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Prevalence of Barrett’s Epithelium Shown by Endoscopic
Observations with Linked Color Imaging in Subjects
with Different H. pylori Infection Statuses
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Abstract:

Objective This study was conducted to clarify the prevalence of short segment Barrett’s esophagus (SSBE)
using endoscopic observations with linked color imaging (LCI). In addition, the relationship between the
presence of Barrett’s epithelium (BE) and the status of H. pylori infection was investigated.

Methods The study subjects were 3,353 individuals (2,186 men, 1,167 women; mean age 55.2+9.4 years
old) whose status of H. pylori infection had been determined. An endoscopic observation using LCI was per-
formed to examine the distal margin of palisade vessels and confirm the area of BE. The prevalence of BE >
5 mm in length was investigated.

Results BE was diagnosed in 1,884 (56.2%) subjects, with lengths of <10, 10-19, 20-29, and >30 mm
found in 1,005, 851, 27, and 1, respectively. Its prevalence in H. pylori-negative, H. pylori-positive, and post-
eradicated subjects was 41.7%, 64.4%, and 69.9%, respectively (p<0.001). The duration since successful
eradication of H. pylori did not affect the prevalence of BE. The degree of gastric mucosal atrophy was
higher in cases with BE (p<0.001), although negativity for H. pylori infection and mild gastric mucosal atro-
phy were significant factors for the development of longer BE.

Conclusion A high prevalence of SSBE was noted when LCI was used to determine the area of BE, as the
distal end of the palisade vessels was easily visualized. Negativity for H. pylori infection and mild gastric
mucosal atrophy were not correlated with SSBE prevalence.
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nocarcinoma in Asian countries.
Determination of the esophago-gastric junction (EGJ) is
necessary for the diagnosis of the presence of Barrett’s epi-

Introduction

Barrett’s esophagus is recognized as an important disease
condition, as cases of esophageal adenocarcinoma originat-
ing from it have been increasing in both Western and Asian
countries (1-3). In Japan, the prevalence of long segment
Barrett’s esophagus (LSBE) is rare, although cases of adeno-
carcinoma developing from short segment Barrett’s esopha-
gus (SSBE) are increasing (3-5). As a result, patients with
SSBE are considered to be the main population requiring
endoscopic surveillance for the detection of esophageal ade-

thelium, especially SSBE. Based on criteria presented by
The Japan Esophageal Society, the EGJ is defined as the
distal margin of the palisade vessels of the lower esophagus,
with columnar-appearing mucosa between the squamo-
columnar and EGJ diagnosed as Barrett’s epithelium (6).
Recent advances in endoscopy equipment have made the de-
tection of palisade vessels much easier. Notably, endoscopic
observation using linked color imaging (LCI) more clearly
reveals the presence of palisade vessels as well as the area
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5,061 cases examined by upper gastrointestinal endoscopy

excluded 28 cases with a history of gastric surgery
1,443 cases whose H. pylori status were unknown
3,590 cases
excluded 237 cases with gastric mucosal atrophy and negative of
serum anti-H. pylorilgG antibody test even though they
did not undergo eradication therapy for A. pylori

3,353 study subjects

1,577 cases without H. pylori infection

250 cases with H. pyloriinfection |

1,526 cases with post-eradication for H. pylori l

Figure 1. Protocol for subject selection.

of Barrett’s epithelium than that using white light imaging
(WLI) (7).

The national health insurance system of Japan began pro-
viding coverage for Helicobacter pylori eradication therapy
to treat H. pylori-associated chronic gastritis in February
2013, which has led to a rapid increase in the number of pa-
tients with H. pylori infection undergoing that therapy. Suc-
cessful eradication has been shown to increase the preva-
lence of reflux esophagitis, which is recognized as being
closely associated with the development of Barrett’s epithe-
lium (8-12).

We conducted the present study to examine the prevalence
of Barrett’s epithelium using endoscopic observations with
LCI in individuals who came to our medical center for an
annual medical checkup. In addition, the relationship be-
tween the presence of Barrett’s epithelium and the status of
H. pylori infection was investigated.

