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INTRODUCTION

Rugal hyperplastic gastritis (RHG) is a gastric body fold 
width of over 5 mm, identified on inflating the stomach with 
an adequate amount of air during endoscopic examination.1 

This change in the stomach could be caused by various condi-
tions, for example, infiltrative diseases such as lymphoma, eo-
sinophilic infiltration, amyloidosis, and infectious conditions 
like tuberculosis or Helicobacter pylori infection.2,3 In H. pylo-
ri-infected stomach, active inflammation and low acidity have 

been reported as the major contributing factors of gastric can-
cer (GC), especially the diffuse type in Lauren’s classification is 
frequent in the non-atrophic stomach with active inflamma-
tion.4-6 RHG in H. pylori-infected stomach consists of mucosal 
hyperplasia and epithelial proliferation without glandular 
proliferation that leads to an increase in the foveolar–glandular 
thickness ratio, caused by an increase in the level of inflamma-
tion-induced cytokines, such as hepatocyte growth factor and 
interleukin 1-β.7 Increased levels of inflammatory cytokines 
were correlated with increased inflammatory cells and showed 
a close relationship with increased mutagenicity via an in-
crease in the level of 8-hydroxydeoxyguanosine (8-OHdG) (a 
marker of oxidative DNA damage) in enlarged fold gastritis.8 
Eradication of H. pylori showed improvement in fold thickness 
with complete disappearance of the neutrophils, which implies 
a close bond between the enlarged fold and neutrophils.9 In 
H. pylori-infected gastric epithelium, there is a characteristic 
neutrophilic proliferative zone foveolitis without regard to 
any gastritis state (even in atrophic or metaplastic gastritis), 
and this could lead to glandular stem cell changes generating 
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atypical malgun cells that can lead to gastric carcinogenesis; 
thus, increased inflammatory cell infiltration especially by 
neutrophils could be strongly associated with gastric car-
cinogenesis.4 Further, increased inflammation would lead to 
depletion of gastric acid that could in turn lead to easy corpus 
migration of H. pylori, resulting in persistent corpus-dominant 
(based on gastritis activity) gastritis, which could contribute to 
gastric carcinogenesis even after patients with RHG manage 
to circumvent the emergence of diffuse-type gastric cancer 
(DGC).10-12 Considering these findings, it would be beneficial 
to shed light on the endoscopic characteristics of RHG con-
cerning gastric acid.

Pepsinogen I (PG I) was correlated with gastric parietal 
cell mass and gastric acid output, but in H. pylori-infected 
stomach, PG I level was also influenced by mucosal inflamma-
tion, leading to a weak association between PG I and gastric 
acid13,14; therefore, PG I level as a marker of gastric acid secre-
tion could have limitation in the acute secretory phase of H. 
pylori-infected stomach. PG II is a surrogate marker of active 
inflammation of gastric corpus in H. pylori-infected stomach,15 

thus PG I level in this situation could be offset by the elevated 
amount of inflammation-related PG II to obtain the genuine 
amount of acid-related PG I in the relatively acute and secre-
tory phase in the H. pylori-infected stomach. Many reports 
revealed different levels of PG I, II, and I:II ratio in gastric pa-
thology. However, Iijima et al. showed that PG I:II ratio was a 
useful parameter for gastric acid secretion in H. pylori-infected 
stomach; the mean standard deviation (SD) of the endoscopic 
gastrin test (EGT) values in healthy patients without H. pylori 
infection was 3.6 (1.5) mEq/10 min, and they defined hypo-
chlorhydria as an EGT value lower than mean (−1 SD), pro-
found hypochlorhydria as an EGT value lower than mean (−2 
SD), and hyperchlorhydria as an EGT value higher than mean 
(1 SD).16 Eventually, they revealed cutoff points of serological 
markers corresponding to each gastric acid status: hypoch-
lorhydria was PG I:II ≤2.7, profound hypochlorhydria was 
PG I:II ≤2.2, and hyperchlorhydria was PG I:II ≥3.316; our 
cutoff for gastric acidity were based on this report. The recent-
ly developed Kyoto classification of gastritis classified the H. 
pylori-associated endoscopic findings responsible for gastric 
carcinogenesis and prepared scoring systems to evaluate the 
risk of GC, in which RHG plays a role with other endoscopic 
features in the identification of high-risk patients.17 Because 
RHG is just one of the various features of H. pylori-infected 
gastric mucosa, RHG could be related to various intra-gastric 
statuses such as acid level, infection-duration, or severity of 
inflammation. In this study, we tried to elucidate the charac-
teristics of RHG in H. pylori-infected stomach by observing 
the correlations among other endoscopic features and to find 

