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Abstract Over the past 50 years, the prevalence of
Helicobacter pylori infection has fallen as standards of
living improved. The changes in the prevalence of infec-
tion and its manifestations (peptic ulcer disease and gastric
mucosal lesions) were investigated in a large cohort of
Sardinians undergoing upper endoscopy for dyspepsia. A
retrospective observational study was conducted involving
patients undergoing endoscopy for dyspepsia from 1995 to
2013. H. pylori status was assessed by histology plus the
rapid urease test or 13C-UBT. Gastric mucosal lesions
were evaluated histologically. Data including non-steroidal
anti-inflammatory drugs (NSAIDs) use and the presence of
peptic ulcers were collected. The prevalence of H. pylori
was calculated for each quartile and for each birth cohort
from 1910 to 2000. 11,202 records were retrieved for the
analysis (62.9 % women). The overall prevalence of H.
pylori infection was 43.8 % (M: 46.6 % vs. F: 42.0 %;
P =0.0001). A dramatic decrease in the prevalence of
infection occurred over the 19-year observation period. The
birth cohort effect was evident in each category (quartile)
reflecting the continuous decline in H. pylori acquisition.
Over time, the prevalence of peptic ulcers also declined,
resulting in an increase in the proportion of H. pylori
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negative/NSAID positive and H. pylori negative/NSAID
negative peptic ulcers. The prevalence of gastric mucosal
changes also declined despite aging. The decline in H.
pylori prevalence over time likely reflects the improvement
in socioeconomic conditions in Sardinia such that H. pylori
infection and its clinical outcomes including peptic ulcer
are becoming less frequent even among dyspeptic patients.

Keywords Dyspepsia - Epidemiology - Helicobacter
pylori infection

Introduction

Helicobacter pylori infects almost 50 % of the world’s
population with the prevalence being highest in developing
countries [1]. Low socioeconomic status, poor sanitation,
unclean water supplies, density of housing, overcrowding,
number of siblings, sharing a bed and living in rural areas
are all risk factors for the acquisition of an H. pylori in-
fection [2]. The infection is typically acquired in childhood
with the majority of children becoming infected before the
age of ten, with the prevalence rising up to 80 % or greater
in developing countries [3].

The prevalence of the infection increases with age,
which is thought to reflect a birth cohort phenomenon re-
lated to a decline in the rate of H. pylori acquisition during
childhood in recent years [4]. However, even within a
community, acquisition is more likely among lower so-
cioeconomic groups as reflected in an increased incidence
in blacks and Hispanics in the US and shepherds in Sar-
dinia [1-3, 5]. Such differences have been attributed to
different socioeconomic factors, life style, sanitation
practices and possibly direct contact with some animals [1,
3-5]. Within a particular country, a change in the
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prevalence of H. pylori generally correlates to changes in
standards of living and sanitary practices. In Japan, for
example, it has been reported that 70 to 80 % of adults
born before 1950, 45 % of those born between 1950 and
1960, and 25 % of those born between 1960 and 1970 are
infected [6]. This rapid decline of infection has been at-
tributed to Japan’s post-war economic progress and im-
provements in sanitation [6].

H. pylori infection is a major cause of gastroduodenal
diseases. Infected individuals develop chronic active gas-
tritis or follicular gastritis that can progress to intestinal
metaplasia, atrophy, dysplasia and gastric cancer. H. py-
lori-associated peptic ulcer and gastric cancer often present
with dyspepsia. However, dyspeptic symptoms occur fre-
quently in the adult population, and despite the fall in H.
pylori prevalence, remain a major indication for endoscopy
[7, 8]. The aim of this study was to analyze the prevalence
trend of H. pylori infection and peptic ulcer disease in
patients who underwent upper endoscopy for dyspeptic
symptoms during the period when the prevalence of H.
pylori was rapidly falling.

Methods
Patient selection

This was a retrospective single-center study. Charts of
patient with dyspeptic symptoms who underwent upper
endoscopy from January 1995 to December 2013 at an
open access Digestive Endoscopy Service, Department of
Internal Medicine, University of Sassari, Italy, were re-
trieved from the computerized Endoscopy Reporting Sys-
tem. Each patient had been interviewed by a
Gastroenterologist. Dyspeptic symptoms included: epigas-
tric pain, upper abdominal discomfort, early satiety, nausea
and vomiting. Demographic information such as age,
gender, marital status, place of residence, smoking habit,
and occupation was recorded as well as all medications
taken in the previous 2 months prior to esophagogastro-
duodenoscopy (EGD).

