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Secondary prevention is an important strategy in gastric cancer. Low-grade intraepithelial neoplasia (LGIN) is the last stage of
precancerous lesion, and its timely diagnosis can greatly improve the detection rate of early gastric cancer. We performed a
prospective study to analyze the risk factors of gastric LGIN in asymptomatic subjects undergoing physical examination. A total
of 3437 subjects were included in this study, and 2259 asymptomatic subjects were investigated from March 2015 to April 2018.
Risk factors were evaluated, and the endoscopic features of LGIN and prognosis were described. The overall incidence of LGIN
was 19.73% (678/3437), while the incidence of LGIN in the asymptomatic and symptomatic groups was 19.65% (444/2259) and
19.86% (234/1178), respectively (P =0.884). The rate of Helicobacter pylori infection in this physical examination population
was 39.13% (35.8% asymptomatic group, 45.5% symptomatic group; P < 0.001). Risk factors including age, H. pylori infection,
history of antibiotic misuse, and spicy and high-fat diet (all P <0.05) were further verified by multivariate analysis as
independent risk factors. History of antibiotic misuse and H. pylori infection showed significant associations with LGIN (odds
ratio (OR) =6.767, 95% confidence interval (CI) 3.873-11.825 and OR =3.803, 95% CI 3.009-4.808, respectively). The most
common endoscopic classification of LGIN was erosive gastritis (50.78%), and the major endoscopic appearance was Paris Ila
(flat with slight elevation located mostly in the antrum). During the mean follow-up period of 15.02 months, 49.4% of LGIN
regressed, 0.61% of LGIN progressed, and 50% of LGIN remained unchanged. History of antibiotic misuse and H. pylori
infection were predominant risk factors of LGIN in asymptomatic subjects, and those individuals should consider early
screening for gastric cancer.

1. Introduction

Worldwide, gastric cancer ranks fifth in terms of malignan-
cies and it is the third leading cause of death due to malignant
tumors [1]. It is estimated that there are 423,000 new cases
and 300,000 deaths in China per year, accounting for 44.5%
of the global incidence of gastric cancer [2]. The majority of
cases can be treated radically by endoscopy at an early stage,
with a >90% 5-year survival rate [3]. However, the current
diagnosis and treatment of early gastric cancer in China

is <20% of all reported cases and certainly requires signif-
icant improvement to ensure more efficient treatment of gas-
tric cancer. Because of the large population in China,
endoscopy cannot be used as a general screening method
for all early gastric cancers and precancerous lesions. A more
realistic and cost-effective method is to identify people at
high risk for developing gastric cancer prior to further clini-
cal scrutiny. The development of gastric cancer is a multi-
factorial and multi-step process, and low-grade intraepithe-
lial neoplasia (LGIN) of the gastric mucosa represents the
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final stage of gastric precancerous lesion (equivalent to mild
and moderate dysplasia) [4]. Therefore, identification of risk
factors for LGIN would provide key insights into the preven-
tion and treatment of gastric cancer. In this study, we focused
on the asymptomatic population undergoing physical exam-
ination to identify risk factors of LGIN. Using this research
cohort offers an advantage in avoiding differences in the
diagnosis and treatment process of symptomatic patients.

Our analysis revealed that LGIN was associated with
multiple independent risk factors that could facilitate a better
diagnosis and treatment of early gastric cancer and precan-
cerous lesions. This will provide useful information for the
secondary prevention of gastric cancer.

2. Patients and Methods

2.1. Study Population and Data Collection. We prospectively
selected cases of endoscopy registered in Anhui Provincial
Hospital Physical Examination Center from March 2015 to
April 2018. All of the participating volunteers were over 18
years old and had signed informed consent to accept endos-
copy and pathological examination voluntarily as research
subjects. The exclusion criteria were as follows: severe liver
and kidney function impairment, anemia, coagulation dys-
function, serious cardiovascular and cerebrovascular dis-
eases, history of gastric surgery, and tumor history.

Before the gastroscopy procedure, the purpose of this
examination was explained to the subjects by filling out
questionnaires, and they were divided into two groups:
(1) no gastrointestinal symptoms (asymptomatic) and (2)
gastrointestinal discomfort or slight physical discomfort
(symptomatic). All subjects provided information on 12
items in detail: sex, age, height, weight, history of nonste-
roidal anti-inflammatory drugs (NSAIDs), history of anti-
biotic misuse, family history of gastric cancer, smoking
history, alcohol history, high-salt diet, spicy and fried diet,
and poor eating habits (Table S1). Helicobacter pylori
infection was tested by '>C urea breath test.