how RHG was connected to gastric acidity, as assessed by the 
PG test. Korea is the only country in the world that has adopt-
ed endoscopy as a method of GC screening. Thus, identifying 
high-risk patients on endoscopic exam should be a priority.

MATERIALS AND METHODS

Patient sample
From January 2016 to September 2016, we consecutively 

recruited 242 asymptomatic patients, who showed gastritis on 
endoscopy as part of a health check-up and gave their consent 
for H. pylori and PG tests for GC screening in addition to the 
check-up program offered by their local companies in Ulsan, 
Korea. Firstly, we included patients with confirmed H. pylori 
infection by rapid urease test, but we excluded those with a 
history of H. pylori eradication, those taking medicine influ-
encing the appearance of the gastric mucosa (any acid-sup-
pressive medicine or non-steroidal anti-inflammatory agent) 
within 8 weeks before examination (14 patients), and those 
with any past or on-going medical illness like liver or heart 
problem or malignant diseases (six patients). Secondly, since 
only visual images of the gastric mucosa were being examined, 
we excluded patients with no discernible endoscopic atrophic 
border (EAB) despite the positive H. pylori test (16 patients), 
which meant all our patients had definite endoscopic gastric 
atrophy. We also excluded patients who had organic gastroin-
testinal problems such as peptic ulcer diseases or malignancies 
(duodenal ulcer, three patients; gastric ulcer seven patients); in 
all, 196 patients were eligible for the study.

Endoscopic examinations
The patients were examined with conventional white-light 

endoscopy using a GIF-Q150 (Olympus Co., Tokyo, Japan), 
and endoscopic mucosal images were collected for each indi-
vidual; the diagnosis of endoscopic gastritis was based on the 
studies of Nomura et al. and Cho et al.18,19 Rugal hyperplasia 
was defined as a gastric fold width of ≥5 mm, with the aid of 
opening width (7 mm) of biopsy forceps, despite sufficient 
inflation of the stomach. Each endoscopic parameter such as 
closed- or open-type EAB, body type, antrum visible vessel 
break etc. are described in Table 1. Representative images 
are shown in Figs. 1 and 2. All endoscopic procedures were 
performed by the main author to avoid inter-observer vari-
ability. We used Campylobacter-like organism (CLO) Heli-
cobacter-detection kits (Asan Pharm Co., Ltd., Seoul, Korea), 
and the sample for the CLO test was taken from the low body 
greater curvature side of the stomach. This study was approved 
by the Korea National Institute for Bioethics Policy (KoNIBP).
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Table 1. Endoscopic Parameters

Endoscopic feature Scales Note

Body xanthoma Grade 0: do not exist
Grade 1: exist

Yellow white spot on the gastric mucosa

Body visible vessel Grade 0: do not exist
Grade 1: visible vessels mingled with irreg-
ular mucosa or prominent and clear vessel 
markings in body lesser curvature side

Body type A Grade 0: indiscernible
Grade 1: exist

Mosaic-like appearance

Body type B Diffuse homogenous redness

Body type C Untypical-irregular redness with groove

Body spotty erythema Grade 0: do not exist
Grade 1: when it could be clearly seen in 
fundus and body

Body rugal hyperplasia Grade 0: do not exist
Grade 1: exist

Gastric fold width is equal or over 5 mm with the aid of 
opening width (7 mm) of biopsy forcep despite sufficient air 
inflation of the stomach

Body regular arrangement  
of collecting venule

Grade 0: do not exist
Grade 1: exist

Body exudate Grade 0: do not exist
Grade 1: exist

White mucinous sticky fluid on the gastric mucosa

Body diffuse erythema Grade 0: do not exist
Grade 1: when it could be identified by 
close-up observation of mucosa due to 
light red color or easily identified at some 
distance due to dark red color