Exclusion criteria

Patients that underwent upper endoscopy for other reasons
such as cirrhosis follow-up, suspect celiac diseases, reflux
diseases, alarm symptoms or other indications were not
included. Exclusions also included absence of all 4 gastric
biopsies, unknown H. pylori status, acute ulcer bleeding,
significant liver disease or prior treatment for H. pylori
infection. For patients who underwent multiple EGDs
within the given time period, only results from the first test
were included.
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Diagnostic methods

Endoscopic findings and histologic examinations were
entered in a computerized system for analysis. Diagnosis of
peptic ulcer was based on the endoscopic detection of the
typical ulcer crater in the stomach or duodenum of 0.5 cm
or larger in diameter. For each patient, at least four gastric
biopsy specimens were taken: two from the antrum, one
from the angulus, and one from the corpus of the stomach.
Biopsy specimens for histology were fixed immediately in
10 % buffered formalin and stained with hematoxylin—
eosin and Giemsa stains to grade the density of H. pylori.
Morphology was assessed by an expert GI-pathologist.
Infiltration of the stomach with polymorphonuclear cells
(active inflammation), and with mononuclear inflammatory
cells (chronic inflammation), was defined active or chronic
gastritis. An aggregate of lymphocytes with a germinal
center and lymphoid aggregates as accumulations of lym-
phocytes and plasma cells without a germinal center was
defined as a lymphoid follicle; the presence of several
lymphoid follicles was designated as follicular gastritis.

Intestinal metaplasia was defined as the replacement of
normal differentiated gastric mucosa by mucosa histo-
logically similar to normal intestinal epithelium. Atrophy
was defined as loss of the appropriate glands from the site
of the biopsy.

H. pylori status

H. pylori infection was defined by at least two tests:
presence of H. pylori on histological examination of gastric
biopsies and detection of a positive rapid urease test or
13C-UBT positivity. One biopsy from the antrum was
placed immediately into a 6 % urea solution for a rapid
urease test (RUT) (CP-test; Yamanouchi S.p.A., Milan,
Italy). A positive result was recorded for a color change
from yellow to pink within 24 h. The 13C-UBT was per-
formed according to a standardized protocol, the sensitivity
and specificity of which have been reported to be of 95 %
[9]. All breath tests were analyzed at the same laboratory
using a single gas isotope ratio mass spectrometer (ABCA,
Europe Scientific, Crewe, UK).

Ethical considerations

An Institutional Review Board approval was obtained from
the local ethics committee (Prot N° 2099/CE, 2014).

Statistical analysis
Patients were considered positive for H. pylori when the

micro-organism was detected in at least one gastric biopsy,
or by 13C-UBT- or RUT-positivity. Active gastritis,
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intestinal metaplasia, follicular gastritis and atrophy were
reported as present if they were observed in at least one
biopsy irrespective of the site.

Categorization of socioeconomic status was based on
the occupation [10]. Five categories were identified: I,
professionals (i.e., graduated from university); II, technical
and administrators (i.e., not graduated from university); III,
clerks and sales technicians; IV, semiskilled and unskilled
workers, and uneducated farmers. High-risk categories in-
cluded occupations known to be at higher risk for the ac-
quisition of infection such as shepherds, abattoirs,
veterinarians and nurses [1, 11, 12].

The association between each independent variable in
the study and the prevalence of H. pylori infection was
tested by Mantel-Haenszel Chi Square test, calculating
age-adjusted odds ratios (ORs) and their 95 % confidence
intervals (95 % Cls).

A multiple logistic regression analysis was performed to
evaluate the effect of known risk factors on the suscepti-
bility to acquire H. pylori infection after controlling for the
potential confounding effect of covariates. Hosmer—
Lemeshow statistics were used to assess model fit. For each
covariate, the odds ratio and 95 % CI are reported.

