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The assessment of endoscopic gastric atrophy (EGA) according to the Kimura-Takemoto classification has been reported to correlate 
well with histological assessment. Although agreement among beginner endoscopists was less than that among experienced 
endoscopists, it has been shown that agreement level could markedly improve and remained stable after proper training. Several 
cohort studies have consistently shown that the severity of EGA at baseline is significantly associated with the presence of advanced 
precancerous gastric lesions and gastric cancer, as well as the development of gastric cancer in future. Patients with moderate-to-severe 
EGA still have high risk of gastric cancer even after successful Helicobacter pylori eradication and should be candidates for gastric 
cancer surveillance. The assessment of EGA, therefore, could be used as a preliminary tool to identify individuals at high risk for 
gastric cancer. In this paper, we review the agreement on mucosal atrophy assessment between the Kimura-Takemoto classification and 
histology as well as the potential application of this endoscopic classification to identify precancerous gastric lesions and gastric cancer 
in daily practice. Clin Endosc  2019;52:321-327
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INTRODUCTION

Gastric atrophy is considered a precancerous condition, 
mainly caused by Helicobacter pylori infection. The condition 
may progress through several precancerous stages and lead to 
gastric cancer (GC).1 The extent as well as the severity of gas-
tric atrophy have been shown to be associated with the risk of 
developing GC.2-5 Therefore, these characteristics could help to 
identify high-risk individuals for GC screening and surveillance.

Although the gold standard for gastric atrophy diagnosis is 

histology, Kimura and Takemoto have reported that gastric 
atrophy changes could be endoscopically identify with high 
confidence since the 1960s.6 The Kimura-Takemoto endo-
scopic classification has been widely used in some Eastern 
countries. During the last 50 years, the histological definition 
of gastric atrophy has significantly changed to achieve better 
diagnostic agreement and provide useful information about 
GC risk.7-9 Recent advances in histological assessment of 
gastric atrophy have shown good agreement with the Kimu-
ra-Takemoto classification.10-12

In daily practice, there is definite benefit in comparing en-
doscopic and histological findings. This approach provides 
real-time information regarding the risk of GC, so that en-
doscopists can focus more on GC screening, in addition to 
looking for lesions that explain a patient’s symptoms. This is-
sue is extremely important as early GC detection may be very 
challenging. In this paper, we will review the agreement on 
mucosal atrophy assessment between the Kimura-Takemoto 
classification and histology, as well as the potential application 
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of this endoscopic classification to identify precancerous gas-
tric lesions and GC in daily practice.

ENDOSCOPIC ASSESSMENT OF GASTRIC 
ATROPHY ACCORDING TO THE 
KIMURA-TAKEMOTO CLASSIFICATION

Endoscopic atrophic border
The key to assessment of endoscopic gastric atrophy (EGA) 

according to the Kimura-Takemoto classification is to iden-
tify the location of the so-called endoscopic atrophic border 
in the stomach (Fig. 1). In 1966, Takemoto described for the 
first time the appearance of an “atrophic transitional zone” in 
patients with gastritis, subsequently known as the endoscopic 
atrophic border.6 This border can be recognized by discrim-
inating mucosal differences between the 2 sides: the gastric 
mucosa has a lower level and is pale in color on 1 side, while it 
has a higher level and is homogeneously reddish on the other 
side. In order to clearly recognize the atrophic border, the end 
of the scope should be kept 5–10 cm from the gastric wall.13 

Endoscopic gastric pattern according to the Kimu-
ra-Takemoto classification

Based on location of the endoscopic atrophic border, 
Kimura and Takemoto proposed an endoscopic classification 
of gastric atrophy consisting of 2 main types: closed type (C 
type) and open type (O type).13 These 2 main types are further 
subdivided into 3 C- types (C-1, C-2 and C-3) and 3 O-types 
(O-1, O-2 and O-3) (Fig. 2). The closed type C-1 is a pattern in 