Endoscopic atrophic border Closed type; cardia saved from atrophic 
front

Open type; atrophic front surpass cardia

As suggested by Kimura-Takemoto 

Antrum visible vessel break Grade 0: do not exist
Grade 1: exist

Visible difference of mucosal thickness between antrum and 
lower body greater curvature side. This is caused by active 
inflammation on corpus mucos

Antrum visible vessel Grade 0: do not exist
Grade 1: exist

Antrum intestinal metaplasia Grade 0: do not exist
Grade 1: exist

When whitish plaques are scattered on the mucosal surface

Serum pepsinogen and gastrin levels
Fasting blood samples for serum PG and gastrin tests were 

collected before each endoscopy session, and the samples were 
centrifuged immediately at 4℃. Serum concentrations of PG 
I and II were measured by a latex-enhanced turbidimetric 
immunoassay (HBI Co., Anyang, Korea), and the PG I:II ratio 
was calculated. Each centrifuged serum sample for gastrin was 
stored at −20℃ until further assay and was measured using the 
GASTRIN [125I] Radioimmunoassay Kit (MP Biomedicals Ko-
rea, Seoul, Korea). Gastric acid status was classified as follows: 

PG I:II ratio ≤2.7 for hypoacid, >2.7 or <3.3 for normoacid, 
≥3.3 for hyperacid, ≤2.2 for ultra-low-acid (or ultrahypoacid) 
status.16

Data analysis 
All the endoscopic characteristics were graded using scores 

(Table 1). To compare changes in serological markers de-
pending on the progression of gastric atrophy (represented by 
EAB) between RHG-positive (RHG [+]) and RHG-negative 
(RHG [−]) patients, we performed simple regression analyses. 
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Fig. 1. Representative mucosal findings. (A-1) Normal body and (A-2) proximal antrum lesser curvature side; regular arrangement of collecting venule could be 
seen. (B) Antrum intestinal metaplasia—small, elevated white plaques are scattered on the antrum. (C-1) Antrum visible vessel—visible vessels can be seen without 
discernible changes in mucosal color and thickness in corpus greater curvature side. (C-2) Antrum visible vessel break—visible mucosal differences in thickness and 
color between antrum and lower body greater curvature side. (D-1) Body rugal hyperplastic gastritis, i.e., when gastric fold width is equal or over 5 mm with the aid 
of opening width (7 mm) of biopsy forceps despite sufficient aeration. (D-2) Rugal folds are prominent in spite of full aeration of stomach. (E) Body exudate—white 
mucinous fluid sticking to the mucosa. (F) Body spotty erythema—multiple, spotty, small erythema in the fundus and body area. (G) Body visible vessel—clearly 
visible vessel markings on lesser curvature of body. (H) Body xanthoma—yellow/white spots on the body. (I) Body-diffuse erythema—uniformly expanded mucosal 
erythema. (J) Body type A—mosaic-like appearance. (K) Body type B—diffuse homogenous redness. (L) Body type C—atypical pattern.
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C-1 C-2 D-1

D-2 E F
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Fig. 2. Representative mucosal findings of rugal hyperplastic gastritis (RHG). (A) Closed-type 2 RHG—atrophic front line (white line in A-1) is depicted below the half 
of the lesser curvature; (B) closed-type 3 RHG—atrophic front line is depicted above the half of the lesser curvature saving cardia (white line in B-1); (C) open-type 1 
RHG—mucosal atrophy is visible around cardia area (C-1) and atrophic border reaches to upper part of anterior wall of body (C-2); (D) open-type 2 RHG—atrophic 
changes are present on the body area (D-1) and atrophic front occupies body anterior wall side (D-2); (E) open-type 3—atrophic changes are present on the body 
greater curvature area (E-1) and hypertrophied rugae, visible during inflation of the stomach (E-2). 
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Because the sample size of each endoscopic parameter or acid 
status for RHG was small (Tables 2-5), we performed Mann−
Whitney U-test to evaluate the significance of each endoscopic 
appearance or each acid status according to the existence of 
RHG. P-value <0.05 was considered statistically significant. 
We used the SPSS ver. 18.0 for Windows Software (SPSS Inc., 
Chicago, IL, USA).

