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Objective: To identify whether bile reflux on endoscopy and other related variables

are risk factors for precancerous gastric lesions and gastric cancer (GC).

Methods: A multicenter, cross-sectional and observational study was conducted in

five centers in China from June to October 2019, 1162 patients were recruited and

divided into the chronic gastritis (CG), the precancerous lesion (low-grade intra-

epithelial neoplasia and intestinal metaplasia), and GC groups (including high-grade

intraepithelial neoplasia). All participants underwent detailed interviews, endoscopy

and biopsy, and completed questionnaires. Odds ratio and 95% confidence interval

were calculated with multivariate logistic regression models with or without adjust-

ment for Helicobacter pylori infection.

Results: We recruited 668 patients with CG, 411 with precancerous lesions and

83 with GC. By comparing the CG and precancerous lesion groups, independent risk

factors for cancerous gastric lesions were the grade of bile reflux, patient's age, die-

tary habits and family history of GC. Similar results were obtained when comparing

the CG and GC groups. In addition, bile reflux was confirmed as an independent risk

factor for progression from precancerous lesions to cancer.

Conclusions: Bile reflux on endoscopy as well as age, dietary habits and a family his-

tory of GC were independent risk factors for the development of precancerous gas-

tric lesions and GC.
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1 | INTRODUCTION

Gastric cancer (GC) is one of the most common malignancies world-

wide, ranking third for cancer-related mortality and fifth for inci-

dence.1 The development of intestinal GC has been proven to model

the multistep process from normal gastric mucosa, through chronic

gastritis (CG) (non-atrophic and atrophic gastritis), intestinal metapla-

sia (IM) and intraepithelial neoplasia (IN), to carcinoma.2

IM and IN are often considered to be precancerous lesions

(PCL) that, without further intervention, will turn into early GC.3

Patients with IM have a 6–9-fold higher incidence of progression to

GC than those with normal mucosa.4,5 Up to 23% of the cases with

low-grade intraepithelial neoplasia (LGIN) may develop cancer while

high-grade intraepithelial neoplasia (HGIN) has a even higher rate

(60%-85%).6

In recent decades the mechanisms that lead to chronic inflamma-

tion and carcinoma have been explored. Helicobacter pylori (H. pylori)-

induced inflammation has been proven to be closely associated with

the occurrence, development, invasion and metastasis of GC.7,8 Eradi-

cation of H. pylori alone leads to a decrease in relative risk from 34%

to 77% in the development of noncardia GC. However, further strati-

fied analyses have demonstrated that H. pylori eradication decreased

the risk of IM development but not of that of dysplasia.9,10 This sug-

gests that other factors may induce chronic inflammation as well,

leading to GC progression.

Bile reflux gastritis, also known as biliary gastritis or

duodenogastric reflux, refers to the retrograde flow of bile into the

stomach.11 Based on epidemiological studies, in vitro experiments and

animal models, bile reflux is strongly associated with cardiac IM and

Barrett's esophagus (BE).12-15 Bile reflux is also a primary risk factor

for the occurrence of remnant GC after surgery for benign diseases.16

However, the relationship between endoscopic bile reflux and precan-

cerous gastric lesions and GC remains unclear.

Therefore, we designed this cross-sectional study to identify

whether endoscopic bile reflux and other factors are independent risk

factors for precancerous gastric lesions and GC.

2 | PARTICIPANTS AND METHODS

2.1 | Study design and population

We conducted a multicenter, cross-sectional study among patients

with upper gastrointestinal symptoms and indications for an upper

endoscopy in five hospitals in China (Xijing Hospital [Xi'an, Shaanxi

Province], Shaanxi Traditional Chinese Medicine Hospital [Xi'an,

Shaanxi Province], the First Affiliated Hospital of Zhengzhou Univer-

sity [Zhengzhou, Henan Province], Affiliated Hospital of Qinghai Uni-

versity [Xining, Qinghai Province], and Mianyang Central Hospital

[Mianyang, Sichuan Province]) from June to October, 2019. These

hospitals, from four provinces in the central and western regions of

China at each level of local healthcare, were selected using a

convenience sampling method. The study was approved by the Ethics

Committees of each participating hospital and was conducted

according to the Declaration of Helsinki. Written informed consent

was obtained from each participant prior to the trial registration at

clinicaltrials.gov (no. NCT03976739).

