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Abstract

Objective: The present study aimed to investigate the recent trends in Helicobacter pylori infec-

tion associated with peptic ulcer disease in a large population in Shanghai.

Methods: We analyzed the medical records of all patients who had undergone upper gastroin-

testinal endoscopy (EGD) for uninvestigated dyspepsia at Ren Ji Hospital between 2013 and 2019

to determine the prevalence of H. pylori infection in patients with peptic ulcers.

Results: Peptic ulcers were found in 40,385 of the 383,413 patients who underwent EGD during

the study period. Over the 7-year study period, the annual prevalence of H. pylori among patients

receiving EGD declined from 32.2% to 26.5%. H. pylori was present in 60% of ulcers and the

incidence was higher (66.9%) in duodenal compared with gastric ulcers (48.5%). The proportion

of H. pylori-associated gastric ulcers declined from 52.2% to 49.3% and that of H. pylori-positive

duodenal ulcers declined from 70.0% to 63.9%.

Conclusion: The prevalence of H. pylori-positive peptic ulcers, mainly duodenal ulcers, fell from

2013 to 2019. However, the proportion of non-H. pylori-associated peptic ulcer disease increased,

especially in elderly people, possibly due to the use of nonsteroidal anti-inflammatory drugs.

Further research is needed to confirm this hypothesis.
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Introduction

Peptic ulcer disease (PUD), including gas-
tric and duodenal ulcers, is a major health
burden in China. The reported prevalence
of PUD in Western countries ranges from
0.1% to 4.7%, with an annual incidence of
0.19% to 0.3%.1 The prevalence of PUD in
many countries has decreased markedly
since the discovery of Helicobacter pylori
in the 1980s.1,2 However, the prevalence of
PUD in Shanghai is substantially greater
than that in Western populations, with a
reported prevalence of endoscopically con-
firmed PUD as high as 17%3,4 in a random
population.

The two most common causes of peptic
ulcers are currently H. pylori infection and
the use of gastrotoxic medications, primar-
ily nonsteroidal anti-inflammatory drugs
(NSAIDs). H. pylori was discovered in
1982,5 when it was estimated to be respon-
sible for up to 90% of duodenal ulcers and
70% of gastric ulcers.6 However, recent
studies have reported a decline in the prev-
alence of H. pylori in patients with PUD to
36% to 73%, depending on ethnicity, geo-
graphic location, and socioeconomic fac-
tors.7 The increasing use of NSAIDs,
including aspirin, is thought to responsible
for most non-H. pylori ulcers.8 The preva-
lence of H. pylori infection has fallen mark-
edly in most developed countries and is also
declining in developing countries in line
with improving socioeconomic conditions
and sanitation.9–11 However, a study in
2010 reported that more than half of the
population was infected in Shanghai,

where the population consists of urban res-

idents and an influx of people from the

country who are likely to have a higher

rate of H. pylori infection.3 The aim of

this study was to investigate the changes

in prevalence of H. pylori infection in

patients in Shanghai undergoing endoscopy

for uninvestigated dyspepsia, who had an

endoscopically confirmed peptic ulcer over

the 7-year period from 2013 to 2019.

Methods

Subjects and study design

This was a cross-sectional single-center ret-

rospective study conducted at Ren Ji

Hospital, Shanghai Jiao Tong University

School of Medicine. The reporting of this

study conforms to the STROBE state-

ment.12 We retrieved the medical records

of all patients who had undergone upper

gastrointestinal endoscopy (EGD) because

of uninvestigated dyspepsia from 1 January

2013 through to 31 December 2019. All

medical records with information on demo-

graphic features, H. pylori status, and path-

ological and endoscopic findings were

stored prospectively in an electronic data-

base at our center. The current study

analyzed the above data by reviewing exist-

ing records, and there was no direct contact

with the participants. No identifiable indi-

vidual information was used and patient

records were removed before being included

in the analysis. For the above reasons, the

research protocol did not require informed
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consent from the participants. The study

was approved by the Ethics Committee of

Shanghai Renji Hospital (approval number:

KY2020-155).

Exclusion criteria

Patients who underwent upper endoscopy

for reasons other than uninvestigated dys-

pepsia, such as cirrhosis follow-up, major

systemic diseases, or other indications,

were excluded. Patients without biopsies

or with unknown H. pylori status and

acute ulcer bleeding were also excluded.

For patients who underwent multiple

EGDs within the study period, only the

first results were included.

Diagnostic methods and H. pylori status

A peptic ulcer was defined as a >5-mm

diameter mucosal break with depth in the

stomach and/or duodenum, detected by

EGD. Gastric mucosal biopsies were rou-

tinely taken for histologic analysis unless

contraindicated. At least three biopsy speci-

mens from the antrum and/or corpus were

taken during each endoscopy. One biopsy

was used for the rapid urease test to detect

H. pylori and the others were analyzed his-

tologically. Biopsy specimens were fixed

immediately in 10% formalin and then

processed in accordance with standard sec-

tioning and staining procedures. The mor-

phology was evaluated by two

gastroenterologists. Stomach biopsies were

performed according to the updated Sydney

System.13 In patients with both gastric and

duodenal ulcers, we counted both

separately.
H. pylori infection was diagnosed by a

positive urease test and/or the presence of

H. pylori on histological examination of

gastric biopsies.