RESULTS

Characteristics of the patients, serological gastric 
markers, and endoscopic parameters

Out of 196 patients, 144 were males; the mean age was 
50.6±9.0 years (mean±SD). Thirty-three patients were found 
to have RHG, accounting for 19% of all enrolled patients. 

Frequencies of mucosal appearances, mean ages, and sex ratios 
with SD of RHG (+) and RHG (−) patients are shown in Table 
2.

Association between endoscopic parameters, 
serological gastric markers, and patients 

In comparison to RHG (−) patients, RHG ( +) patients 
showed increasing levels of PG I (p=0.006), PG II (p=0.001), 
and gastrin (p=0.001), body type B (p=0.001), body exudate 
(p =0.001), body-diffuse erythema (p =0.022), and antrum 
visible vessel break (p =0.022). On the contrary, RHG ( +) 
patients were negatively related to PG I:II ratio (p =0.001), 
body type A (p=0.034), and regular arrangement of collecting 
venule (RAC) (p=0.03) (Table 2). The frequency of RHG (+) 
status was not significantly different between patients with 
closed and open-type EAB (15.2% of the total 151 closed-type 

Table 2. Characteristics of Subjects, Endoscopic Findings and Statistical Values

Total RHG (+) RHG (−) p-value 

Number (%) 196 33 (16.8%)a) 163 (83.2%)a)

Age (yr±SD) 50.6±9.0 49.8±9.0 50.9±9.0 0.398

Sex (Male:Female) 144:52 25:8 119:44 0.745

PG I (mean±SD) 65.1±25.6 79.4±33.2 62.1±22.9 0.006

PG II (mean±SD) 22.2±10.8 32.3±14.0 20.1±8.8 0.001

PG I/II ratio (mean±SD) 3.2±1.2 2.6±0.7 3.4±1.2 0.001

Gastrin (mean±SD) 73.0±37.7 93.0±55.4 69.0±31.7 0.001

Body xanthoma (mean±SD) 11 (0.06±0.23) (5.6%)a) 2 (6.1%)b) 9 (5.5%)c) 0.903

Body visible vessel (mean±SD) 79 (1.31±0.87) (40.3%)a) 16 (48.5%)b) 63 (38.7%)c) 0.295

Body type A (mean±SD) 67 (0.34±0.48) (34.2%)a) 6 (18.2%)b) 61 (37.4%)c) 0.034

Body type B (mean±SD) 88 (0.45±0.50) (44.9%)a) 24 (72.7%)b) 64 (39.3%)c) 0.001

Body type C (mean±SD) 20 (0.10±0.30) (10.2%)a) 2 (6.1%)b) 18 (11.0%)c) 0.390 

Body spotty erythema (mean±SD) 44 (0.63±0.98) (22.4%)a) 8 (24.2%)b) 36 (22.1%)c) 0.787

Body regular arrangement of collecting venule 
(mean±SD)

21 (0.11±0.31) (10.7%)a) 0 (0%)b) 21 (12.9%)c) 0.030

Body exudate (mean±SD) 93 (0.47±0.50) (47.4%)a) 25 (75.8%)b) 68 (41.7%)c) 0.001

Body diffuse erythema (mean±SD) 101 (0.97±0.97) (51.5%)a) 23 (69.7%)b) 78 (47.9%)c) 0.022

Endoscopic atrophic border Closed- 151 (77.0%)a) 23 (69.7%)b) 128 (78.5%)c) 0.273 

Open- 45 (23.0%)a) 10 (30.3%)b) 35 (21.5%)c)  

Antrum visible vessel break (mean±SD) 42 (0.21±0.41) (21.4%)a) 12 (36.4%)b) 30 (18.4%)c) 0.022

Antrum visible vessel (mean±SD) 64 (0.33±0.47) (32.7%)a) 8 (24.2%)b) 56 (34.4%)c) 0.260