which endoscopic atrophic findings are not visible in the cor-
pus but only in the antrum. In type C-2 and C-3, the atrophic 
border starts from the greater curvature of the antrum, com-
ing up to the anterior wall, crossing the lesser curvature, and 
thus making an almost symmetric enclosure. Therefore, the 
atrophic findings are recognized parabolically above the angu-
lus. The differentiation between types C-2 and C-3 is based on 
the location of the atrophic border in relation to the middle of 
the stomach on the lesser curvature: the atrophic border lies 
below this level in type C-2 and above it in type C-3. In open 
types, the endoscopic atrophic area is widely spread; the atro-
phic border no longer lies on the lesser curvature, but instead 
between the lesser curvature and anterior wall in type O-1, on 
the anterior wall in type O-2, and between the anterior wall 
and greater curvature in type O-3.

Severity of gastric atrophy graded according to the 
Kimura-Takemoto classification and correlation 
with histology

The severity of EGA is often classified into 3 grades: mild 
(C-1, C-2), moderate (C-3, O-1), and severe (O-2, O-3). The 
strength of agreement between EGA and histological atro-
phy according to the updated Sydney classification system 
was good, with a weighted kappa value of 0.51; this was not 
worse than the interobserver histological agreement between 
2 pathologists.10 A recent study was conducted in patients in 
the UK to investigate the correlation between EGA and his-
tological atrophy in Western patients.12 The strength of agree-
ment on the extent of atrophy between EGA and histological 
atrophy showed good reproducibility, with a weighted kappa 

Fig. 1. Atrophic border on the greater curvature (A) and lesser curvature (B). The gastric mucosa shows differences in level and color between the 2 sides of the 
atrophic border. The endoscopic atrophic border represents both the transition from non-atrophic gastric mucosa to atrophic gastric mucosa and the transition from 
fundic glands to pyloric glands in a non-atrophic stomach.6 Its presence, however, does not always mean that a patient has gastric mucosal atrophy. The term “atrophic 
border” is not accurate and might cause some misunderstanding, but is still used in daily practice due to its historical meaning.
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value of 0.76. 
Recent advances in the histological definition and assess-

ment of gastric atrophy have shed further light on the histo-
logical background of the Kimura-Takemoto classification. 
Traditionally, atrophy of the gastric mucosa was defined as the 
loss of glands.9 As pathologists still had considerable difficulty 
in reaching agreement on the nature, presence, and grading 
according to this definition,14 gastric atrophy was redefined as 
the loss of appropriate glands, comprised of 2 main morpho-
logical types: metaplastic and non-metaplastic.15 Consequent-
ly, a high level of agreement was achieved by gastrointestinal 
pathologists trained in different cultural contexts.8 Applying 
this definition of atrophy, a study was conducted to describe 
the topography of gastric atrophy in patients with early in-
testinal type GC, and found that atrophy in the corpus was 
present as a continuous sheet of pseudo-pyloric metaplasia 
and formed an advancing atrophic front.16 The presence of a 
histologically atrophic front is, therefore, similar to the spread 
of antral mucosa towards the corpus and is faster in the lesser 
curvature; this pattern is identical to that of atrophic extension 
endoscopically described by Kimura and Takemoto. 

The Operative Link on Gastritis Assessment (OLGA) stag-
ing system was recently proposed to provide information 
regarding GC risk.15 Observational studies in populations with 
different risk levels for GC have shown that precancerous and 
neoplastic gastric lesions clustered in high OLGA stages (i.e., 
stage III and IV).2,3,11 Recently, large prospective studies have 
confirmed that OLGA staging reliably predicts the risk for 
development of GC.4,5 Our previous study showed that the se-
verity of EGA was significantly correlated with that of OLGA 

stage in Vietnamese patients with dyspepsia.11 All patients 
with high OLGA stages had moderate-to-severe EGA. Using 
moderate-to-severe EGA as the diagnostic criterion for high 
OLGA stage, the sensitivity, specificity, positive predictive 
value, and negative predictive value were 100%, 57.7%, 10.3%, 
and 100%, respectively. 