2.2. Gastroscopy Procedure. All subjects were fasted more
than 8h prior to the procedure. To clean and numb the
throat, subjects were asked to consume 10 ml of Xisha sili-
cone oil emulsion with 15ml of saline mixture before the
procedure. Gastroscopy was completed by two senior endos-
copy experts with >10 years of experience who made a
detailed inspection of the stomach using conventional
white-light endoscopes, sometimes performing narrow band
imaging and magnifying endoscopy if necessary. Gastric
biopsy sampling followed the standard biopsy sampling pro-
tocol of the gastric mucosa: one from the incisura angularis;
two from the large and small bend in the antrum (2-3 cm
from the pylorus); and two from the large and small bend
in the stomach body (8 cm from the cardia). Additional sam-
ples were always taken from any focal lesions (ulcer, mucosal
flat abnormalities, and polyps). Biopsy samples were large
enough to reach the mucosal muscle.

Endoscopic classification of chronic gastritis was cate-
gorized into chronic superficial gastritis, pangastritis,
chronic atrophic gastritis, erosive gastritis, atrophic mixed
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erosive gastritis, and gastric ulcer [5]. The description of
endoscopic appearances of LGIN lesions was reclassified
in accordance with the Paris classification of superficial
neoplastic lesions [6].

2.3. Pathology. The specimens were fixed in 10% formalin
solution, embedded in paraffin, and stained with hematoxy-
lin violet. The histological changes of chronic inflammation,
activity, atrophy, intestinal metaplasia, and intraepithelial
neoplasia were observed by pathologists according to the
New Sydney Gastritis Classification [7] and Vienna Classifi-
cation [8].

The resulting specimens were viewed by three desig-
nated senior pathologists, and the same diagnoses reached
by two out of the three pathologists were recorded as the
final diagnosis. We excluded endoscopic manifestations of
other lesions, such as esophageal or duodenal lesions, or
pathological findings of inflammatory polyp, high-grade
intraepithelial neoplasia (HGIN), and gastric malignancies.

2.4. Follow-Up. Pathologically proved cases of gastric LGIN
in asymptomatic patients were followed up every 6 months
to 1 year, including H. pylori eradication, gastroscopy,
and pathology.

2.5. Statistical Analysis. The relationships between LGIN
incidence and the 12 potential risk factors were investigated
by analyzing the data with SPSS 17.0 statistical software
(SPSS Inc., Chicago, IL, USA). Specifically, the data were
first analyzed by the chi-squared test with single-factor
analysis to control confounding factors, and P < 0.05 was
considered statistically significant. Binary logistic regres-
sion analysis of multifactor analyses was subsequently per-
formed to explore the impact of independent risk factors
on LGIN of the gastric mucosa.

3. Results

3.1. Basic Data Characteristics. In the past four years, we
have collected 3437 subjects who underwent gastroscopy
from the physical examination center. Among them, 2259
were asymptomatic physical examination and 1178 were
physical examination with gastrointestinal symptoms.
Among the 2259 cases, the pathological findings of gastric
inflammatory (gastritis group), atrophy (AG group, includ-
ing intestinal metaplasia), LGIN (LGIN group), and other
lesions were 1353, 414, 444, and 48, accounting for 59.89%,
18.33%, 19.65%, and 2.12%, respectively. Other lesions
included 3 cases of esophageal inflammatory lesions, 4 cases
of esophageal LGIN, 1 case of esophageal cancer, 29 cases of
gastric polyps, 7 cases of gastric malignancy, and 4 cases of
duodenal polypoid lesions. In the symptomatic patients,
the gastritis, AG, LGIN, and other groups included 712,
185, 234, and 47, accounting for 60.44%, 15.70%, 19.87%,
and 3.99%, respectively. Other lesions included 1 case of
esophageal inflammation, 2 cases of esophageal cancer, 39
cases of gastric polyps, 2 cases of gastric malignancy, and 3
cases of duodenal polypoid lesions (Figure 1).

The H. pylori infection rate of the overall population was
39.13% (1345/3437), with asymptomatic and symptomatic
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3437 subjects completed gastroscopy and
questionnaire survey from the Physical
Examination Center
Excluded: gastroscopy is performed due to
>>>>>>>>>>>>>>>>> > gastrointestinal discomfort (n = 1178)
2259 subjects of asymptomatic
Excluded (pathological confirmation non-LGIN):
Gastritis (n = 1353)
""""""""""" > AG (n=414)
Others, such asophageal lesions, duodenal
lesions, gastric cancer (n = 48)
| 444 subjects of gastric LGIN |
| Risk factors analyses and endoscopic features |
FiGURE 1: Flow chart for selecting the research population.
TaBLE 1: General characteristics in the asymptomatic and symptomatic groups.
Variable Asymptomatic group (n =2211) Symptomatic group (n=1131) P value
Pathological classification 0.240
Gastritis 1353 712
AG 414 185
LGIN 444 234
Sex (male/female)
Gastritis 771/582 375/337 0.061
AG 243/171 97/88 0.153
LGIN 269/175 151/83 0.315
Age (M +SD)
Gastritis 46.39 £ 10.33 45.13 £10.46 0.009*
AG 50.37 £10.15 49.21 +10.43 0.200
LGIN 50.46 £10.25 48.97 £ 10.65 0.075
H. pylori infection (yes/no)
Gastritis 387/966 291/421 <0.001*
AG 138/276 85/100 0.003*
LGIN 273/171 147/87 0.734
*P <0.05.

