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Abstract

Background: Understanding the determinants of Helicobacter pylori infection

in adults is essential to predict the burden of H. pylori-related diseases. We

aimed to estimate the prevalence and incidence of H. pylori infection and to

identify its major sociodemographic correlates in an urban population from

the North of Portugal.

Material and Methods: A representative sample of noninstitutionalized

adult inhabitants of Porto (n = 2067) was evaluated by ELISA (IgG) and a

subsample (n = 412) was tested by Western Blot to assess infection with

CagA-positive strains. Modified Poisson and Poisson regression models were

used to estimate crude and sex-, age-, and education-adjusted prevalence

ratios (PR) and incidence rate ratios (RR), respectively.

Results: The prevalence of H. pylori infection was 84.2% [95% confidence

interval (95%CI): 82.4–86.1]. It increased across age-groups in the more

educated subjects, (18–30 years: 72.6%; ≥71 years: 88.1%; p for trend

<0.001) and decreased with education in the younger (≤4 schooling years:

100.0%; ≥10 schooling years: 72.6%; p for trend <0.001). Living in a more

deprived neighborhood was associated with a higher prevalence of infection,

only in the younger (PR = 1.20, 95%CI: 1.03–1.38) and more educated par-

ticipants (PR = 1.15, 95%CI: 1.03–1.29). Among the infected, the proportion

with CagA-positive strains was 61.7% (95%CI: 56.6–66.9). The incidence

rate was 3.6/100 person-years (median follow-up: 3 years; 95%CI: 2.1–6.2),

lower among the more educated (≥10 vs ≤9: RR = 0.25, 95%CI: 0.06–0.96).

The seroreversion rate was 1.0/100 person-years (95%CI: 0.6–1.7).

Conclusions: The prevalence of infection among adults is still very high in

Portugal, suggesting that stomach cancer rates will remain high over the

next few decades.

Helicobacter pylori infection is strongly associated with

the occurrence of gastric cancer [1], and individuals

who are infected with CagA-positive strains are at an

even higher risk than those harboring strains without

this virulence marker [2].

The frequency of the infection varies appreciably

with age and across geographical areas [3]. It is

acquired mainly in childhood, though infection may

also occur in adult life [4] and is observed more often

among subjects with lower socioeconomic status [5].

Over the last few decades, the prevalence of infection

in adult populations declined to below 50% in the

more affluent European countries [3], contributing to

the steep decline in gastric cancer incidence and mor-

tality [6]. Nevertheless, approximately half the world

adult population is infected [7], and about 660,000 of
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all cancers diagnosed in 2008 worldwide were attribut-

able to H. pylori infection, corresponding to approxi-

mately one third of the 2 million cancer cases due to

infections [8].

In Portugal, despite a steady decline in mortality

over the last four decades [6,9], gastric cancer rates

[10] are among the highest in Europe, especially in the

North of the country [11], where this study was con-

ducted. The prevalence of H. pylori infection in the Por-

tuguese adult population was approximately 90% in

the early 1990s [12]; to our knowledge, no surveys of

the adult general population were conducted since

then, and the available data on the frequency of infec-

tion with the more virulent strains is scarce [13,14].

We aimed to estimate the prevalence and the inci-

dence of H. pylori infection and the proportion of sub-

jects infected with CagA-positive strains, and to identify

the major sociodemographic correlates of infection in

an urban population from the North of Portugal.

Materials and Methods

Noninstitutionalized adult dwellers in the city of Porto

were recruited between January 1999 and December

2003 and re-evaluated between May 2005 and Septem-

ber 2008, as part of the EPIPorto cohort. A detailed

description of the general selection procedures and par-

ticipants’ characteristics has been published elsewhere

[15,16]. In brief, participants were recruited by random

digit dialing using households as the sampling frame,

followed by simple random sampling to select one eligi-

ble person among permanent residents in each house-

hold, without allowing replacement of refusals. The

participants underwent a questionnaire evaluation,

physical examination, and blood collection at the

Department of Clinical Epidemiology, Predictive Medi-

cine and Public Health of the University of Porto Medi-

cal School, Porto, Portugal.

A flowchart describing the participants considered

for the different components of the present study is

presented in Fig. 1.

The EPIPorto cohort included 2485 participants aged

above 18, corresponding to a participation proportion

of 70% [16]. A venous blood sample was available for

2067 subjects (83.2%). Participants from whom a blood

sample was not available were older (median age: 58 vs

55 years, p < .001) and less educated (median number

of education years: 6 vs 8 years, p < .001). The groups

were similar regarding sex distribution (males: 39.5%

vs 37.8%, p = .529).

To assess the incidence of infection during follow-

up, a venous blood sample was collected from 114 par-

ticipants (40.6% of those without evidence of infection

at the baseline evaluation; median follow-up: 3 years).

Participants that tested negative for infection at baseline

and from whom a blood sample was not available at

follow-up were significantly older (median age: 54 vs

41 years, p < .001) and less educated (median number

of education years: 11 vs 12 years, p = .031). The sex

distribution was not significantly different between

these two groups (males: 31.7% vs 36.8%, p = .374).

