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Abstract. Tt is a cross-scctional study, comparing the
prevalence of [lelicobacier pylori infection (preva-
lence of lg( antibodies to H. pylori) in the healthy
population of Ubrigue and Grazalema (mountain lo-
cation, mortality rom stomach cancer 20/100,000)
and in Barbate, (coastal location, mortality [rom
stomach cancer H{¥100,000) in the province of Cddiz,
southern Spain. The subjects were randomly selected,
163 men and 169 women, 18 years or older; 179 persons
were studied in the inland, and 154 in the littoral in
January 1997. Of the 332 subjects investigated, 43%
were positive, a mean antibody titer of 337 TU/1 (95%

Cl: 254420}, and 56% were negative, with a mean -
ter of 18 LU/ (95% C1: 15-19). In the coastal popula-
tion, 30% has positive tilers and 54% in the mountain
location. By age: 1840 years, 30% ol littoral and 41%
of inland population had positive titers; 41-60 years,
35% of those living in the littoral and 58% of inland
population had positive fiters; > 60 years, 24% of
coastal inhabitants and 62% of those living in the in-
land had positive titers. Living in mountain locations
in the province of Cadiz involves a greater ceological
risk for H. pylori infection (p < 0.05).
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Mortality due to stomach cancer in Spanish men and
women has decreased steadily since 1963 [1]. How-
ever, the decline has been uneven in different areas,
and pockects of high mortality remain in mountainous
areas. In comparison with coastal areas of the Tberian
Peninsula, mortality 1s much higher in the interior, es-
pecially in provinees with a mean altitude greater than
600 m above sea level [1].

In the province ol Cadiz, overall standardized mor-
tality rates arc 27/100,000 for men aud 10/100,000 [or
women. In the town of Barbatc, located on the Atlan-
tic coast, the standardized mortality rate for stomach
cancer is 10/100.000. In the towns of Grazalema and
Ubrique, localed in a mountainous area 65 km inland
[1,2], standardized mortality rates for stomach cancer
are 20/100,004 [3]. The province of Cddiz is therefore
an cxcellent model for research on the impact of Hel-
icobacter pylori inlection on geographical differences
mmortality. I'he relationship between H. pyloriintec-
tion and stomach cancer {4-7] has been cxplained on
the basis of the theory of gastric carcinogenesis pro-
posed by Correa {8, 9].

For epidemiological purposes, inlection by H. pylo-
ri can be studied indirectly by determining the titer of

1gG antibodies. This assay is technically straightfor-
ward and shows good reproducibility [10, 11].

We investigated the rclationship between dilfer-
ences in rates of /. pylori infection in coastal and
mountain populations and mortality due to stomach
cancer.

Materials and methods

In this observational, descriptive, cross-sectional
study wc comparcd H. pylori TgG antibody titers in
inhabitants of Grazalema and Ubrique, two towns lo-
cated in mountainous areas of the province, with tilers
in the inhabitants of Barbate, a coastal town 65 km
away.

Population

‘I'he subjects were healthy men and women aged 18
years or older, residing in Ubrique (300 m above sea
level) or Grazalema (900 m above sea level), with a
total population between them of 20,000, and in the
coastal town ol Barbate, with a total population of
20,000. Mean standardized mortality due to stomach
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cancer in the last 3 years was 20/100,000 in the moun-
tain location and 10/100,000 in the coastal location |3].
All subjects were healthy and asymptomatic at the
time ol the study January 1997, and none had received
prolonged antibiotic or antiacid treatmentl. We ex-
cluded all subjects with known chronic discasc and all
subjects with known addiction to intravenous drugs.

Sample, sumpling method and setting

The samplc was stratified into three groups according
to age: 1840 years, 41-60 ycars, and older than 60
vears, Atleast 50 persons of each sex were included in
cach agc group from both locations. The total sample
consisted of 332 persons: 154 individuals from the
coaslal Jocation (Rarbate) and 179 from the mountain
location (Grazalema and Ubriquc).

Subjects were chosen randomly from among the
three age groups and the populations in the two ge
ographical localions (Table 1). The age groups were
defined on the basis of the distribution of global mor-
tality rates for stomach cancer i1 Spain. Of patients
younger than 40 years, only 1.6% die of stomach can-
cer (low mortalily); 13% die between the ages of 41
and 60 vcars (intermediale mortality), and 83% die
after the age of 60 years (high mortality) [12].