Participants of both sexes who met the following inclusion criteria

were eligible for enrollment in the study: (a) aged between 18 and

75 years; (b) with upper gastrointestinal symptoms and indications for

an upper endoscopy; (c) willing to undergo test for H. pylori diagnosis;

and (d) agreed to undergo upper endoscopy and biopsy. Exclusion

criteria were as follows: (a) previous upper gastrointestinal surgeries;

(b) previous diagnosis of malignancy; (c) contraindications to gastros-

copy and biopsy; (d) could not be interviewed due to major central

nervous system disease or mental disorder, etc; (e) pregnant or lactat-

ing; and (f) those who refused to give their informed consent. All

enrolled participants were further grouped according to their histo-

pathologic reports.

Biopsy specimens from cancer mass and adjacent tissues

(according to the condition under the upper endoscopy) were

obtained from the participants who were diagnosed with GC under

endoscopy. Other participants underwent at least five biopsies as rec-

ommended by the Sydney system, including two from the greater and

lesser curvature of the corpus, one from the incisura and two from

the greater and lesser curvature of the antrum, respectively.17

2.2 | Grades of bile reflux

The bile reflux grading criteria used in the current study were consis-

tent with the retrospective study we previously conducted.18

According to the color and status of the mucous lake under endos-

copy, the grade of bile reflux was determined as follows: (a) no bile

reflux, clear or no mucous lake; (b) grade I, light yellow mucous lake;

(c) grade II, yellowish–green mucous lake; and (d) grade III, dark yel-

low, turbid and viscous mucous lake with bile patches.18

2.3 | Histopathological findings and diagnosis of H.
pylori infection

All the participants were divided into three groups based on their

histopathologic results: (a) the CG group, including CG with or with-

out atrophy; (b) the PCL group, including gastric IM and LGIN; and

(c) the GC group, including HGIN and GC. Two experienced gastroin-

testinal pathologists who were blinded to the results of upper endos-

copy and the questionnaires (as mentioned below) seperately

determined and confirmed the severity of the lesion. Disagreement

over the pathological results was resolved by discussion with a third

pathologist.

Current H. pylori infection was confirmed by a 13C-urea breath

test (UBT) and the technician who performed the breath test was

blinded to the endoscopic finding, histopathological result and
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questionnaire.13,14 The current H. pylori status and history of

H. pylori infection of the participants were systematically recorded.

2.4 | Study questionnaire and baseline
characteristics

All participants were interviewed by professional assistants in each

center. The following information was obtained by a questionnaire

from each participant before the endoscopic examination: their sex,

age, height, bodyweight, body mass index (BMI), ethnicity, history of

alcohol consumption and smoking, place of residence, education level,

blood type, occupation, type of work, source of drinking water, famil-

ial history of GC, history of drug use (especially nonsteroidal anti-

inflammatory drugs [NSAIDs]), H. pylori infection status, dietary habits

(high-salt diet, leftover dishes, fried, preserved, spicy or smoked food,

fresh fruits and fresh vegetables), and habits of tea and coffee

drinking.

2.5 | Statistical analysis

All the statistical analysis were performed by using the SPSS Statistics

23.0 (IBM, Armonk, NY). Continuous variables were expressed as

mean ± standard deviation, while categorical variables were expressed

as numbers and percentages or frequencies. The comparison of differ-

ences was performed using the Student's t-test or one-way ANOVA

for continuous variables, and using the Fisher's exact test or χ2 test

for categorical variables. A multivariate logistic regression model was

used to calculate the odds ratio (OR) and their 95% confidence inter-

val (CI) to estimate the relationship between bile reflux and precancer-

ous gastric lesions or GC and, to identify the associated independent

risk factors. Variables that were statistically significant in the univari-

ate analysis as well as those had been reported to have an impact on

the occurrence and development of GC were included in the multivar-

iate analysis. Three single multivariable models were used to compare

the independent risk factors between each of the two groups. To ana-

lyze the risk factors related to different types of PCL we compared

IM, LGIN and HGIN with CG. A two-tailed P value of less than 0.05

was considered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics of the participants

