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Epidemiology of, and risk factors for, Helicobacter
pylori infection among 3194 asymptomatic subjects in
17 populations

The EUROGAST Study Group

Abstract
The cross sectional study describes the preval-
ence of infection with Helicobacter pylori as
determined by a serodiagnostic assay in over
3000 asymptomatic subjects, in two age groups
25-34 years and 55-64 years, from 17 geo-
graphically defined populations in Europe,
North Africa, North America, and Japan,
using a common protocol for blood collection
and serological testing. In all populations com-
bined, the prevalence ofinfection was higher in
the older age group (62.4%) than in the younger
age group (34.9%). There was no difference in
prevalence of infection between men and
women. Subjects with higher education had
considerably lower levels of infection (34-1%)
compared with subjects with education up to
secondary level (46.9%) or those with primary
education only (61.6%). This trend was con-
fined to the older of the two age groups. In
contrast a trend of increasing prevalence of
infection with increasing body mass index was
confined to the younger of the two age groups.
There was no effect of smoking or alcohol
consumption on the prevalence of infection
after adjusting for the other risk factors. There
was considerable variation in the prevalence
of infection between the 17 populations but,
within populations, low education standard
was consistently and positively associated with
the prevalence of infection.
(Gut 1993; 34: 1672-1676)
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Helicobacter pylori (H pylori) is a spiral shaped
microaerophilic bacterium that colonises the
gastric mucosa and causes both acute' and
chronic2 gastritis. This has initiated new, active
lines of investigation into the clinical and aetio-
logical aspects of gastric disease. It is now

established that H pylori infection is a persistent
condition that is probably related to the occur-

rence and relapse of peptic ulcer disease,3 and,
possibly, to the risk of gastric cancer.

Infection with H pylorn may be detected by
histological examination of the gastric mucosa or

by culture ofendoscopic biopsy specimens, or by
less invasive techniques such as the urea breath
test or serological tests to detect the presence of
circulating, specific IgG antibodies. Serodiag-
nostic tests are most frequently used for
epidemiological studies and have been used to

measure the prevalence of infection in various
populations.78 Few of these studies, however,
have been conducted in unselected, random
samples of the general population and differ-
ences in the sources and handling of samples, as

well as differences between assays, make com-
parisons between the studies difficult.
The EUROGAST study was undertaken to

investigate the epidemiology ofH pylori infection
and chronic gastritis, and to relate these bio-
logical entities to the occurrence of gastric cancer
in different asymptomatic populations. A
common protocol for blood collection and
questionnaires was developed and applied to
more than 3000 subjects from 17 populations
from 13 countries. This paper presents data on
the variability of prevalence ofH pylon infection
and attempts to identify factors associated with
infection. A previous publication has reported
on the positive association between H pylori
infection and gastric cancer risk.9 Unique
features of this investigation were the very large
sample size, representative sampling of study
participants from geographically well defined
populations, the diversity of the component
study populations, the use of a standard protocol
for identification and invitation of participants,
questionnaires and blood collection, and the
processing of serum samples in a single labora-
tory.

Materials and methods
The methodology for the EUROGAST study is
described in detail elsewhere (EUROGAST
study group, manuscript in preparation).
Briefly, 17 populations throughout the world
were chosen to reflect, as far as possible, the
global range of gastric cancer incidence and
mortality. The populations initially selected for
the study were representative of the range of
gastric cancer incidence in Europe and this range
was subsequently extended by the addition of
populations from the United States and Japan.
In 13 of the 17 study centres (listed in Table I),
about 200 subjects were selected at random from
population based registers and invited, by letter
or telephone, or both to participate in the study.
In the two United Kingdom centres, Oxford and
Stoke, subjects were selected randomly from the
list of a family doctor group practice, in the US
centre, Minneapolis-St Paul, subjects were
selected from driving licence rosters and in the
Greek centre, Crete, subjects were selected
partly (64%) from residence lists in two villages
and partly (36%) from attendees at a trade union
health screening programme.
The study aimed at recruiting 50 men and 50

women in each of the two age groups, 25-34
years and 55-64 years. Non-respondents were
followed up with further letters, telephone calls,
and home visits. Subjects who could not be
contacted or who refused to participate were, in
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Epidemiology of, and risk factorsfor, Helicobacter pylori infection among3194 asymptomatic subjects in 17 populations