To quantify the seroreversion rate, a random repre-

sentative sample, stratified according to sex, age, and

education, of individuals classified as infected at base-

line and re-evaluated at follow-up (n = 261, median

follow-up: 5 years) was obtained.

Serum samples were kept frozen at �20 °C until

analysis. Assessment of anti-Helicobacter pylori IgG titers

on serum was performed by ELISA (anti-Helicobacter

pylori ELISA (IgG), Euroimmun, Lubeck, Germany;

sensitivity: 100%, specificity: 94% [17]). The partici-

pants’ infection status was classified as negative if the

antibody concentration was lower than 16 RU/ml, bor-

derline if the antibody concentration was equal or

higher than 16 RU/mL and lower than 22 RU/mL, and

positive if the antibody concentration was 22 RU/mL or

higher. For the present analysis, subjects having border-

line results were considered infected.

To quantify the prevalence of infection with

CagA-positive strains at baseline, a subsample of 412

participants classified as infected according to the anti-

Helicobacter pylori IgG titers, randomly selected to be

representative of the infected individuals at the baseline

regarding sex, age, and education, was further tested by

Western Blot (Helico Blot 2.1; Genelabs Diagnostics�,

Singapore, Singapore). CagA seropositivity was evalu-

ated following the criteria recommended by the manu-

facturer: presence of the 116 kD band (CagA) with one

or more of the following bands: 89 kD (VacA), 37 kD,

35 kD, 30 kD (UreA), and 19.5 kD together.

Education was recorded as completed years of

schooling. Occupations were classified by major profes-

sional groups, according to the National Classification

of Occupations – version 1994 (NCO-94) [18] and

grouped in three categories: upper white-collar, lower

white-collar, and blue-collar. The upper white-collar

category comprised individuals classified in the upper

three major groups of the NCO-94: executive civil ser-

vants, industrial directors and executives; professionals

and scientists; and middle management and techni-

cians. The lower white-collar category comprised indi-

viduals classified in the fourth and fifth major groups of

the NCO-94: administrative and related workers and

service and sales workers. The blue-collar category

comprised individuals classified in the sixth to ninth

major groups of the NCO-94. These major groups
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included farmers and skilled agricultural, fisheries

workers, skilled workers, craftsmen and similar,

machine operators and assembly workers, and unskilled

workers. Retired participants were classified considering

their previous main occupation. Similarly, housewives

and currently unemployed subjects reporting a previous

occupation were included in the analysis using this

information [19]. Housewives and unemployed at the

time of data collection who did not report a previous

occupation were included in an additional category,

named ‘Other’.

To assess the neighborhood’s socioeconomic class

statistical census tracts defined by the National Census

2001, broadly equivalent to a city block in an urban

setting, were used as a proxy of neighborhoods [20].

Self-reported addresses were used to georeference indi-

viduals to a specific neighborhood. The socioeconomic

characterization of neighborhoods was based on aggre-

gated data from the National Census 2001, available at

the statistical subsection level. Based on statistical crite-

ria and consensus between investigators, 11 variables

related to buildings, households, families, and individu-

als were selected in order to characterize three distinct

socioeconomic dimensions of the neighborhood: age,

education/occupation, and housing characteristics.

Latent class analysis models were used to uncover

socioeconomically heterogeneous and discrete groups of

neighborhoods [21]. The final model identified three

socioeconomic classes. Whereas class 1 neighborhoods

had the better socioeconomic position, classes 2 and 3

had increasingly worse socioeconomic profiles. Further

details on these methods may be provided by the

authors on request.

Height was measured to the nearest centimeter in

the standing position using a wall stadiometer. For

analysis, the participants’ height was categorized

according to the sex-specific tertiles of its distribution.

Information on refrigerator ownership was collected

by asking the subjects if they had refrigerator at home

and for how many years. For analysis, the participants

Figure 1 Flowchart describing the participants included in the analyses. *The participants’ infection status was classified as negative if the anti-

body concentration was lower than 16 RU/mL, borderline if the antibody concentration was equal or higher than 16 RU/mL and lower than 22 RU/

mL, and positive if the antibody concentration was 22 RU/mL or higher. For analysis, subjects having borderline results were considered infected.
†CagA seropositivity was evaluated following the criteria recommended by the manufacturer: presence of the 116 kD band (CagA) with one or

more of the following bands: 89 kD (VacA), 37 kD, 35 kD, 30 kD (UreA), and 19.5 kD together.
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were classified as having a refrigerator during all, or

only part of their lives.

Proportions were compared using the v2 test or Fish-

er’s exact test, when appropriate. Trends across ordered

groups were analyzed using the v2 test for trends.

The modified Poisson regression [22], with a robust

estimator of the standard error, and Poisson regression

were used to estimate sex-, age-, and education-

adjusted prevalence ratios (PR) and incidence rate ratios

(RR), respectively, with the corresponding 95% confi-

dence intervals (CI). To compute the incidence rate and

the RR estimates, the time at risk was defined as the

difference between the date of the second evaluation

and the date of the first evaluation when participants

were not infected at follow-up or half of this difference

for participants infected during the follow-up. To esti-

mate the seroreversion rate, the time at risk was

defined as the whole follow-up if the participants

remained infected or half this time for those that

seroreverted.