From June 2019 to October 2019 a total of 1162 patients were rec-

ruited from the Endoscopic Center of the five hospitals. GC was

detected in 7.1% (n = 83) of all participants, and 35.4% (n = 411) were

diagnosed with PCL. Baseline characteristics of the participants in the

three groups are summarized in Table 1. The PCL and GC groups were

significantly older than the CG group. Most participants with PLC and

GC were men (both P < 0 .001), while the proportion of men and

women was comparable in the CG group. The GC group had a lower

BMI (21.8 ± 3.3 kg/m2) than the PCL (23.0 ± 3.8 kg/m2) and CG

(22.7 ± 3.6 kg/m2) groups (P = 0.029). In addition, the PCL and GC

groups were more likely to report a family history of GC was higher in

the PCL and GC groups than the CG group (16.1% and 18.1% vs

8.7%), and most participants with GC were rural residents and had a

lower educational level (all P < 0.001). Although there were no statisti-

cally significant differences in ethnicity, blood type or H. pylori infec-

tion status among the three groups, obvious differences in smoking

and alcohol status, water source and detection rate of bile reflux were

observed.

The PCL group included 379 patients with IM and 32 with LGIN.

We compared the factors between the two subgroups, as shown in

Table S1. There were more smokers and alcohol drinkers in the LGIN

subgroup, while other factors remained insignificant.

3.2 | Multivariate analysis

Multivariate logistic regression analysis showed that participant's age,

history of smoking, drinking of non-tap water, a family history of GC,

and a high-salt diet, consumption of pickled food and bile reflux were

independent risk factors for PCL and GC. OR and 95% CI with and

without H. pylori adjustment are presented in Table S2. Based on the

the multivariate logistic regression analysis three multivariate analysis

models were conducted to compare the difference in variables

between each pair of the groups among all three groups. As shown in

Table 2, we compared the 668 patients in the CG group and

411 patients in the PCL group using multivariate logistic regression.

The results demonstrated independent hazard associations of age,

sex, water source, family history of GC, overnight consumption of dis-

hes, pickled food and bile reflux grade with PCL, with or without

adjustment for H. pylori. Moreover, an increasing OR were observed

with a higher grade of bile reflux. However, sufficient consumption of

fresh vegetables and fruits (adjusted OR 0.58 and 0.65, respectively)

was observed to be relatively protective against PCL.

Another logistic regression model was performed to compare

the CG and the GC groups to determine the independent risk fac-

tors for GC. As shown in Table 3, age (adjusted OR 1.10), educa-

tion level (adjusted OR 3.01), residence (rural: adjusted OR 1.94), a

family history of GC (adjusted OR 3.08), consumption of a high-salt

diet (adjusted OR 2.42), spicy food (adjusted OR 3.15) and the

presence of bile reflux (adjusted OR 1.94) were found to be inde-

pendent risk factors for GC when compared with relatively mild

lesions.

We further used a logistic regression model to determine whether

any factor plays a role in the progression from the severe mucosal

lesion to the final stage of carcinoma, and found that age (adjusted

OR 1.08), residence (rural: adjusted OR 2.62), over-consumption of

spicy food (adjusted OR 3.10) and bile reflux (adjusted OR 1.75) were

independent risk factors for GC (Table 4).
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TABLE 1 Baseline characteristics of the participants among the chronic gastritis (CG), precancerous lesion (PCL), and the gastric cancer (GC)
groups

CG (n = 668) PCL (n = 411) GC (n = 83) P value

Age, y (mean ± SD) 47.2 ± 12.5 52.5 ± 9.7a 59.5 ± 10.1a,b <0.001

Sex, n (%) <0.001

Male 332 (49.7) 245 (59.6)a 56 (67.5)a

Female 336 (50.3) 166 (40.4) 27 (32.5)

Ethnicity, n (%) 0.085

Han 617 (92.4) 393 (95.6) 76 (91.6)

Others 51 (7.6) 18 (4.4) 7 (8.4)