Antrum intestinal metaplasia (mean±SD) 35 (0.18±0.38) (17.9%)a) 5 (15.2%)b) 30 (18.4%)c) 0.657 

PG, pepsinogen; RHG, rugal hyperplastic gastritis; SD, standard deviation. 
a)Percentage of each subjects per total 196 subjects; b)Percentage of each subjects per total 33 RHG (+); c)Percentage of each subject per to-
tal 163 RHG (–).
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vs. 22.2% of total 45 open-type) (p=0.273) (Table 2). 
RHG (+) and (−) patients showed different patterns of se-

rological markers depending on progression of atrophy on en-
doscopic findings. RHG (−) status showed a negative relation 
with PG I (p=0.002, r2-0.059), positive relation with gastrin 
(p <0.001, r2-0.064), no relation with PG II (p =0.054), and 
negative relation with PG I:II (p<0.001, r2-0.216). RHG (+) 
status did not reveal statistically significant relation with PG 
I (p=0.228), gastrin (p=0.221), PG II (p=0.802), and PG I:II 
(p=0.103) (Fig. 3).

Association between serologically determined 
gastric acidity and rugal hyperplastic gastritis status

We divided our patients into four groups based on the PG 
I:II ratio, namely hyperacid, normoacid, hypoacid, and ul-
tra-low-acid (Table 6). Our results showed that in RHG (+) 
patients, hypoacid and ultra-low-acid ratios were dominant 
(number of patients in both groups = 22, 67% of all RHG [+] 
cases). However, except for the normoacid group, acidity was 
influenced by RHG (+) status only in closed-type EAB, not in 
open type (p=0.001 for PG I:II ratio [Table 3] vs. p=0.353 for 
PG I:II ratio [Table 4]); the frequency of hyperacid was higher 

Fig. 3.  Changes in serological markers depending on progression of endoscopic atrophic border (EAB) between rugal hyperplastic gastritis (RHG) (+) and RHG (−). 
Pepsinogen (PG) I, PG I:II, and gastrin levels in only RHG (−) patients showed statistically significant relation with progression of endoscopic atrophy. The number of 
X axis indicate progression of EAB. 1~3 corresponding to closed type EAB 1~3, 4~6 corresponding to open type EAB 1~3. 
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in RHG (−) closed-type EAB than in RHG (+) closed-type 
EAB (p =0.025); the frequency of hypoacid (p =0.028) and 
ultra-low-acid was higher in RHG (+) closed-type than RHG 
(−) closed-type EAB (p=0.026) (Tables 3, 4). Additionally, we 
focused on special situations of RHG (+) status accompanied 
with hyperacid or ultra-low-acid condition, so we subdivided 
the RHG (+) patients into three groups: hyperacid, normo/
hypoacid, and ultra-low-acid groups (Table 5). On comparing 
the RHG-hyperacid group with the other RHG patients, we 
found body type A was positively associated with RHG-hyper-
acid (p=0.001) and negatively associated with RHG-normo/
hypoacid (p =0.006) conditions; the antrum visible vessel 
break tended to be associated with non-hyperacidity (p=0.044) 
(Table 5). When RHG was accompanied by type B, it was 
associated with normo/hypoacid (p=0.042) condition rath-
er than hyperacidic condition (p =0.018), and body spotty 
erythema was associated with normo/hypoacid (p =0.021) 
condition (Table 5). Body xanthoma (p=0.029) and increased 
serum gastrin level (p=0.038) were more strongly associated 
with RHG (+)-ultra-low-acid condition than with other RHG 
groups (Table 5).
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Table 3.  Influence of Rugal Hyperplastic Gastritis on Acidity depending on Endoscopic Atrophic Border: Closed Type Endoscopic Atrophic Border

Total RHG (+) RHG (−) p-value

Number 151 23 (15.2%)a) 128 (84.8%)a)