All analyses were conducted using STATA�, version

9.2, (StataCorp LP, TX, USA), considering sampling

weights to account for differences between our sample

and the known age and sex structure of the population

of Porto [23].

Results

Prevalence of H. pylori Infection

At baseline, the prevalence of H. pylori infection was

84.2% (95%CI: 82.4–86.1%). It increased with age in

the subjects with ≥10 schooling years (from 72.6% in

the age-group 18–30 years to 88.1% in those aged

≥71 years, p for trend <0.001), whereas a decline was

observed among those with ≤4 schooling years (from

100.0% in the age-group 18–30 years to 90.2% in the

participants aged ≥71 years, p for trend <0.001). The

prevalence was lower in the more educated subjects,

though the differences across the levels of education

decreased with age, from nearly 30% in the younger to

less than 5% in the older (Fig. 2).

As shown in Table 1, the association between most

of the participants’ sociodemographic characteristics

and H. pylori infection differed significantly across age

and education groups. Among individuals aged 18–

40 years, the more educated (≥10 vs ≤4 schooling years:

adjusted PR = 0.74, 95%CI: 0.66–0.83) and those hav-

ing refrigerator all their lives (adjusted PR = 0.78, 95%

CI: 0.67–0.91) were less likely to be infected, while

those living in more deprived neighborhoods were

more likely to be infected (most versus least deprived:

adjusted PR = 1.20, 95%CI: 1.03–1.38). In subjects aged

41–60 years, the more educated ones were also signifi-

cantly less likely to be infected (≥10 vs ≤4 schooling

years: adjusted PR = 0.86, 95%CI: 0.82–0.91) and those

living in more deprived neighborhoods were more fre-

quently infected (most versus least deprived: adjusted

PR = 1.14, 95%CI: 1.07–1.22). In the group of partici-

pants aged above 60 years, infection was more frequent

in males (adjusted PR = 1.06, 95%CI: 1.01–1.11).

Among more educated subjects, the prevalence of

infection increased with age (61–92 vs 18–40 years:

adjusted PR = 1.21, 95%CI: 1.10–1.33); the participants

living in more deprived neighborhoods (most versus

least deprived: adjusted PR = 1.15, 95%CI: 1.03–1.29)

Figure 2 Prevalence of Helicobacter pylori

infection according to age and education. P

refers to the comparisons of the prevalence

of H. pylori infection between different levels

of education, within each age-group. P for

trend refers to the pattern of the prevalence

of H. pylori infection across age-groups, in

each education strata.
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or having blue-collar occupations (blue-collar versus

upper white-collar: PR = 1.18, 95%CI: 1.02–1.37) were

also more likely to be infected.

Among the participants with ≤4 years of schooling,

those having refrigerator all their lifetime were more

likely to be infected (adjusted PR = 1.09, 95%CI: 1.04–

1.16), while an inverse association was observed in

those with 5–9 years of schooling (adjusted PR = 0.89,

95%CI: 0.81–0.97). No association was found between

height and H. pylori infection across strata of age or

education.

Prevalence of Infection with CagA-Positive

Strains, Among the H. pylori-Infected

In the subsample of infected subjects that were evalu-

ated by Western Blot, the prevalence of infection with

CagA-positive strains was 61.7% (95%CI: 56.6–66.9%).

The more educated were less likely to be infected with

these high-virulence strains (≥10 vs ≤9 schooling years:

adjusted PR = 0.81, 95%CI: 0.67–0.99) (Table 2).

Incidence of H. pylori Infection and Seroreversion

A total of 17 of 114 H. pylori negative subjects serocon-

verted over the follow-up period and the incidence rate

was 3.6/100 person-years (95%CI: 2.1–6.2). The more

educated participants had a lower risk of infection (≥10
vs ≤9 schooling years: adjusted RR = 0.25, 95%CI:

0.06–0.96) (Table 3).

The seroreversion rate was 1.0/100 person-years

(95%CI: 0.6–1.7).

Discussion

Our study shows a high prevalence of H. pylori infec-

tion in urban Portuguese adults evaluated between

1999 and 2003. Living in a more deprived neighbor-

hood was associated with a higher risk of infection, par-

ticularly among younger and more educated

participants.