BMI, kg/m2 (mean ± SD) 22.7 ± 3.6 23.0 ± 3.8 21.8 ± 3.3a,b 0.029

Residence, n (%) <0.001

Urban 387 (57.9) 249 (60.6) 24 (28.9)a,b

Town 98 (14.7) 57 (13.9) 12 (14.5)

Rural 183 (27.4) 105 (25.5) 47 (56.6)a,b

Education level, n (%) <0.001

High (bachelor's degree or above) 259 (38.8) 122 (29.7)a 6 (7.2)a,b

Low (below bachelor's degree) 409 (61.2) 289 (70.3)a 77 (92.8)a,b

Smoking, n (%) <0.001

Current smoker 144 (21.5) 110 (26.8) 34 (41.0)a,b

Former smoker 58 (8.7) 56 (13.6)a 12 (14.5)a,b

Never 466 (69.8) 245 (59.6)a 37 (44.6)a,b

Alcohol consumption, n (%) 0.018

Current drinker 100 (15.0) 65 (15.8) 13 (15.7)

Former drinker 51 (7.6) 50 (12.2)a 2 (2.4)

Never 517 (77.4) 296 (72.0)a 68 (81.9)b

Water source, n (%) <0.001

Tap water 597 (89.4) 332 (80.8)a 55 (66.3)a,b

Well water 61 (9.1) 56 (13.6)a 25 (30.1)a,b

River and lake 10 (1.5) 23 (5.6)a 3 (3.6)

Family history of GC, n (%) 58 (8.7) 66 (16.1)a 15 (18.1)a <0.001

History of drug use, n (%)

NSAIDs 8 (1.2) 3 (0.7) 2 (2.4) 0.246

Metformin 16 (2.4) 11 (2.7) 2 (2.4) 0.958

Statin 3 (0.4) 5 (1.2) 1 (1.2) 0.643

Diet (usually: >thrice/wk), n (%)

High-salt diet 156 (23.4) 113 (27.5) 36 (43.4)a,b <0.001

Leftover dishes 211 (31.6) 185 (45.0)a 50 (60.2)a,b <0.001

Fried food 195 (29.2) 119 (29.0) 37 (44.6)a,b 0.013

Pickled food 168 (25.1) 140 (34.1)a 46 (55.4)a,b <0.001

Spicy food 340 (50.9) 202 (49.1) 64 (77.1)a,b <0.001

Smoke-dried food 76 (11.4) 42 (10.2) 3 (3.6) 0.077

Fresh vegetable consumption (>100 g/d) 155 (23.2) 128 (31.1)a 17 (20.5) 0.01

Fresh fruit consumption (>100 g/d) 218 (32.6) 160 (38.9)a 31 (37.3) 0.102

Beverage, n (%)

Tea 206 (30.8) 114 (27.7) 30 (36.1) 0.259

Coffee 23 (3.4) 9 (2.2) 1 (1.2) 0.314

Blood type, n (%) 0.147

A 81 (12.1) 59 (14.4) 6 (7.2)

(Continues)
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TABLE 1 (Continued)

CG (n = 668) PCL (n = 411) GC (n = 83) P value

B 112 (16.8) 57 (13.9) 7 (8.4)

O 109 (16.3) 79 (19.2) 17 (20.5)

AB 45 (6.7) 33 (8.0) 5 (6.0)

Unknown/missing 321 (48.1) 183 (44.5) 48 (57.8)

H. pylori status, n (%) 0.759

Current infection 234 (35.0) 136 (33.1) 25 (30.1)

Former infection 110 (16.5) 63 (15.3) 16 (19.3)

Never infected 324 (48.5) 212 (51.6) 42 (50.6)

Bile reflux, n (%) <0.001

No 469 (70.2) 246 (59.9) 39 (47.0)

Yes 199 (29.8) 165 (40.1)a 44 (53.0)a,b

Grade I 104 (15.6) 72 (17.5) 21 (25.3)a

Grade II 69 (10.3) 61 (14.8)a 12 (14.5)

Grade III 26 (3.9) 32 (7.8)a 11 (13.3)a

Note: P < 0.05 compared with the CG group,a or with the PCL group.b

The CG group includes non-atrophic gastritis and chronic atrophic gastritis. The PCL group includes gastric intestinal metaplasia and mild-to-moderate

dysplasia. And the GC group includes severe intraepithelial neoplasia and gastric cancer.