Age (yr±SD) 50.6±9.0 48.4±9.4 50.0±8.9 0.613

Sex (Male:Female) 112:39 20:3 92:36 0.129

PG I (mean±SD) 68.4±24.6 85.8±30.5 65.3±22.1 0.001

PG II (mean±SD) 21.7±10.4 33.3±12.3 19.6±8.5 0.001

PG I/II ratio (mean±SD) 3.5±1.1 2.7±0.8 3.6±1.1  0.001

Gastrin (mean±SD) 68.2±32.4 86.6±53.3 64.8±26.0 0.008

Hyperacid 72 (47.7%)a) 6 (26.1%)b) 66 (51.6%)c) 0.025

Normoacid 42 (27.8%)a) 5 (21.7%)b) 37 (28.9%)c) 0.481

Hypoacid 23 (15.2%)a) 7 (30.4%)b) 16 (12.5%)c) 0.028

Ultra-low-acid 14 ( 9.3%)a) 5 (21.7%)b) 9 (7.0%)c) 0.026  

PG, pepsinogen; RHG, rugal hyperplastic gastritis; SD, standard deviation. 
a)Percentage of each subjects per total 151 subjects; b)Percentage of each subjects per total 23 RHG (+); c)Percentage of each subject per to-
tal 128 RHG (−).

Table 4.  Influence of Rugal Hyperplastic Gastritis on Acidity depending on Endoscopic Atrophic Border: Open Type Endoscopic Atrophic Border

Total RHG (+) RHG (−) p-value 

Number 45 10 (22.2%)a) 35 (77.8%)a)

Age (yr±SD) 53.5±8.8 51.1±8.3 54.2±8.9 0.257

Sex (Male:Female) 32:13 5:5 27:8 0.099

PG I (mean±SD) 53.8±26.2 64.8±36.1 50.6±22.2 0.300

PG II (mean±SD) 23.8±12.1 29.9±17.6 22.0±9.7 0.195

PG I/II ratio (mean±SD) 2.4±1.0 2.2±0.3 2.5±1.1 0.353

Gastrin (mean±SD) 89.4±48.5 107.8±60.2 84.2±44.2 0.120

Hyperacid 6 (13.3%)a) 0 (0%)b) 6 (17.1%)c) 0.164

Normoacid 3 (6.7%)a) 0 (0%)b) 3 (8.6%)c) 0.343

Hypoacid 17 (37.8%)a) 5 (50.0%)b) 12 (34.3%)c) 0.459

Ultra-low-acid 19 (42.2%)a) 5 (50.0%)b) 14 (34.3%)c) 0.638

PG, pepsinogen; RHG, rugal hyperplastic gastritis; SD, standard deviation. 
a)Percentage of each subjects per total 45 subjects; b)Percentage of each subjects per total 10 RHG (+); c)Percentage of each subject per total 
35 RHG (−).
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Table 5. Characteristics of Subjects, Endoscopic Findings and Statistical Values between Acid Status in Subjects with Rugal Hyperplastic Gastritis

Total RHG-hyper RHG-
normo/hypo

RHG-
ultralow

p-value

(hyper vs. 
others)

(normo/hypo 
vs. others)

(ultralow 
vs. others)

Number 33 6 17(5/12) 10

Age (yr±SD) 49.8±9.0 45.5±11.3 49.1±8.61 51.8±8.3 0.350 0.801 0.298

Sex (Male:Female) 25:8 5:1 13:4 7:3 0.637 0.923 0.616 

PG I (mean±SD) 79.4±33.2 102.4±36.3 75.3±29.3 72.7±35.0 0.076 0.666 0.308

PG II (mean±SD) 32.3±14.0 28.6±11.2 29.5±10.5 39.3±18.6 0.834 0.256 0.158

PG I/II ratio (mean±SD) 2.6±0.7 3.7±0.5 2.6±0.3 1.9±0.3

Gastrin (mean±SD) 93.0±55.4 67.2±10.6 90.6±60.7 112.7±58.4 0.093 0.540 0.038

Body xanthoma 2 0 0 2 0.498 0.139 0.029

Body visible vessel 16 3 8 5 0.940 0.868 0.816

Body type A 6 4 0 2 0.001 0.006 0.860 

Body type B 24 2 15 7 0.018 0.042 0.819 

Body type C 2 0 2 0 0.498 0.163 0.343

Body spotty erythema 8 0 7 1 0.131 0.021 0.215

Body regular arrangement of 
collecting venule

0 0 0 0 1.000 1.000 1.000

Body exudate 25 4 13 8 0.572 0.923 0.712 

Body diffuse erythema 23 3 13 7 0.153 0.390 0.982

Endoscopic atrophic border Closed- 23 6 12 5 0.124 0.841 0.131

Open- 10 0 5 5

Antrum visible vessel break 12 0 8 4 0.044 0.195 0.778

Antrum visible vessel 8 0 5 3 0.131 0.482 0.616

Antrum intestinal metaplasia 5 2 3 3 0.176 0.685 0.115 

PG, pepsinogen; RHG, rugal hyperplastic gastritis; SD, standard deviation. 

