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Abstract. The incidence of gastric hyperplastic polyps (HPs) 
has been on the rise in recent years. The contribution of 
Helicobacter pylori infection to this trend has remained to be 
elucidated. The present study aimed to explore the associa-
tion between HPs and H. pylori in China, an area with a high 
infection rate of H. pylori. In order to study trends of HPs and 
H. pylori infection over the past decades, cases encountered 
from 2009 to 2018 were assessed and a total of 109,150 consec-
utive patients who underwent esophagogastroduodenoscopy at 
Qingdao Municipal Hospital (Qingdao, China) were enrolled. 
The incidence of HPs and the prevalence of H. pylori were 
determined and their correlation was explored. Gastric HPs 
were detected in 1,497 patients (1.6%) who received gastric 
biopsies. The incidence of HPs exhibited a rising trend, with 
a ~4-fold increase in the annual detection rate from 2009 to 
2018. The prevalence of H. pylori infection was inversely asso-
ciated with the prevalence of HPs (adjusted odds ratio, 0.66). 
The prevalence of H. pylori in the examined cohort decreased 
with time (r=-0.76, P=0.011). The decreasing trend of H. pylori 
infection was negatively correlated with the rising trend of 
HPs (r=-0.64, P=0.048), further indicating an inverse associa-
tion between them. The difference in the prevalence of HPs 
between H. pylori‑negative and -positive patients increased 
with age (r=0.80, P=0.018). The age-associated increase was 
slower in H. pylori-infected patients. The decline in H. pylori 
infection with time appeared to not be associated with the 
birth cohort effect, suggesting the decline was not caused by 
exposure to environmental factors during an early period of 

life. The present results indicated that the incidence of gastric 
HPs increased with the decline in H. pylori infection, demon-
strating an inverse association between the occurrence of HPs 
and the infection.

Introduction

Epithelial gastric polyps are pathologies incidentally discov-
ered during endoscopic examinations. The prevalence varies 
between 2 and 6% in all patients subjected to endoscopy 
involving the stomach (1). Over the past decades, the occur-
rence of gastric polyps has exhibited a rising trend and the 
distribution spectrum of different types of gastric polyps has 
been changed. Epithelial polyps of the stomach comprise three 
types, namely fundic gland polyps (FGPs), hyperplastic polyps 
(HPs) and adenomatous polyps (APs). FGPs exhibit a steep 
rise in their occurrence and are the most common type (2-5). 
Older age is associated with an increased risk of gastric polyps, 
whereas Helicobacter pylori infection is inversely associated 
with the disease (6).

Gastric HPs develop from hyperproliferation of foveolar 
cells. Histologically, HPs appear as hyperplastic foveolae, 
cystic gland dilation and a variable amount of inflammation in 
the stroma. HPs most frequently occur in the antrum and tend 
to be larger than other gastric polyps. Larger HPs may cause 
bleeding from the ulcerated surface or intermittent gastric 
outlet obstruction. They carry a low malignant potential.

H. pylori is a Gram-negative spiral microorganism that 
colonizes the mucosa of the human stomach, infecting more 
than half of the world population. Infection with this bacte-
rium has been indicated to be a cause of peptic ulcer disease 
and stomach cancer (7). However, recent evidence suggests 
that chronic infection with H. pylori may be beneficial to 
the host by conferring protection against gastroesophageal 
diseases, asthma, other allergic disease manifestations and 
inflammatory bowel diseases (7). Treatment of H. pylori 
infection-associated diseases is a complex problem. The most 
widely recommended regimen is a triple therapy comprising 
one proton pump inhibitor (PPI) and two antibiotics (8).

The association of HPs with H. pylori infection remains 
controversial. An inverse association of HPs with current 
infection of the bacterium has been indicated in the US, an 
area with low prevalence of H. pylori (2,6). In a retrospective 
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study on a cohort of 741,351 patients in the United States, the 
prevalence of H. pylori was relatively low, which was deter-
mined to be <14%. The infected patients had a lower risk for 
HPs with an odds ratio of 0.55 (0.51-0.59) (6). The inverse 
association has been confirmed in another study performed in 
the US (2). Contrary to this result, it has been indicated that 
H. pylori eradication may lead to regression of HPs. Successful 
eradication of H. pylori resulted in a statistically significant 
increase in the clearance rate of HPs (9-11).

Clarifying the association of HPs with H. pylori infection 
is particularly relevant to clinical management. At present, 
the inverse association between HPs and H. pylori has been 
mainly reported in areas of low prevalence of H. pylori. 
Therefore, the present study aimed to explore the association 
in a large cohort in China, an area with a high infection rate 
of H. pylori (12,13). In order to study the trends of HPs and 
H. pylori infection over the past decades, the study was limited 
to patients encountered between 2009 and 2018.