Materials and Methods

Study subjects

The study subjects were enrolled from among individuals
who visited the Health Center of Shimane Environment and
Health Public Corporation for a detailed medical checkup
between April 2019 and March 2020, the majority of whom
were socially active and productive and considered to be so-
cioeconomically middle class. During the study period,
5,061 underwent an upper gastrointestinal (GI) endoscopic
examination. Those with a history of gastric surgery or
whose status of H. pylori infection could not be determined
based on medical records and/or serum antibody test find-
ings were excluded from enrollment.

Information regarding habitual drinking and smoking and
the usage of anti-secretory drugs was also obtained. Details

related to the kind, duration, or dosage of anti-secretory
drugs could not be determined, since our study subjects only
visited our medical center for a detailed medical checkup.
Therefore, antisecretory drug usage was determined as posi-
tive when the subject reported the administration of a proton
pump inhibitor (PPI) or H2 receptor antagonist (H2RA)
within the preceding three months.

Individuals with endoscopic gastric mucosal atrophy clas-
sified as C2-O3 in the classification of Kimura and
Takemoto (13) and negative on an anti-H. pylori 1gG anti-
body test were excluded if they had not been treated for
eradication of H. pylori, since those were considered to pos-
sibly have post-eradication status even though they had not
previously undergone eradication therapy or were currently
positive for H. pylori infection (14, 15). As a result, the pre-
sent study cohort was composed of 3,353 subjects (2,186
men, 1,167 women; mean age 55.2+9.4 years old) in whom
the H. pylori infection status had been determined (Fig. 1).

Determination of the H. pylori infection status

Serum anti-H. pylori IgG antibody detection was per-
formed using a SphereLight H. pylori antibody J® kit (FUJI-
FILM Wako Pure Chemical, Osaka, Japan) (14, 16). The an-
tibody titer was automatically determined using a chemilu-
minescent enzyme immunoassay method, with a value 24.0
U/mL defined as positive, according to the manufacturer’s
instructions. In addition, a precise medical history concern-
ing the status of H. pylori infection (negative, positive, post-
eradication) was obtained in an interview with the subject
conducted by a public health nurse. Those who had under-
gone therapy but without successful eradication were in-
cluded in the group with H. pylori infection. When eradica-
tion therapy was confirmed to be not successful, we recom-
mended the subject undergo an H. pylori stool antigen test
at our institution. The presence or absence of H. pylori in-
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Figure 2. Representative endoscopic findings of short segment Barrett’s esophagus (SSBE) in sub-
ject without H. pylori infection [a: white light imaging (WLI), b: linked color imaging (L.CI)]. The
presence of palisade vessels in the area of columnar lined epithelium was shown, and these vessels

were revealed to be sequentially connected to the palisade vessels in the area of squamous epithelium,
which was easily visualized by LCI. SSBE length was classified as 10-19 mm in this case.

Figure 3. Representative endoscopic findings of short segment Barrett’s esophagus (SSBE) in sub-
ject without H. pylori infection [a: white light imaging (WLI), b: linked color imaging (L.CI)]. The
presence of palisade vessels in the area of columnar lined epithelium was easily diagnosed by LCI,
although it was not easily recognized by WLI. The SSBE length was classified as <10 mm in this case.

fection, and results of eradication therapy were also con-
firmed based on endoscopic findings obtained in an upper
GI endoscopic examination (17-20), which was performed
for all of the subjects.

Endoscopic findings

All upper GI endoscopic examinations were performed by
experienced licensed endoscopists using an EG-L580NW
endoscope (Fujifilm, Tokyo, Japan). At our institution, an
upper GI endoscopic examination is performed with the sub-
ject in an unsedated condition without anti-cholinergic drug
administration, and the endoscope is typically inserted in a
transnasal manner. The area of the EGJ was investigated us-
ing endoscopy during deep inspiration. When the presence
of Barrett’s epithelium was suspected, an endoscopic obser-
vation with LCI was performed to determine the distal mar-
gin of the palisade vessels and confirm the area of Barrett’s
epithelium (Fig. 2, 3). In this study, Barrett’s epithelium was
diagnosed as positive when > 5 mm in length halfway

around the lower esophagus, since a shorter length of Bar-
rett’s epithelium was observed in nearly all cases that under-
went an endoscopic observation with LCI, and Barrett’s epi-
thelium often exists non-circumferentially.