Statistical analysis

We analyzed the prevalence of H. pylori
infection among the entire study population
and examined the prevalence of peptic
ulcers across the population grouped by
age, sex, and H. pylori status. We compared
the prevalence of H. pylori-positive PUD
between men and women using v2 tests.
Patients with and without peptic ulcer
were compared by univariate analysis. The
effects of individual risk factors on the
occurrence of gastric or duodenal ulcers
were tested by odds ratios (OR) and 95%
confidence intervals (CI). CI values that did
not include unity were considered signifi-
cant. The significance of trends during the
study period or among age groups was
tested by linear regression analysis.
Significance was defined as P< 0.05.

Results

The study population consisted of 383,413
patients who underwent EGD because of
uninvestigated dyspepsia from 2013 to
2019. Gastric or duodenal ulcers were
found in 10.5% of cases (40,385 of
383,413), including 15,114 patients with a
gastric ulcer and 25,271 with a duodenal
ulcer. The ulcer type and sex in relation to
H. pylori infection status are shown in
Table 1. The overall mean H. pylori-
infection rate among the patients with
ulcers was 60.0% (95%CI 59.5%–60.5%).
As noted in prior studies,14,15 the preva-
lence of H. pylori infection was significantly
higher among patients with duodenal com-
pared with gastric ulcers (P< 0.0001). The
overall sex ratio (male:female) for patients
with PUD was 2.02:1 (gastric ulcer: 2.30;
duodenal ulcer: 1.87; all P< 0.0001).

The prevalences of H. pylori-positive
gastric and duodenal ulcers grouped by
sex are shown in Figure 1. The prevalences
of both H. pylori-positive gastric and duo-
denal ulcers were higher in men than in
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women (P< 0.0001; Figure 1a). The frac-

tions of H. pylori-positive gastric and duo-

denal ulcers were also higher in men than in

women (P< 0.0001 and P¼ 0.0158, respec-

tively), with a more obvious sex difference

for gastric compared with duodenal ulcers

(Figure 1b).
The trends for gastric and duodenal

ulcers and for H. pylori infection according

to year of diagnosis and age are shown in

Figure 2. There were a significant down-

ward trends in the fractions of H. pylori-

positive gastric and duodenal ulcers from

2013 to 2019 (gastric ulcer: r2¼ 0.664,

P¼ 0.0257; duodenal ulcer: r2¼ 0.918,

P¼ 0.0002) (Figure 2b). The rise and fall

in age-related H. pylori infection did not

match the rise in age-related gastric ulcers

and fall in age-related duodenal ulcers. The

H. pylori infection rate was highest in the

24- to 33-year age group but the age-related

trend was not significant. Gastric ulcers

showed an age-related rise (r2¼ 0.8039,

P¼ 0.0026) and duodenal ulcers showed

an age-related fall (r2¼ 0.817, P¼ 0.0021)

(Figure 2c). The prevalences of H. pylori-

positive gastric and duodenal ulcers also

decreased significantly with age (gastric

ulcer: r2¼ 0.689, P¼ 0.0108; duodenal

ulcer: r2¼ 0.918, P¼ 0.0002) (Figure 2d).
Table 2 shows the results of univariate

analysis of the effects of H. pylori and sex

on the incidences of gastric and duodenal

ulcers. As expected, there were significant

differences between H. pylori-positive and

H. pylori-negative patients according to

univariate analysis. Men had significantly

higher risks of both gastric ulcers

(OR¼ 3.12, 95% CI 3.01–3.24) and duode-

nal ulcers (OR¼ 2.54, 95% CI 2.48–2.61).

Figure 1. a. Prevalence of H. pylori-positive peptic ulcers grouped by sex. b. Fraction of H. pylori-positive
ulcers grouped by sex.

Table 1. Characteristics and clinical data of patients with peptic ulcers.

Variable

Helicobacter pylori-

positive n (%)

Helicobacter pylori-

negative n (%) Total

GU 7330 (48.5%) 7784 (51.5%) 15,114

Female GU 1967 (43.0%) 2611 (57.0%) 4578

Male GU 5363 (50.9%) 5173 (49.1%) 10,536

DU 16,901 (66.9%) 8370 (33.1%) 25,271

Female DU 5794 (65.9%) 2998 (34.1%) 8792

Male DU 11,107 (67.4%) 5372 (32.6%) 16,479

GU, gastric ulcer; DU, duodenal ulcer.
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Discussion

The current study showed that the preva-

lence of H. pylori-positive PUD decreased

significantly in Shanghai from 2013 to 2019.