H. pylori infection rates of 35.81% (809/2259) and 45.50%
(536/1178), respectively (P < 0.001). There was no significant
difference between the asymptomatic and symptomatic
groups in the three pathological distributions or sex ratio.
The rate of H. pylori infection with gastrointestinal
symptoms was significantly higher than that of the asymp-
tomatic population when the pathological diagnoses were

gastritis and atrophy (P <0.001, P =0.003), while there was
no significant difference between the two groups in terms of
LGIN (Table 1).

3.2. Univariate and Multivariate Analyses of LGIN Risk
Factors. A total of 12 potential risk factors for LGIN of
gastric mucosa were analyzed by univariate analysis. The
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TaBLE 2: Univariate analysis of common risk factors for LGIN among asymptomatic subjects.
Variable Gastritis (n=1353) AG (n=414) LGIN (n = 444) P value .\ P value
LGIN vs. gastritis LGIN vs. AG
Sex (male/female) 771/582 243/171 269/175 0.182 0.573
Age (years) 46.39£10.33 50.37 £ 10.15 50.46 + 10.25 <0.001* 0.892
<30 101 7 <0.001*
31-40 276 61 72 0.053
41-50 501 138 152 0.288
51-60 358 129 135 0.106
61-70 103 64 65 <0.001*
>70 14 13 0.004"
BMI (kg/m?) 23.12+2.91 23.18 +2.85 23.06 +2.84 0.693 0531
H. pylori infection (yes/no) 387/966 138/276 273/171 <0.001~ <0.001*
NSAIDs (yes/no) 35/1318 14/400 18/426 0.113 0.603
Antibiotic misuse history (yes/no) 23/1330 20/394 43/401 <0.001* 0.006*
Family history (yes/no) 59/1294 20/394 28/416 0.097 0.347
Smoking history (yes/no) 300/1053 87/327 90/354 0.399 0.788
Alcohol history (yes/no) 336/1017 104/310 106/338 0.684 0.671
High-salt diet (yes/no) 244/1109 72/342 101/343 0.029* 0.051
Spicy and high-fat diet (yes/no) 318/1035 181/233 188/256 <0.001~ 0.684
Poor eating habits (yes/no) 392/961 168/246 162/282 0.003* 0.218
*P<0.05.
TABLE 3: Multivariate analysis of relevant risk factors for LGIN.
Variables B regression coefficient P value OR (95% CI)
Age 0.027 <0.001* 1.027 (1.015-1.040)
H. pylori infection 1.336 <0.001* 3.803 (3.009-4.808)
Antibiotic misuse history 1.912 <0.001* 6.767 (3.873-11.825)
High-salt diet 0.154 0.297 1.166 (0.874-1.556)
Spicy and high-fat diet 0.661 <0.001* 1.936 (1.498-2.502)
Poor eating habits 0.217 0.092 1.243 (0.965-1.601)

*P <0.05.

results showed that age, H. pylori infection, history of anti-
biotic misuse, high-salt diet, spicy and high-fat diet, and
poor eating habits were associated with LGIN when com-
pared with the gastritis group (P all <0.05) (Table 2).

Multivariate logistic regression analysis further identified
age, H. pylori infection, antibiotic misuse history, and spicy
and high-fat diet as independent risk factors of LGIN. Anti-
biotic misuse history and H. pylori infection showed signifi-
cant associations with LGIN (odds ratio (OR) = 6.767, 95%
confidence interval (CI) 3.873-11.825 and OR = 3.803, 95%
CI 3.009-4.808, respectively) (Table 3).

3.3. Endoscopic Appearance. We analyzed the endoscopic
appearances of 2211 asymptomatic patients and found that
the main endoscopic appearances of gastritis were chronic
superficial gastritis (45.90%) and erosive gastritis (26.10%).
The main appearances of LGIN were erosive gastritis
(50.90%) and atrophic mixed erosive gastritis (13.74%)
(Table 4).

In accordance with the Paris endoscopic classification of
superficial neoplastic lesions, most were described as flat with
slight elevation (30.63%) and nodular (16.67%) (Paris IIa)
(Table 5) with a high incidence of lesions in the antrum
(76.13%) and incisura angularis (16.21%) (Table 6).