Endoscopic findings of reflux esophagitis were evaluated
using the Los Angeles (LA) classification (21), and indi-
viduals with a grade of A, B, C, or D were diagnosed as
positive for reflux esophagitis. The diaphragmatic hiatus size
was assessed using endoscopy by comparing the width of
the cardiac opening with the diameter of the shaft at the car-
diac portion; these findings were used to divide the subjects
into 3 groups: <1.0, 1.0-2.0, and >2.0 cm. Gastric mucosal
atrophy was evaluated based on endoscopic findings using
the classification of Kimura and Takemoto, in which gastric
mucosal atrophy is classified into 6 groups (C1, C2, C3, O1,
02, 03) (13). This classification has been shown to corre-
late well with the histological features of atrophy (22).
Cases without gastric mucosal atrophy were classified as C1
according to the classification of Kimura and Takemoto. For
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Table 1. Characteristics of Study Subjects with and without Bar-
rett’s Epithelium.
With BE Without BE
(n=1,884) (n=1469) P value

Gender (male/female) 1,309/575 877/592 <0.001
Age 55.5£9.2 54.7£9.7 0.007
BMI 23.4+34 23.1£3.6 <0.001
Habitual drinking 873 (46.3%) 620 (42.2%) 0.017
Habitual smoking 353 (18.7%) 233 (15.9%) 0.030
Anti-secretory drug usage 139 (7.4%) 114 (7.8%) 0.677
Reflux esophagitis 350 (18.6%) 144 (9.8%) <0.001
Size of diaphragmatic hiatus <0.001

<1.0cm 1,399 (74.3%) 2,034 (85.6%)

1.0-2.0 cm 416 (22.1%) 381 (11.8%)

>2.0 cm 69 (3.7%) 59 (2.5%)
Gastric mucosal atrophy <0.001

mild 1,275 (67.7%) 1,242 (84.5%)

moderate 486 (25.8%) 173 (11.8%)

severe 123 (6.5%) 54 (3.7%)
Helicobacter pylori infection <0.001

negative 657 (34.9%) 920 (62.6%)

positive 161 (8.5%) 89 (6.1%)

post-eradication

1,066 (56.6%)

460 (31.3%)

Data are expressed as the mean+standard deviation or number of subjects.

BE: Barrett’s epithelium, BMI: body mass index. Habitual drinking: alcohol drinking 3

or more times per week, anti-secretory drug usage, usage of proton pump inhibitor or

H2 receptor antagonist within preceding 3 months. Gastric mucosal atrophy was evalu-

ated using the classification of Kimura and Takemoto (C1-C2: mild, C3-O1: moderate,

02-03: severe).

the present study, C1-C2 was defined as mild, C3-O1 as
moderate, and O2-O3 as severe gastric mucosal atrophy.

All endoscopic images from each subject were simultane-
ously reviewed by three expert endoscopists to determine
the presence of Barrett’s epithelium, with decisions made by
consensus. In addition, endoscopic findings indicating posi-
tivity for H. pylori infection, such as nodular gastritis, spotty
and/or diffuse redness of fundic gland mucosa, and sticky
mucus (17), were carefully examined in all investigated
cases. The longest length of Barrett’s epithelium in each
subject was determined to be <10 mm, 10-19 mm, 20-29
mm, or >30 mm, with the decision based on consensus.
When there were inconsistencies in the judgment of the en-
doscopic images among the endoscopists, the final diagnosis
was decided by the lead endoscopist (K.A.).

Statistical analyses

Statistical analyses were performed using a chi-squared
test, Mann-Whitney’s U test, and a Kruskal-Wallis test. All
calculations were performed using the StatView 5.0 software
program for Macintosh (Abacus Concepts, Berkeley, USA),
with a p level <0.05 considered to indicate statistical signifi-
cance.