Abbreviations: BMI, body mass index; H. pylori, Helicobacter pylori; NSAIDs, nonsteroidal anti-inflammatory drugs; SD, standard deviation.

TABLE 2 Multivariate logistic regression analysis model comparing the chronic gastritis group and the precancerous lesion group

Multivariate analysis

Univariate analysis Unadjusted H. pylori-adjusted

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age 1.04 (1.03–1.05) <0.05 1.05 (1.03–1.06) <0.05 1.05 (1.03–1.06) <0.05

Sex (ref: female) 1.49 (1.17–1.92) <0.001 1.65 (1.15–2.37) <0.001 1.67 (1.16–2.39) <0.001

BMI 1.02 (0.99–1.05) >0.05 1.03 (0.99–1.07) >0.05 1.03 (0.99–1.07) >0.05

Education level (ref: high) 1.50 (1.15–1.95) <0.05 1.07 (0.79–1.45) >0.05 1.08 (0.79–1.47) >0.05

Smoking status (ref: never)

Current smoker 1.45 (1.09–1.95) <0.05 1.10 (0.74–1.54) >0.05 1.11 (0.75–1.65) >0.05

Former smoker 1.84 (1.22–2.74) <0.05 1.19 (0.71–1.99) >0.05 1.18 (0.70–1.98) >0.05

Alcohol status (ref: never)

Current drinker 1.14 (0.81–1.60) >0.05 0.97 (0.63–1.48) >0.05 0.96 (0.63–1.47) >0.05

Former drinker 1.71 (1.13–2.59) <0.05 1.28 (0.76–2.13) >0.05 1.26 (0.76–2.12) >0.05

Water source (ref: tap)

Well 1.65 (1.12–2.43) <0.05 1.28 (0.84–1.95) >0.05 1.26 (0.82–1.93) >0.05

River and lake 4.14(1.95–8.79) <0.001 4.03 (1.82–8.90) <0.001 4.19 (1.89–9.31) <0.001

Family history of GC (ref: no) 2.01 (1.38–2.93) <0.001 1.99 (1.33–2.98) <0.001 2.01 (1.34–3.02) <0.001

Leftover dishes (ref: no) 1.77 (1.38–2.29) <0.05 1.40 (1.04–1.87) <0.05 1.41 (1.05–1.88) <0.05

Pickled food (ref: no) 1.54 (1.18–2.01) <0.05 1.19 (0.88–1.62) >0.05 1.20 (0.89–1.63) 0.05

Fresh vegetable consumption (ref: <100 g/d) 1.48 (1.13–1.96) <0.05 0.59 (0.43–0.79) <0.05 0.58 (0.43–0.79) <0.05

Fresh fruit consumption (ref: <100 g/d) 1.10 (1.01–1.19) <0.05 0.67 (0.50–0.88) <0.05 0.65 (0.49–0.87) <0.05

Grade of bile reflux (ref: no)

I 1.32 (0.94–1.85) <0.001 1.61 (1.11–2.32) <0.001 1.61 (1.12–2.33) <0.001

II 1.69 (1.16–2.46) <0.001 2.07 (1.37–3.13) <0.001 2.05 (1.36–3.11) <0.001

III 2.35 (1.37–4.03) <0.001 2.84 (1.55–5.20) <0.001 2.79 (1.52–5.11) <0.001

Abbreviations: BMI, body mass index; CI, confidence interval; GC, gastric cancer; H. pylori, Helicobacter pylori; OR, odds ratio.
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TABLE 3 Multivariate logistic regression analysis model comparing the chronic gastritis group and the gastric cancer (GC) group

Multivariate analysis

Univariate analysis Unadjusted H. pylori-adjusted

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age 1.10 (1.08–1.13) <0.001 1.10 (1.07–1.13) <0.001 1.10 (1.07–1.13) <0.001

Sex (ref: female) 2.10 (1.29–3.41) 0.014 1.81 (0.79–4.13) >0.05 1.92 (0.84–4.41) >0.05