‘The data lor this populational study were obtained
mn the subjects’ place of habitual residence. As the
qualitative variable we used place of rcsidence
{mountain or coastal). All subjects included in the
study were permanent residents of the location in-
volved; cmigration was rarc in all three towns. Be-
causc of its flourishing lcather processing industry, the
general economic level was higher in Ubrigue than in
Grazalema (meat processing industry) or Barbatc
(seasonal tuna fishing).

As the quantitative variable we used serum titer of
11 pylori Ig(y antibodics, measured by enzyme-linked
immunosorbent assay with the Riolah Malakit assay
{Biolab, S.A ., Wavre, Belgium). The assay is based on
the peroxidasc-ABTS technique; the resulting green
color was measured with a Labinstrument SLT—400
photomcter (Salzburg, Austria) at 405 nm. This tech-
nigue was found to provide meaningful results in de-
terminations of H. pylori infcction [13].

Statistical analysis

Descriptive analyses [or all variables and inferential
analyses for lgG serum titers, age group, sex, location
were calculated with the Systat software package [14].
Conlidence intervals (CI) were calculated according
to the method of Gardner and Altman [15], and cut-
off points were determined according to the recom-
mendations of Strike [16].

Kesults

Overall results

Of the 332 subjects in the final sample, 43% (144/332)
had positive titers of /1, pylori TgG antibodics, and
56% (188/332) had negative titers. In positive cascs
the mean antibody titer was 337 TU/ (95% CI: 254
420}, in negative cases the mean titer was 18 TU/ (95%
CI: 15-19). The cut-off point of positive/nepative val-
ues was 51 1, with a sensitivity of 84 % and a specifici-
Ly of 99%.

Sex differences

We found ne statistically significant differences be-
tween men and women in overall terms, nor were
there differences between the sexes from the two lo-
calions or the three age groups (p > 0.05).

Age differences including both sexes

Positive titers were found in 36% (29/140) of the sub-
jects aged 18-40 vears, 47 % (51/107) of those aged 41—
60 years, and 46% (54/117) of those aged more than 60
ycars. There were no significant differcnces of serum
positive cases between age groups; 41-60 and more
than 60 years with respect to the total sample (p >
0.03); but there were significant differences between
the age group of 18-4) years with respect to the total
sample and with the other age groups (p < 0.05). We
found no correlation between serum IgG antibody ti-
ter and age (pr >0.05). Mean serum titers did not differ
significantly between the three age groups, although
they did increase with age (1841 vears 114 IU/L, 41-60
yeurs 157 [U/L, more than 60 years 195 1U/M).

Geographical differences
In the coastal location 30% of the inhabitants (46/153)
has positive titers, in comparison with 34% (98/179) in
the mountain locatian (p < (1L.05). Mean scrum anti-
body titer was 228 1U/ (95% CI: 96-339) in the former
and 389 [UA (95% CI: 185-495) in the latter.
Positive titers were found in 28% of the men (22/77)
in the coastal location and in 50% of the men {43/86)
in the mountain location (p < 0.01). Serum antibody
titers were positive in 31% (24/76) of the women in the

Table 1. Distribution of sexes and age groups in samples
from coastal and mountain locations in southern Spain in

February, 1997

Localion Male/ 1840 years 41-50 years = 60 years

Female
Coastal 771153 52 31 50
Mountain 86/179 56 30 67

Total 163/169 108 107 117




coastal location and in 59% of the women (35/93} in
the mountain location; this difference was also highly
significant (p < 0.001).

The findings in different age groups differed clearly
between inhabitants of the coastal and mountain [oca-
tions (Table 2). Of the subjects aged 18-40 years, 30%
(16/52) of those living in the coastal location and 41%
(23/56) of thosc in the mountain location had positive
titers (p < (1L.03, Mann-Whitneyv test). Of those aged
41-60 vears, 35% (18/51) of those living in the coastal
location and 9% (33/56) of those in the mountain lo-
cation had positive titers (p > 0.05, not significant).
The difference was greatest in those aged more than
60 vears: positive results were found in 24% (12/50) of
those living in the coastal location and 629% (42/67) of
those in the mountain location (p < 0.01).