TABLE I EUROGASTStudy Centres

Country Centre Sample size

Algeria Algiers (AL) 200
Belgium Ghent (GH) 208
Denmark Copenhagen (CO) 157
Germany Augsburg (AU) 187

Deggendorf(DE) 198
Mosbach (MO) 158

Greece Crete (CR) 229
Iceland S Region (IC) 206
Italy Florence (FL) 205
Japan Miyagi (MY) 186

Yokote (YO) 200
Poland Adamowka (AD) 171
Portugal Gaia (GA) 132
Slovenia Ljubljana (LJ) 201
UK Oxford (OX) 158

Stoke (ST) 200
US Minneapolis St Paul (MS) 198

Figure 1: Frequency
distribution ofserum anti-
H pylori IgG
concentrations.
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general, replaced by additional subjects in the
same age and sex group. Participating subjects
provided a blood sample and answered a short
questionnaire concerning sociodemographic
details.
Serum was collected, stored, and transported

according to an identical protocol in each centre.
Analysis for anti-H pylori IgG antibodies was
carried out with an enzyme linked immunoassay
(ELISA),'0 slightly modified," using duplicate
determinations. A threshold of 10 [ig specific
IgG per ml was used to discriminate H pylori
positive from H pyloni negative subjects. To test
assay repeatability, about one in 40 samples were
analysed a second time with the laboratory blind
to the initial assay results. Selection for repeat
assays was weighted to have an over-representa-
tion of samples close to the 10 [tg per ml
threshold. The external sensitivity and
specificity of this test were 96% and 93%,
respectively as determined in a trial with serum
samples from the USA, against a gold standard of
histology and microbiological culture."
The seroprevalence ofH pylori infection was

analysed in relation to sex, age, standard of
education (the highest standard of school educa-
tion obtained, coded as primary, secondary or
higher education), tobacco smoking, alcohol
drinking (in the week before the interview),
history of gastric operation (self reported), and
height and weight. Odds ratio (OR) ofH pylori

H pylori antibody level (,ug/ml)

infection given the presence of a particular
characteristic were used as the measure of
association, and these are presented together
with 95% confidence intervals (CI). Effects were
considered to be statistically significant if the
95% CI did not include the value 1-0, corres-
ponding with a two sided p value of 0-05 or less.
Adjusted ORs were estimated by multivariate
unconditional logistic regression analysis.'2

Results
In total, serum samples from 3194 subjects were
assayed for the presence of anti-H pylori IgG
antibodies. Figure 1 shows the frequency distri-
bution of the antibody levels, which is clearly
bimodal. Overall 1563 (48 9%) samples were
seropositive with 3 10 ,ug specific IgG per ml.
Nine hundred and one samples (28 2%) had an
antibody level of >90 ,ug specific IgG per ml, the
maximum detectable for the assay under these
conditions, while 1436 samples (45 0%) had a
level of less than 5 [tg per ml. Three hundred
samples (9 4%) had levels between 5 and 15 [ig
specific IgG per ml, - that is, close to the cut off
point. The repeat assay on one in 40 samples
produced qualitatively identical results in 29 of
34 samples (85%) with an initial specific IgG
concentration of less than 5 ,ug per ml, in seven
of 15 samples (47%) with 5-15 tg IgG per ml
and in all 27 samples (100%) with 16 pg IgG per
ml or greater.

Figure 2 shows the H pylori seropositivity in
each population. Among the 25-34 year age
group, the seropositivity ranged from 15% or less
in Oxford, Minneapolis-St Paul, and Copen-
hagen to more than 50% in Gaia, Adamowka,
Crete, Miyagi, and Yokote. In all populations,
the seropositivity was higher among the 55-64
age group than among those aged 25-34.
In subjects aged 55-64, the seropositivity
ranged from around 30% in Copenhagen and
Minneapolis-St Paul to more than 80% in
Adamowka, Miyagi, and Yokote. The difference
in prevalence of seropositivity between the two
age groups varied from about 15% in Gaia,
Algiers, Adamowka, and Copenhagen, to more
than 35% in Oxford, Ghent, and the three
German populations.