Research ethics

This study was performed in accordance with the Decla-

ration of Helsinki, and the protocol was approved by the
ethics committee of the Shimane Environment and Health
Public Corporation. Written informed consent indicating that
obtained clinical data would be used for a clinical study
without the release of individual information was received
from all subjects before performing the medical checkups.

Results

Of the 3,353 study subjects, the presence of Barrett’s epi-
thelium was endoscopically determined in 1,884 (56.2%),
with lengths of <10 mm, 10-19 mm, 20-29 mm, and >30
mm noted in 1,005, 851, 27, and 1, respectively. Subjects
with lengths of 20-29 mm and >30 mm were combined into
a single group designated as >20 mm, as relatively few peo-
ple had a long Barrett’s epithelium. None were diagnosed
with Barrett’s cancer during the study period.

Subject characteristics after dividing into those with and
without Barrett’s epithelium are shown in Table 1. Those
with Barrett’s epithelium showed a higher percentage of
men, older age, and higher body mass index (BMI) as well
as a greater proportion with habitual drinking and smoking
than those without Barrett’s epithelium. The rate of using
anti-secretory drugs was not markedly different between the
subjects with and without Barrett’s epithelium. Reflux
esophagitis and a larger diaphragmatic hiatus were fre-
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Table 2. Characteristics of Subjects Based on the Length of Barrett’s’ Epi-

thelium.

Length of Barrett’s’ epithelium

<10 mm 10-19 mm >20 mm
(n=1,005) (n=851) (n=2g) ~ Pvalue

Gender (male/female) 689/316 597/254 23/5 0.259
Age 54.9+9.1 56.2+9.4 57.3+£7.8 0.004
BMI 23.4+3.4 23.4+3.4 24.0+2.9 0.560
Habitual drinking 452 (45.0%) 406 (47.8%) 15(53.6%) 0.371
Habitual smoking 178 (17.7%) 167 (19.6%) 8 (28.6%) 0.233
Anti-secretory drug usage 62 (6.2%) 74 (8.7%) 3(10.7%) 0.092
Reflux esophagitis 157 (15.6%) 182 (21.4%) 11(39.3%) <0.001
Size of diaphragmatic hiatus <0.001

<1.0cm 776 (17.2%) 612 (72.9%) 11 (39.3%)

1.0-2.0 cm 207 (20.6%) 199 (23.4%) 10 (35.7%)

>2.0 cm 22 (2.2%) 40 (4.7%) 7 (25.0%)
Gastric mucosal atrophy <0.001

mild 741 (73.7%) 515 (60.5%) 19 (67.9%)

moderate 221 (22.0%) 259 (30.4%) 6 (21.4%)

severe 43 (4.3%) 77 (9.1%) 3 (10.7%)
Helicobacter pylori infection <0.001

negative 409 (40.7%) 235 (27.6%) 13 (46.4%)

positive 78 (7.8%) 83 (9.7%) 0

post-eradication

518 (51.5%)

533 (62.6%) 15 (53.6%)

Data are expressed as the meanzstandard deviation or number of subjects.

BMI: body mass index. Habitual drinking: alcohol drinking 3 or more times per week, anti-secre-

tory drug usage: usage of proton pump inhibitor or H> receptor antagonist within preceding 3

months. Gastric mucosal atrophy was evaluated using the classification of Kimura and Takemoto

(C1-C2: mild, C3-O1: moderate, O2-O3: severe).
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Figure 4. Prevalence of Barrett’s epithelium in subjects di-
vided by the duration since the eradication of H. pylori.

quently observed in cases with Barrett’s epithelium, and the
degree of gastric mucosal atrophy was also higher in those
cases (p<0.001). The prevalence of Barrett’s epithelium in
H. pylori-negative, H. pylori-positive, and post-eradicated
cases was 41.7%, 64.4%, and 69.9%, respectively (p<0.001).

When comparisons were performed among the subjects
with different lengths of Barrett’s epithelium, the >20 mm
group showed a higher percentage of older age than others.

