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Background/Aims: The aim of this study was to determine the risk factors of multiple gastric polyps according to the histological classi-
fication of gastric polyps.
Methods: Subjects with multiple gastric polyps (at least three) during endoscopy were enrolled prospectively. They were assigned 
to a fundic gland polyp (FGP) group and hyperplastic polyp (HP) group based on a histological classification of gastric polyps. 
Helicobacter pylori (H. pylori) was confirmed by its histology. Serum gastrin was measured using the radioimmunoassay method. A 
questionnaire was taken regarding the intake of proton pump inhibitor and nonsteroidal anti-inflammatory drugs, alcohol, smoking 
history, and diet.
Results: Among the 60 subjects enrolled from 2015 to 2018 at Seoul National University Bungdang Hospital, 47 and 13 subjects 
were assigned to the FGP and HP groups, respectively. The H. pylori infection rate was 12.8% in the FGP group, which is lower than 
that in the HP group (69.2%, p<0.001). The gastrin level was higher in the HP group (194.7 pg/dL, range 50.6-387.8 pg/dL) than 
in the FGP group (57.4 pg/dL, range 24.8-79.0 pg/dL) (p=0.007). Histologically, neutrophil infiltration in the antrum and body of the 
stomach were higher in the HP group than in the FGP group (p=0.022 and p=0.030, respectively). In contrast, monocyte infiltration 
in the antrum and body of the stomach were higher in the FGP group than in the HP group (p=0.018 and p<0.001, respectively).
Conclusions: HPs arise from inflammation caused by H. pylori. On the other hand, the FGP was not associated with H. pylori or environ-
mental factors. (Korean J Gastroenterol 2019;74:17-29)
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INTRODUCTION

Most gastric polyps are usually asymptomatic. They are 

found incidentally in approximately 2% of upper endoscopies 

performed for unrelated reasons.1 A health check-up program 

designed to detect gastric cancer was implemented by the 
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Fig. 1. Flow chart showing the selection of patients with multiple gastric polyps classified by histopathology.

Korean government in 2001 for a biannual evaluation of 

Korean citizens aged more than 40 years. Since then, gastro-

scopy has become common and asymptomatic gastric polyps 

have been discovered increasingly. In recent years, the in-

cidence of multiple gastric polyps has also increased.2 The 

most common type of gastric polyps detected by endoscopy 

are epithelial polyps, including fundic gland polyps (FGPs), 

hyperplastic polyp (HP), and gastric adenoma.3

FGPs account for 16-51% of gastric epithelial polyps, of 

which the endoscopic findings are usually multiple, small, 

transparent, sessile, and frequently located in the gastric fun-

dus and body.4,5 A FGP is characterized histologically by micro-

cysts and cystic dilatation of the glands lined with parietal 

and chief cells.

The pathophysiology of a FGP that usually occurs in normal, 

non-atrophic gastric mucosa6-8 is not known precisely.9 In 

sporadic FGPs, low-grade epithelial dysplasia has been de-

scribed, but its prevalence is extremely rare (approximately 

1%).10

HP represent 30-90% of gastric epithelial polyps. Their his-

tologic features include elongation, twisting, branching, and 

cystic dilatation of the tortuous foveolae with inflamed stroma 

(so-called corkscrew appearance) lined by hyperplastic gastric 

mucin-containing epithelium.11 These polyps usually develop 

in patients with atrophic gastritis, Helicobacter pylori (H. pylo-
ri) associated gastritis, or gastric ulcer. They can also develop 

on the anastomotic site of Billroth I or II surgery because 

such sites are exposed continuously to bile reflux and a chron-

ic inflammatory environment.4,5 HP can progress to cancer 

in 1.5-2.1% of cases. The risk of pre-cancerous lesions in-

creases when the size is greater than 10 mm and peduncu-

lated12,13 in the peripheral mucosa of the polyp than in the 

polyp itself.3,14

Regarding the risk factors for the development of gastric 

polyps, a recent study reported that age and an unhealthy 

lifestyle of eating can affect the occurrence of gastric polyps.15 

Nevertheless, comprehensive prospective studies on the risk 

factors (such as smoking, alcohol, proton pump inhibitor [PPI] 