BMI 0.93 (0.86–0.99) 0.041 0.92 (0.84–1.01) >0.05 0.92 (0.85–1.01) >0.05

Education level (ref: high) 8.13 (3.49–18.92) <0.001 2.91 (1.14–7.46) <0.001 3.01 (1.17–7.76) <0.001

Residence (ref: urban)

Town 1.97 (0.95–4.09) >0.05 1.38 (0.57–3.38) >0.05 1.35 (0.55–3.31) >0.05

Rural 4.14 (2.46–6.98) <0.001 1.90 (0.99–3.64) >0.05 1.94 (1.01–3.74) <0.05

History of smoking (ref: never) 2.87 (1.81–4.56) <0.001 2.03 (0.90–4.62) >0.05 1.97 (0.87–4.47) >0.05

History of alcohol consumption (ref: never) 0.755 (0.42–1.36) >0.05 0.72 (0.32–1.60) >0.05 0.69 (0.31–1.54) >0.05

Water source (ref: tap water)

Non-tap water 1.57 (0.82–3.03) >0.05 0.96 (0.18–5.01) >0.05 0.89 (0.17–4.60) >0.05

Family history of GC (ref: no) 2.32 (1.25–4.32) <0.001 2.88 (1.30–6.38) <0.001 3.08 (1.38–6.87) <0.001

High-salt diet (ref: no) 2.51 (1.57–4.02) <0.001 2.35 (1.31–4.24) <0.001 2.42 (1.33–4.38) <0.001

Leftover dishes (ref: no) 3.28 (2.05–5.25) <0.001 1.35 (0.74–2.45) >0.05 1.41 (0.77–2.59) >0.05

Fried food (ref: no) 1.95 (1.23–3.10) <0.05 1.31 (0.70–2.47) >0.05 1.37 (0.72–2.58) >0.05

Pickled food (ref: no) 3.70 (2.32–5.90) <0.001 1.21 (0.65–2.25) >0.05 1.19 (0.64–2.21) >0.05

Spicy food (ref: no) 3.25 (1.91–5.54) <0.001 3.12 (1.65–5.93) <0.001 3.15 (1.65–5.99) <0.001

Bile reflux (ref: no) 2.659 (1.68–4.22) <0.001 1.91 (1.08–3.40) <0.001 1.94 (1.09–3.46) <0.001

Abbreviations: BMI, body mass index; CI, confidence interval; H. pylori, Helicobacter pylori; OR, odds ratio.

TABLE 4 Multivariate logistic regression analysis model comparing the precancerous lesion group and the gastric cancer (GC) group

Multivariate analysis

Univariate analysis Unadjusted H. pylori-adjusted

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age 1.08 (1.05–1.11) <0.05 1.08 (1.04–1.11) <0.05 1.08 (1.04–1.11) <0.05

Sex (ref: female) 1.41 (0.85–2.32) >0.05 1.40 (0.64–3.09) >0.05 1.37 (0.62–3.03) >0.05

BMI 0.91 (0.85–098) <0.05 0.93 (0.85–1.01) >0.05 0.93 (0.85,1.01) >0.05

Education level (ref: high) 5.42 (2.30–12.77) <0.05 2.22 (0.85–5.25) >0.05 2.28 (0.87–5.98) >0.05

Residence (ref: urban)

Town 2.36 (1.10–5.05) <0.05 1.69 (0.71–4.00) >0.05 1.68 (0.71–4.00) >0.05

Rural 5.03 (2.88–8.76) <0.05 2.62 (1.31–5.25) <0.05 2.62 (1.31–5.24) <0.05

History of smoking (ref: never) 1.84 (1.14–2.95) <0.05 1.37 (0.63–2.99) >0.05 1.43 (0.65–3.14) >0.05

History of alcohol consumption (ref: never) 0.57 (0.31–1.03) >0.05 0.50 (0.24–1.06) >0.05 0.49 (0.23–1.05) >0.05

Water source (ref: tap water)

Non-tap water 2.14 (1.28–3.59) <0.05 1.25 (0.63–2.45) >0.05 1.24 (0.63–2.44) >0.0

Family history of GC (ref: no) 1.15 (0.62–2.14) >0.05 1.55 (0.75–3.21) >0.05 1.55 (0.74–3.22) >0.05