Materials and methods

Study setting. The present study was performed at the 
Endoscopy Center and the Physical Examination Center of 
Qingdao Municipal Hospital (Qingdao, China). Biopsies 
were interpreted by an experienced group of pathologists. 
Standardized histopathology criteria were used to diagnose 
the histopathological types of gastric polyps (14). The study 
was approved by the ethics committee of Qingdao Municipal 
Hospital (Qingdao, China). As the data were collected entirely 
by reviewing existing records, no direct contact with either 
patients or providers was involved and no personal informa-
tion on the subjects was revealed in any form, and exemption 
from the requirement for informed consent from participants 
was granted.

Sources of data. A total of 109,150 consecutive patients under-
going esophagogastroduodenoscopy (EGD) from 1 January 
2009 to 31 December 2018 at the Endoscopy Center of Qingdao 
Municipal Hospital (Qingdao, China) were enrolled. The 
records of patients who had gastric biopsies were reviewed. Data 
including inspection time, the patients' birth year, age and sex, 
information on polyps, intestinal metaplasia (IM) and H. pylori 
infection were analyzed. The H. pylori status was obtained using 
histopathological methods. During the same period, the records 
of 11,077 healthy individuals undergoing health checkups at the 
Physical Examination Center of Qingdao Municipal Hospital 
(Qingdao, China) were analyzed. Data including the patients' birth 
year and H. pylori infection were analyzed. The H. pylori status 
was obtained with the 13C urea breath test (Shenzhen Zhonghe 
Headway Bio-Sci & Tech Co., Ltd.).

Statistical analysis. Statistical analyses were performed using 
SPSS 18.0 (SPSS Inc.) and R 3.5.1. Pearson correlation analysis 
was used to determine the correlation between the prevalence of 
gastric polyps and H. pylori infection, the correlation between 
the prevalence of H. pylori and the examination year, and the 
correlation between the difference in the prevalence of HPs 
between H. pylori‑negative and -positive patients and age. 
Logistic regression analysis was used to identify risk factors 
potentially associated with the presence of gastric polyps. 

Effects of H. pylori and cofactors on gastric polyps were esti-
mated by determining odds ratios (ORs) and 95% CIs. One-way 
analysis of variance (ANOVA) and the Student-Newman-Keuls 
(SNK) test were used to compare the average ages of patients 
undergoing EGD who obtained H. pylori status between each 
calendar year. The Cochran-Armitage trend test was performed 
to estimate the trends in H. pylori infection in different groups of 
patients according to birth year range using the CATT package 
in R. P<0.05 (two-tailed) was considered to indicate statistical 
significance.

Results

Rising trend of HPs. Over a 10-year period, the clinical data 
of 109,150 patients undergoing EGD was available and histo-
pathology data were obtained for 94,031 participants. A total 
of 1,497 HPs (1.6%) were detected in the 94,031 participants. 
The annual detection rate of HPs increased gradually from 
2009 to 2018, suggesting a rising trend of the lesions (r=0.95, 
P<0.001; Fig. 1A). During this period, the prevalence of HPs 
exhibited a ~4-fold increase. In line with this, the prevalence 
of FGPs also exhibited a rising trend (Fig. 1A). The increase 
in the prevalence of HPs appeared to be slower compared with 
that in FGPs and its proportion among gastric polyps exhibited 
an obvious drop (Fig. 1B).

Identification of risk factors for HPs. To explore the asso-
ciation of potential risk factors with HPs, logistic regression 
analyses were performed. The results demonstrated that 
H. pylori infection was inversely associated with HPs. The 
risk for HPs was significantly decreased in H. pylori-positive 
patients compared that in H. pylori‑negative patients (adjusted 
OR, 0.66; 95% CI, 0.59-0.75; P<0.001; Table I). Female sex 
and older age were associated with an increased risk for HPs. 
However, the OR value of female sex for HPs was lower than 
that for FGPs. Contrarily, female sex was associated with a 
lower risk for APs, although the difference was not statistically 
significant. Older age was associated with a slightly higher, but 
statistically significant risk for HPs as well as the other types 
of polyps. IM was also inversely associated with HPs (Table I).

Univariate logistic regression analysis suggested that there 
was a positive association between H. pylori and IM (OR: 1.31, 
95%CI: 1.27-1.35, P<0.001; Table SI).