and nonsteroidal anti-inflammatory drugs [NSAIDs] history, 

background gastritis status, gastrin levels together with gas-

trointestinal symptoms) of multiple gastric polyps have not 

been reported. This study hypothesized that the two catego-

ries of gastric polyps (FGP and HP) are quite different in terms 

of morphology, location in the stomach, pathology findings 

of gastric mucosa, and other risk factors. Therefore, the aim 

of this study was to determine the characteristics and risk 

factors (such as PPI and NSAIDs intake, H. pylori infection, 

serum gastrin concentration, alcohol, smoking, and diet) of 

multiple gastric polyps through a prospective study.
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Fig. 2. Endoscopy findings of a representative fundic gland polyp (FGP) (A) or hyperplastic polyp (HP) (B). (A) Endoscopic view of a FGP showing 
more than 10 polyps of 1 cm or less throughout the body and antrum. (B) Endoscopic view of a HP showing hyperemic polypoid lesions, 
approximately 1 cm in size, on the body. Histology findings of representative FGP (C) or HP (D). (C) Representative photomicrograph of a FGP 
showing the proliferation of oxyntic glands with a cystic dilation and disordered architecture (H&E, ×40). (D) Representative photomicrograph 
of a HP showing dilated and hyperplastic foveolar glands with edematous and inflamed stroma (H&E, ×40).

SUBJECTS AND METHODS

1. Study design and patients

Subjects aged between 20 and 80 years old, who showed 

multiple gastric polyps by esophagogastroduodenoscopy from 

January 2015 to December 2018 at Seoul National University 

Bundang Hospital (diagnosed by NK), South Korea, were en-

rolled prospectively. Multiple gastric polyps were defined as 

the presence of three or more polyps on endoscopy. The sta-

tus of atrophy and intestinal metaplasia of the background 

gastric mucosa was classified based on the Kimura-Takemoto 

classification (C-1, C-2, C-3, O-1, O-2, and O-3) for atrophy 

and Genta's classification (I and II) for intestinal metaplasia.

Subjects were excluded if their histological results revealed 

a diagnosis of gastritis or malignancy or if their serum gastrin 

level was not measured. Subjects with a prior history of peptic 

ulcer disease or benign gastric ulcer scars on endoscopy were 

excluded. Patients who took aspirin or clopidogrel until the 

endoscopy were also excluded. Only those patients who 

agreed to undergo a biopsy for H. pylori at the start of this 

study were enrolled. Fig. 1 presents a flow chart for selecting 

patients with multiple gastric polyps. Patients currently taking 

PPI were instructed to discontinue PPI for more than two 

weeks before undergoing endoscopy and biopsy. All subjects 

were Koreans. This study protocol was approved by the Ethics 

Committee of Seoul National University Bundang Hospital (IRB 

number: B-1712-438-103).

A B

C D
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2. Histological classification of polyps and pathology 

determination of the surrounding gastric mucosal 

tissue

Subjects were classified into two groups (FGP group and 

HP group) if one or more gastric polyps were diagnosed as 

FGPs or HPs histologically (Fig. 2). If both FGP and HP appeared 

in the pathology results at the same time, the biopsy speci-

mens were combined and the case was classified as one of 

the two that showed dominance.