Table II shows how taking all populations
together, the seropositivity for H pyloni varied
with other characteristics of the subjects. Age
had a profound effect on the probability of being
seropositive but there was no difference between
men and women. H pylori seropositivity showed
a significant inverse trend (p<00001) with
standard of education, from 34% in subjects
with a higher education to 47% in subjects with
secondary education to 62% in subjects
with only primary school education. After
mutual adjustment, and adjustment for centre,
using multivariate analysis, the effect ofstandard
of education on seropositivity was attenuated,
pointing to some degree of confounding, but
remained statistically highly significant
(p<O-OOl).

In univariate analysis, tobacco smoking and*
alcohol drinking were associated with a reduced
prevalence of H pylon seropositivity, but these
effects disappeared completely after adjustment
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TheEUROGASTStudy Group

Figure 2: Prevalence of
H pylori infection, defined
as specific IgG antibodies
1>O pglml, in two age
groups in 17 geographical
populations. See Table Ifor
a list ofthe abbreviated
names ofpopulations. Each
line contains datafor a single
population with results of
men and women combined.
The separation into two
graphs is solely for legibility.
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in the multivariate analysis. The 62 subjects who
reported having had a gastric operation had an
increased H pylori seropositivity but this effect
was not significant in the multivariate analysis.
There were significant trends in H pylori

seropositivity with both height and weight in
univariate analysis: being taller than average
(within local populations) was indicative of low
seropositivity while being heavier than average
was indicative of higher H pylori seropositivity.
Both of these trends were non-significant after
adjustment. Body mass index (BMI=weight
(kg)/height (mi)) is a measure ofweight, adjusted
for height. The trend ofH pylori seropositivity
with BMI -was statistically significant in
univariate analysis (p<0 0001) and of borderline

TABLE II Prevalence ofH pylori seropositivity by categories
ofindependent variables: univariate and adjusted odds ratios
(OR)

Variable and Prevalence Univariate Adjusted*
categories % (n) OR (95% CI) OR (95% CI)

Sex:
Male 49-1(1575) 1-0
Female 48-8 (1619) 1-0 (0-9 to - 1)

Age:
25-34 34-9(1558) 1-0 1-0
55-64 62-4 (1636) 3-1 (2-7 to 3-6) 3-0 (2-5 to 3-6)

Education standard:
Primary 61-6 (1054) I-Ot l Ot
Secondary 46-9 (1426) 0-6 (0 5 to 0-6) 0-8 (0-6 to 1 0)
Higher 34-1 (700) 0-3 (0-3 to 0-4) 0-6(0-4toO-8)

Smoking:
Never 50-9 (1598) 1-Ot 1-0
Former 48-7 (573) 0-9 (0-8 to 1-1) 1-2 (0-9 tol-5)
Current 45-1 (989) 0-8 (0-7 to 0-9) 1-0(0-8 to 1-2)

Alcohol:
None 55-2 (1271) 1-0 1-0
Some 44 5(1897) 0-7(0-6to0-8) 1-0(0-8to 1-2)

Gastric operation:
No 48-4(3024) 1-0 1-0
Yes 67-7 (62) 2-2 (1-3 to 3-8) 1-7 (0-9 to 3-0)

Tertile of height (by sex and within centre):
Low 56 0 (1043) 1-0t
Middle 49-3(1074) 0-8(0-6toO-9)
High 41-5 (1063) 0-6 (0-5 to 0-7)

Tertile ofweight (by sex and within centre):
Low 46-4(1046) 1-Ot
Middle 47-7 (1078) 1-1 (0-9 to 1-3)
High 52 6(1048) 1-3(1-1 to 15)

Tertile ofBMI (by sex and within centre)
Low 41-1(1045) l-Ot 1-0
Middle 49-1(1070) 1-4 (1-2 to 1-6) 1-2 (0-9 to 1-4)
High 56-4(1057) 1-9 (1-6 to 2-2) 1-2 (1-0 to 1 5)

*Mutually adjusted and adjusted for centre.
t2 test for trend: p<0-05; BMI=body mass index.

significance after multivariate analysis
(p=0079).

Table III shows the results of the multivariate
analysis separately for men and women, and
separately for the two age groups. The effects of
age, education standard, and BMI on H pylorn
seropositivity were similar in men and women.
Consideration of the two age groups separately,
however, showed that the effect of education
standard was largely confined to the older age
group, while the effect of BMI was seen only in
the younger age group.