In the last half century, Portugal went through sev-

eral important economical and societal changes. After

the Second World War, the country evolved from a

rural to a service economy, and in the 1970s, the politi-

cal system changed from a dictatorial regime to a

democracy. These transitions resulted in an improve-

ment of the living standards, although unequally across

the different socioeconomic groups [24]. The pace of

these historical changes contributes to understanding

the currently high prevalence of infection and the dis-

tinct patterns depicted by our results. The comparison

of the prevalence of H. pylori across different age-groups

suggests that its acquisition has been decreasing in the

most recent cohorts, in accordance with observations

from other high-income countries where prevalence of

infection is low (e.g., United Kingdom, the Netherlands,

Finland), intermediate (e.g., Greece), or high (e.g.,

Japan) [4], although in our study, this pattern only

applies to the more educated subjects. This likely

reflects general improvements in hygiene practices over

time [25], and is also in accordance with the higher

prevalence observed in the participants living in more

Table 2 Association between sociodemographic characteristics and

infection with Helicobacter pylori CagA-positive strains, among

H. pylori-infected subjectsa

Infection with CagA-positive strains

% PR (95% CI) PR (95% CI)b

Sex

Female 61.4 1.00 [ref.] 1.00 [ref.]c

Male 62.0 1.01 (0.85–1.19) 1.01 (0.84–1.18)

Age (years)

18–40 55.5 1.00 [ref.] 1.00 [ref.]d

41–92 65.0 1.17 (0.94–1.45) 1.06 (0.84–1.34)

Education (years)

≤9 67.6 1.00 [ref.] 1.00 [ref.]e

≥10 53.6 0.79 (0.66–0.96) 0.81 (0.67–0.99)

Occupation

Upper white-collar 61.0 1.00 [ref.] 1.00 [ref.]

Lower white-collar 64.2 1.05 (0.83–1.33) 0.99 (0.71–1.20)

Blue-collar 65.3 1.07 (0.88–1.30) 0.89 (0.69–1.14)

Other 48.2 0.79 (0.55–1.14) 0.75 (0.51–1.09)

Neighborhoodf

1 (the least deprived) 54.5 1.00 [ref.] 1.00 [ref.]g

2 64.5 1.18 (0.94–1.48) 1.18 (0.94–1.49)

3 (the most deprived) 65.6 1.20 (0.92–1.56) 1.20 (0.93–1.56)

Heighth

1st third 61.4 1.00 [ref.] 1.00 [ref.]

2nd third 60.3 0.98 (0.80–1.20) 1.04 (0.86–1.27)

3rd third 63.4 1.03 (0.84–1.26) 1.18 (0.95–1.47)

Refrigerator availabilityi

Not during all their lives 69.0 1.00 [ref.] 1.00 [ref.]

During all their lives 54.5 0.79 (0.62–1.01) 0.81 (0.62–1.06)

aCagA seropositivity was evaluated following the criteria recom-

mended by the manufacturer: presence of the 116 kD band (CagA)

with one or more of the following bands: 89 kD (VacA); 37 kD; 35 kD;

30 kD (UreA), and 19.5 kD together.
bAdjusted for sex, age, and education, except if otherwise specified.
cOnly adjusted for age and education.
dOnly adjusted for sex and education.
eOnly adjusted for sex and age.
fn = 377 due to missing data.
gOnly adjusted for sex.
h1st third: <153.1 cm, 2nd third: 153.1–158.3 cm, 3rd third:

>158.3 cm for females; 1st third: <166.1 cm, 2nd third: 166.1–

172.0 cm, 3rd third: >172.0 cm for males.
in = 215 due to missing data.
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deprived neighborhoods only among the younger and

the more educated. On the other hand, among the par-

ticipants with a lower education level, the age-specific

prevalence resembles more closely those observed in

low-and-middle-income countries characterized by high

prevalence since young adulthood and possibly lower

prevalence among the older subjects due to the high

proportion of subjects with chronic atrophic gastritis

[26] and intestinal metaplasia [27], and consequent

spontaneous disappearance of the infection.

At a population level, height may be used as an

indicator of growth, nutrition, and social environment

in early life and can also measure socioeconomic status

during childhood [28]. In our investigation, H. pylori

infection was not associated with height, in accordance

with previous observations of non significant indepen-

dent association between adult height and H. pylori

infection [29]. However, conflicting findings have been

published on this topic. A study from Leeds, UK, found

an association between adult height and H. pylori infec-

tion, but only among women [30], and the authors did

not discard the hypothesis of residual confounding. A

more recent study found a modest increase in the risk

of H. pylori infection with height (OR per meter: 0.05;

95% CI: 0.01–0.24) [31].

The availability of a refrigerator reflects both the liv-

ing conditions in childhood and socioeconomic status.

Refrigerators became available in most Portuguese

Table 3 Association between sociodemographic characteristics and incidence of Helicobacter pylori infectiona

N Person-years

Incidence of Helicobacter pylori infection

n RR (95% CI) RR (95% CI)b

Sex

Female 72 237 10 1.00 [ref.] 1.00 [ref.]c

Male 42 162 7 1.00 (0.35–2.85) 0.79 (0.29–2.18)

Age (years)

18–40 56 183 5 1.00 [ref.] 1.00 [ref.]d

41–92 58 216 12 2.28 (0.78–6.65) 1.33 (0.34–5.21)

Education (years)

≤9 39 139 11 1.00 [ref.] 1.00 [ref.]e

≥10 75 260 6 0.23 (0.08–0.66) 0.25 (0.06–0.96)

Occupation

Upper white-collar 53 177 5 1.00 [ref.] 1.00 [ref.]