Declining trend of H. pylori infection. Of the 109,150 
participants who underwent EGD examination, 87,699 cases 
were assigned H. pylori status by histopathological methods. 
H. pylori was present in 29,059 (33.1%) of the 87,699 
participants. The prevalence of H. pylori infection decreased 
gradually from 35.8% in 2009 to 32.0% in 2018 (r=-0.76, 
P=0.011; Fig. 2A). This suggested a declining trend of 
H. pylori infection over the past decade. One-way ANOVA 
and the SNK test indicated that there was no significant differ-
ence in the averages of age between calendar years of the past 
decade (range from 52.41±14.56 to 53.13±13.49 age; P>0.05; 
Table SII). Thus, the decline in the infection rate of H. pylori 
was not associated with age.

The potential effect of the birth year range on H. pylori 
prevalence was explored in the study population. The preva-
lence was higher in the 1960-1969, 1970-1979 and 1980-1989 
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birth cohorts, but lower in the cohorts born prior to 1960 and 
after 1989. Thus, there was no indication that the birth year in 

the population subjected to EGD examinations affected the 
prevalence of H. pylori (Fig. 2B). By contrast, a birth cohort 

Table I. Associations between different types of gastric polyp and age, gender, H. pylori and IM.

A, HPs

 Univariate model Multivariate model
 ---------------------------------------------------------- -------------------------------------------------------------
Variable Casesa (n=1,497) Controls (n=90,110) OR (95% CI) P-value OR (95% CI) P-value

Average age  57.5±11.9 52.6±14.1 1.03 (1.02-1.03) <0.001 1.03 (1.03-1.04) <0.001
Female sex 914 (61.1) 43,710 (48.5) 1.66 (1.50-1.85) <0.001 1.52 (1.36-1.69) <0.001
H. pylorib 324 (22.7) 28,497 (34.0) 0.57 (0.50-0.65) <0.001 0.66 (0.59-0.75) <0.001
IM 314 (21.0) 27,079 (30.1) 0.62 (0.55-0.70) <0.001 0.51 (0.45-0.58) <0.001

B, FGPs

 Univariate model Multivariate model
 ---------------------------------------------------------- -------------------------------------------------------------
Variable Casesa (n=2,209) Controls (n=90,110) OR (95%CI) P-value OR (95%CI) P-value

Average age 55.0±11.7 52.6±14.1 1.01 (1.01-1.02) <0.001 1.02(1.01-1.02) <0.001
Female sex 1,571 (71.1) 43,710 (48.5) 2.61 (2.38-2.87) <0.001 2.32 (2.11-2.55) <0.001
H. pylorib 204 (9.4) 28,497 (34.0) 0.20 (0.18-0.24) <0.001 0.23 (0.20-0.26) <0.001
IM 348 (15.8) 27,079 (30.1) 0.44 (0.39-0.49) <0.001 0.41 (0.36-0.46) <0.001

C, APs

 Univariate model Multivariate model
 ---------------------------------------------------------- ---------------------------------------------------------
Variable Casesa (n=35) Controls (n=90,110) OR (95%CI) P-value OR (95%CI) P-value

Average age  60.6±12.7 52.6±14.1 1.04 (1.02-1.07) 0.001 1.04 (1.01-1.08) 0.004
Female sex 16 (45.7) 43,710 (48.5) 0.89 (0.46-1.74) 0.741 0.79 (0.37-1.70) 0.550
H. pylorib 3 (11.1) 28,497 (34.0) 0.24 (0.07-0.81) 0.021 0.29 (0.09-0.96) 0.042
IM 9 (25.7) 27,079 (30.1) 0.81 (0.38-1.72) 0.577 0.88 (0.39-1.98) 0.761

aExcluded: 13 juvenile polyps, 4 inflammatory fibroid polyps, 104 mixed polyps (including 95 HPs mixed with FGPs, 5 HPs mixed with APs, 
2 FGPs mixed with APs, 1 HPs mixed with inflammatory fibroid polyps and 1 FGPs mixed with juvenile polyps), 59 with histological type not 
described. bThe H. pylori status of 87,699 patients was available. Values are expressed as the mean ± standard deviation or n (%). OR, odds ratio; 
HPs, hyperplastic polyps; FGPs, fundic gland polyps; APs, adenomatous polyps; IM, intestinal metaplasia; H. pylori, Helicobacter pylori.

Figure 1. Changes in (A) the prevalence and (B) proportion of gastric polyps from 2009 to 2018. HPs, hyperplastic polyps; FGPs, fundic gland polyps; APs, 
adenomatous polyps.
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effect was detected in the population comprised of 11,007 indi-
viduals subjected to routine health checkups. The prevalence 
of H. pylori exhibited an apparent trend of decline from older 
to younger birth cohorts (P-value for trend, <0.001; Fig. 2C). 
The prevalence was 48.6% in the group born prior to 1960 and 
decreased gradually to 31.1% in the group born after 1989.

