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Abstract

Background Double-contrast upper gastrointestinal bar-

ium X-ray radiography (UGI-XR) is the standard gastric

cancer screening method in Japan. Atrophic gastritis and

enlarged gastric folds are considered the two major features

of Helicobacter pylori-induced chronic gastritis, but the

clinical meaning of evaluating them by UGI-XR has not

been elucidated.
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Methods We analyzed healthy UGI-XR examinees

without a history of gastrectomy, previous Helicobacter

pylori eradication and usage of gastric acid suppressants.

Results and conclusions Of the 6433 subjects, 1936

(30.1 %) had atrophic gastritis and 1253 (19.5 %) had

enlarged gastric folds. During the 3-year prospective

observational follow-up, gastric cancer developed in seven

subjects, six of whom (85.7 %) had atrophic gastritis with

H. pylori infection and five of whom (71.4 %) had enlarged

gastric folds with H. pylori infection. The Kaplan-Meier

method with log-rank testing revealed that both UGI-XR-

based atrophic gastritis (p = 0.0011) and enlarged gastric

folds (p = 0.0003) are significant predictors for future

gastric cancer incidence.

Keywords Double-contrast upper gastrointestinal barium

X-ray radiography (UGI-XR) � Atrophic gastritis �
Enlarged gastric folds � Gastric cancer � Helicobacter
pylori

Abbreviations

UGI-XR Double-contrast upper gastrointestinal barium

X-ray radiography

UGI-ES Upper gastrointestinal endoscopy

H. pylori Helicobacter pylori

Introduction

Gastric cancer screening using double-contrast upper gas-

trointestinal barium X-ray radiography (UGI-XR) has been

established and performed in Japan, where the mortality of

gastric cancer is among the highest in the world [1, 2]. For

more than 40 years, UGI-XR has been executed as the

nationwide cancer screening program since there is sub-

stantial evidence of its efficacy in reducing mortality from

gastric cancer [3–7]. Currently, however, UGI-XR is con-

fronted with a variety of challenges, such as the low

screening rate, non-negligible rate of adverse events par-

ticularly in the elderly, unfavorable influences of radiation

exposure and a relatively low cancer detection rate com-

pared with that from upper gastrointestinal endoscopy

(UGI-ES) [8]. Given these challenges, gastric cancer

screening by UGI-ES has been gradually increasing,

especially for opportunistic screening [9]. In addition,

various new screening methods using biological markers as

the filter tests are now being investigated [10–16].

A fundamental difference exists between the conven-

tional image-based methods and new serum marker-based

screening methods: UGI-XR or UGI-ES is primarily aimed

at the direct detection of gastric cancer. On the other hand,

most biological marker-based methods have been devel-

oped to evaluate the pathological state of coexisting gastric

mucosa and consequently assess the malignant potential in

each subject [13, 14, 16]. At present, it is well-established

that H. pylori carries a major risk of gastric cancer and also

that H. pylori-associated chronic gastritis represents a

precancerous condition of the stomach [17, 18]. Therefore,

effective screening will be possible if UGI-XR can provide

additional information about the status of chronic gastritis

other than cancer detection.

Atrophic gastritis (mucosal atrophy) and enlarged gastric

folds (hypertrophic gastritis) have been reported as the two

major features of H. pylori-associated gastritis diagnosed by

UGI-XR [19–23]. Our recent study revealed that a high titer

of serum anti-H. pylori IgG denoted by far the strongest

association with ‘‘UGI-XR-based atrophic gastritis’’ among

other significant factors such as current smoking, older age,

male gender and so on [24]. Based on this background, the

main aim of our present study is to clarify whether the

evaluation of UGI-XR-based chronic gastritis can lead to

prediction of gastric cancer development in the future.

Methods

Study subjects

The study population comprised 6901 asymptomatic gen-

eral adults who underwent UGI-XR at Kameda Medical

Center Makuhari (Chiba-shi, Chiba, Japan) in 2010, had no

history of gastrectomy and also had sufficient data for

analysis (Fig. 1a). Criteria for exclusion were the use of

gastric acid suppressants or a history of H. pylori eradi-

cation therapy. This study was approved by the ethics

committee of the University of Tokyo.

Follow-up strategy

We recommended that all the study subjects should

undergo an annual health checkup including gastric cancer
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screening. All the data of UGI-XR and UGI-ES from all the

study subjects were obtained from the beginning of 2010 to

the end of 2013. Whether gastric cancer was detected by

UGI-XR or UGI-ES, the final diagnosis was confirmed by

histopathology using the biopsy specimens.