Lower white-collar 32 118 8 3.01 (0.91–9.95) 1.87 (0.54–6.60)

Blue-collar 16 58 4 2.71 (0.68–10.75) 1.20 (0.16–8.82)

Other 13 46 0 – –

Neighborhoodf

1 (the least deprived) 38 141 4 1.00 [ref.] 1.00 [ref.]g

2 53 171 10 1.90 (0.56–6.47) 1.91 (0.56–6.47)

3 (the most deprived) 14 53 2 2.18 (0.36–13.11) 2.22 (0.41–12.0)

Heighth,i

1st third 31 119 8 1.00 [ref.] 1.00 [ref.]

2nd third 30 118 2 0.21 (0.04–1.01) 0.34 (0.06–1.93)

3rd third 50 148 7 0.84 (0.30–2.39) 2.19 (0.62–7.76)

Refrigerator availabilityj

Not during all their lives 15 36 0 1.00 [ref.] 1.00 [ref.]

During all their lives 43 105 3 – –

aFor analysis, subjects having borderline results were considered infected.
bAdjusted for sex, age, and education, except if otherwise specified.
cOnly adjusted for age and education.
dOnly adjusted for sex and education.
eOnly adjusted for sex and age.
fn = 105 due to missing data.
gOnly adjusted for sex.
h1st third: <153.1 cm, 2nd third: 153.1–158.3 cm, 3rd third: >158.3 cm for females; 1st third: <166.1 cm, 2nd third: 166.1–172.0 cm, 3rd third:

>172.0 cm for males.
in = 111 due to missing data.
jn = 58 due to missing data.
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families between the late 1970s and the early 1980s

[32], and its ownership was initially restricted to the

higher socioeconomic classes. This exposure is therefore

a surrogate for socioeconomic status, but also for the

less frequent consumption of salted foods. However,

the results were not consistent across the different

strata analyzed and are not easily interpretable.

A meta-analysis published in 2006 showed a higher

prevalence of H. pylori among men than women

(OR = 1.16, 95%CI: 1.11–1.22) [33]. Because there is

no evidence of sex differences in the acquisition of the

infection at young ages, this may be explained by a

greater loss of infection among females, possibly due to

a greater female exposure to antibiotic treatments

throughout life [33,34]. This hypothesis is compatible

with our observation of a slightly higher prevalence of

infection in men only among the elderly.

CagA seropositivity has been associated with a sub-

stantially increased risk of gastric cancer [2], and

CagA-positive strains have been reported to account

for 60% to 80% of the infections in Portugal and in

other European countries [13,35]. In a recent study

from the US, subjects living in neighborhoods with

higher house values, and where proportionately more

adults had a high school education, and those who

were employed had lower odds of being seropositive

for CagA-positive strains than those living in neighbor-

hoods with lower levels of these socioeconomic status

measures [36]. Despite the overall high prevalence of

infection observed in our study, we also showed a

tendency for more educated participants and those liv-

ing in less deprived neighborhoods to have a lower

prevalence of infection with the more virulent strains.

This may reflect a lower frequency of multiple infec-

tions among subjects with a higher socioeconomic sta-

tus [37].

A recent systematic review [38] showed annual inci-

dence rates of H. pylori infection among adults below

1.0% in 17 of 32 studies and between 1.0% and 3.0%

in most of the remaining. However, measurement error

could account for the apparent cumulative incidence

estimates observed in these studies, even in the absence

of any true new infections. When applying the most

stringent criteria used in the previous report to define

incident cases of infection (excluding the participants

with borderline results at baseline and considering that

a new infection occurred only if there was an increase

of at least 4-fold in the antibody concentrations from

baseline to follow-up), the incidence rate in our study

is 2.0/100 person-years (95%CI: 1.1–4.5). Our conclu-

sion of a high incidence of infection in this adult popu-

lation is strengthened by the observation of a high rate

even when the specificity of the test used to assess the

infection status was further improved, and by the

significantly lower incidence rate among the more

educated participants. Furthermore, the infection at the

second evaluation was assessed for only 41% of indi-

viduals not infected at baseline, and those not evalu-

ated tended to be older and less educated, contributing

to underestimate the incidence.

In our study, the seroreversion rate was similar to

the observed in other developed countries (e.g., Japan,

0.7/100 person-years [39], Denmark, 0.8/100 person-

years [40]). Although we considered participants with

borderline results as positive for infection, sensitivity

analyses excluding individuals with borderline IgG titers

or considering borderline results as negative yielded no

meaningful differences (data not shown). We also com-

pared antibody concentration of individuals that serore-

verted in successive evaluations. Two of these 14

participants had a borderline result in the first evalua-

tion, and the other 12 had IgG titers much higher than

the cutoff for positivity (median antibody concentra-

tion: 76.5 RU/mL), and none of these individuals pre-

sented a borderline result at the second evaluation

(median antibody concentration: 12.1 RU/mL). There-

fore, these results are more likely to reflect a previous

infection that was resolved than misclassification. The

small number of participants in which seroreversion

was observed does not allow the assessment of its

determinants.

Although this is the first investigation assessing the

prevalence and incidence of H. pylori infection in the

general population of Porto, the comparison of our

results with estimates published in 1994 for the overall

Portuguese population (approximately 84% in individu-

als aged above 19 years) [12] suggests that the preva-

lence did not change meaningfully in the last decade.