3.4. Prognosis. A total of 388 cases of LGIN confirmed by
pathology were followed up, among which 125 cases
(32.22%) were lost over 1 year. Of the 263 cases (67.78%)
remaining, endoscopy surveillance was performed in 164
cases, while 99 cases were followed up by telephone. During
the average follow-up period of 15.02 (4-41) months of the
164 endoscopic surveillance cases, 82 with LGIN maintained
the original pathology (concordant grade group); 81 cases
had fewer pathological changes (downgrade group), includ-
ing 48 cases of atrophic and intestinal metaplasia, 33 cases
of gastritis, and 1 case of gastric cancer. That patient was a
65-year-old male, whose firstly endoscopic appearance was
erosive lesions of the cardia with H. pylori positivity. Eight
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TaBLE 4: Endoscopic classifications of gastritis, AG, and LGIN.
Variable Gastritis (n = 1353) AG (n=414) LGIN (n = 444) P value P value
LGIN vs. gastritis LGIN vs. AG
Chronic superficial gastritis 621 (45.90%) 67 (16.18%) 54 (12.16%) <0.001* 0.091
Pangastritis 208 (15.37%) 31 (7.49%) 36 (8.11%) <0.001* 0.735
Chronic atrophic gastritis 89 (6.58%) 59 (14.25%) 47 (10.59%) 0.006* 0.103
Erosive gastritis 353 (26.10%) 180 (43.48%) 226 (50.90%) <0.001* 0.030*
Atrophic mixed erosive gastritis 51 (3.77%) 69 (16.67%) 61(13.74%) <0.001* 0.232
Gastric ulcer 31 (2.29%) 8 (1.93%) 20 (4.50%) 0.015* 0.034*
*P<0.05.
TaBLE 5: Endoscopic appearances of LGIN in accordance with the TaBLE 6: LGIN lesion locations.
Paris classification.
Location n %
Endoscopic appearance n % Antrum 338 76.13
Polypoid Funds 18 4.05
Pedunculated (Paris Ip) 2 0.45 Incisura angularis 72 16.21
Protruded (Paris Is) 5 1.13 Pylorus 7 1.58
Nonpolypoid Cardia 9 2.03
Slightly elevated (Paris IIa)
Irregular mucosa 73 16.44
Nodular 74 16.67 on screening patients with explicit gastrointestinal symptoms
Flat with slight elevation 136 30.63 [10, 11]. However, we know that gastrlc diseases can be found
Flat (Paris IIb in the middle and late stages without any symptoms. The
at (Paris ITb) incidence of precancerous lesions in asymptomatic popula-
Erythema 40 9.00 tion is less reported. This is the first cross-sectional study
Flat 23 5.18 among asymptomatic subjects, similar to a natural popula-
Gastritis 24 5.41 tion, therefore avoiding the pitfalls of previous research.
Inconspicuous 12 2.70 More and more people require a gastroscopy exam as part
Slightly depressed (Paris I1c) of their hefllth c.heck—up program. Certainly, some people
Erosions 3 791 with gastrointestinal symptoms undergo a gastroscopy exam
rather than an outpatient visit. Questionnaires are used to
Flat depressed 1 0.23 .
. separate these groups. LGIN is the last stage of precancerous
Excavated (Paris 0-IIT) lesions. The cancer rate of LGIN of the stomach can reach
Ulcerated 22 4.95 0.53%-29.6% [12-14], and positive endoscopic treatment is
Total 444 100 highly effective when necessary [15, 16]. Therefore, timely

months later, the possibility of malignancy emerged, soon
afterwards endoscopic submucosal dissection (ESD) was per-
formed to remove the lesion. Postoperative pathology
showed intramucosal carcinogenesis, which has been
followed up regularly. All the subjects who were H. pylori
positive after endoscopic examination were treated with anti
H. pylori quadruple therapy. Compared with the concordant
grade group, the downgrade group was younger (P < 0.001),
while there were no differences in H. pylori infection or endo-
scopic classification (Table 7).

4. Discussion

Secondary prevention of gastric cancer is an important strat-
egy at this early stage, and the significance of secondary pre-
vention is to screen out subjects at high risk for gastric cancer
among the normal population [9]. Previous studies focused

diagnosis can greatly improve the detection rate of early gas-
tric cancer, leading to reductions in disease incidence, mor-
tality, and associated medical costs.

The incidence of LGIN was 19.65% in the asymptomatic
group, which was not significantly different compared with
those with gastrointestinal symptoms. A history of antibiotic
misuse and H. pylori infection were significant risk factors for
LGIN among asymptomatic subjects. The most common
endoscopic classification of LGIN was erosive gastritis, and
its appearance was Paris IIa (flat with slight elevation, located
mostly in the antrum). During follow-up, 50% of LGIN
maintained the original pathology, 49.4% had fewer patho-
logical changes, and 0.6% progressed to gastric cancer.