Atrophic gastritis diagnosed by UGI-XR

The method for UGI-XR has been previously described in

detail [24]. In short, UGI-XR-based atrophic gastritis was

classified into four types (Fig. 1b) as follows: no atrophic

gastric mucosa (type A), no atrophic change observed on

the entire gastric mucosa; mild atrophic gastritis (type B),

slightly enlarged areae gastricae with some angularity and

irregularity (mild mucosal atrophy) predominantly

observed in the gastric antrum; moderate atrophic gastritis

(type C), obviously enlarged areae gastricae with consid-

erable angularity and irregularity (moderate mucosal atro-

phy) extending from the gastric antrum to body and/or

fornix; severe atrophic gastritis (type D), very small or

absent areae gastricae (severe mucosal atrophy) diffusely

extending throughout the entire stomach.

Enlarged gastric folds diagnosed by UGI-XR

According to the previous reports [19–22], UGI-XR-based

enlarged folds were classified into three types (Fig. 1b) as

follows: normal gastric folds (type N), no enlarged folds

with almost straight or marginally winding appearance

observed in the gastric body; modestly enlarged gastric

Fig. 1 Study flow chart (a) and

typical images of chronic

gastritis diagnosed by UGI-XR

(b). The six images in b show a

normal stomach with no

gastritis (type N or A, upper

left), gastritis with modestly

enlarged folds (type M, upper

middle), gastritis with

gigantically enlarged folds (type

G, upper right), mild atrophic

gastritis restrictively localized

in the antrum and angle (type B,

lower left), moderate atrophic

gastritis extending from the

antrum to the body and/or fornix

(type C, lower middle), and

severe atrophic gastritis

covering the entire stomach

(type D, lower right)
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folds (type M), modestly enlarged folds in gently winding

appearance observed in the gastric body; gigantically

enlarged gastric folds (type G): gigantically enlarged folds

of tortuously winding appearance observed in the gastric

body.

Measurement of serum anti-Helicobacter pylori IgG

and serum pepsinogens

Serum anti-H. pylori IgG, pepsinogen I (PG I) and

pepsinogen II (PG II) were measured using commercial kits

(Eiken Chemical, Tokyo, Japan) as we previously reported

[25–27].

Statistical analyses

Kaplan-Meier curves were generated to assess the incidence

of gastric cancer using JMP 10 software (SAS Institute), and

p values \0.05 were considered statistically significant

according to the log-rank test using the same software.

Results

Characteristics of the study subjects

From the 6901 UGI-XR examinees who agreed to partic-

ipate in our study, we further excluded 183 users of gastric

acid suppressants and 285 subjects with a history of H.

pylori eradication (Fig. 1a). Consequently, we analyzed a

total of 6433 subjects (47.4 ± 8.8 years; range

20–83 years) comprising 3405 males and 3028 females. Of

the total subjects, 1674 (26.0 %) tested positive for serum

anti-H. pylori IgG, which is almost equal to the recently

reported prevalence of H. pylori infection in Japan [28].

Atrophic gastritis surpasses enlarged gastric folds

in diagnosing chronic H. pylori infection by UGI-XR

Of the 6433 series of UGI-XR images (Fig. 2a), 1936

(30.1 %) were diagnosed as atrophic gastritis (mild,

n = 234; moderate, n = 822; severe, n = 880), and 1253

(19.5 %) were diagnosed with enlarged gastric folds

(modest, n = 968; gigantic, n = 285). In our study popu-

lation (Fig. 2b), 95.9 % (1202/1253) of subjects with

enlarged gastric folds had atrophic gastritis. Conversely,

only 62.1 % (1202/1936) of subjects with atrophic gastritis

had enlarged folds. A Venn diagram shows that the sub-

jects with enlarged gastric folds were most likely to be

individuals with atrophic gastritis (Fig. 2b). Our data sug-

gested that atrophic gastritis has greater utility than

enlarged gastric folds in evaluating H. pylori-induced

chronic gastritis by UGI-XR.

‘‘Atrophic gastritis’’ and ‘‘enlarged gastric folds’’

diagnosed by UGI-XR are both useful for predicting

future development of gastric cancer

Until the end of the observation period, 4919 subjects

underwent follow-up UGI-XR or UGI-ES at least once.

Gastric cancer was detected in seven subjects (0.14 %), six

of whom (85.7 %) had UGI-XR-based atrophic gastritis

and were positive for serum anti-H. pylori IgG and five of

whom (71.4 %) had UGI-XR-based enlarged folds and

were also positive for serum anti-H. pylori IgG (Table 1).