Furthermore, our study is likely to underestimate the

true prevalence, especially among the young subjects,

because the participants evaluated for infection status

tended to be more educated than the remaining. Our

estimates are among the highest in the world [7], close

to those observed in some Eastern European and South

American countries (e.g., 82.0% in Brazil in 2010 [41];

88.0% in Russia in 1996 [3]; 86.0% in a Cape Verdean

immigrants in the Netherlands in 2004 and 2005 [42]).

This is in accordance with the high gastric cancer inci-

dence and mortality rates in Portugal, especially in the

North [9,11], and with the fact that the decline in mor-

tality only started in the mid-1970s, later than in most

developed countries [43].

The recognition of a still high burden of H. pylori

infection in this setting should serve as a mandate for

considering the implementation of evidence-based mea-

sures for its prevention and control at a population
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level. The infection with H. pylori is the most important

risk factor for gastric cancer [44] and, according to the

recent recommendations from the Maastricht IV/Flor-

ence Consensus Report, a screen-and-treat strategy

must be explored in areas with a high burden of gastric

cancer [45]. However, eradication may only benefit

individuals at the early stages of gastric carcinogenesis

[46–48], and therefore, risk stratification of patients

with premalignant gastric conditions is likely to be nec-

essary [45]. Moreover, resistance to antibiotics used to

eradicate H. pylori infection is an important problem in

some countries [49,50], and this needs to be taken into

account when estimating the impact of a population-

based approach to prevent gastric cancer through the

control of this major risk factor.

The Maastricht IV/Florence Consensus Report [45]

also postulated that eradication of H. pylori infection is

a cost-effective measure for gastric cancer prevention in

high-risk settings. This is supported by a recent study

according to which a preventive strategy aiming to

eliminate gastric cancer in Japan, by the simultaneous

measurement of pepsinogen and H. pylori antibody

combined with eradication of H. pylori in all individuals

at risk and active surveillance of high-risk subjects

(with atrophic gastritis), may reduce the incidence of

gastric cancer by more than 80% within 10 years [51];

although in a first phase, this approach is expected to

increase national healthcare expenditure, great savings

may be achieved by reducing the cost of treating gastric

cancer [51]. A recent systematic review of cost-effec-

tiveness studies addressing screening for gastric cancer

and/or surveillance of precancerous conditions and

lesions concluded that H. pylori serology population

screening with treatment of positive cases is cost-effec-

tive [52].

In conclusion, our results show that the prevalence

of H. pylori infection in Portugal remains in the upper

bound of those observed across European countries.

Stomach cancer incidence and mortality rates are likely

to remain among the highest in Europe during the next

decades, particularly in less educated individuals.

Therefore, population-based approaches to control

H. pylori infection in the Portuguese setting, as a means

of preventing gastric cancer, and reducing costs to the

health service and society in general, should be consid-

ered and, whenever possible, implemented by the

health authorities.

Acknowledgments and Disclosers

Grants from ‘Fundac�~ao para a Ciência e a Tecnologia’ (PTDC/

SAU-ESA/71517/2006, POCI/SAU-ESP/56126/2004, SFRH/BD/

3293/2000; POCTI/ESP/35769/99; PRAXIS/2/2.1/SAU/1332/

1995) are gratefully acknowledged. The work of CLV was sup-

ported by the ‘Associazione Italiana per la Ricerca sul Cancro’

(AIRC, grant N.º 10068).
Competing interest: There are no conflicts of interest to dis-

close.

References

1 International Agency for Research on Cancer Working Group

on the Evaluation of Carcinogenic Risks to Humans. Schisto-

somes, liver flukes and Helicobacter pylori. In: IARC, ed. IARC

Monographs on the Evaluation of Carcinogenic Risks to

Humans (vol. 61). Lyon: IARC; 1994;177–240.

2 Cavaleiro-Pinto M, Peleteiro B, Lunet N, Barros H. Helicobacter

pylori infection and gastric cardia cancer: systematic review and

meta-analysis. Cancer Causes Control 2011;22:375–87.

3 Lunet N, Barros H. Helicobacter pylori infection and gastric

cancer: facing the enigmas. Int J Cancer 2003;106:953–60.

4 Lunet N, Barros H. Helicobacter pylori infection and gastric

cancer in developing countries: revisiting the “enigmas”. In: Ly

A, Khayat D, eds. About cancer in Africa: From epidemiology

to biomedical applications and perspectives. Paris: INCA,

2006;257–72.

5 Fallone CA. Determinants of ethnic or geographical differences

in infectivity and transmissibility of Helicobacter pylori. Can J

Gastroenterol 1999;13:251–5.

6 Bertuccio P, Chatenoud L, Levi F, Praud D, Ferlay J, Negri E,

Malvezzi M, La Vecchia C. Recent patterns in gastric cancer: a

global overview. Int J Cancer 2009;125:666–73.

7 Parkin DM. The global health burden of infection-associated

cancers in the year 2002. Int J Cancer 2006;118:3030–44.