In the pooled multivariate analysis, the most significant
independent risk factor of LGIN was a history of antibiotic
misuse (compared to both the gastritis and atrophic groups).
This was considered as taking antibiotics without the guid-
ance of doctors at a frequency > 3 times/year, which is a com-
mon phenomenon in China [17]. In our study, the subjects
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TaBLE 7: The general and endoscopic characteristics of LGIN prognosis.

Concordant group (n = 82) Downgrade group (n = 81) P value

Sex (male/female) 53/29 49/32 0.585
Age (years) 53.43+10.96 47.91+9.45 <0.001"
H. pylori infection (yes/no) 38/44 48/33 0.099
Antibiotic misuse history 7175 3/78 0.199
Spicy and high-fat diet 35/47 34/47 0.927
Endoscopic classification 0.566

Chronic superficial gastritis 12 7

Pangastritis 4 4

Chronic atrophic gastritis 9

Erosive gastritis 41 44

Atrophic mixed erosive gastritis 16 11

Gastric ulcer 4 6
Endoscopic classification
Polypoid

Pedunculated (Paris Ip)

Protruded (Paris Is)
Nonpolypoid

Slightly elevated (Paris Ila)

Irregular mucosa 9 20

Nodular 16 13

Flat with slight elevation 28 18
Flat (Paris IIb)

Erythema 7 5

Flat 2 6

Gastritis 7 3

Inconspicuous 3 2
Slightly depressed (Paris IIc)

Erosions 6 5

Flat depressed 0 0
Excavated (Paris 0-III)

Ulcerated 4 7
*P <0.05.

were not previously tested for H. pylori, so they did not
receive specific antibiotic treatment for that infection.
Antibiotics are an important treatment for H. pylori infec-
tion, but it is not known whether the use of antibiotics
alone can cause LGIN of the gastric mucosa. Antibiotics
can reportedly cause changes in the gastric microenviron-
ment and lead to carcinogenesis [18]. Antibiotic use
seems associated with a slightly elevated breast cancer risk
[19], and antibiotic suppression of intestinal microbiota
reduces heme-induced lipoperoxidation associated with
colon carcinogenesis [20], yet the nature of the association
remains elusive.

In pathologically proven cases of gastritis and atrophy, H.
pylori infection was significantly increased in the symptom-
atic group, suggesting that H. pylori infection may be the
cause of gastrointestinal discomfort [21]. Nevertheless there
was no significant difference in the LGIN group, which may
suggest that we cannot depend symptoms to distinguish dis-

ease severity. Consistent with most conclusions, the rate of H.
pylori infection in the LGIN group was significantly higher
than in the gastritis and AG groups. As we know, eradication
of H. pylori can prevent or reverse the progression of gastric
mucosal lesions only in the stage of gastritis [22]. H. pylori
infection can reduce the scores for atrophy and intestinal
metaplasia [23]. A follow-up study of 1755 cases of gastritis
in Italy found that H. pylori-negative gastritis generally did
not progress, and H. pylori-positive Operative Link on Gas-
tritis Assessment (OLGA) staging at stage III and IV did
not eliminate the risk of the progression to tumorigenesis
after H. pylori eradication [24]. During follow-up, 59.26%
(48/81) of subjects with H. pylori infection had downgraded
pathological changes after regular treatment, compared to
46.34% (38/82) in the concordant grade group, with no sta-
tistical difference between the two groups.

Our study revealed that after age 60, the incidence of
LGIN was significantly higher than that in the gastritis group,
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which was consistent with findings reported by Raftopoulos
et al. [25]. We also found that a high-salt diet is a risk factor
for gastric LGIN rather than an independent risk factor.
Studies showed that a high-salt diet could promote the
carcinogenesis of H. pylori infection with cytotoxin-
associated gene A (CagA +), but without a high-salt diet,
the CagA+mutant does not induce inflammation and low
acid levels [26]. Eating a spicy and high-fat diet or poor
eating habits are risk factors of LGIN, which is consistent
with other studies [27, 28]. These results suggest that con-
suming a healthy diet and early H. pylori eradication are
extremely important.

The major endoscopic appearance of LGIN was flat with
slight elevation (30.63%) and nodular (16.67%) (Paris Ila),
mainly in the antrum, consistent with a 9-year follow-up
study of European patients [25]. As Yu et al. [27] pointed
out, the proportion of incident proximal LGIN cases
increased gradually from 13.6% to 35.3% in 1 year. The single
case of gastric cancer found in our follow-up was also located
in the gastric cardia, suggesting that we need to strengthen
surveillance for lesions in this area.

