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Abstract
AIM
To elucidate longitudinal changes of an endoscopic 
Barrett esophagus (BE), especially of short segment 
endoscopic BE (SSBE). 

METHODS
This study comprised 779 patients who underwent 
two or more endoscopies between January 2009 and 
December 2015. The intervals between the first and 
the last endoscopy were at least 6 mo. The diagnosis 
of endoscopic BE was based on the criteria proposed 
by the Japan Esophageal Society and was classified 
as long segment (LSBE) and SSBE, the latter being 
further divided into partial and circumferential types. 
The potential background factors that were deemed 
to affect BE change included age, gender, antacid 
therapy use, gastroesophageal reflux disease-suggested 
symptoms, esophagitis, and hiatus hernia. Time trends 
of a new appearance and complete regression were 
investigated by Kaplan-Meier curves. The factors that 
may affect appearance and complete regression were 
investigated by χ 2 and Student-t  tests, and multivariable 
Cox regression analysis. 

RESULTS
Incidences of SSBE and LSBE were respectively 21.7% 
and 0%, with a mean age of 68 years. Complete 
regression of SSBE was observed in 61.5% of initial 
SSBE patients, while 12.1% of initially disease free 
patients experienced an appearance of SSBE. Complete 
regressions and appearances of BE occurred constantly 
over time, accounting for 80% and 17% of 5-year 
cumulative rates. No LSBE development from SSBE 
was observed. A hiatus hernia was the only significant 
factor that facilitated BE development (P  = 0.03) or 
hampered (P  = 0.007) BE regression. 

CONCLUSION
Both appearances and complete regressions of SSBE 
occurred over time. A hiatus hernia was the only 
significant factor affecting the BE story.
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possesses a higher risk of dysplasia[10,11] or subsequent 
esophageal adenocarcinoma than a shorter one[11,12]. 
Accordingly, every 1cm increase in BE length resulted 
in a 28% increase in the risk of high-grade dysplasia 
or esophageal adenocarcinoma[13]. These results, 
although inconsistent, give credence to the notion 
that SSBE should not be overlooked, and that the 
development of SSBE as well as its progression 
from SSBE to LSBE may at least increase risks of 
esophageal adenocarcinoma. Inversely, a regression 
of BE, if it occurs, may be expected to lessen cancer 
risks. 

In this regard, it is highly important to investigate 
changes in BE length and to explore factors associated 
with its change. Although many studies focusing on 
comparisons between longer and shorter BE at a given 
point consistently proved that a longer BE length was 
associated with obesity[14], the Caucasian race[15], 
older age[16], a longer hiatus hernia[16-19], a longer 
duration of acid exposure and subsequent GERD 
symptoms[16,18], while proton pump inhibitor (PPI) use 
correlated with shorter BE[16,17], the specific factors 
that could affect the elongation or regression of BE in 
an individual patient are still debated. With regard to 
LSBE, several investigators found that a regression 
of LSBE was accomplished by PPI use[20,21], no hiatal 
hernia[22], or length of columnar epithelium and less 
severe GERD[23], while others did not[24-26]. In addition 
to such inconsistencies in LSBE, research investigating 
chronological changes for SSBE are scanty in the 
literature[16,27,28]. Motivated by the limited knowledge 
on this matter, we have conducted a community-based 
longitudinal prospective study and demonstrated that 
both the appearance and complete regression of SSBE 
could occur constantly over time as well as that a 
hiatus hernia contributes to both phenomena. 