This was most likely secondary to a decline

in H. pylori infections, which fell from

32.2% to 26.5% among patients with unin-

vestigated dyspepsia in our study, due to

eradication treatment and improved

hygiene. The prevalence of H. pylori was

greater in duodenal compared with gastric

ulcers and higher in male than in female

patients. H. pylori infection contributed to

>65% of duodenal and approximately 48%

of gastric ulcers in the current study.

However, unlike duodenal ulcers, there

was no significant reduction in the preva-

lence of gastric ulcers over the 7-year

study period, despite a decreasing trend in

H. pylori infection rates in this area.16 The

proportion of non-H. pylori associated

Figure 2. a. Prevalence of peptic ulcers according to year of diagnosis. b. Trends in fraction of Helicobacter
pylori-positive peptic ulcers according to year of diagnosis. c. Trends in peptic ulcer prevalence grouped by
age. d. Trends in fraction of H. pylori-positive peptic ulcers grouped by age.

Table 2. Peptic ulcer risk in relation to sex and Helicobacter pylori status.

Ulcer No ulcer

OR 95% CIH. pyloriþ H. pylori� H. pyloriþ H. pylori�
GU 7330 7784 83,124 259,904 2.94 2.85–3.04

DU 16,901 8370 83,124 259,904 6.31 6.14–6.49

Male Female Male Female

GU 10,536 4578 145,548 197,480 3.12 3.01–3.24

DU 16,479 8792 145,548 197,480 2.54 2.48–2.61

GU, gastric ulcer; DU, duodenal ulcer; OR, odds ratio; CI, confidence interval.
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PUD obviously increased, especially in
elderly people, and NSAIDs use is thought
to be a major risk factor for non-H. pylori-
associated PUD, especially gastric ulcers, in
this population.17,18 H. pylori infection and
NSAIDs have been considered to indepen-
dently and significantly increase the relative
risk of PUD.8 Our data suggest that
NSAIDs may account for a large percent-
age of cases of PUD.

Li et al.3 carried out a population-based
endoscopic study in Shanghai and reported
a prevalence of PUD of 17.2% (gastric
ulcer: 6.1%; duodenal ulcer: 13.3%), with
positive H. pylori serology tests in 73.3%
of the total Shanghai sample and H. pylori
infection in 92.6% of PUD cases. The aver-
age H. pylori infection rate in the current
study was 60% in patients with peptic
ulcers (48.5% in gastric ulcer and 66.9%
in duodenal ulcer). The difference in
H. pylori infection rates in patients with
PUD between the two studies may be due
to the different methods used to confirm
H. pylori infection. In addition, the present
study was a retrospective study with a long
time span and a large sample size compared
with the previous prospective study.
However, it should be noted that a high
rate of H. pylori infection does not neces-
sarily equate to a high incidence of PUD.
For example, Indians in Malaysia have a
high prevalence of H. pylori infection
(36%) but a relatively low incidence of
ulcers, while Chinese individuals have a
lower prevalence of H. pylori (29%) but a
higher incidence of ulcers.19 It is also possi-
ble that Chinese populations may have a
higher prevalence of more-ulcerogenic
strains of H. pylori, such as strains includ-
ing the duodenal ulcer-promoting (dupA)
gene, which has been reported to be associ-
ated with duodenal ulcer development.20,21

The clinical implications of H. pylori
infection have gradually been recognized
since its first description in 1984.22

Infection mainly occurs during childhood,

commonly before 5 years of age, with the
infection rate reflecting hygiene and sanita-
tion. The H. pylori-infection rate among
young people (age 14–23) in our study was
low, which may reflect health and economic
developments in China in the past 10 to
20 years. The change in prevalence of
H. pylori with increasing age in our study
may be due to specific treatment or to the
use of antibiotics for other reasons. In con-
trast to the age-related increase in the inci-
dence of gastric ulcers, the incidence of
duodenal ulcers fell with age, which could
be explained by the use of proton pump
inhibitors and antibiotics for the manage-
ment of peptic ulcer disease and the fact
that older people are more likely to be
exposed to NSAIDs. Our study also
showed that the prevalence of H. pylori-
positive PUD in Shanghai was significantly
higher in men than in women, consistent
with the results of many previous sur-
veys.23,24 This may be due to differences in
hormone secretion between men and
women affecting gastric emptying and bac-
terial load; however, further studies are
needed to investigate this possibility. The
increased risk of H. pylori in men may
also be associated with increased smoking
and different social, living, and eating
habits compared with women.25

This study had some potential limita-
tions. We did not assess the use of low-
dose acetylsalicylic acid or NSAIDs,
which may have affected the incidence of
PUD.26 Similarly, there was no information
on the use of antibiotics for H. pylori
infection or acid suppression therapy
before EGD.

In conclusion, the prevalence of
H. pylori-positive PUD, especially duodenal
ulcers, decreased from 2013 to 2019, pre-
sumably in association with a decreasing
trend in the prevalence of H. pylori infec-
tion. H. pylori-positive PUD now accounts
for about 60% of all ulcers, indicating that
40% of ulcers are unrelated to H. pylori.
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This could provide evidence to support the
prevention and treatment of PUD, but fur-
ther studies are needed.
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