For patients with the pathological findings of gastritis only, 

the pathologist (HSL) was requested to perform a pathology 

review to determine whether they were FGPs or HPs. FGPs 

were characterized histologically by one or more cystically di-

lated oxyntic glands composed of parietal and chief cells 

with a distorted glandular architecture and microcysts admixed 

with normal glands.9,16-18 HPs are characterized histologically 

by elongation, twisting, branching, and cystic dilatation of the 

foveolae with hyperplasia, with or without increased in-

flammatory cells in the lamina propria or surface erosions.13,17

In addition, four biopsies were taken to determine the back-

ground gastric mucosal pathology and H. pylori infection (each 

specimen from the greater and lesser curvatures of the an-

trum and mid-body, respectively). They were fixed in formalin 

and assessed for the degree of inflammatory cells (neutrophil 

or monocyte) infiltration, atrophy, and intestinal metaplasia 

by H&E staining. The histological features of gastric mucosa 

were recorded using the updated Sydney system and classi-

fied as absent, mild, moderate, or marked (0-3, respectively).19

3. Determination of the H. pylori infection status

A current H. pylori infection was confirmed using the CLO 

test (Delta West, Bentley, Australia) pathology findings with 

four biopsy specimens on the body and the antrum (greater 

and lesser curvatures, respectively) by Giemsa staining. A his-

tory of eradication was taken by questionnaire. A prior in-

fection was checked using a serum H. pylori IgG test. The 

patient was diagnosed with a past H. pylori infection if the 

H. pylori serology was positive but no bacteria were found 

by histology. The patient was defined as having a negative 

H. pylori infection with negative results of the CLO test or 

biopsy-based tests, negative H. pylori serology, and no history 

of H. pylori eradication.

4. Evaluation of the symptoms at first visit, PPI and 

NSAIDs intake, smoking and alcohol history, and diet 

by a questionnaire

All subjects responded to a questionnaire regarding their 

gastrointestinal symptoms, PPI and NSAIDs intake, alcohol 

consumption and smoking, and diet under the supervision 

of a well-trained interviewer soon after gastroscopy. In the 

case of PPI administration, the medicine and duration of in-

take were investigated. Symptoms (such as heartburn, acid 

regurgitation, chest pain, hoarseness, globus sensation, epi-

gastric soreness, cough, dyspepsia, hematochezia, diarrhea, 

or no symptoms) at the time of the initial visit were chosen 

as the chief complaints. The dietary habits, such as salty and 

spicy food, were asked. Salty or spicy food was defined when 

the subjects added seasoning, such as salt or pepper.

5. Measurements of the serum gastrin concentration

The serum gastrin levels were measured using a radio-

immunoassay method (Green Cross Medical Science Corp, 

Seoul, Korea). The normal values were 0-110 pg/mL.17 In this 

study, the serum gastrin levels were measured for most of 

the enrolled subjects except for two.

6. Statistical analysis

To analyze the correlations between the risk factors and 

each histologically classified multiple gastric polyp group, a 

chi-square test (Fisher’s exact test) or Student’s t-test, and 

a Mann-Whitney test were used for the categorical variables 

and continuous variables, respectively. Multiple logistic re-

gression analysis was applied to reveal the relationship be-

tween the risk factors and each polyp group. p-values less 

than 0.05 were considered statistically significant. The OR 

with its 95% CI was used as a measure of an association. 

SPSS for windows version 19.0 (SPSS Inc., Chicago, IL, USA) 

was used for all statistical analyses.

RESULTS

1. Baseline characteristics

A total of 72 subjects diagnosed with multiple gastric polyp 

by endoscopy were enrolled during the study period. Twelve 

subjects were excluded from this study. Therefore, the patho-

logic results of 60 patients with FGPs or HP were obtained 

through a gastric biopsy. Their basic characteristics are sum-
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Table 1. Multivariate Analysis between the Fundic Gland Polyp Group and Hyperplastic Polyp Group

Fundic gland polyp 
(n=47)

Hyperplastic polyp 
(n=13)

p-value OR (95% CI)

Age (years)

  Median       54 (41-65.5) 58 (53-65) 0.603

  <40 15 (31.9) 3 (23.0)

  40-64 18 (38.3) 5 (38.5)

  ≥65 14 (29.8) 5 (38.5)

Sex 0.262   3.037 (0.708-13.030)

  Female 41 (87.2) 9 (69.2)

  Male    6 (12.8) 4 (30.8)

H. pylori infection

  Positive (current+past+eradication history)    6 (12.8) 9 (69.2) 0.000a 15.375 (3.583-65.967)a

  Current infection 1 (2.1) 4 (30.8) 0.006a 20.444 (2.040-204.900)a

  Past infection 3 (6.4) 3 (23.1) 1.000   0.000

  History of eradication therapy 2 (4.3) 2 (15.3) 0.426   4.091 (0.517-32.350)

  Negative 41 (87.2) 4 (30.8)

Serum gastrin level (pg/mL)