MATERIALS AND METHODS
Between January 2009 and December 2015, 1883 
patients underwent a referral or screening endoscopy. 
The various clinical indications of referral endoscopy 
have been listed previously[5]. In brief, indications 
of referral endoscopy included GERD suggested 
symptoms as listed later or other gastrointestinal 
symptoms such as abdominal pain or loss of appetite 
with or without a clinically important weight loss. Other 
indications unrelated to gastrointestinal symptoms 
included abnormalities of laboratory findings or 
positive fecal occult blood test. Patients were excluded 
from this study if they underwent: (1) therapeutic or 
urgent endoscopies; (2) previous gastric or esophageal 
surgery including antireflux surgery; or (3) only a 
single endoscopy during the study period. Patients with 
a total follow up period of less than 6 mo were also 
excluded. Patients undergoing previous endoscopic 
mucosal resection outside the areas of SCJ were 
permitted. Consequently, 779 patients were eligible 
for inclusion in this study, each required to have two 
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Core tip: The authors demonstrated that the appea
rance or complete regression of Barrett esophagus 
(BE) occurs constantly over time. Both phenomena 
are associated with a hiatus hernia but not gastroe
sophageal reflux disease (GERD)-suggested symptoms, 
suggesting that the appearance of BE occurs silently. 
These findings imply that a lack of GERD-suggested 
symptoms is not sufficient to exclude patients from 
screening an upper gastrointestinal endoscopy for 
identifying BE. The endoscopists should bear in mind 
that, along with the silent BE story, they should 
not miss the chance for the detection of BE and 
subsequent esophageal adenocarcinoma at an early, 
presymptomatic stage.
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INTRODUCTION
Barrett esophagus (BE), a disease in which a squamous 
epithelium at the distal esophagus is replaced by 
a specialized intestinal metaplastic epithelium, has 
received increasing public health concern because of 
its potential for lesions that develop into esophageal 
adenocarcinoma. It is one of the histological conse
quences of long lasting gastroesophageal reflux disease 
(GERD), and is classified into two types according 
to its length. Long segment BE (LSBE) denotes the 
length of specialized intestinal metaplasia of 3 cm 
or greater, while short segment BE (SSBE) is less 
than 3 cm. In contrast to the Western criteria[1,2], 
the Japan Esophageal Society proposed the concept 
of endoscopically diagnosed BE by the detection of 
longitudinal vessels in the distal side of the squamo
columnar junction (SCJ) without any histological 
evidence[3,4]. No requirement of biopsy specimens for 
the diagnosis of BE has lead general practitioners to 
promote a deeper awareness of the disease among the 
general population. We have previously published proof 
of the substantial incidence (22.1%) of SSBE[5], a rate 
comparable to or even higher than those assumed with 
great variation reported from Western[6] and Asian[7] 
countries. Surprisingly, we have also found that two 
thirds of SSBE patients were asymptomatic[5].

Whether the longer length of BE correlates to higher 
malignant potential of esophageal adenocarcinoma 
is controversial. Several studies have elucidated that 
SSBE and LSBE carry equivalent risks of esophageal 
adenocarcinoma[8,9], while a longer Barrett length 



or more endoscopies during the study period; the 
presence or absence of, as well as the degrees of BE, 
were recorded at each endoscopy. The last date of 
follow up was 31st December 2015.

The diagnostic procedures and definition of BE have 
described previously[5]. In brief, we have noticed three 
important landmarks during endoscopic procedures 
with only minimal air inflation: a SCJ, diaphragmatic 
hiatus, and esophagogastric junction oriented by 
longitudinal vessels - if present, before the fiberscope 
was inserted into the stomach to avoid any push 
and pull effect of the endoscope. SCJ was defined as 
the distinct color difference between a whitish-gray 
smooth epithelium and reddish-orange velvety gastric 
mucosa. The diaphragmatic hiatus was defined at the 
point where the tubular esophagus flared to become 
the sac-like stomach. The distal limit of the longitudinal 
vessels emanating from the SCJ was defined as the 
esophagogastric junction[29,30]. Therefore, the area of 
longitudinal vessels located distal to the SCJ can be 
considered BE without any requirement of histological 
evidence[3,4], according to the Japan Esophageal 
Society (JES). Therefore, the area between the 
diaphragmatic hiatus and distal end of the longitudinal 
vessels, or between the diaphragmatic hiatus and SCJ 
in the case where no longitudinal vessels are observed, 
is recognized as a hiatus hernia. The BE was divided 
into two types according to its length: long segment 
BE (LSBE), when circumferentially recognized with a 
minimal length of 3 cm or more, or short segment BE 
(SSBE), for length of less than 3 cm. SSBE was further 
categorized as circumferential (cSSBE) and partial 
(pSSBE) types. 