High-salt diet (ref: No) 2.02 (1.24–3.28) <0.05 1.25 (0.70–2.21) >0.05 1.22 (0.69–2.18) >0.05

Leftover dishes (ref: no) 1.85 (1.15–2.99) <0.05 0.86 (0.47–1.56) >0.05 0.85 (0.47–1.56) >0.05

Fried food (ref: no) 1.97 (1.22–3.21) <0.05 0.80 (0.44–1.48) >0.05 0.80 (0.43–1.48) >0.05

Pickled food (ref: no) 2.41 (1.49–3.88) <0.05 1.42 (0.78–2.61) >0.05 1.42 (0.77–2.60) >0.05

Spicy food (ref: no) 3.49 (2.02,6.03) <0.001 3.12 (1.63–5.98) <0.001 3.10 (1.61–5.93) <0.001

Bile reflux (ref: no) 1.68 (1.05–2.70) <0.001 1.76 (1.02–3.03) <0.001 1.75 (1.01–3.01) <0.001

Abbreviations: BMI, body mass index; CI, confidence interval; H. pylori, Helicobacter pylori; OR, odds ratio.
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4 | DISCUSSION

The results of our study reveal the factors that may have a strong

association with the development and progression of precancerous

gastric lesions and GC. Our study was a cross-sectional study con-

ducted at multiple centers and a detailed questionnaire was designed

to collect comprehensive demographic information and dietary habits

of the participants. All of the participants we recruited underwent

upper endoscopy and mapping biopsies. Through systematic analysis,

we assessed the factors that might be associated with PCL, and identi-

fied those that might influence the progression from precancerous

conditions to carcinoma.

To the best of our knowledge this was the first time that bile

reflux was confirmed as an independent factor associated with pre-

cancerous gastric lesions and GC. The explanation for these observa-

tions derives from two phenomena: (a) the incidence of primary bile

reflux has been gradually increasing during the past few decades;11

and (b) the influence of primary bile reflux remains unclear, which

results in its neglect by gastroenterologists, endoscopists and patholo-

gists. However, it may play a crucial role in the progression from nor-

mal gastric mucosa through PCL to GC in the absence of H. pylori

infection. A positive link between bile reflux and a subsequent ele-

vated risk of IM and GC development has been consistently reported

by two Japanese clinical studies.19,20

A number of experiments have demonstrated the underlying

mechanisms by which bile acid contributes to the progression of GC

and PCL. First, hydrophobic bile acids such as chenodeoxycholic acid

can cause increased cellular invasion of gastric cells through the acti-

vation of PKC and COX-2 induction.21 In addition, the bile acid recep-

tor TGR5 plays a role in promoting the epithelial–mesenchymal

transition of GC cells.22 Our group has previously demonstrated that

the miR-92a-1-5p/FOXD1/NF-κB/CDX2 regulatory axis plays a cru-

cial role in the development of IM caused by bile acid.23 As a result,

more attention should be paid to bile reflux during endoscopy.

In the present study we found that a family history of GC may be

an important factor linked to the occurrence of precancerous gastric

lesions and GC, with OR reaching 2 to 3, which is consistent with the

results of previous epidemiological trials. Previous studies have

reported that a family history of any precancerous changes and GC

presented a 2.5-fold and a 3.8-fold hazard, respectively, of noncardia

GC compared with index people who had relatives with mild mucosal

changes.24 Recently, researchers found that individuals with a family

history of GC were at a high risk of IN or dysplasia.25 In addition, such

patients were more likely to progress from PCL to GC.26 This suggests

that a family history of GC is a significant risk factor for the develop-

ment of GC and the progression of PCL to GC. Therefore, when

screening for GC close attention should be paid to the family his-

tory of GC.