Discussion

Scrum titers of anti-H. pyfori antibodics were highest
in subjects older than 40 years residing in the moun-
tain location. This group had the highest risk for stom-
ach cancer, and hiad more frequent and more intense
H. pyloriinfcctions, than inhabitants of the coastal lo-
cation. The greatest dilference in prevalence of H. py-
fori infection between coastal and mountain locations
was [ound [(or subjects aged 41-60 years old.

A greater prevalence of 1L pylord infection in the
mountain than i the coastal location was reported in
a Peruvian study by Cayetano [17]; in this casc the au-
thor attributed the difference not to ecological fac-
tors, but to hygiene and health practices. Socioce-
onomic factors, especially overcrowded conditions
during childhood. were also ¢ited by Malaty and Gra-
ham [18]. The dillferences between coastal and moun-
tain locations in southern Spain cannot be attributed
to the potablc water supply or the availability of re-

Table 2. Number and percentage of subjects from different
age groups from coastal and mountain locations with posi-
tive serum Helicobacter pylori 1gG antibody titers

Confidence

Location and age N Percent Mean interval p-value

Coastal

18-40 vears 16 307 2943 06-382 <0.05
41-60 years 18 122 2440  24-463 > 005
> 60 years 12240 116.1  80-151 < 0.01
Mountain

18-40 years 23 410 2834 108-460

41-60 years 33 o8y 342 116578

> 60 years 42 62.6 480.0 352-608
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frigerators in the home, as reported by Bocing [19], as
baoth locations have an excellent public water supply,
and morc homes in the mountain location than in the
coastal location have refrigerators (personal observa-
tion).

The two locations studied here are relatively near
each other (65 km), and the socioeconomic level at the
time of the study was slightly higher in the mountain
(Grazalema and Ubrique) than in the coastal location
{Barbate). Our finding of a higher rate of infection in
the location that enjoved the higher socioeconomic
level contrasts with the higher prevalences reported
for economically depressed areas [20].

Our findings for the different age groups showed
differences between the two locations: the prevalence
of H. pylori infection was similar in all three age
groups in the coastal location, but increased signifi-
cantly with uge in the mountain location. Several stud-
ies have reported an increase in the prevalence of in-
fection with age m developed countrics [4, 21-24], as
wc found once again for inhabitants of the mountain-
ous location. No such increase, however, was detected
in the coastal location, where the overall prevalence
was lower. This [inding supports the hypothesis that
infection in persons more than 40 years old is an eti-
ological factor related with the increasced gastric carci-
nogenesis in persons of this age group living in inland
locations.

Because of the cross-sectional nalure of this study
we cannot say whether the higher prevalence of in-
fection in persons older than 60 years represents in-
lections acquired at this age or the persisience of
childhood inlection. The latter possibility is support-
ed by the findings of Mendal et al. [22], who reported
that /1. pvloriinfection is closely associated with child-
hood living conditions. In both of the lacations we
studied, the sociocconomic conditions during the sub-

jects’” childhood were much lower than at the time of

the study. However, if the higher prevalence of H. py-
loriinfection among persons older than 60 yearsin the
mountain location represented the persistence of in-
fections acquired during childhood, this would not ac-
count for the abscnce of age-related differences in
prevalence in the coastal location, where previous so-
cioeconomic conditions were similar to those in the
mountain location. The difference between the two
locations thus appears to be related with ecological
factors that influence the prevalence of infection. The
microaerophilic nature of H. pylori may allow this mi-
croorgantsm to survive better at higher altitudes than
at sca level [17].

Wc have no information on possible differences in
nutritional patterns at the two locations 20 wo 40 years
ago, which probably had a greater intfluence on preva-
lences than current dietary habits. However, we can
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assume that salted and air-cured whole ham, a tradi-
tional product of mountain regions throughout much
ol southern Spain, was widely consumed in the pastin
Grazalema and Ubrique, whereas fish and seafood,
particularly tuna, were more often consumed in the
coastal locavion of Barbate. Higher mortality rates
from gastric cancer in Spain [1] overlap the map of
ham-producing arcas, and wc cannot rule out that
high levels of anti-I, pylori IgG in pork and ham
might have influenced our serological findings [25,
26].
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