As new endoscopic treatment technology became avail-
able, some LGIN lesions confirmed by biopsy pathology
were found to be HGIN, which greatly improved the diag-
nostic rate of early gastric cancer. Park et al. [14] found
that the clinical, morphological, and histological character-
istics did not reveal any distinguishable features for pro-
gressive dysplasia, and during their median follow-up
period of 58 months, 26.9% gastric intraepithelial neoplasia
progressed to HGIN or cancer. Zou et al. [16] reported that
lesion size >2.0cm and a depressed pattern at the initial
endoscopic forceps biopsy were independent risk factors
for pathologic upgrade to advanced diseases that required
ESD, with an upgraded rate of 25.1%. Yang et al. [15]
reported upgrade and downgrade rates of LGIN pathologi-
cal diagnosis of 48.9% and 12.5%, respectively. A prospec-
tive study of 90 cases in Italy [29] showed that 53.3% had
spontaneous remission and 31.1% had stable lesions on
endoscopic biopsy during a mean of 52-month follow-up
(16-206 months). Yamada et al. [30] followed 43 patients
for a mean of 6 years (3-18 years); 97% of LGIN remained
stable, and 3% progressed to in situ cancer. This suggests
that the rate of malignancy is low, and some LGIN can
even be reversed. In our study, 49.4% of cases were reversed
during the average follow-up of 15months, and only 0.6%
progressed to the early gastric cancer, which was consistent
with the above studies. We also found that the H. pylori
infection rate of the reversed group was higher than that
of the nonreversed group (59.26% vs. 46.34%). According
to Suzuki et al. [31], H. pylori infection can produce path-
ological changes similar to LGIN, and after eradication of
H. pylori infection, the pathological manifestations of atyp-
ical hyperplasia can be improved or even reversed with sub-
sidence of active gastritis. Doorakkers et al. [32] reported
that the risk of gastric adenocarcinoma decreased over time
after eradication treatment, to levels below that of the cor-
responding background population. This suggests that it is
important to treat H. pylori as early as possible. The afore-
mentioned studies had different conclusions probably

because they were assessing different populations. Of
course, longer follow-up is necessary.

At present, there are many methods for screening
those at high-risk of gastric cancer, such as pepsinogen
combined with H. pylori antibody testing for predicting
and screening [33]. OLGA staging for gastritis can also
predict the risk of gastric cancer [22], magnetic capsule
endoscopy is used to diagnose superficial gastric mucosal
lesions [34], and gene screening [35] and vaccine develop-
ment [36] are all important research methods for improv-
ing the detection rate of LGIN.

Of course, this study also has some limitations. It was
performed at a single center, and the follow-up time was
not sufficient. A history of antibiotic misuse is the pre-
dominant risk factor for LGIN, whether it is a widely
applicable factor will require additional data. However, to
some extent, we systematically analyzed the incidence, risk
factors, endoscopic phenotype analysis, and prognosis of
LGIN in relatively normal asymptomatic population.

5. Conclusions

In summary, we analyzed epidemiological data on the
incidence of LGIN of the stomach in people without diges-
tive symptoms. A history of antibiotic misuse and H.
pylori infection were predominant risk factors of LGIN.
Thus, we recommend that people with these risk factors,
especially those with several, should consider early screen-
ing for gastric cancer.

Data Availability

The testing methods and experimental data used to support
the findings of this study are included within the article and
the supplementary information file.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This work was strongly supported by Chuanying Li, Hang-
cheng Zhou, and Yan Peng from the Department of Pathol-
ogy, The First Affiliated Hospital of University of Science
and Technology of China (Anhui Provincial Hospital). The
authors thank the study participants and wish to thank the
doctors and nurses from the Department of Gastroenterol-
ogy and Digestive Endoscopy Center. At the same time, the
authors thank the Anesthesiology Department for participat-
ing in endoscopic anesthesia, especially Jing Li and Chen
Chen from the Physical Examination Center for collecting
the clinical data. This project was supported by grants
from the Science and Technology Project of Anhui, China
(no. 1604a0802075).



Supplementary Materials

Table S1: questionnaire survey of gastroscopy for physical
examination subjects. (Supplementary Materials)

References

(1]

(3

—_

[4

s

9

—

(10]

(11]

(12]

(13]

(14]

J. Ferlay, 1. Soerjomataram, R. Dikshit et al., “Cancer incidence
and mortality worldwide: sources, methods and major patterns
in GLOBOCAN 2012,” International Journal of Cancer,
vol. 136, no. 5, pp. E359-E386, 2015.

W. Chen, R. Zheng, H. Zeng, and S. Zhang, “The incidence
and mortality of major cancers in China, 2012,” Chinese Jour-
nal of Cancer, vol. 35, no. 1, p. 73, 2016.

Y. Isobe, A. Nashimoto, K. Akazawa et al., “Gastric cancer
treatment in Japan: 2008 annual report of the JGCA nation-
wide registry,” Gastric Cancer, vol. 14, no. 4, pp. 301-316,
2011.