  Median       57.4 (24.8-79.0)    194.7 (50.6-387.8) 0.007a

  <110 40 5

  ≥110 7 8

Symptoms 0.343

  Heartburn 11 (23.4) 3 (23.1)

  Acid regurgitation   7 (14.9) 0 (0.0)

  Chest pain 2 (4.3) 2 (15.4)

  Hoarseness 1 (2.1) 0 (0.0) 

  Globus sensation 4 (8.5) 0 (0.0) 

  Epigastric soreness 3 (6.4) 1 (7.7) 

  Dyspepsia 4 (8.5) 1 (7.7) 

  Hematochezia 0 (0.0) 1 (7.7) 

  No symptom 15 (31.9) 5 (38.5)

Pathologic features of the gastric mucosa (antrum) 

  Neutrophil 0.022a

    Absent 46 (97.9) 10 (76.9) 

    Mild 0 (0.0) 1 (7.7) 

    Moderate 1 (2.1) 2 (15.4)

    Marked 0 (0.0) 0 (0.0) 

  Monocyte 0.018a

    Absent 11 (23.4) 4 (30.8)

    Mild 33 (70.2) 5 (38.5)

    Moderate 3 (6.4) 2 (15.4)

    Marked 0 (0.0) 2 (15.4)

  Atrophic gastritis 0.852

    Absent 36 (76.6) 10 (76.9) 

    Mild   9 (19.1) 2 (15.4)

    Moderate 2 (4.3) 1 (7.7) 

    Marked 0 (0.0) 0 (0.0) 

  Intestinal metaplasia 0.010a

    Absent 47 (100) 10 (76.9) 

    Mild 0 (0.0) 1 (7.7) 

    Moderate 0 (0.0) 1 (7.7) 

    Marked 0 (0.0) 1 (7.7) 
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Table 1. Continued

Fundic gland polyp 
(n=47)

Hyperplastic polyp 
(n=13)

p-value OR (95% CI)

Pathologic features of the gastric mucosa (body)

  Neutrophil 0.030a

    Absent 46 (97.9) 9 (69.2)

    Mild 0 (0.0) 1 (7.7) 

    Moderate 1 (2.1) 2 (15.4)

    Marked 0 (0.0) 1 (7.7) 

  Monocyte 0.000a

    Absent 12 (25.5) 4 (30.8)

    Mild 34 (72.3) 3 (38.5)

    Moderate 1 (2.1) 3 (15.4)

    Marked 0 (0.0) 3 (15.4)

  Atrophic gastritis 0.135

    Absent 40 (85.1) 11 (84.6)

    Mild   7 (14.9) 1 (7.7) 

    Moderate 0 (0.0) 1 (7.7) 

    Marked 0 (0.0) 0 (0.0) 

  Intestinal metaplasia 0.024a

    Absent 47 (100) 11 (84.6)

    Mild 0 (0.0) 1 (7.7) 

    Moderate 0 (0.0) 1 (7.7) 

    Marked 0 (0.0) 0 (0.0) 

PPI history 0.368   2.160 (0.614-7.600)

  No 27 (57.4) 5 (38.5)

  Yes 20 (42.6) 8 (61.5)

  0-6 months 10 (21.3) 6 (46.2)

  6-12 months 3 (6.4) 0 (0.0) 

  12-24 months 3 (6.4) 2 (15.4)

  >24 months 4 (8.5) 0 (0.0) 

Smoking 1.000   1.875 (0.156-22.468)

  No 45 (95.7) 12 (92.3) 

  Yes 2 (4.3) 1 (7.7) 

Alcohol 1.000   0.921 (0.261-3.247)

  No 28 (59.6) 8 (61.5)

  Yes 19 (40.4) 5 (38.5)

Diet

  Salty 35 (74.5) 8 (61.5) 0.570   0.549 (0.150-2.004)

  Spicy 3 (6.4) 3 (23.1) 0.210   4.400 (0.771-25.103)

Values are presented as the median (range) or n (%).
OR, odds ratio; CI, confidence interval; H. pylori, Helicobacter pylori; PPI, proton pump inhibitor.
aIndicates statistical significance.

marized in Table 1. Two (3.33%) subjects took NSAIDs: one 

subject in the FGP group and one in the HP group.