The chronological changes for BE during the follow 
up period were categorized into 6 groups using the 
following nomenclature: (1) disease free, no BE reco
gnized; (2) persistence, pSSBE or cSSBE at the first 
endoscopy and no change thereafter; (3) appearance, 
no SSBE at the first endoscopy with a subsequent 
appearance of pSSBE or cSSBE at a follow-up endo
scopy; (4) progression, progression from pSSBE to 
cSSBE; (5) complete regression, disappearance of 
pSSBE or cSSBE; and (6) partial regression, a regre
ssion from cSSBE to pSSBE. The background factors 
that potentially affect BE change included age, gender, 
antacid therapy use, GERD-suggested symptoms, 
esophagitis, and a hiatus hernia. GERD-suggested 
symptoms included heartburn, regurgitation, dysphagia, 
odynophagia, epigastralgia, belching, nausea and 
vomiting, and non-cardiac chest pain, as proposed in the 
published questionnaires. Esophagitis was diagnosed 
according to the Los Angeles Classification[31], and 
a grade A or higher was considered evidence of its 
presence. Use of a histamine-2 receptor antagonist 
or PPI was considered antacid therapy. These factors, 
except age, were dichotomized by categorizing either a 
presence or absence.

Statistical analysis
The relationship between these factors and changes in 
BE were investigated by univariate and multivariable[32] 
analyses. Fisher’s exact test and Student’s t test were 
respectively used for comparison of categorical and 
two mean values. Kaplan-Meier curves were used 
for the chronological changes for BE, especially for 
appearance and complete regression. For patients 
classified as disease-free at the first endoscopy, 
disease-free probability was calculated by using a 
time-length between the date of the first endoscopy 
and the date when the first appearance of pSSBE or 
cSSBE was noticed. For patients with SSBE at their 
first endoscopy, complete regression probability was 
calculated by using a time-length between the date of 
the first endoscopy and the date when the complete 
regression of pSSBE or cSSBE was first noticed. 

RESULTS
The 779 patients were followed prospectively by a total 
of 2712 endoscopies for an average of 40.7 ± 21.3 mo 
(range, 6-81 mo) comprising a total of 31720 patient-
months. Patient baseline characteristics are presented 
in Table 1. Overall, 292 (37.5%) patients took PPI or 
histamine-2 receptor antagonists. 

The patient distributions of the 6 categories of BE 
change are given in Figure 1. The incidence of SSBE 
at the first endoscopy was 21.7% (169 patients). 
Among these, complete regression and progression 
from pSSBE to cSSBE was respectively observed 
in 104 (61.5%) and 7 (4.1%) patients at their first 
endoscopy, while 49 (29.0%) SSBE remained stable 
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Table 1  Background patient demographics

Mean age, yr (mean ± SD, range) 68.1 ± 10.8 (27-95)
Gender (male/female) 326/453 (41.8/58.2)
Antiacid therapy (present/absent) 292/487 (37.5/62.5)
GERD-suggested symptoms (present/absent) 414/365 (53.1/46.9)
Esophagitis (present/absent)   81/698 (10.4/89.6)
Hiatus hernia (present/absent) 704/75 (90.4/9.6)

Number (%) of patients otherwise stated (n = 779). GERD: Gastroesophageal 
reflux disease.

