and gastric mucosal histology. A study in relatives
pepsinogen C is normal or decreased in severe
of patients with pernicious anemia. Gastroetnterology 1982;
atrophic gastritis caused by the considerable
83: 204-9.
loss of fundic glands (Fig 1). 2 The increased 2 Borch K, Axelsson CK, Halgreen H, Damkjaer Nielsen M,
Ledin T, et al. The ratio of pepsinogen A to pepsinogen C:
pepsinogen C we found in Japan compared
a sensitive test for atrophic gastritis. Scand _7 Gastroetiterol
1989; 24: 870-6.
with the Netherlands points to a higher prevaK, Kurokawa K, Adachi H, Obata H. Serum and
lence of subjects with mild and moderate 3 Haruki
gastric mucosal pepsinogens in atrophic gastritis, particularly
in
type A gastritis associated with pernicious anemia
of
atrophic gastritis. Indeed, the prevalence
in Japanese. Gasrrocnceroalj3pn 1993; 28: 359-66.
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isozymogens, serum pepsinogen A and C levels, and
Japanese working population, 4.4o/o. In the
serum gastrin levels. Cancer 1987; 59: 952-8.
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