P. Correa and M. B. Piazuelo, “The gastric precancerous cas-
cade,” Journal of Digestive Diseases, vol. 13, no. 1, pp. 2-9,
2012.

J. Y. Fang, W. Z. Liu, Y. Shi, G. Zhi Zheng, and S. D. Xiao,
“Consensus on chronic gastritis in China - Second National
Consensus Meeting on Chronic Gastritis (14-16 September
2006 Shanghai, China),” Journal of Digestive Diseases, vol. 8,
no. 2, pp. 107-119, 2007.

A. Axon, M. D. Diebold, M. Fujino et al., “Update on the Paris
classification of superficial neoplastic lesions in the digestive
tract,” Endoscopy, vol. 37, no. 6, pp. 570-578, 2005.

M. Stolte and A. Meining, “The updated Sydney system: clas-
sification and grading of gastritis as the basis of diagnosis
and treatment,” Canadian Journal of Gastroenterology,
vol. 15, no. 9, pp. 591-598, 2001.

R.J. Schlemper, R. H. Riddell, Y. Kato et al., “The Vienna clas-
sification of gastrointestinal epithelial neoplasia,” Gut, vol. 10,
no. 2, pp. 128-139, 2000.

M. Pizzi, D. Saraggi, M. Fassan, F. Megraud, F. Di Mario, and
M. Rugge, “Secondary prevention of epidemic gastric cancer in
the model of Helicobacter pylori-associated gastritis,” Diges-
tive Diseases, vol. 32, no. 3, pp. 265-274, 2014.

G. Abangah, A. Rahmani, M. R. Hafezi-Ahmadi et al., “Pre-
cancerous histopathologic lesions of upper gastrointestinal
tract among dyspeptic patients upon endoscopic evaluations,”
Journal of Gastrointestinal Cancer, vol. 47, no. 1, pp. 1-7, 2016.
H. Ajdarkosh, M. Sohrabi, M. Moradniani et al., “Prevalence of
gastric precancerous lesions among chronic dyspeptic patients
and related common risk factors,” European Journal of Cancer
Prevention, vol. 24, no. 5, pp. 400-406, 2015.

L. M. Zhang, Y. L. Liu, P. You, and G. J. Feng, “Occurrence of
gastric cancer in patients with atrophic gastritis during long-
term follow-up,” Scandinavian Journal of Gastroenterology,
vol. 53, no. 7, pp. 843-848, 2018.

A. C. de Vries, N. C. T. van Grieken, C. W. N. Looman et al.,
“Gastric cancer risk in patients with premalignant gastric
lesions: a nationwide cohort study in the Netherlands,” Gastro-
enterology, vol. 134, no. 4, pp. 945-952, 2008.

S. Y. Park, S. W. Jeon, M. K. Jung et al., “Long-term follow-up
study of gastric intraepithelial neoplasias: progression from
low-grade dysplasia to invasive carcinoma,” European Journal
of Gastroenterology & Hepatology, vol. 20, no. 10, pp. 966-970,
2008.

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

Gastroenterology Research and Practice

L. Yang, P. Jin, X. Wang et al., “Risk factors associated with
histological upgrade of gastric low-grade dysplasia on pretreat-
ment biopsy,” Journal of Digestive Diseases, vol. 19, no. 10,
pp. 596-604, 2018.

G. Xu, W. Zhang, Y. Lv et al,, “Risk factors for under-diagnosis
of gastric intraepithelial neoplasia and early gastric carcinoma
in endoscopic forceps biopsy in comparison with endoscopic
submucosal dissection in Chinese patients,” Surgical Endos-
copy and Other Interventional Techniques, vol. 30, no. 7,
pp. 2716-2722, 2016.

A. Heddini, O. Cars, S. Qiang, and G. Tomson, “Antibiotic
resistance in China-a major future challenge,” The Lancet,
vol. 373, no. 9657, pp. 30-30, 2009.

A. Lopez, F. Hansmannel, T. Kokten et al., “Microbiota in
digestive cancers: our new partner?,” Carcinogenesis, vol. 38,
no. 12, pp. 1157-1166, 2017.

T. N. Sergentanis, F. Zagouri, and G. C. Zografos, “Is antibiotic
use a risk factor for breast cancer? A meta-analysis,” Pharma-
coepidemiology and Drug Safety, vol. 19, no. 11, pp. 1101-1107,
2010.

O. C. B. Martin, C. Lin, N. Naud et al., “Antibiotic suppression
of intestinal microbiota reduces heme-induced lipoperoxida-
tion associated with colon carcinogenesis in rats,” Nutrition
and Cancer, vol. 67, no. 1, pp. 119-125, 2015.

P. Malfertheiner, F. Megraud, C. A. O'Morain et al., “Man-
agement of Helicobacter pylori infection-the Maastricht IV/
Florence Consensus Report,” Gut, vol. 61, no. 5, pp. 646-
664, 2012.