Male predominance was observed in all Barrett’s epithelium
cases, regardless of length. The rate of using anti-secretory
drugs tended to be higher, and reflux esophagitis, a large
diaphragmatic hiatus, and mild degree of gastric mucosal at-
rophy were more frequently observed in cases with a longer
Barrett’s epithelium than in shorter cases. None of the cases
with Barrett’s epithelium >20 mm in length had H. pylori
infection (Table 2).

When the prevalence of Barrett’s epithelium in subjects
who had undergone H. pylori eradication was analyzed,
there was no significant association with the duration since
eradication. In addition, the distribution of Barrett’s epithe-
lium length did not change markedly after dividing the sub-
jects based on the duration since eradication (Fig. 4).

Discussion

Barrett’s esophagus is considered an important disease
condition, as it is recognized to be the origin of esophageal
adenocarcinoma (1-5). In addition, the length of Barrett’s
epithelium has been demonstrated to be an important factor
affecting an increased risk of adenocarcinoma in patients
with Barrett’s esophagus (23-25). In Japan, however, the
prevalence of LSBE is rare, and esophageal adenocarcinoma
has been repeatedly demonstrated to mainly occur in cases
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Table 3. Prevalence of Barrett’s Epithelium in Studies Conducted in Japan.

Number of Total Length of Barrett’s epithelium
Reference Year
cases prevalence  0-4mm S59mm 10-29mm 230 mm

26 2000 650 15.7% 15.1% 0.6%

27 2003 548 12.2% ® 12.0% 0.2%

28 2005 2,577 20.8% 17.5% 3.1% 0.2%

29 2008 5,338 37.6% 37.4% 0.2%

30 2008 6,504 10.3% 9.4% 1.7% 0.5%

31 2009 869 43.0%

32 2012 832 22.1% 22.1% 0%

33 2013 18,792 7.9%

34 2016 3,788 5.2% * * 5.2% 0.03%
Present study 2020 3,353 56.2% * 30.0% 26.2% 0.03%

*Cases with this length were not considered to be positive for Barrett’s epithelium.

with SSBE (3-5). Several Japan-based investigators have ex-
plored the prevalence of Barrett’s epithelium, including
SSBE, and shown it to range from 7.9% to 43.0% in the
general population (Table 3) (26-34), although the criteria
used for the SSBE diagnosis were not identical among those
studies, especially with regard to length. In the present
study, the prevalence of Barrett’s epithelium using endo-
scopic observation with LCI was investigated. Our results
showed that the prevalence of Barrett’s epithelium with a
length of 25 mm of 56.2%, while that of Barrett’s epithe-
lium with a length of 210 mm was 26.2%. Therefore, the
prevalence of Barrett’s epithelium in the Japanese population
shown here was highest among the reported studies. We pre-
viously investigated the circumferential location of different
shapes of SSBE and found the prevalence of Barrett’s epi-
thelium >10 mm in length in 5.2% of individuals who vis-
ited the same medical center (34). In contrast, that preva-
lence was 26.2% in the present study. This marked differ-
ence may have been caused by different methods being used
to detect the presence of Barrett’s epithelium, although the
study subjects were not the same in the previous and present
studies. In both studies, the diagnosis was based on
columnar-appearing mucosa between the squamocolumnar
and EGJ, with the latter defined as the distal margin of the
palisade vessels in the lower esophagus based on the criteria
of The Japan Esophageal Society (6).

However, in our previous investigation, the distal margin
was examined using WLI, as LCI was not available. LCI, a
specific color-enhancing technology that processes endo-
scopic images to improve color separation in the red regions
of mucosal blood vessels, was shown by Takeda et al. to im-
prove the visibility of Barrett’s esophagus (7), which was
also seen in the present study. Nevertheless, the high preva-
lence of Barrett’s epithelium demonstrated here should be
confirmed by a comparative study of endoscopic observa-
tions between WLI and LCI as part of a large-scale multi-
center study.