Inverse association between the annual prevalence of H. pylori 
and HPs. Correlation analyses indicated that the annual preva-
lence of HPs increased with the decrease in the prevalence 
of H. pylori, suggesting an inverse association between them 
(r=-0.64, P=0.048; Fig. 3A). An inverse association was also 
observed between the annual prevalence of H. pylori and 
gastric polyps or FGPs (Fig. 3B and C). However, the preva-
lence of H. pylori was not correlated with APs (Fig. 3D).

Impact of age on the effect of H. pylori infection on HPs. The 
prevalence of HPs exhibited an age-associated increase in 
H. pylori‑negative and -positive groups (Fig. 4A), consistent 

with the aforementioned result that older age was a risk factor 
for HPs. However, it appeared that the age-associated increase 
was different between the two groups. Specifically, the 
age-associated rise in the prevalence of HPs was slower in 
H. pylori-infected patients. Correlation analysis revealed that 
the difference in the prevalence of HPs between the two groups 
increased with age (r=0.80, P=0.018; Fig. 4B).

Discussion

In the present study, an increase over time in the prevalence 
of HPs was identified. The reason may have, in part, been the 
improvement of detection techniques, but overall, it made less 
impact. To date, only few studies have explored the trend of 
the occurrence of HPs over several years. A study on a small 
population of 3,887 participants examined the prevalence of 
HPs at five time‑points from 1980 to 2016 (5). They obtained 
no significant change in the occurrence of HPs. The present 
results indicated that the increase in the prevalence of HPs over 
time was slower compared with that of FGPs. Over the 10-year 
period, HPs changed from the dominant type of gastric polyps 
to the second-most common type due to the sharp rise in the 
prevalence of FGPs. This is in agreement with the results of 
earlier studies (2-5,15).

The present results revealed that females have an increased 
risk for HPs. This is in contrast to studies from other geograph-
ical regions, according to which gender has no significant 
influence on the risk of HPs (6,16), although females having 
a significant increase in the risk of gastric polyps has also 
been described in Western populations (17). These conflicting 
results may be attributed to the differences in ethnicity or 
differences in the prevalence of H. pylori (18,19). In agreement 
with other studies, older age appeared to be associated with an 
increased risk for HPs (6,7,20).

HPs carry a low but definite risk for malignant transforma-
tion. Thus, determining the association of H. pylori with HPs 
is a major clinical concern. Studies on large cohorts from areas 
of low prevalence of H. pylori demonstrated that the pathogen 
is inversely associated with the occurrence of HPs (2,6). 
The present study, performed on a population of China, 
which had a high prevalence of H. pylori, provided similar 
results. Furthermore, the present data demonstrated that the 
prevalence of H. pylori exhibited a gradual decrease over the 
10-year period assessed. The annual prevalence of H. pylori in 
the population examined was inversely associated the detec-
tion rate of HPs. These results provide further evidence for the 
inverse association between H. pylori infection and HPs.

The possible reasons for the negative association between the 
infection and HPs remain controversial. It has been suggested 
that the increased prevalence of HPs is caused by IM of gastric 
mucosa, rather than the decreased prevalence of the infec-
tion (2). The negative association between the infection and HPs 
may be an indirect result that merely reflects the loss of current 
infection of H. pylori in IM. However, this explanation was not 
supported by other studies (6) and the present result regarding 
IM being inversely associated with HPs. To further demonstrate 
the negative association between the infection and HPs, the 
association between the infection and IM was analyzed. The 
present results indicated that H. pylori infection was positively 
associated with IM. This is consistent with results from earlier 

Figure 2. Trends in the prevalence of H. pylori with time. (A) Changes of 
the H. pylori-positive rate in each calendar year. (B) Effect of the birth year 
range on the H. pylori prevalence in patients undergoing esophagogastro-
duodenoscopy. (C) Effect of the birth year range on the H. pylori prevalence 
in individuals undergoing health checkups. H. pylori, Helicobacter pylori.
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studies, which examined the prevalence of the infection in IM in 
large cohorts (21,22). Based on this information, H. pylori infec-
tion was indicated to be inversely associated with HPs.