Significance level of P < 0.05 was set for all calculations.
Statistical analysis was performed with SPSS 16.0 for
Windows (Chicago, IL).

Results

Prevalence of H. pylori infection in relation to the study
variables

A total of 12,749 patient charts were retrieved, of whom
11,202 were valid for analysis. Patients with unknown H.
pylori status or an incomplete set (four) of biopsies were
excluded from the study (1525) plus 22 patients from
Africa and China. All patients were Caucasian from North
Sardinia, 7042 (62.9 %) were females. The overall preva-
lence of H. pylori infection was 43.8 %, and slightly, but
significantly higher among males than females (i.e., 46.6
vs. 42.0 %; OR 1.20, 95 % CI 1.11-1.29, P = 0.0001)
(Table 1).

We classified the overall study period into four time
periods:  1995-1999, 2000-2004, 2005-2009, and
2010-2013. There was a significant decline in the

Table 1 Age-adjusted odds

, Variable Total H. pylori OR® (95 % CI)® P
ratio and 95 % confidence No. tested Pos.
interval for H. pylori active
infection by study variables Diagnosis time frame (years)
among dyspeptic patients 1995-1999¢ 1680 1082 Reference
undergoing upper endoscopy
2000-2004 2532 1390 0.67 (0.59-0.76) 0.0001
2005-2009 3922 1646 0.40 (0.36-0.46) <0.0001
2010-2013 3065 782 0.19 (0.17-0.21) <0.0001
Missing 3
Gender
Women*® 7042 2964 Reference
Men 4160 1937 1.20 (1.11-1.29) 0.0001
Missing 0
Occupation of the patients
I (Highest)® 901 340 Reference
II (Upper middle) 2097 865 1.15 (0.98-1.35) n.s.
III (Middle) 2504 1216 1.65 (1.41-1.93) 0.0001
IV (Lowest) 4342 1802 1.33 (0.14-1.54) 0.0001
Missing 31
Risk categories
Non-high-risk group® (Total population-1327)
High-risk group 1327 663 1.66 (1.39-1.98) 0.0001
Smoking
No¢ 3041 1031 Reference
a . Yes 1084 347 0.94 (0.81-1.10) n.s.
Odds ratio
b . Ex-smoker 595 183 0.90 (0.72-1.14) n.s.
Confidence interval L
Missing 6482

¢ Reference group
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Table 2 Multiple logistic

Variable HP positive (%) Odds ratio (95 % confidence interval) P value
regression analysis for risk
factors and H. pylori infections Diagnosis time frame
1995-1999 1982 (64.4 %) 1.00
2000-2004 1390 (54.9 %) 0.914 (0.814-1.025) 0.125
2005-2009 1646 (42.0 %) 0.592 (0.531-0.660) <0.0001
2010-2013 782 (25.5 %) 0.323 (0.286-0.365) <0.0001
Gender
Women 2964 (42.1 %) 1.00
Men 1937 (46.6 %) 1.032 (0.907-1.175) 0.631
Occupation of the patients
Non-high-risk groups 1327 1.00
High-risk group 663 (50.0 %) 1.128 (0.931-1.367) 0.219
Smoking
No 1031 (33.9 %) 1.00
Yes 347 (32.0 %) 1.010 (0.871-1.172) 0.896
Ex-smoker 183 (30.8 %) 0.808 (0.650-1.004) 0.054

prevalence of the infection from the first to the last period
(Table 1). Studied patients between the years 2010 and
2013 had consistently lower odds ratio of H. pylori infec-
tion than those between 1995 and 1999 (25.6 vs. 64 %,
respectively, OR 0.19, 95 % CI 0.17-0.21, P < 0.0001).
There was no difference in the H. pylori prevalence in
relation to smoking habits (Table 1). The prevalence of H.
pylori was significantly higher in socioeconomic categories
IIT (48 %), IV (42 %) and high-risk group (50 %) com-
pared to categories I (37 %) and II (41 %), the difference
remained significant after adjusting for age and gender
(Table 1). In the multiple logistic regression analysis only
age and time intervals remained significant predictors of H.
pylori infection (P < 0.0001), whereas all other covariates
resulted non-significant (Table 2).