Table IV shows the results of the multivariate
analysis separately for each study population.
This Table should be interpreted with caution
because ofthe limited number of subjects in each
centre. The effect of age was consistent across
centres, although not statistically significant in
three centres after adjusting for other factors.
The effect of a high standard of education was
seen in 11 of 17 centres (six significant individu-
ally), while in Deggendorf, Gaia, Crete and the
two Japanese centres, the effect was in the
opposite direction but not significant. The
positive association between BMI and sero-
positivity was less consistent than the effect of
the standard of education, and was absent or
reversed in some populations.

Discussion
The cut off point forH pylori seropositivity at 10
pg specific IgG per ml"I was selected to optimise
the sensitivity and specificity of the assay against
histological and microbiological diagnosis. As a
consequence of the clear bimodal distribution of
antibody concentration (Fig 1), the use of lower
or higher cut off points did not materially
influence the study results. As anticipated, assay
repeatability was poor close to the cut off (5-15
pg per ml), affecting a minority of samples, but
was extremely good at lower or higher values.
The variation in the prevalence of H pylori

positivity between the populations chosen for
this study is more than eightfold in the 25-34
year age group and nearly threefold in the 55-64

u . - v~~~~~~~~~.
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Epidemiology of, and riskfactorsfor, Helicobacter pylori infection among3194 asymptomatic subjects in 17 populations

TABLE iii Adjusted odds ratiosforH pylori seropositivityfor
various risk factors, by sex and age

Sex Age (y)
Variable and
categories Male Female 25-34 55-64

Age:
25-34 1-0 1-0
55-64 2-9* 3-1*

Education standard:
Primary lot 0Ot 1-0 IlOt
Secondary 0 9 0.7* 0 9 0-6*
Higher 0.7* 0.5* 0 9 0.3*

Smoking:
Never 1-0 1-0 1-0 1-0
Former 1.1 1-2 1-3 1-2
Current 0 9 1-0 0 9 1-2

Alcohol:
None 1-0 1-0 1-0 1-0
Some 0-8 1-0 0 9 1-0

Gastric operation:
No 1-0 1-0 1-0 1-0
Yes 2-1* 1-1 1-5 1-5

Tertile ofBMI (by sex and within centre):
Low 1-0 1[0 1-ot 1-0
Middle 1-0 1-3 1-3 1-0
High 1-2 1-2 1-4 1-0

*=p<0.05; t=x2 test for trend: p<0O05; BMI=body mass index.

year age group. The increasing prevalence with
age is a well known feature of the epidemiology
of H pylori infection.78'13 Very little is known
about the sources ofH pyloai or of the routes of
transmission between subjects. The very high
prevalence of infection reported among child-
ren in certain populations from developing
countries7 1314 and the high prevalence in occupa-
tionally exposed gastroenterologists'5 show that
people may be susceptible to infection in both
childhood and adult life and will develop a
chronic infection manifest by a circulating
specific IgG antibody response.
The large difference in prevalence between the

two age groups may be caused by two different
mechanisms: an age effect or a cohort effect. The
older subjects in the study could have a higher
prevalence of infection either because they have
lived longer and hence have had more oppor-
tunity for infection, or because they were born at
a time when the risk of infection in childhood
was higher than in those born later. The present
data can neither distinguish between these possi-
bilities nor estimate the comparative contribu-
tion of each effect in the populations studied.
The low slope of the age prevalence relation

in some high prevalence populations (Gaia,
Algiers, and Adamowka) may indicate that
saturation occurs at prevalence values below
100%, or, alternatively, that the risk factors in
these populations have been highly prevalent in
the life span of both the 25-34 age group and the
55-64 age group. Populations with a steep slope
and intermediate prevalence (for example, the
two UK populations and the three German

populations) may show that the infection in these
populations is most often acquired in middle age,
or, alternatively, that some aspect of living
conditions has improved considerably in the
younger part ofthese populations compared with
the older. Finally, populations with a compara-
tively low slope and low value of prevalence
(Copenhagen and Minneapolis-St Paul) may
point to a situation in which a low level of
exposure to risk factors (or a high level of
exposure to protective factors) occurred during
the life span both of the younger and the older
parts of the populations. The slope of the line for
the latter two populations corresponds well with
the seroconversion rate of 0 5% per year in
a cohort of predominantly white American
epidemiologists. 16

The risk factors for H pylori infection, other
than age, which emerge from the present study -
low standard of education and, to a lesser extent,
high BMI - should probably not be interpreted
as direct causal factors, indicative of the actual
routes of infection. Rather, these factors may be
indirect markers of the mechanisms of transmis-
sion of infection.