8 de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, Forman

D, Plummer M. Global burden of cancers attributable to infec-

tions in 2008: a review and synthetic analysis. Lancet Oncol

2012;13:607–15.

9 Lunet N, Pina F, Barros H. Regional trends in Portuguese

gastric cancer mortality (1984–1999). Eur J Cancer Prev

2004;13:271–5.

10 Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer

incidence and mortality in Europe in 2008. Eur J Cancer

2010;46:765–81.

11 Curado MP, Edwards B, Shin HR, Strom M, Ferlay J, Heanue

M, Boyle P, Cancer Incidence in Five Continents, Vol. IX. (vol.

IX). Lyon: IARC Scientific Publications Nº. 160; 2007.
12 Quina MG. Helicobacter pylori: the Portuguese scene. Grupo de

Estudo Portugues do Helicobacter pylori (GEPHP). Eur J Cancer

Prev 1994;3(Suppl 2):65–7.

13 Peleteiro B, Lunet N, Figueiredo C, Carneiro F, David L, Barros

H. Smoking, Helicobacter pylori virulence, and type of intestinal

metaplasia in Portuguese males. Cancer Epidemiol Biomarkers

Prev 2007;16:322–6.

14 Peleteiro B, Lunet N, Barros R, La Vecchia C, Barros H. Factors

contributing to the underestimation of Helicobacter pylori

-associated gastric cancer risk in a high-prevalence population.

Cancer Causes Control 2010;21:1257–64.

15 Gal DL, Santos AC, Barros H. Leisure-time versus full-day

energy expenditure: a cross-sectional study of sedentarism

in a Portuguese urban population. BMC Public Health

2005;5:16.

16 Ramos E, Lopes C, Barros H. Investigating the effect of non

participation using a population-based case-control study on

myocardial infarction. Ann Epidemiol 2004;14:437–41.

© 2013 John Wiley & Sons Ltd, Helicobacter 18: 413–422 421

Bastos et al. H. pylori Infection in Portuguese Adults



17 Euroimmun. EUROIMMUN Medizinische Labordiagnostika.

URL: http://www.euroimmun.ch/uploads/media/EI_2080_D_

UK_A02_IgG.pdf. (accessed: 28 June 2012).

18 Instituto do Emprego e Formac�~ao Profissional (1994). National

Classification of Occupations. URL: http://www.iefp.pt/forma-

cao/CNP/Paginas/CNP.aspx. (accessed: 28 June 2012).

19 Alves L, Azevedo A, Silva S, Barros H. Socioeconomic inequali-

ties in the prevalence of nine established cardiovascular risk

factors in a southern European population. PLoS ONE 2012;7:

e37158.

20 Instituto Nacional de Estat�ıstica. Meta-informac�~ao: subsecc�~ao
estat�ıstica. Lisboa. 1994; URL: http://metaweb.ine.pt/sim/

conceitos/Detalhe.aspx?cnc_cod=1012&Cnc_ini=24-05-1994%

200:00:00. (accessed: 28 June 2012).

21 Weden MM, Bird CE, Escarce JJ, Lurie N. Neighborhood

archetypes for population health research: is there no place like

home? Health Place 2011;17:289–99.

22 Zou G. A modified poisson regression approach to prospective

studies with binary data. Am J Epidemiol 2004;159:702–6.

23 Instituto Nacional de Estat�ıstica. Censos 2001. Lisboa. 2011;

URL: http://censos.ine.pt/xportal/xmain?xpgid=ine_cen-

sos_indicadores&xpid=CENSOS (accessed: 28 May 2012).

24 Barreto A. Social Change in Portugal: 1960–2000. New York:

Columbia University Press, 2003.

25 Brown LM. Helicobacter pylori: epidemiology and routes of

transmission. Epidemiol Rev 2000;22:283–97.

26 Weck MN, Gao L, Brenner H. Helicobacter pylori infection and

chronic atrophic gastritis: associations according to severity of

disease. Epidemiology 2009;20:569–74.

27 Peleteiro B, Bastos J, Barros H, Lunet N. Systematic review of

the prevalence of gastric intestinal metaplasia and its area-level

association with smoking. Gac Sanit 2008;22:236–47;

discussion 46-7.

28 Silventoinen K. Determinants of variation in adult body height.

J Biosoc Sci 2003;35:263–85.

29 The EUROGAST Study Group. Epidemiology of, and risk factors

for, Helicobacter pylori infection among 3194 asymptomatic

subjects in 17 populations. Gut 1993;34:1672–6.

30 Moayyedi P, Forman D, Duffett S, Mason S, Brown J,

Crocombe W, Feltbower R, Axon A. Association between Heli-

cobacter pylori infection and adult height. Eur J Epidemiol

2005;20:455–65.

31 Jackson L, Britton J, Lewis SA, McKeever TM, Atherton J,

Fullerton D, Fogarty AW. A population-based epidemiologic

study of Helicobacter pylori infection and its association with sys-

temic inflammation. Helicobacter 2009;14:108–13.