Changing pattern of the prevalence of H. pylori
infection and associated diseases by time

We examined the changing pattern of infection. H. pylori
prevalence was compared among the four studied group for
each birth cohort; patients who were tested between
1995-1999, 2000-2004, 2005-2009, and 2010-2013.
There was a dramatic decrease in H. pylori infection
prevalence over the 19-year studied period and that drop
was the most significant among the oldest patients
(Table 3).

When we examined the pattern of intestinal metaplasia,
follicular gastritis, dysplasia, and atrophy among the same
four studied cohorts, we find that there is a falling pattern
of these conditions although it is not linear (Table 4).
Moreover, among H. pylori positive patients, the preva-
lence of intestinal metaplasia is significantly higher in the
older cohorts (Table 5).

@ Springer

Peptic ulcer disease

The most common clinical manifestations of non-steroidal
anti-inflammatory drugs NSAID-related GI damage to tis-
sue are a combination of gastroduodenal erosions and ul-
cerations, often called NSAID-induced gastropathy,
affecting 25-50 % of chronic NSAID users [13-15]. In
addition, H. pylori infection and (NSAIDs) use indepen-
dently increase the risk for the development of peptic ulcer
disease [16]. Therefore, we compared the distribution of
peptic ulcer/erosions by birth cohort among NSAID users
and non-users. A relationship between the prevalence of
peptic ulcer/erosion was demonstrated in patients receiving
NSAIDs among each cohort (Fig. 1). In H. pylori negative
patients, the risk of having peptic ulcer/erosions among
those taking NSAIDs is nearly two times greater than
among those not taking NSAIDs (16.5 vs. 10 %, respec-
tively, (OR 1.74, 95 % CI 1.38-2.19; P < 0.0001). Con-
sidering peptic ulcer alone the ORs are 5.5 times higher
among H. pylori positive patients taking NSAIDs com-
pared with H. pylori negative patients not taking NSAIDs
(Table 6).

We examined the distribution of non-complicated peptic
ulcer in dyspeptic patients for each time period. There is a
decline in the prevalence of ulcers over time, while the
prevalence of H. pylori negative ulcers or for NSAIDs use
increases from 12 % in 1996-1999 to 40.7 % in
2009-2013 (Fig. 2).

Discussion

This study investigated the epidemiology of H. pylori in-
fection and peptic ulcer disease among Italian dyspeptic
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Table 3 Distribution of H.
pylori infection among birth
cohorts by the four time periods

Table 4 Prevalence of
intestinal metaplasia and/or
follicular gastritis and/or
dysplasia and/or atrophy in the
gastric biopsies of studied
patients among birth cohorts by
the four time periods

Birth cohort

H. pylori positive/no. tested between years

1995-1999

2000-2004

2005-2009

2010-2013

1910-1919 47/85 (55.3 %) 31/48 (64.6 %) 10/17 (58.8 %) 2/3 (66.7 %)
1920-1929 177/269 (65.8 %) 151/248 (60.9 %) 107/258 (41.5 %) 18/99 (18.2 %)
1930-1939 284/411 (69.1 %) 305/496 (61.5 %) 296/591 (50.1 %) 105/405 (25.9 %)
1940-1949 234/319 (73.4 %) 311/506 (61.5 %) 355/747 (47.5 %) 171/659 (25.9 %)
1950-1959 162/239 (67.8 %) 223/393 (56.7 %) 327/682 (47.9 %) 171/603 (28.4 %)
1960-1969 123/215 (57.2 %) 218/400 (54.5 %) 312/732 (42.6 %) 153/533 (28.7 %)
1970-1979 53/130 (40.8 %) 121/347 (34.9 %) 169/563 (30.0 %) 104/421 (24.7 %)
1980-1989 2/12 (16.7 %) 29/89 (32.6 %) 67/299 (22.4 %) 50/275 (18.2 %)
1990-2000 0.0 (0 %) 1/5 (20.0 %) 3/31 (9.7 %) 8/65 (12.3 %)
>2000 0 0 0/2 0/2
Birth cohort Patients positive/no. tested between years