Interobserver and intraobserver agreement for gas-
tric mucosal atrophy assessment according to the 
Kimura-Takemoto classification

Good to excellent intraobserver agreement and moderate 
interobserver agreement among endoscopists with ≥7 years 
of experience have been reported. However, the intraobserver 
and interobserver agreement among beginner endoscopists 
(≤3 years of experience) was lower and ranged wider than that 
in experienced endoscopists.17 Recently, a prospective study 
was conducted in Korea to evaluate the effect of training on 
interobserver agreement in diagnosis and grading of EGA 
according to the level of an endoscopist’s experience.18 Six 
less-experienced (≤10 years of experience) and 6 experienced 
endoscopists (≥10 years) participated in the study. The train-
ing session consisted of 4 interventions with 2-week intervals, 
and 2 follow-up assessments without feedback. This study 
showed that interobserver agreement for diagnosis and grad-
ing of EGA improved after training and remained stable after 
intervention, irrespective of experience level.

Progression of gastric atrophy assessed with the 
Kimura-Takemoto classification

Few studies have investigated progression of gastric atrophy 
using the Kimura-Takemoto classification before and after 
eradication. 

A 10-year, prospective follow-up study was performed in 
Japan to assess the natural progression of EGA. Annual upper 
gastrointestinal endoscopy found that all patients without H. 
pylori infection had no endoscopic or histological change. In 
contrast, 43% of patients with H. pylori infection exhibited a 
cephalad shift of the endoscopic atrophic border. Progression 
of histological atrophy and intestinal metaplasia (IM) was ob-
served in 46% and 49% of these patients, respectively.19

Another study in Japan was conducted to assess the rela-
tionship of EGA with histological atrophy and IM before and 
after H. pylori eradication.20 Endoscopic findings were report-
ed at approximately 78 months after eradication. Compared 
with the grades assigned before eradication, an improvement 
in endoscopic grade was observed in 40.1% of patients, while 
no change or exacerbation of atrophy was observed in 33.9% 
and 25.2% of patients following successful eradication, re-
spectively. There was a significant correlation of EGA with 
histological atrophy and IM, but not with antral atrophy after 
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Fig. 2. Extension of the atrophic border (red line) and patterns of endoscopic 
gastric atrophy as classified by Kimura and Takemoto.13
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eradication. The histological atrophy scores showed significant 
improvement after eradication, while IM showed no signifi-
cant change. The findings of this study were very important 
as they implied that the risk of GC development could not be 
eliminated if baseline IM was present, even in patients with 
improved EGA after H. pylori eradication. 

CLINICAL APPLICATION IN DAILY 
PRACTICE

Moderate-to-severe EGA as an endoscopic indicator 
for the presence of gastric cancer

Although chromoendoscopy and image-enhanced endos-

copy can improve the detection of subtle gastric lesions,21 
endoscopic examination generally starts with white-light en-
doscopy. This is a very important step because pre-endoscopic 
screening is sometimes insufficient and the stomach may need 
further cleaning. Moderate-to-severe EGA observed during 
the procedure indicates that patients are at high-risk of GC 
and endoscopic examination should be performed very care-
fully. The relationship between GC lesions and an atrophic 
border helps endoscopists to focus on the locations where GC 
is more likely to occur. At least 2 studies have reported this in-
teresting finding. One study reported that about 85% of GCs 
(including 93% of intestinal type) occurred on the distal side 
of the atrophic border.22 Early diffuse-type GCs arose closer to 
the atrophic border than intestinal-type GCs and were more 

Fig. 3. A 24-year-old Vietnamese female underwent upper gastrointestinal endoscopy for epigastric pain. The patient had no alarming features. (A, B) White-light 
endoscopy clearly demonstrated moderate endoscopic gastric atrophy (type O-1), even with an older-generation gastroscope (Olympus EXERA-GIF 160 Video Gas-
troscope; Olympus Co., Tokyo, Japan), which prompted the endoscopist to search carefully for gastric cancer. (C) An easily-missed subtle change (yellow box) could 
be identified on the greater curvature of the corpus. (D) The gastroscope was advanced closer to the suspicious area and more air was insufflated. A small 0-IIc lesion 
hidden beneath gastric mucosal folds was identified. This lesion was diagnosed as undifferentiated adenocarcinoma on pathology. 
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likely to be located proximal to the border. The mean distance 
between cancer and the atrophic border in intestinal- and 

diffuse-type GCs was 2.40 and 1.45 cm, respectively. Another 
study found that 98.4% of early GCs after H. pylori eradica-