Moreover, some specific dietary factors seem to be associated

with the development of malignant mucosal lesions. In our study,

high-salt diet and an excess of spicy food may be important dietary

factors related to the occurrencce of GC, whereas fresh vegetables

and fruits may play a protective role. Several trials focused on the

impact of routine dietary intake on GC have made similar observa-

tions, and high-salt intake has been reported to be associated with an

increased risk of atrophic gastritis with IM.27 The results of a 10-year

epidemiological study of GC also demonstrated that a high-salt, high-

fat and spicy diet was a significant factor for GC in both female and

male participants.28 A high-salt diet can lead to damage and a persis-

tent inflammatory state of the gastric mucosa and increase the inci-

dence of endogenous mutations. It is also thought to contribute to

the colonization by H. pylori, and to have a synergistic effect between

salt intake and H. pylori infection in the development of GC.29,30

Although current and previous studies suggest that a high intake of

spicy food may be associated with an increased incidence of cancer31

this view remains controversial. This association may be related to dif-

ferent populations, regions, living habits and environmental factors.

Our results are in accordance with the notion that a familial aggrega-

tion of GC and gastric precancerous changes could be due to a genetic

or inherited predisposition and exposure to similar environmental fac-

tors, such as carcinogenic H. pylori strains (if any), common dietary

habits or other carcinogenic exposures, within a family.28

Unexpectedly, our study was unable to demonstrate a statistical

association between H. pylori status and both premalignant lesions

and GC, which conflicts with what is well known according to public

consensus and what has been reported in earlier trials.32 We further

reviewed some participants to determine the underlying reason.

Owing to the increasing awareness of H. pylori infection, a proportion

of participants from the CG group asked for a gastroscopy after

knowing their H. pylori infection status.

Interestingly, discriminatory differences in the distribution of edu-

cational level and residence were demonstrated in the present study.

The proportion of participants with a low education level and resi-

dence in the rural area was much higher in the GC group than in the

other two groups and this result was in line with a national epidemio-

logical report in 2015,33 and may be explained by the lack of H. pylori

eradication treatment and regular endoscopic surveillance in these

participants. In addition, there is a strong association between drink-

ing unchlorinated water from wells and surface water sources and the

risk of GC.34

The development of GC is a complex pathological process with

multifactorial involvement and multiple steps. Our results found dis-

criminatory associations with older age, consumption of spicy food

and bile acid for precancerous gastric conditions and similar associa-

tions were also presented through comparisons with the GC group.

When comparing the PCL group with the GC group, the

abovementioned risk factors still showed elevated OR, which also

indicates that the occurrence of GC is the result of a continuous

effect of each risk factor. A previous cross-sectional study performed

in a U.S. population reported strong associations of older age, male

sex, nonwhite race or ethnicity, and current smoking with gastric IM

as well as atrophic gastritis.35 However, this study was derived from a

U.S. veteran cohort with an imbalanced sex and racial distribution and

was unable to collect important relevant information, such as previous

H. pylori infection and routine diet, and particularly the grade of bile

reflux. A discriminatory strength of our study is that we enrolled
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participants who were diagnosed with all histological types of gastric

mucosa lesions, including GC.

Primary bile reflux, which occurs without gastric surgery, is asso-

ciated with gallbladder dysfunction and gastric or duodenal motility

disorders.11 The results of our previous retrospective study showed

that bile reflux was associated with age, sex and duration of fasting,18

and there have been no reports of bile reflux being associated with

other factors, such as water source, family history of GC, a high-salt

diet, spicy food and place of residence. Therefore, we identified bile

reflux as one of the independent risk factors for GC and PCL.

There were some limitations to the present study. First, all the partic-

ipants were recruited from endoscopy centers in hospitals, which implies

that the participants we enrolled were symptomatic with an indication for

upper endoscopy; thus, minimal selection bias was inevitable and a higher

prevalence of PCL and GC than average was observed in our study. Our

study was also limited by the characteristics of cross-sectional studies.

Accordingly, we were unable to observe prospectively the deterioration

or improvement of participants with different stages of mucosa lesions,

and an observational follow-up study that requires regular surveillance for

participants is necessary to construct a predictive model for risk stratifica-

tion. Additionally, long-term multicenter clinical trials should be performed

to identify the role of bile reflux in the whole progression from normal

mucosa to gastric malignancy. Although we have described the minor dif-

ference between subgroups of the precancerous group, owing to the

unsatisfactory proportion of the two subgroups (IM: LGIN = 10:1), the

results we obtained were relatively unconvincing.

In conclusion, bile reflux under endoscopy, age, family history of

GC and some specific dietary habits are independent risk factors for

the occurrence of precancerous gastric lesions and GC.
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