2. Comparing the endoscopic features between the 

FGP and HP groups

The endoscopic features of the two groups were compared; 

the results are shown in Table 2. The FGPs was distributed 

mainly in the body of the stomach (n=23, 48.9%) and both 

the body and fundus (n=16, 34.0%), whereas HPs were dis-

tributed mainly in the body of the stomach (n=5, 38.5%) and 

in both the body and antrum (n=4, 30.8%), showing a sig-

nificant difference between the two groups (p=0.005). On the 

other hand, there were no significant differences in the num-

ber receiving endoscopy, number of polyps, number of sub-
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Table 2. Endoscopic Characteristics of the FGP Group and Hyperplastic Polyp Group

Fundic gland polyp (n=47) Hyperplastic polyp (n=13) p-value OR (95% CI)

Number of endoscopy

  Median    1.0 (0.5-2.0) 2.0 (1.0-3.0) 0.112

Repeated number of endoscopy 0.045a

  0 35 (74.5) 7 (53.8)

  1   8 (17.0) 3 (23.1)

  2 4 (8.5) 1 (7.7) 

  3 0 (0.0) 2 (15.4 )

Polypectomy 0.025a 5.250 (1.229-22.426)a

  No 42 (89.4) 8 (61.5)

  Yes   5 (10.6) 5 (38.5)

Number of polyps

  Median    10.0 (4.0-15.0) 5.0 (3.0-7.0) 0.247

  ≥3, <5 16 5

  ≥5, <10 7 5

  ≥10 24 3

Increased number of polyps 0.784 0.640 (0.153-2.671)

  No 32 (68.1) 10 (76.9) 

  Yes 15 (31.9) 3 (23.1)

Regional distribution of polyps 0.005a

  Fundus 2 (4.3) 0 (0.0) 

  Body 23 (48.9) 5 (38.5)

  Body and cardia 2 (4.3) 2 (15.4)

  Body and fundus 16 (34.0) 0 (0.0) 

  Body and antrum 2 (4.3) 4 (30.8)

  Body, fundus and antrum 2 (4.3) 0 (0.0) 

  Antrum 0 (0.0) 1 (7.7) 

  Cardia and antrum 0 (0.0) 1 (7.7) 

Values are presented as the median (range) or n (%). 
OR, odds ratio; CI, confidence interval.
aIndicates statistical significance.

jects with increased number of polyps during the study, or 

endoscopic classification of atrophy and intestinal metaplasia 

between the two groups.

In the endoscopic classification of atrophic gastritis (AG) 

and intestinal metaplasia (IM), one (2.1%) subject was AG 

C-1 in the FGP and one (7.7%) subject was C-3 in the HP. 

There was no IM in either group.

3. Comparison of FGPs and HPs according to the risk 

factors and pathology findings

The risk factors of FGPs and HPs were compared; the results 

are summarized in Table 1 and Fig 3. The proportion of H. 
pylori infection was significantly lower in the FGP (n=6, 12.8%) 

than in the HP group (n=9, 69.2%) (p<0.001). The median 

serum gastrin level (pg/dL) was significantly higher in the HP 

group (194.7, range 50.6-387.8) than in the FGP (57.4, range 

24.8-79.0) (p=0.007). Histologically, neutrophil infiltration in 

the antrum (n=3, 23.1%) (p=0.022) and body of the stomach 

(n=4, 30.8%) (p=0.030) were significantly higher in the HP 

group than those of the FGP group (both n=1, 2.1%). In addi-

tion, the HP group showed higher intestinal metaplasia in the 

antrum (n=3, 23.1%) (p=0.010) and in the body of the stom-

ach (n=2, 5.4%) (p=0.024) than the FGP group (both n=0, 

0.0%). On the other hand, monocyte infiltration in the antrum 

(n=36, 76.6%) (p=0.018) and body of the stomach (n=35, 

75.5%) (p<0.001) in the FGP group were significantly higher 

than those in the HP group (both n=9, 69.2%). On the other 

hand, there was no statistical difference in age, sex, PPI and 

NSAIDs intake, smoking, alcohol, or diet habits observed be-

tween the two groups.
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Table 3. Serum Gastrin Level and PPI Intake

PPI intake (+) (n=32) PPI intake (-) (n=28) p-value

Serum gastrin level (pg/mL)

  Median 78.9 (44.1-177.3) 55.0 (44.2-77.5) 0.048a

Values are presented as the median (range).
PPI, proton pump inhibitor.
aIndicates statistical significance.