1995-1999 2000-2004 2005-2009 2010-2013
1910-1919 11/85 (12.9 %) 10/48 (20.8 %) 3/17 (1.8 %) 0/3 (0 %)
1920-1929 28/269 (10.4 %) 38/248 (15.3 %) 58/258 (22.5 %) 26/99 (26.3 %)
1930-1939 29/411 (7.1 %) 67/496 (13.5 %) 103/591 (17.4 %) 113/405 (27.9 %)
1940-1949 17/319 (5.3 %) 59/506 (11.7 %) 106/747 (14.2 %) 161/659 (24.4 %)
1950-1959 11/239 (4.6 %) 44/393 (11.2 %) 80/682 (11.7 %) 121/603 (20.1 %)
1960-1969 2/215 (0.9 %) 22/400 (5.5 %) 72/732 (9.8 %) 78/533 (14.6 %)
1970-1979 1/130 (0.8 %) 24/347 (6.9 %) 42/563 (7.5 %) 32/421 (7.6 %)
1980-1989 1/12 (8.3 %) 3/89 (3.4 %) 19/299 (6.4 %) 17/275 (6.2 %)
1990-2000 0 (0 %) 0/5 (0 %) 3/31 (9.7 %) 3/65 (4.6 %)
>2000 0 (0 %) 0 (0 %) 0/2 (0 %) 0/2 (0 %)

Table 5 Prevalence of intestinal metaplasia (IM) and/or follicular gastritis and/or dysplasia and/or atrophy in the gastric biopsies of all tested
patients and in H. pylori-infected patients

Birth cohort  IM in all tested patients (%)  H. pylori positive (%)  Presence of IM among H. pylori positive (%) OR (95 % CI)
1910-1919 24/153 (16) 90 (59) 9 (10 %) 1.99 (0.99-4.01)*
1920-1929 150/874 (17) 453 (52) 34 (7.5 %) 1.45 (1.00-2.11)*
1930-1939 151/1903 (14) 990 (52) 57 (5.7 %) 1.09 (0.81-1.47)
1940-1949 343/2231(15) 1071 (48) 51 (4.7 %) 0.90 (0.66-1.22)
1950-1959 256/1917 (13) 883 (46) 50 (5.6 %) 1.08 (0.79-1.47)
1960-1969 174/1880 (9) 806 (43) 36 (4.4 %) 0.84 (0.59-1.20)
1970-1979 99/1461(7) 447 (31) 16 (3.5 %) 0.67 (0.40-1.11)
1980-1989 40/675 (6) 143 (21) 5 (3.5 %) 0.65 (0.26-1.60)
1990-2000 6/101 (6) 17 (17) 1 (5.8 %) 1.12 (0.15-8.48)
>2000 0/3 0

OR was calculated comparing the frequency of IM in Hp+ patients with the frequency in Hp— patients (IM+Hp+ x IM—Hp—)/(IM+Hp—

x IM—Hp+)

OR odds ratio, CI confidence interval

*P <005

patients residing in the same geographic area. Our large
sample size allowed comparisons within and among birth
cohorts and among those with different risks for H. pylori

acquisition. The prevalence of H. pylori and its sequelae
decreased over the study period. These changes in preva-
lence of the infection are consistent with the presence of
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Fig. 1 Distribution of gastric and/or duodenal peptic ulcer and/or erosions diagnosed by endoscopy in dyspeptic patients divided in non-steroidal
anti-inflammatory drugs (NSAIDs) including aspirin and No-NSAIDs users

Table 6 Distribution of gastric and/or duodenal peptic ulcers in
dyspeptic patients divided by group on the base H. pylori status and
NSAIDs consumption

No-NSAIDs/Hp 147/5701; reference
negative
NSAIDs/Hp negative  28/600; OR 1.85 (95 % CI 1.2-2.8);
P < 0.0001
No-NSAIDs/Hp 382/4236; OR 3.74 (95 %CI 3.1-4.55);
positive P < 0.0001
NSAIDs/Hp positive  84/665; OR 5.46 (95 %CI 3.47-5.01);
P < 0.0001

birth cohorts that differ in risk (i.e., persons born before
1950 have a notably higher rate of infection than people
born afterwards), reflecting a change in the rate of acqui-
sition of the infection in childhood. The results of the
present study suggest that the rate of acquisition of H.
pylori infections has been falling in Sardinia since at least

1950. In the first half of the twentieth century, Sardinia was
considered an underdeveloped region compared to the rest
of Italy [17]. Sardinia recovered slowly after World War I,
yet benefited from the dramatic economic and social ad-
vancements on the mainland [17]. In 1952, approximately
45 % of the Sardinian population still earned their liveli-
hood in agriculture and animal farming vs. only 28 % in
industry (in 1936 the percentages were 57 and 20 %, re-
spectively) [17]. Improvements in sanitary conditions and
clean public water system were also introduced in Sardinia
in the 1950s.