Figure 1  Patient distribution of Barrett esophagus change during the 
study period. Data are expressed as absolute numbers (percentage). Disease 
free: n = 536; Persistence: n = 49; Appearance: n = 74; Progression: n = 7; 
Complete regression: n = 104; Partial regression: n = 9. BE: Barrett esophagus; 
pSSBE: Partial type short segment Barrett esophagus; cSSBE: Circumferential 
type Barrett esophagus.

Final findings
Total

No BE pSSBE cSSBE

no BE 536 (87.9) 74 (12.1) 610

pSSBE
104 (61.5)

49 (29.0) 7 (4.1)
169

cSSBE 9 (5.3)
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to facilitate BE description even for patients with 
conditions liable to bleeding[5]. Especially, the upper limit 
of the gastric folds is not located at a fixed position 
because it moves upward and downward according 
to breathing and the distending volume of air in the 
esophagus[34]. Noteworthily, the Western experts also 
recognized the distal margin of the palisade vessels 
and value of the Japanese criteria[35,36].

We have found in this study that a new appearance 
of SSBE occurred constantly over time, the 5-year 
cumulative appearance rate being approximately 
17%. To the best of our knowledge, this is the first 
report elucidating longitudinal time-trend profiles of 
new appearances of BE. Furthermore, a progression 
from pSSBE to cSSBE was seen in only a small fraction 
of patients (4.1%), findings which are indirectly 
supported by the observation of the occurrence of BE 
in a fairly rapid fashion, quickly reaching its maximal 
length with little increase thereafter[37].

In the present study, the complete regression 
rate was 61.5% at a mean follow-up length of 41 
mo, and the 5-year cumulative complete regression 
rate was 80%. Controversies appear to exist in the 
literature concerning the rates and time-trend of 
BE regression. The complete regression rate in the 
present study is higher than those in the literature, 
ranging from 7%-44%[16,22,27,28]. In addition, antireflux 
surgery achieved steady SSBE regression[38], while a 
lack of further regression even after PPI therapy was 
noted[20]. However, direct comparisons of regression 
rates between previous studies and ours must be 
viewed with caution. In the previous studies, most 
patients were LSBE or the initial length of BE was 
at least 5 mm[16,22,27], while only SSBE patients even 
with partial types, regardless of length, were included 
in the present study. Although different criteria of 
SSBE at study entry undoubtedly make investigations 
difficult to compare, our results suggest that the 
cohort including pSSBE exhibits a substantial rate of 
regression. Indeed, the probability of BE regression 
may be length dependent[23,27] - a longer length of BE 

during the study period. Among the 610 disease-free 
patients at the first endoscopy, SSBE developed in 74 
patients, accounting for 12.1% of the appearance rate. 
None of the SSBE progressed to LSBE.

Kaplan-Meier analyses revealed that the appearance 
and complete regression occurred constantly over time 
(Figures 2 and 3). Five-year cumulative disease-free 
and complete regression probabilities were 83% and 
80%. This meant that 5-year and annual appearance 
probabilities of SSBE were respectively 17% and 
3.4%. The median persistent period of SSBE who 
experienced complete regression was 36 mo. 

Multivariable Cox regression analysis revealed 
that a hiatus hernia was the only significant factor 
which both facilitates BE appearance and hampers 
BE regression (Table 2). Esophagitis appeared to 
be a marginally significant factor that hampers BE 
regression. 

DISCUSSION
The strength of our study is the simultaneous, multi
variate, and longitudinal analyses investigating time 
trends of appearances or regressions of SSBE. Our 
main findings are that both the appearance and 
complete regression of SSBE occurred steadily over 
time, and that a hiatus hernia was the strongest and 
the only significant factor related to both phenomena. 