32 PORDATA [Internet]. Lisbon(Portugal): FFMS Fundac�~ao
Francisco Manuel dos Santos. 2010–. URL: http://www.porda-

ta.pt (accessed: 20 April 2012).

33 de Martel C, Parsonnet J. Helicobacter pylori infection and

gender: a meta-analysis of population-based prevalence

surveys. Dig Dis Sci 2006;51:2292–301.

34 Meyer JM, Silliman NP, Wang W, Siepman NY, Sugg JE,

Morris D, Zhang J, Bhattacharyya H, King EC, Hopkins RJ.

Risk factors for Helicobacter pylori resistance in the United States:

the surveillance of H. pylori antimicrobial resistance partner-

ship (SHARP) study, 1993–1999. Ann Intern Med 2002;136:

13–24.

35 Van Doorn LJ, Figueiredo C, Megraud F, et al. Geographic dis-

tribution of VacA allelic types of Helicobacter pylori. Gastroenterol-

ogy 1999;116:823–30.

36 Epplein M, Cohen SS, Sonderman JS, Zheng W, Williams SM,

Blot WJ, Signorello LB. Neighborhood socio-economic charac-

teristics, African ancestry, and Helicobacter pylori sero-preva-

lence. Cancer Causes Control 2012;23:897–906.

37 Figueiredo C, Van Doorn LJ, Nogueira C, Soares JM, Pinho C,

Figueira P, Quint WG, Carneiro F. Helicobacter pylori genotypes

are associated with clinical outcome in Portuguese patients and

show a high prevalence of infections with multiple strains.

Scand J Gastroenterol 2001;36:128–35.

38 Weck MN, Brenner H. Apparent incidence of Helicobacter pylori

in adulthood: to what extent do new infections reflect mis-

classification? Helicobacter 2011;16:266–75.

39 Kikuchi S, Ohgihara A, Hasegawa A, Miki K, Kaneko E,

Mizukoshi H. Seroconversion and seroreversion of Helicobacter

pylori antibodies over a 9-year period and related factors in

Japanese adults. Helicobacter 2004;9:335–41.

40 Rosenstock S, Jorgensen T, Andersen L, Bonnevie O. Serocon-

version and seroreversion in IgG antibodies to Helicobacter

pylori: a serology based prospective cohort study. J Epidemiol

Community Health 2000;54:444–50.

41 Fialho AM, Braga AB, Braga Neto MB, Carneiro JG, Rocha

AM, Rodrigues MN,Queiroz DM, Braga LL. Younger siblings

play a major role in Helicobacter pylori transmission among chil-

dren from a low-income community in the Northeast of Brazil.

Helicobacter 2010;15:491–6.

42 De Vries AC, Van Driel HF, Richardus JH, Ouwendijk M, Van

Vuuren AJ, De Man RA, Kuipers EJ. Migrant communities

constitute a possible target population for primary prevention

of Helicobacter pylori -related complications in low incidence

countries. Scand J Gastroenterol 2008;43:403–9.

43 Coleman MP, Esteve J, Damiecki P, Arslan A, Renard H. Trends

in cancer incidence and mortality. IARC Sci Publ

1993;121:1–806.

44 Peleteiro B, La Vecchia C, Lunet N. The role of Helicobacter

pylori infection in the web of gastric cancer causation. Eur J

Cancer Prev 2012;21:118–25.

45 Malfertheiner P, Megraud F, O’Morain CA, et al. Management

of Helicobacter pylori infection–the Maastricht IV/ Florence Con-

sensus Report. Gut 2012;61:646–64.

46 Wong BC, Lam SK, Wong WM, et al. Helicobacter pylori eradica-

tion to prevent gastric cancer in a high-risk region of China: a

randomized controlled trial. JAMA 2004;291:187–94.

47 Correa P, Fontham ET, Bravo JC, et al. Chemoprevention of

gastric dysplasia: randomized trial of antioxidant supplements

and anti- Helicobacter pylori therapy. J Natl Cancer Inst

2000;92:1881–8.

48 Mera R, Fontham ET, Bravo LE, Bravo JC, Piazuelo MB,

Camargo MC, Correa P. Long term follow up of patients treated

for Helicobacter pylori infection. Gut 2005;54:1536–40.

49 Graham DY, Fischbach L. Helicobacter pylori treatment in the era

of increasing antibiotic resistance. Gut 2010;59:1143–53.

50 Fischbach LA, Goodman KJ, Feldman M, Aragaki C.

Sources of variation of Helicobacter pylori treatment success

in adults worldwide: a meta-analysis. Int J Epidemiol

2002;31:128–39.

51 Asaka M, Kato M, Graham DY. Strategy for eliminating gastric

cancer in Japan. Helicobacter 2010;15:486–90.

52 Areia M, Carvalho R, Cadime AT, Rocha Goncalves F,

Dinis-Ribeiro M. Screening for gastric cancer and surveillance

of premalignant lesions: a systematic review of cost-effective-

ness studies. Helicobacter 2013. doi: 10.1111/hel.12050.

© 2013 John Wiley & Sons Ltd, Helicobacter 18: 413–422422

H. pylori Infection in Portuguese Adults Bastos et al.