Our study shows that the prevalence of H. pylori in-
fection among those born between 1980s and 2000 ranges
from 18 to 12 %. This change reflects the changes in
sanitation and socioeconomic factors as higher standards of
living, increasing education, and improved sanitation have
all been associated with a lower prevalence of H. pylori
infection [1-3].

Fig. 2 Prevalence distribution
of peptic ulcer by risk factors in
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The prevalence of dyspepsia as an indication for en-
doscopy also differs in relation to the socioeconomic status
with a higher rate of infection in the lower social classes.
Although univariate statistical analysis shows that the
prevalence of H. pylori infection is mostly influenced by
low socioeconomic status, male gender and old age, only
the latter remains strongly significant in the multivariate
logistic regression model. The multivariate analysis also
supports a significant decrease of H. pylori prevalence in
recent years.

The natural history of H. pylori gastritis is for the in-
flamed area to extend from the antrum into the corpus re-
sulting in a reduction of acid secretion, and eventual loss of
parietal cells and development of atrophy. The rate of
progression to atrophy varies in different geographic re-
gions related to other environmental factors; diet is one of
the most important. Our study shows a high prevalence of
atrophy or intestinal metaplasia, or dysplasia that tends to
increase with the aging of the different birth cohorts.
However, over time, the proportion with atrophic changes
decreases. In patients with an active infection, the pro-
portion with metaplasia is also significantly higher in the
older cohorts. Our study shows a high prevalence of gastric
mucosal changes that tend to increase with the aging of the
different birth cohorts.

H. pylori infection and use of NSAIDs are the major
causes of peptic ulcers [13-16]. As the frequency of H.
pylori infection declines, the use of NSAIDs becomes re-
sponsible for an increased percentage of peptic ulcers. Our
results confirm that the two risk factors combined (H. py-
lori infection plus NSAIDs use) increase the risk of de-
veloping peptic ulcer approximately fivefold. We also
confirm that H. pylori infection and NSAIDs use inde-
pendently and significantly increase the risk for peptic ul-
cer. Surprisingly, very high prevalence rates, in the range
of 1040 % of idiopathic ulcer, are observed in this cohort
of Sardinian dyspeptic patients. These results are dra-
matically different from data reported by other Italian
Authors where the prevalence for idiopathic peptic ulcer is
4 % [18]. However, in the 1990s, several studies report that
idiopathic ulcers comprise 20—40 % of all peptic ulcers in
North American countries [19, 20]. It could be speculated
that the different genetic Sardinian background compared
to the rest of the Italian people may explain the high
prevalence of idiopathic ulcer.

Some limitations must be considered. Classification of
the socioeconomic classes in our study was based on a
single factor, the occupation of the patient, rather than a
scale of combined factors, such as years of schooling, in-
come, ownership of property and the occupation of the
head of the household during childhood that represents the
major lifestyle indicator of the family [1-3]. In addition,
this was a retrospective cohort, and has shortcomings such

as lack of detailed data regarding several risk factors that
are known to be associated with the acquisition of H. pylori
infections such as crowded living conditions, number of
persons living in the household, the size of the home,
whether the patient shared a bed in childhood, and the
presence or absence of hot running water, a refrigerator, a
toilet inside the home and exposure to animals. However,
results of the present study reflect in general the lifestyle,
hygiene conditions and cultural background of Sardinians
in the last century.

In conclusion, the decline in H. pylori prevalence in
patients born in the 1960s reflects the major socioeconomic
changes that have occurred in Sardinia in this period of
time. The outcome of these changes is that H. pylori in-
fection and its clinical outcomes such as peptic ulcer dis-
ease have become an increasing less frequent cause of
dyspeptic patients.
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