Standard of education is obviously a strong
indicator of socioeconomic class, especially in
the older subjects who grew up in a period when
the possibility of a secondary or higher education
was restricted to the upper strata of society in
many of the study populations.
No previous study has shown an association

betweenH pylori infection and BMI. In contrast
with the effect of education standard, the effect
ofBMI was most pronounced in the younger age

group. Possibly BMI at a young age reflects more
accurately the relevant social class related aspects
of current living conditions than does BMI at

older age. Alternatively, BMI at older age may be
more dominated by random variation, which
would tend to reduce the magnitude ofan effect.
BMI is essentially a measure of weight adjusted
for height. It is usually thought that adult height
is more strongly associated with childhood socio-
economic conditions than is adult weight. Conse-
quently one might have expected, a priori,
H pylon infection to be more strongly associated
with height than with weight or BMI. Although
height was related to seroprevalence in the
univariate analysis (Table II), when it was

entered into the multivariate model, with or

without weight, the relation was no longer
found.
Many other studies have identified social class

as an important determinant of H pylon infec-
tion.8'7 15 Moreover, recent studies have also
reported a strong association between H pylori

TABLE IV Adjusted* odds ratios forH pylori seropositivity for various risk factors, by centre (comparative with lowest
categoryt)

Variabe
Centre AL GH CO AU DE MO CR IC FL MY YO AD GA L OX ST MS

Age 55-64 1-6 3-8t 1-7 4-2t 4-2t 4-2t 3-4t 26t 3-6t 7Ot 4-lt 3Ot 1-7 3-4t 8-lt 35t 2Ot
Education:

Secondary 0-8 02t 04 0-4t 2 5t 0-9 3-2 0-8 0 5 1-0 1-3 1-0 0-6
Higher 0-8 0 5§ 0 7 0 3§ 1-3 1-0 1-9 0-3 0-4§ 1-1 1-8 0-2 2-0 0-4tS 0 2t 0-6 0-St

Tertile ofBMI (by sex):
Middle 1-2 1-1 1-9 1-0 1-2 1-8 4-4t 0-6 1-6 0-8 1-8 1-5 1-7 0 7 0-8 1-2 0 5
High 1-3 1-4 2-0 2-8t§ 2-7t§ 2-4 1-5 0 5 1-1 0-3t§ 1-3 1-1 0 7 0-9 0-6 0-8 1-6

*Mutually adjusted and adjusted, where possible, for previous gastric operation, alcohol, and smoking; texcept 'higher education' in
Miyagi, Oxford, Stoke, and Minneapolis-St Paul comparative with 'secondary education'; t=p<O-05; S=p<0.05, X2 test for trend.
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1676 TheEUROGASTStudy Group

infection in adults and living conditions, especi-
ally crowding, in childhood.'920 The lack of an
apparent effect of low standard of education in
four study centres may be a result of chance,
absence of variation in education standards, or
a lack of an association between educational
standard and socioeconomic conditions in these
centres. The last explanation may be particularly
relevant to the two Japanese centres.
A history of gastric operation was reported by

2% of the study subjects. The percentage ranged
from 0% in Mosbach to 6% in Miyagi. Self
reported gastric operation is not necessarily
reliable, because other abdominal operations
may be included. Most subjects, however,
reported having been operated for peptic ulcer
disease. Despite the low prevalence and the
possible inaccuracy, the prevalence of H pylori
infection seems to be substantially increased in
subjects who reported having had a stomach
operation. This is consistent with the high
prevalence of infection in patients with clinically
diagnosed peptic ulcer disease.32'
The risk ofH pylori infection seems to have no

association with tobacco smoking or with alcohol
drinking, findings consistent with other
studies.2223 The apparent protective effects dis-
appeared completely after adjustment for other
factors and are therefore most likely to be
attributable to confounding.

In conclusion, this cross sectional study of
H pylon infection, based on particularly large
numbers, establishes beyond reasonable doubt
that factors related to social class are important
determinants of the risk of infection within
populations, in both sexes, while tobacco smok-
ing and alcohol drinking are not associated with
the prevalence of H pylori infection. After
accounting for the effects of age, educational
standard, and body mass index most of the
geographical variation in H pylori seropositivity
remains unexplained. Future work should
attempt to elucidate the sources and routes of
transmission ofH pylori infection.
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