Fig. 3. Multivariate analysis between the fundic gland polyp group and hyperplastic polyp group. H. pylori, Helicobacter pylori; AG, atrophic
gastritis; IM, intestinal metaplasia. aMeans statistical significance.

DISCUSSION

Gastrin is associated with a H. pylori infection. A H. pylori 
infection causes HPs and oxyntic mucosal atrophy.20 Oxyntic 

mucosal atrophy then leads to hypergastrinemia due to a de-

crease in gastric acidity.21 Gastrin also has a tropic effect 

on enterochromaffin-like cells and oxyntic mucosa, and has 

been reported to play a pro-carcinogenic role in preclinical 

studies.21,22 Based on the pathology that serum gastrin acts 

as a tropic factor, HPs usually occur in chronic gastritis asso-

ciated with a H. pylori infection. The development of HPs is 

a process of chronic inflammation and re-epithelization asso-

ciated with a H. pylori infection and hypergastrinemia.

In this study, the HP group had a more frequent H. pylori 

infection and higher serum gastrin concentration than the 

FGP group. In addition, the mean serum gastrin concentration 

in the H. pylori infection positive group (mean, 102.3 pg/dL; 

range, 26.8-363.4 pg/dL) was significantly higher than that 

in the H. pylori infection negative group (mean, 56.1 pg/dL; 

range, 2.5-79.1 pg/dL) (p=0.010). On the other hand, the rate 

of H. pylori infection in each group was lower than the Korean 

average of 54.4% in 2001. This might be related to the ex-

pansion of H. pylori eradication treatments and the socio-

economic status of the subjects.

Previous studies have suggested that the use of PPI is 

associated with FGPs.23,24 In addition, the incidence of FGP has 

increased with increasing duration of PPI administration.23,25-27 

The mechanism involved in the increase in the incidence of 

FGP by PPI has not been elucidated in detail. The increase 

in gastrin production secondary to acid suppression can 
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cause an enlargement of enterochromaffin-like cells and 

parietal cells and decrease the number of chief cells with-

out affecting the A-like cells.28,29 In addition, secretory prod-

ucts and parietal cell protrusions with the development of 

gland dilatation and cystic changes as alterations might 

precede a FGP.30 In this study, no subject in the FGP group 

with a PPI intake had parietal cell hyperplasia histologically. 

In subjects taking PPI, the serum gastrin concentration was 

significantly higher than that in subjects not taking PPI 

(78.9 pg/mL [95% CI, 44.1-177.3 pg/mL] vs. 55.0 pg/mL 

[95% CI, 44.2-77.5 pg/mL], p=0.048) (Table 3). On the oth-

er hand, there was no significant difference in the serum 

gastrin level during PPI administration between the FGP 

group and HP group in this study. The reason for this was 

that a large number of subjects in the HP group were 

symptomatic and taking PPI at the beginning of the study: 

six (75.0%) out of eight subjects who took PPI in the HP 

group had a history of less than six months of PPI intake.

In the HP group, the number of patients with symptoms, 

such as heartburn and acid regurgitation, was significantly 

higher than that in the FGP at the first visit. Regarding the 

relationship between the PPI intake and initial symptoms, 28 

(46.7%) subjects who took PPIs answered that they had ab-

dominal symptoms with a significant difference compared to 

the 32 (53.3%) subjects who did not take PPI (p=0.024).

In 2001, Abraham et al.31 performed a histological evalua-

tion of the surrounding mucosa in patients with HPs and re-

ported the presence of IM and gastritis in 37% and 85% of 

subjects, respectively. Dirschmid et al.32 in 2006 reported au-

toimmune gastritis in 51.3% of corpus mucosa patients and 

chronic active H. pylori gastritis in 37.3% of patients with HPs.