In the West, the diagnosis of BE requires multiple, 
systematic targeted biopsies confirming specialized 
intestinal metaplasia[1] or columnar lined epithelium[2], 
as well as an endoscopic diagnosis of BE following 
Prague C and M criteria[33]. The proximal margin of 
the gastric fold is considered the gastroesophageal 
junction. On the other hand, it is widely accepted 
in Japan that longitudinal vessels emanating from, 
and located distally to the SCJ, can be considered 
BE, and no histological evidence of a goblet cell is 
mandatory[3,4]. We have previously discussed the 
merits of the Japanese criteria with regard to easy 
adoption of these criteria which enables endoscopists 
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Figure 2  Kaplan-Meier curve illustrating disease free probability in 
patients with no short segment endoscopic Barrett esophagus at the first 
endoscopy.
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Figure 3  Kaplan-Meier curve illustrating complete regression probability 
in patients with short segment endoscopic Barrett esophagus at the first 
endoscopy.
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is less likely to regress completely. 
Our multivariable analysis revealed that presence 

of a hiatus hernia was the only significant factor 
that both facilitates BE appearance and hampers BE 
regression. In addition, esophagitis was a marginally 
significant factor that hampers BE regression. These 
findings were supported by previous findings of ex
tremely higher rates of a hiatus hernia among BE 
patients[19]. In addition, management of reflux resulted 
in a higher likelihood of BE regression, since antacid 
medication[20,21], antireflux surgery[38,39], and the 
presence or absence of hiatal hernia[22] were noted to 
be significant factors associated with BE regression. 
Given the role of antacid therapies on BE regression, it 
is conceivable that reduced lower esophageal sphincter 
pressure and subsequently developed hiatus hernia 
may promote BE. These considerations imply the 
importance of acid in the pathogenesis of BE.

Hiatus hernia is placed at the upstream condition 
that plays a causal role on lower esophageal disorders 
such as GERD, esophagitis, and eventual prescription 
of antacid medication. This provides one explanation 
why other background factors than hiatus hernia were 
not selected as significant factors associated with BE 
change. In this regard, the mode of categorizing hiatus 
hernia may be important, and a mere dichotomized 
category of hiatus hernia in the present study is a 
potential limitation. However, as discussed earlier, the 
length of hiatus hernia may not be fixed and therefore, 
the presence of hiatus hernia - a proof of reduced 
lower esophageal sphincter pressure - is applied in 
the present study rather than its length. Another 
potential limitation in this study is that body mass 
index or degree of obese - another potential factor 
that associated with hiatus hernia - was not included 
as a background factor. However, it should be noted 
that an association between obesity and BE has been 
controversial[40,41].

Surprisingly, our multivariable analysis elucidated 
that GERD-related symptoms were not a significant 
factor in the appearance or regression of BE. Although 
reflux symptoms correlated with longer BE, GERD 

alone is not sufficient to recommend screening an 
upper gastrointestinal endoscopy for identifying BE[42]. 
We have previously demonstrated that two-thirds 
of SSBE patients had silent symptoms, suggesting 
that asymptomatic patients do carry SSBE and their 
appearance cannot be predicted by symptoms. These 
previous findings from ours[5] and others[42-45] could 
raise awareness that changes in findings around 
the region of SCJ, either appearance or complete 
regression, could occur regardless of GERD-related 
symptoms. This could further imply that excluding 
patients from screening based on a lack of GERD-
related symptoms could surpress chances of detection 
of esophageal adenocarcinoma at an early, presymp
tomatic stage. 

In the present study, only 7 patients (4.1%) ex
perienced progression from pSSBE to cSSBE. The 
small number of patients experiencing the progression 
of SSBE in the present study precludes drawing a 
firm conclusion with regard to factors affecting BE 
progression. The progression rate of 4.1% in the pre
sent study was comparable to a previous study[46], 
in which the majority of SSBE patients remained 
stable and its elongation was observed in only 6% of 
patients. 