In spite of being a pathogen causing a variety of gastric 
diseases, H. pylori infection provides protection from diarrhea, 
Barrett's esophagus, erosive esophagitis and gastroesophageal 
reflux disease (23‑26). To explore whether the inverse associa-
tion may indicate protection from HPs by H. pylori, the impact 
of exposure time to the pathogen on the prevalence of HPs was 
then analyzed. Considering that H. pylori is usually acquired 
during childhood (27,28), the age of the patients was used to 
roughly estimate the exposure time of H. pylori. The results 
indicated that in spite of the age-associated increase in the 
prevalence of HPs, the rise was much slower in the infected 
patients. This indicates that the increase in the exposure time to 
the infection may have a potential protective effect on HPs. In 
contrast to the present results, a study on 183 patients suggested 

that the positive rate of H. pylori infection was lower in the 
group with regression of HPs (29). These contrasting results 
may be attributed to complexity in the factors involved in the 
regression of gastric polyps, including the polyp size, which 
is a key determinant for the disappearance of polyps. Another 
study indicated that the recurrence of HPs was more frequent 
in H. pylori-persistent patients after endoscopic removal of 
polyps (30). However, the present study also indicated that the 
eradication of H. pylori does not prevent the recurrence of HPs. 
Therefore, further follow-up studies are required to clarify the 
association between H. pylori and HPs, taking into account the 
population size and factors involved in the regression of polyps.

In the present study, the possible causes of the annual decrease 
of the prevalence of H. pylori in the population subjected to EGD 
examination were further analyzed. The results suggested that 
the declining prevalence of H. pylori may not be attributed to 
the birth cohort effect, that mean the decline was not caused by 

Figure 3. Correlation between the trend of H. pylori infection and the prevalence of (A) HPs, (B) gastric polyps, (C) FGPs and (D) APs. HPs, hyperplastic 
polyps; FGPs, fundic gland polyps; APs, adenomatous polyps; H. pylori, Helicobacter pylori.

Figure 4. (A) Prevalence of hyperplastic polyps in H. pylori‑negative and -positive subjects in different age groups (years) and (B) the prevalence difference. 
The difference increased with age. H. pylori, Helicobacter pylori.
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exposure to environmental factors during early life. However, 
the presence of the birth cohort effect was demonstrated in the 
population of patients subjected to health checkups. Therefore, 
the declining trend in the prevalence of H. pylori over time prob-
ably attributes to the eradication interventions for those patients 
who underwent EGD examination, as the patients undergoing 
EGD exhibit a variety of symptoms, and the majority of the cases 
received PPI or H. pylori eradication therapy.

In addition to the potentially protective effect on HPs by 
H. pylori, the roles of the wide use of PPIs in the development 
of HPs should be considered. The present results indicated 
that the decline in the proportion of HPs was accompanied by 
a relative increase in FGPs. This is what is usually observed 
in developed countries where the prevalence of H. pylori 
infection is low and the use of PPI is high (2). Recent studies 
have indicated that HPs occur after long-term use of PPIs in 
patients without H. pylori infection (31,32). PPIs may stimu-
late the secretion of gastrin, leading to hyper-gastrinaemia. 
This may cause hyper-proliferation of the gastric mucosa and 
promote the development of HPs (31,32). Despite the lack of 
information on the history of PPI use in the study population, 
the present results indicate that it is plausible that the wide use 
of PPIs accounts for the decline in the HPs. Further study is 
indicated for clarifying the roles of PPIs in the development of 
HPs. In addition, it has been reported that the dysbiotic micro-
biota is associated with the development of nasal and intestinal 
polyps (33-36). The human stomach harbors a complex micro-
biota in the luminal cavity and mucosa. Dysbiosis of the 
gastric microbiota has been linked to the occurrence of gastric 
cancer (37). Although the microbiota has not been charac-
terized in gastric polyps, it is probable that dysbiosis of the 
gastric microbiota is causative for HPs. Therefore, antibiotic 
treatments may restore the dysbiotic microbiota and result in 
regression of HPs (38). H. pylori infection has a huge impact on 
the gastric microbiota (39-41). It is possible that the pathogen 
provides indirect protection against HPs through influencing 
the microbiota.

The present study examined the prevalence of gastric 
polyps including HPs in patients who underwent EGD. All 
of the patients had complaints of upper gastrointestinal 
symptoms, rather than being asymptomatic. Thus, it should 
be noted that the prevalence of gastric polyps determined in 
the present study may not represent the actual incidence of 
gastric polyps in the general population. Further studies on 
the general population are indicated to confirm the potential 
protection of H. pylori on the occurrence of HPs.

In conclusion, the present data demonstrate the rising 
prevalence of HPs over time. An inverse association between 
HPs and H. pylori infection was identified. It appears that 
H. pylori may indirectly protect against HPs, however the 
risk factors and mechanisms associated with this protection 
require further study.
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