Table 6.  Acid Status of Rugal Hyperplastic Gastritis (+) and Rugal Hyperplastic Gastritis (−) Subjects

Total RHG (+) RHG (−)

Number 196 33 (16.8%)a) 163 (83.2%)a)

Hyperacid 78 (39.8%)a) 6 (18.2%)b) 72 (44.2%)c)

Normoacid 45 (23.0%)a) 5 (15.2%)b) 40 (24.5%)c)

Hypoacid 40 (20.4%)a) 12 (36.4%)b) 28 (17.2%)c)

Ultra-low-acid 33 (16.8%)a) 10 (30.3%)b) 23 (14.1%)c)

RHG, rugal hyperplastic gastritis.
a)Percentage of each subjects per total 196 subjects; b)Percentage of each subjects per total 33 RHG (+); c)Percentage of each subject per to-
tal 163 RHG (−).
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DISCUSSION

RHG is an acute-phase component of H. pylori infection of 
the stomach20; however, in one study involving middle-aged 
patients with RHG (35–59 years),9 RHG was reported even 
beyond the acute phase of H. pylori infection in conjunction 
with advanced mucosal atrophy; thus, RHG might co-occur 
with advanced gastric atrophy.

The prevalence rates of RHG vary in different studies. In a 
study involving children, 47% of the 15 H. pylori-infected chil-
dren had RHG.21 Nishibayashi et al. found 81% of RHG cases 
in 135 early gastric cancer patients8; a barium-contrast-based 
study showed 67% of RHG prevalence in 1,702 patients with 
moderate atrophy (atrophy extended to corpus),22 and in a 
report based on barium study as a part of mass screening 
for GC, the RHG prevalence was 15%.23 Our study showed a 
prevalence rate of 19% in 196 patients, probably because of 
the considerable differences in the study patients, given the 
individual variability in inflammatory response to H. pylori. In 
contrast to the gastric antrum where grades of inflammation 
were linearly correlated with H. pylori density, there were in-
dividual differences in the inflammation severity depending 
on H. pylori density in the gastric corpus,24 and low density 
of H. pylori was noted in the gastric corpus even with severe 
atrophy.25 Thus, we can expect different RHG prevalence rates 
among different patients. Furthermore, the formation of RHG 
is possible even in atrophic conditions if a given population 
has a strong inflammatory response to H. pylori and viable H. 
pylori in the atrophic stomach. 

Korean patients have the highest risk of GC in cases of atro-
phic gastritis with H. pylori, while Japanese patients have the 
highest risk of GC in cases of atrophy without H. pylori; in Ko-
rea, GC patients are younger, with higher prevalence of DGC, 
than in Japan.26 Therefore, considering the correlation of DGC 
with RHG4,6 and of RHG with active inflammation,7,8 we can 
suggest that in Korean patients, H. pylori-associated active 
inflammation leading to RHG formation is frequent even in 
advanced atrophy cases. 

In our report, RHG was associated with endoscopic muco-
sal appearances featuring active inflammation (body diffuse 
erythema, body exudate, antrum visible vessel break) and 
atrophic mucosa (body type B),19 but negatively related to low 
atrophic condition (body type A)19 or normal mucosa (RAC). 
These associations indicate that hypoacidity was dominant 
in our patient sample. This finding is comparable to that of a 
previous study which showed that highly active inflammation 
was correlated with decreased gastric acid10 and of another 
study which showed dominant hypoacidity—10 hyperacid 
and 28 hypoacid patients out of 38 patients with enlarged gas-

tric folds.27 Therefore, we were aware that the major acid status 
in RHG patients would be low acid condition.