In this study, IMs on the antrum and body were significantly 

higher in the HP group (n=3, 23.1% and n=2, 15.4%, re-

spectively) than in the FGP group (n=0, 0.0%, both antrum 

and body) (p=0.001 and p=0.024, respectively). AGs on the 

antrum and body were 23.1% and 15.4%, respectively, in the 

HP group, showing no significant difference from those in the 

FGP group. This study also showed that the infiltration of neu-

trophils on the antrum (n=3, 23.1%) (p=0.022) and body of 

the stomach (n=3, 23.1%) (p=0.03) in subjects with HPs were 

significantly higher than those with FGPs. In addition, HPs 

were distributed mainly in the body (n=5, 38.5%) and both 

body antrum (n=6, 46.2%).

On the other hand, a gastric mucosal biopsy of the antrum 

and body around the polyp in the FGP group showed only 

the infiltration of mild monocytes with little infiltration of 

neutrophils. Less IM was observed compared to that in the 

HP group. Therefore, it was histologically confirmed that a 

FGP occurs in the background of the normal gastric mucosa.

In this study, neither age nor sex was associated with FGPs. 

On the other hand, somatic mutations and alleles of ad-

enomatous polyposis coli gene in the FGP of familial ad-

enomatous polyposis patients have been reported since 

1990.33,34 Adenomatous polyposis coli gene alterations are 

less common in sporadic cases than in familial adenomatous 

polyposis-associated cases, in which a β-catenin gene muta-

tion is frequent.35,36 Abraham et al.36 identified mutations in 

exon 3 of the β-catenin gene in 52 (91%) out of 57 sporadic 

FGPs of the stomach. On the other hand, it is unclear if the 

occurrence of FGP is due to the intrinsic mutation of the β
-catenin gene or exposure to other carcinogenic stimuli.

In addition, the fact that multiple gastric polyps are found 

in peri-menstrual women suggests that changes in the sex 

hormones might be associated with the development of gas-

tric polyps. Previous studies on colon polyps and estrogen 

have hypothesized that estrogen might have a direct effect 

on the growth of colon cancer cells in the colonic mucosa.37,38 

Recently, Woodson et al.39 reported that hormone replace-

ment therapy can reduce the risk of recurrence of colon pol-

yps in older women. On the other hand, the effects of sex 

hormones on gastric polyps have not been studied in detail 

yet; further studies will be needed.

Table 4 lists the characteristics of studies regarding the 

association between gastric polyps and their risk factors. 

Among previous studies13,32 of multiple gastric polyps, retro-

spective studies of FGPs or HPs were the most common. 

Detailed PPI intake history, gastrin level, and the degree of 

gastric mucosal inflammation by a biopsy were not evaluated 

clearly. Therefore, this study had the following strengths. First, 

the subjects were enrolled by one endoscopic expert (NK) 

in a single institute. Second, the risk factors were collected 

prospectively with a questionnaire by a clinical research 

assistant. Third, the classification was performed for the an-

trum and body. Fourth, serum gastrin and histologic analyses 

were performed for all subjects with multiple gastric polyps. 

This study is believed to be the first prospective study in Korea 

to analyze the risk factors of multiple gastric polyps with a 

histological review, serum gastrin, H. pylori infection, PPI his-
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tory, and other risk factors together.

The limitation of this study was that it was difficult to identi-

fy accurately the period of taking PPI prior to study enrollment 

because PPI administration was investigated through a 

questionnaire. Second, the number of subjects enrolled in this 

study was small, which limited the statistical analysis of the 

risk factors, particularly in the HP group. In addition, the pre-

cise cause and clinical significance of mild infiltration of mon-

ocytes in the surrounding gastric mucosa of the FGP remain 

unclear. The immune mechanism and external stimuli of the 

gastrointestinal tract might play a role.

In conclusion, this prospective study suggests that HPs 

arise due to inflammation caused by H. pylori and that FGPs 

are not related to PPI intake or epidemiologic causes. The 

association between FGPs and monocyte infiltration requires 

further study with a larger number of cases.
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