K. Sugano, J. Tack, E. J. Kuipers et al., “Kyoto global consensus
report on Helicobacter pylori gastritis,” Gut, vol. 64, no. 9,
pp. 1353-1367, 2015.

M. Kodama, K. Murakami, T. Okimoto et al., “Helicobacter
pylori eradication improves gastric atrophy and intestinal
metaplasia in long-term observation,” Digestion, vol. 85,
no. 2, pp. 126-130, 2012.

M. Rugge, A. Meggio, C. Pravadelli et al., “Gastritis staging in
the endoscopic follow-up for the secondary prevention of gas-
tric cancer: a 5-year prospective study of 1755 patients,” Gut,
vol. 68, no. 1, pp. 11-17, 2018.

S. C. Raftopoulos, P. Kumarasinghe, B. de Boer et al., “Gastric
intraepithelial neoplasia in a Western population,” European
Journal of Gastroenterology ¢ Hepatology, vol. 24, no. 1,
pp. 48-54, 2012.

J. A. Gaddy, J. N. Radin, J. T. Loh et al,, “High dietary salt
intake exacerbates Helicobacter pylori-induced gastric carci-
nogenesis,” Infection and Immunity, vol. 81, no. 6, pp. 2258-
2267, 2013.

Y. Yu, C. Fang, C. Peng et al., “Risk factors for gastric intrae-
pithelial neoplasia in Chinese adults: a case-control study,”
Cancer Management and Research, vol. 10, pp. 2605-2613,
2018.

P. Morey, L. Pfannkuch, E. Pang et al., “Helicobacter pylori
depletes cholesterol in gastric glands to prevent interferon
gamma signaling and escape the inflammatory response,” Gas-
troenterology, vol. 154, no. 5, pp. 1391-1404.e9, 2018.

M. Rugge, M. Cassaro, F. di Mario et al., “The long term out-
come of gastric non-invasive neoplasia,” Gut, vol. 52, no. 8,
pp. 1111-1116, 2003.

H. Yamada, M. Ikegami, T. Shimoda, N. Takagi, and
M. Maruyama, “Long-term follow-up study of gastric adeno-
ma/dysplasia,” Endoscopy, vol. 36, no. 5, pp. 390-396, 2004.


http://downloads.hindawi.com/journals/grp/2020/7907195.f1.pdf

Gastroenterology Research and Practice

(31]

(32]

(33]

(34]

(35]

(36]

S. Suzuki, T. Gotoda, H. Suzuki et al., “Morphologic and histo-
logic changes in gastric adenomas after Helicobacter pylori
eradication: a long-term prospective analysis,” Helicobacter,
vol. 20, no. 6, pp. 431-437, 2015.

E. Doorakkers, J. Lagergren, L. Engstrand, and N. Brusselaers,
“Helicobacter pylori eradication treatment and the risk of gas-
tric adenocarcinoma in a Western population,” Gut, vol. 67,
no. 12, pp. 2092-2096, 2018.

B. Gantuya, K. Oyuntsetseg, D. Bolor et al., “Evaluation of
serum markers for gastric cancer and its precursor diseases
among high incidence and mortality rate of gastric cancer
area,” Gastric Cancer, vol. 22, no. 1, pp. 104-112, 2019.

Y.-Y. Qian, S. G. Zhu, X. Hou et al,, “Preliminary study of mag-
netically controlled capsule gastroscopy for diagnosing super-
ficial gastric neoplasia,” Digestive and Liver Disease, vol. 50,
no. 10, article S1590865818307102, pp. 1041-1046, 2018.

X. Xu, L. Feng, Y. Liu et al., “Differential gene expression pro-
filing of gastric intraepithelial neoplasia and early-stage adeno-
carcinoma,” World Journal of Gastroenterology, vol. 20, no. 47,
pp- 17883-17893, 2014.

P. Malfertheiner, M. Selgrad, T. Wex et al., “Efficacy, immuno-
genicity, and safety of a parenteral vaccine against Helicobacter
pylori in healthy volunteers challenged with a Cag-positive
strain: a randomised, placebo-controlled phase 1/2 study,”
The Lancet Gastroenterology ¢ Hepatology, vol. 3, no. 10,
pp. 698-707, 2018.



	Analysis of Risk Factors of Gastric Low-Grade Intraepithelial Neoplasia in Asymptomatic Subjects Undergoing Physical Examination
	1. Introduction
	2. Patients and Methods
	2.1. Study Population and Data Collection
	2.2. Gastroscopy Procedure
	2.3. Pathology
	2.4. Follow-Up
	2.5. Statistical Analysis

	3. Results
	3.1. Basic Data Characteristics
	3.2. Univariate and Multivariate Analyses of LGIN Risk Factors
	3.3. Endoscopic Appearance
	3.4. Prognosis

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