Based on the 3-year follow-up data of the study subjects

(mean follow-up period: 961 ± 264 days), Kaplan-Meier

curves were plotted to assess the incidence of gastric

cancer focusing on the two typical types of UGI-XR-based

gastritis (Fig. 3). Log-rank testing showed that both UGI-

XR-based atrophic gastritis and UGI-XR-based enlarged

folds are significant risk indicators for future gastric cancer

development (p = 0.0011 and p = 0.0003, respectively).

Discussion

This is the first large-scale study directly comparing ‘‘atrophic

gastritis (mucosal atrophy)’’ and ‘‘enlarged gastric folds (hy-

pertrophic gastritis)’’ diagnosed by UGI-XR. The inclusion

relationship between them (Fig. 2b) suggests that ‘‘atrophic

gastritis’’ is superior to ‘‘enlarged gastric folds’’ in detecting

H.pylori-induced chronic gastritis. Nevertheless, we are of the

opinion that the diagnosis of UGI-XR-based enlarged folds is

also useful, because taking sufficient double-contrast barium

X-ray images for mucosal atrophy is usually more difficult

than for enlarged folds, especially in case of inadequate bar-

ium coating or intragastric residual content. In anticipation of

mutual compensation between atrophic gastritis and enlarged

gastric folds, both types of UGI-XR-based chronic gastritis

should be evaluated. Actually, prospective observation in our

cohort showed that evaluation of both of these types of UGI-

XR-based chronic gastritis is useful for predicting future

gastric cancer incidence (Fig. 3).

Despite the decreasing rate of H. pylori infection

worldwide [29–32], the clinical significance of evaluating

H. pylori-induced chronic gastritis is still quite high. Based

on the present results, we recommend that UGI-XR should

aim not only to detect gastric cancer itself, but also to

evaluate atrophic gastritis and enlarged gastric folds, sim-

ilar to the serum marker-based countermeasures aiming at

the evaluation of the precancerous condition associated

with chronic gastritis [14–16, 33]. We believe our present

result will change the purpose of gastric cancer screening

with barium X-ray radiography (UGI-XR) from ‘‘mere

detection of gastric cancer’’ to ‘‘simultaneous evaluation of

premalignant chronic gastritis.’’
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Fig. 2 Relationship between atrophic gastritis (normal, mild, mod-

erate, severe) and enlarged gastric folds (normal, modest, gigantic)

diagnosed by double-contrast upper gastrointestinal barium X-ray

radiography (UGI-XR). a A 3 9 4 contingency table showing the

distribution of atrophic gastritis and enlarged gastric folds. b A Venn

diagram and 2 9 2 contingency table showing the relationship

between atrophic gastritis and enlarged gastric folds

Table 1 Characteristics of the seven subjects who developed gastric cancer in the 3-year follow-up

Follow-up years Age Sex UGI-XR-based atrophic

gastritis (normal, mild,

moderate, severe)

UGI-XR-based enlarged

gastric folds (normal,

modest, gigantic)

Anti-HP

IgG (±)

Anti-HP IgG

(U/ml)

PG I

(ng/ml)

PG II

(ng/ml)

PG I/II

ratio

0 72 M ?(severe) ?(modest) ? 112.5 77.9 32.5 2.4

1 50 F ?(severe) ?(modest) ? 59.8 79.2 30.4 2.6

2 59 M ?(moderate) -(normal) ? 16.0 41.5 9.6 4.3

3 58 M ?(severe) ?(modest) ? 32.2 57.2 25.7 2.2

3 54 M ?(severe) ?(modest) ? 26.6 33.9 20.4 1.7

3 55 M -(normal) -(normal) - 1.1 78.4 15.8 5.0

3 64 M ?(severe) ?(modest) ? 19.3 27.1 18.6 1.5

UGI-XR double-contrast upper gastrointestinal barium X-ray radiography, PG pepsinogen, HP Helicobacter pylori, M males, F females

Fig. 3 Kaplan-Meier curves to

assess the 3-year incidences of

gastric cancer focusing on the

UGI-XR-based atrophic gastritis

(a) and UGI-XR-based enlarged

gastric folds (b). All the

censored subjects are denoted

by the tick marks. A p value less

than 0.05 was considered

statistically significant

according to the log-rank test
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Conclusions

Prospective observation of 6433 generally healthy subjects

for 3 years showed that atrophic gastritis and enlarged

gastric folds diagnosed by double-contrast upper gastroin-

testinal barium X-ray radiography (UGI-XR) are both

useful for predicting future gastric cancer incidence.
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