Table 1. The Severity of Endoscopic Gastric Atrophy at Baseline as a Risk Factor of Gastric Cancer Development

Study Type of study Number of 
patients

H. pylori 
status

Follow-up 
period (yr)

Number of 
cancer

EGA severity as 
risk factor Other risk factors

Uemura et al.38 Prospective 
cohort study

1,526 Before eradi-
cation

7.8 36 Severe (O-2, O-3) Corpus-predomi-
nant gastritis

Intestinal metaplasia

Kaji et al.29 Retrospective 
cohort study

12,941 N/A 3.6 63 Open type > C-2, 
C-3 > C-1, C-0

Age ≥62
Presence of ulcer
Uric acid level

Hosokawa et al.39 Retrospective 
cohort study

3,672 N/A 1.9 32 Severe (O2, O3) Age (60–69)

Masuyama et al.26 Cross-sectional 27,777 N/A 13 407 C-2 or more 
severe

Sekikawa et al.35 Retrospective 
cohort study

1,823 N/A 8.0 29 Open type Gastric xanthelasma

Sugimoto et al.36 Cross-sectional 1,200 N/A 4.6 79 Severe (O-2, O-3) Intestinal metaplasia

Take et al.30 Prospective 
cohort study

1,674 Post successful 
eradication

14.1 28 Open type, C-3

Toyoshima et al.31 Retrospective 
cohort study

1,232 Post successful 
eradication

2.5 15 Open type > C-2, 
C-3

-

Shichijo et al.37 Retrospective 
cohort study

573 Post successful 
eradication

6.2 21 Open type > C-2, 
C-3 > C-1, C-0

Intestinal metaplasia

Sakitani et al.33 Retrospective 
cohort study

965 Post successful 
eradication

4.5 21 O-2, O-3 -

Kodama et al.34 Retrospective 
cohort study

2,355 Post successful 
eradication

2.4 33 C-3 or more 
severe

Intestinal metaplasia

EGA, endoscopic gastric atrophy; N/A, not applicable.

Table 2. The Severity of Endoscopic Gastric Atrophy at Baseline as a Risk Factor of Synchronous and Metachronous Gastric Cancer

Study Type of study Number of 
patients

Patients’ charac-
teristics

Duration 
of study 

(yr)

Type and number 
of patients with 

gastric neoplasm

EGA severity 
as a high-risk 

factor

Other high-risk 
factors

Mori et al.42 Retrospective 
cohort study

594 After EMR/ESD
Successful H. pylori 

eradication

4.5 79 (MGC) Severe 
(O-2/O-3)

Male
Number of GC 

before successful H. 
pylori eradication

Masuyama et 
al.26

Cross-sectional 272 N/A 13.0 30 (SGC)
20 (MGC)

Open type -

Nam et al.43 Retrospective 
cohort study

488 After ESD / Sur-
gery

3.1 18 (MGC)
7 (MHD)
52 (MLD)

C-3 or 
more severe

Age ≥65
elevated morphology 

of primary lesions

Synchronous gastric cancer (SGC), synchronous high-grade dysplasia and synchronous low-grade dysplasia were defined as gastric epithe-
lial neoplastic lesions that have already been detected before the initial endoscopic submucosal dissection (ESD) or found endoscopically 
and confirmed pathologically with endoscopic forceps biopsy within 1 year of ESD. Metachronous gastric cancer (MGC) was defined as a 
new GC detected at least 1 year after successful H. pylori eradication and located in an area other than the site of the previous endoscopic 
resection.
EGA, endoscopic gastric atrophy; EMR, endoscopic mucosal resection; MHD, metachronous high-grade dysplasia; MLD, metachronous 
low-grade dysplasia; N/A, no applicable. 
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tion were located within the endoscopically atrophic mucosa 
or along the atrophic border.23 Synchronous GC is also a con-
cern for endoscopists as its incidence is about 6.8% to 8.1% 
after endoscopic resection of early GCs.24,25 It is important to 
identify patients who are more likely to have synchronous GC 
at the time the primary GC is detected. A recent study on pa-
tients with synchronous multiple GCs found that 96.7% had 
baseline open-type (i.e., type O-1, O-2, and O-3) gastric atro-
phy.26 As EGA can be assessed using white-light endoscopy, 
this finding is widely applicable, especially in areas with lim-
ited resources (Fig. 3). A recent global consensus on gastritis 
recommends that assessment for EGA can be used initially in 
areas with proven expertise in endoscopic scoring, although 
histological confirmation is still recommended.27