Our clinic is one of the institutions which cover 
over 130000 residents. Under these circumstances, 
our study was conducted at a single community unit 
with patients undergoing an endoscopy regardless of 
GERD symptoms. Our clinic is a primary institution 
where the mean number of endoscopies performed 
is approximately 600 per year. Our study holds up as 
a representative population sample, being aged 27 
to 95 years of residents easily accessible to our clinic, 
and thus may differ from all the potentially biased 
cohorts reported earlier. This could further support the 
idea that the regression rate could be extrapolated 
to the general Japanese population. Although our 
study did not include Caucasian patients, endoscopists 
should continuously be aware of a BE story - both the 
regression and appearance of SSBE steadily occurring 
- under the circumstances of a substantial incidence of 
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Table 2  Factors associated with appearance or regression of e short segment Barrett esophagus

Appearance Complete regression

Hazard ratio (95%CI) P  value Hazard ratio (95%CI) P  value

Age 0.98 (0.96-1.00) 0.11 1.00 (0.98-1.02) 0.750
Gender Male 1 1

Female 1.01 (0.63-1.62) 0.98 1.32 (0.88-1.97) 0.180
Antiacid therapy Absent 1 1

Present 1.19 (0.74-1.93) 0.47 0.73 (0.48-1.14) 0.170
GERD-suggested symptoms Absent 1 1

Present 0.77 (0.46-1.19) 0.22 0.98 (0.64-1.50) 0.920
Esophagitis Absent 1 1

Present 1.09 (0.55-2.15) 0.80 0.51 (0.26-1.01) 0.052
Hiatus hernia Absent 1 1

Present 8.66 (1.20-62.6) 0.03 0.13 (0.03-0.58) 0.007

Multivariable Cox regression analysis. GERD: Gastroesophageal reflux disease.
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hiatus hernias and with the knowledge that substantial 
numbers of BE patients are asymptomatic[5,37,42].

In conclusion, both appearances and complete 
regressions of SSBE occurred over time. A hiatus 
hernia was the only significant factor affecting the BE 
story, while substantial numbers of BE patients are 
asymptomatic.
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and changes of BE, especially short segment endoscopic BE (SSBE), is scarce 
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Against the background of BE as a susceptible lesion of esophageal 
adenocarcinoma, it is important to elucidate longitudinal changes for BE and 
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authors applied endoscopic diagnoses of BE by detecting longitudinal vessels 
proposed by the Japanese criteria. No requirement of histological findings 
enables the facilitation of an endoscopic diagnosis of BE among the general 
population and for general practitioners. 

Innovations and breakthroughs
The appearance or complete regression of BE occurs constantly over time. 
Both phenomena are associated with a hiatus hernia but not gastroesophageal 
reflux disease-suggested symptoms, suggesting that the appearance of BE 
occurs silently among a non-biased study population that resembles that seen 
by the general practitioner. 

Applications
Despite the incidence of a hiatus hernia being dependent on its diagnostic 
criteria, a higher incidence of hiatus hernias and the existence of silent 
SSBE motivates endoscopists to assess the distal esophagus in all patients 
undergoing an upper endoscopy for any indication. This stance allows the 
detection of SSBE at an early stage to enable patients to enter a follow-up 
program as well as the early detection of eventual esophageal adenocarcinoma.

Terminology
Endoscopic BE is defined according to the Japan Esophageal Society. The 
existence of longitudinal vessels emanating from the squamocolumnar junction 
is defined as endoscopic BE. BE is classified into two categories according to 
its length, long segment BE being 3 cm or more, and short segment BE being 
less than 3 cm. The length is further classified as partial and circumferential 
types. Changes in BE was classified as disease free, or showing persistence, 
appearance, progression, complete regression, and partial regression. 
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Although this study is based on the endoscopic diagnosis of BE, the authors’ 
unbiased population could be considered more suitable than surrogate 
unrepresentative clinical samples for quantifying the magnitude of the BE 
story. This study contributes important evidence and reliable connections 
between the BE story and a silent hiatus hernia, and thus provides guidance 
for not overlooking the chance for the detection of BE as well as subsequent 
esophageal adenocarcinoma at an early, presymptomatic stage. 
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