Barrett’s esophagus is an acquired condition resulting
from gastroesophageal reflux disease (35, 36), and the
prevalence of reflux esophagitis has often been demonstrated

to be increasing in Japan due to the westernization of eating
habits and lifestyle (37-39). The present subjects with Bar-
rett’s epithelium included a higher percentages of men, older
subjects, and subjects with a high BMI, as well as a greater
proportion with habitual drinking and smoking than those
without Barrett’s epithelium. In addition, a larger diaphrag-
matic hiatus was frequently observed in those with Barrett’s
epithelium. These factors have been shown to be associated
with the occurrence of reflux esophagitis (37-41). Indeed,
reflux esophagitis was more frequently observed in the pre-
sent subjects with Barrett’s epithelium than in those without
it. Therefore, our findings confirm that gastroesophageal re-
flux has an important role in the development of Barrett’s
epithelium, including SSBE.

The results of this study showed that an H. pylori-positive
or post-eradicated status was more predominant in the group
with Barrett’s epithelium than in the group without it. In ad-
dition, the prevalence of Barrett’s epithelium was similar be-
tween the H. pylori-positive and post-eradicated subjects.
Therefore, continuous H. pylori infection is considered to be
related to the development of Barrett’s epithelium, and the
role of H. pylori infection in the incidence of SSBE might
disappear after its successful eradication. In the present
study, the subjects with a higher degree of gastric mucosal
atrophy were also shown to be more predominant in the
group with Barrett’s epithelium than in the group without it,
and the degree of gastric mucosal atrophy was higher in
cases with Barrett’s epithelium of 10-19 mm than in those
with a length <10 mm. Therefore, the elongation of SSBE
might be induced by a longer duration of H. pylori infec-
tion, since the progression of gastric mucosal atrophy is also
caused by long-term H. pylori infection. At present, we can-
not clearly explain how the presence and duration of H. py-
lori infection influence the prevalence and elongation of
Barrett’s epithelium. H. pylori infection was repeatedly
shown to cause the inflammation of the EGJ portion (cardi-
tis) (42-44). Therefore, we speculated that carditis induced
by H. pylori infection has some important role in the forma-
tion of SSBE. A further prospective study with a histologi-
cal examination should be performed to clarify whether or
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not H. pylori-induced carditis correlates with the formation
of SSBE.

Our analysis of cases with Barrett’s epithelium >20 mm
in length demonstrated that negativity for H. pylori infection
and a milder degree of gastric mucosal atrophy were more
commonly observed in these patients than in those with a
shorter length, suggesting that the acidity of the gastroe-
sophageal reflux contents may be an important factor in the
development of LSBE. The eradication of H. pylori infec-
tion has been reported to increase the gastric acidity in pa-
tients with a high degree of gastric mucosal atrophy, while
the prevalence of reflux esophagitis has been shown to also
be increased after successful eradication (45, 46). However,
we were unable to demonstrate the relationship between the
duration since the eradication of H. pylori and the length of
Barrett’s epithelium. The recovery of acidity following
eradication might be too small to induce LSBE.

Several limitations associated with the present study war-
rant mention. It was not performed in a population-based
manner, as the subjects visited our center for a medical
check-up, but rather as a cross-sectional study at a single
medical center. All endoscopic images were simultaneously
reviewed by three expert endoscopists to determine the distal
margin of the palisade vessels and presence of Barrett’s epi-
thelium, and inter-observer differences regarding the diagno-
sis were not examined. Additional studies are needed to de-
termine the significance of endoscopic observations with
LCI for diagnosing Barrett’s epithelium. In addition, a long-
term prospective study is recommended to determine the ef-
fects of H. pylori eradication on Barrett’s epithelium pro-
gression.

In conclusion, Barrett’s epithelium with a length of >5
mm was observed in 56.2% of 3,353 subjects by endoscopic
observation with LCI, with nearly all of those cases deter-
mined to be SSBE. Negativity for H. pylori infection and
mild gastric mucosal atrophy were not correlated with the
SSBE prevalence, although they were shown to be signifi-
cant factors for the development of longer Barrett’s epithe-
lium. In addition, the duration since the eradication of H.
pylori did not have an effect on the prevalence of SSBE.

The authors state that they have no Conflict of Interest (COI).
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