Moderate-to-severe EGA as an indicator for high 
risk of GC development 

As successful eradication of H. pylori could not eliminate 
the risk of GC,28-34 it is important to identify high-risk indi-
viduals who still need surveillance after eradication. Several 
studies have consistently confirmed that the severity of EGA 
at baseline is associated with not only the current presence of 
GC but also the risk for GC development (Table 1).26,29-31,33-39 

The presence of moderate-to-severe EGA at baseline con-
sistently indicates a high risk of GC development. However, 
recent cohort studies with long-term follow-up reported 
that GCs may still occur in patients with none/mild EGA,31,37 
but with a much lower proportion compared to patients 
with moderate-to-severe EGA. GCs in these patients com-
monly occurred very late, usually after 4–5 years, and up 
to more than 10 years after eradication.31,40 Considering the 
different carcinogenesis pathways in intestinal-type GC and 
diffuse-type GC, one would presume that EGA severity is a 
better indicator of the former than the latter. Indeed, a long-
term cohort study reported that the frequency of severe atro-
phy was significantly higher in patients with intestinal-type 
GC than in those with diffuse-type GC who did not undergo 
H. pylori eradication.38 However, 10 of 13 patients with dif-
fuse-type GC in this study had baseline moderate-to-severe 
EGA. Furthermore, several cohort studies in patients who had 
undergone H. pylori eradication consistently found very few 
GCs, including diffuse-type GCs, in patients with baseline 
none/mild EGA.26,31,37 Therefore, moderate-to-severe EGA is a 
good indicator for the development of intestinal-type GC as 
well as diffuse-type GC.

After endoscopic resection or surgery for GC, patients are 
still at high risk and should undergo surveillance for meta-
chronous lesions. H. pylori eradication is helpful to reduce the 
incidence of metachronous GC in these patients.41 However, 
eradication therapy can make the detection of metachronous 

GC very challenging, as post-eradication GC lesions often 
have a depressed-type and gastritis-like appearance.32 Some 
studies have reported that moderate-to-severe EGA is a risk 
factor for metachronous GC (Table 2).26,42,43 Therefore, en-
doscopists should also carefully search for subtle suspicious 
lesions in patients with this endoscopic finding.

Most published studies on a surveillance strategy for pa-
tients with moderate-to-severe EGA offered patients an annu-
al or biannual endoscopic screening interval.31,37,39 However, 
as we previously reported that the distribution of high-stage 
OLGA gastritis was not homogeneous among patients with 
the endoscopic finding of extensive and incomplete IM,44 
histological examination may be useful to further stratify the 
risk levels of GC for determination of more appropriate sur-
veillance intervals. This is an important and interesting ques-
tion for future research.

CONCLUSIONS

In summary, grading EGA according to the Kimu-
ra-Takemoto classification has been reported to correlate well 
with histological assessment according to the updated Sydney 
system and the OLGA system. Several cohort studies have 
consistently shown that moderate-to-severe EGA at baseline is 
significantly associated with the presence of advanced precan-
cerous gastric lesions and GC, as well as the development of 
GC. Although agreement among beginner endoscopists was 
lower than that among experienced endoscopists, it has been 
shown that agreement could markedly improve and remain 
stable after training. The Kimura-Takemoto classification, 
therefore, could be widely used in daily practice as a prelimi-
nary tool to identify individuals at high risk for GC.
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