H. pylori-associated gastric acid change could be determined 
by the severity of inflammation depending on the distribution 
and density of H. pylori.10,11 Antrum colonization led to normo 
or hyperacid condition, and corpus colonization led to parietal 
cell dysfunction, resulting in acid depletion.24,28,29 However, 
the severity of inflammation caused by H. pylori showed indi-
vidual differences in the corpus,25 and this contributed to acid 
reduction.10,24,29 Considering these different inflammatory re-
sponses to H. pylori and dominant hypoacidity, it is reasonable 
to think that our RHG patients had a strong inflammatory 
response to H. pylori in the corpus, associated with active mu-
cosal inflammatory features as in body spotty erythema and 
atrophic mucosa features as in body type B (Table 5). How-
ever, some of the patients without any other gastritis mucosal 
features but with a low degree of atrophic mucosa, as in body 
type A, showed hyperacid environment (Table 5). 

Yasunaga et al.23 showed acid recovery to the normal level 
of basal and maximal acid output after H. pylori eradication in 
RHG patients; additionally, they found that severe RHG (wid-
est fold >10 mm) was only correlated with increasing level of 
gastrin. This suggests our ultra-low acid RHG patients might 
have folds sized over 10 mm (Table 5). Body xanthoma, featur-
ing high-grade gastric atrophy,30 could be naturally associated 
with severe acid decrement as in our ultra-low acid group. 
Therefore, we could expect severe acid depletion resulting 
in elevation of serum gastrin, when encountering RHG with 
body xanthoma. 

The clinical significance of RHG could change depending 
on the patients; for example, in elderly patients, RHG seems to 
be less influential in carcinogenesis than atrophy or intestinal 
metaplasia,31 but in younger patients, RHG showed a correla-
tion with GC, especially DGC.6,8 Our study showed that in 
RHG (−) patients, PG I and I:II ratio showed negative correla-
tions with advancement of endoscopic atrophy, but PG I, II, 
and I:II ratio were not correlated with the progression of EAB 
in RHG ( +) patients. We found that the influence of RHG 
on gastric acidity was only limited to the closed-type atrophic 
stomach. Therefore, acid secretion inhibition by highly active 
inflammation occurs in the early stage of H. pylori infection 
of the stomach with substantial viable mucosa (Fig. 4). Our 
findings suggest that long acid depletion time starting from 
the non-atrophic period could be associated with future car-
cinogenesis in patients who barely escape the risk of DGC in 
younger age without advanced EAB. 

To summarize, firstly, the main acid status of RHG was hy-
poacidity and RHG’s influence on gastric acidity was limited 
to closed-type EAB, indicating the occurrence of hypoacidity 
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Fig. 4. Graph of serologically assessed acid changes in rugal hyperplastic 
gastritis  (RHG) (+) and RHG (−) patients.  In RHG (−) patients, gastric acid 
levels decrease depending on the progression of endoscopic atrophy. However, 
in RHG (+) patients, no relation with the progression of endoscopic atrophic 
border (EAB) was noted, and acid difference was only confined to closed-type 
EAB (lower acid levels in RHG [+] than in RHG [−] patients).
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even in the early stage of H. pylori infection. Thus, in addition 
to high risk of DGC occurrence, this environment could en-
courage intestinal-type gastric carcinogenesis by prolonging 
acid depletion time from a less atrophic period of H. pylori 
infection of the stomach. Secondly, as our study showed no 
difference in RHG status between patients with closed and 
open-type EAB, RHG was not a simple acute aspect of H. 
pylori-associated inflammation but could be a long-standing 
feature of inflammation in certain patients with advanced 
atrophy, and this might increase the risk of DGC even in per-
sons with open-type EAB. 

There are some limitations to this study. This was a sin-
gle-center study, which means the incidence of RHG might be 
affected by geographical or age-related bias; secondly, the gas-
tric acid level was estimated by an indirect serological method. 
Multicenter studies across the country with direct measure-
ments of gastric acid levels are needed in future; the findings 
of such studies can help physicians identify patients at high 
risk of GC based on acid status.
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