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Abstract 

Background  Nanjing City has a high-incidence gastric cancer (GC), but the epidemiology of gastric precancerous 
lesions (GPLs) remains poorly understood. This study aimed to investigate the epidemiological characteristics of Heli-
cobacter pylori (H. pylori) infection, GPLs, and GCs in patients undergoing endoscopic examination in Lishui District, 
Nanjing.

Methods  This retrospective, population-based, cross-sectional study was conducted collaboratively by the Nanjing 
Lishui People’s Hospital and six medical community units within the county between July 2022 and June 2023. Data 
on biopsies and 13C urea breath tests (13C-UBT) were collected.

Results  A total of 15,668 individuals were included, among whom 259 had GPL (1.65%) and 218 had GC (1.39%). 
The H. pylori infection rate in total patients was 5014 (32.00%) (males: 2684 (34.06%); females: 2335 (29.92%)). The H. 
pylori infection rate is 31.45% in benign gastric lesions, 44.40% in GPLs, and 55.50% in GC, respectively. The multivari-
able logistic regression analysis showed that male (OR = 3.156, 95% CI: 2.865–3.376, P < 0.001), age (OR = 1.785, 95% 
CI: 1.703–1.876, P < 0.001), fresh vegetable, fruit, and white meat intake frequently (OR = 0.865, 95% CI: 0.506–2.061, 
P = 0.029), high-salt diet and high-fat diet intake frequently (OR = 1.906, 95% CI: 1.101–2.932, P = 0.014), rural residence 
(OR = 2.682, 95% CI: 1.010–4.754, P = 0.040), H. pylori infection (OR = 2.022, 95% CI: 1.155–2.865, P < 0.001) and atrophic 
gastritis and/or intestinal metaplasia (OR = 4.875, 95% CI: 2.229–10.663, P < 0.001) were associated with GPLs. Male 
(OR = 2.021, 95% CI: 1.080–3.780, P = 2.028), age (OR = 1.201, 95% CI: 1.174–1.238, P < 0.001), digestive symptoms 
(OR = 2.256, 95% CI: 1.548–3.289, P < 0.001), bachelor degree below (OR = 4.792, 95% CI: 3.439–6.837, P < 0.001), 
farmer (OR = 1.039, 95% CI: 1.026–1.159, P < 0.001), fresh vegetable, fruit, and white meat intake (OR = 0.231, 95% CI: 
0.141–0.379, P < 0.001), fried/barbecue/pickled food intake (OR = 6.781, 95% CI: 3.783–12.153, P < 0.001), high-salt diet 
and high-fat diet intake (OR = 4.374, 95% CI: 2.363–8.097, P < 0.001), rural residence (OR = 1.230, 95% CI: 1.121–1.437, 
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P < 0.001), H. pylori infection (OR = 3.248, 95% CI: 2.357–4.477, P < 0.001) and atrophic gastritis and/or intestinal meta-
plasia (OR = 4.875, 95% CI: 2.636–9.016, P < 0.001) were associated with GCs.

Conclusions  These findings underscore the importance of implementing targeted prevention strategies and early 
detection programs in high-risk populations to mitigate the burden of GPLs and GCs in Nanjing.

Keywords  Gastroscopy examination, Gastric precancerous lesions, Gastric cancer, Helicobacter pylori infection, 
Screening, Retrospective cross-sectional study

Background
Gastric cancer (GC) poses a significant global health 
challenge, ranking as the fifth most frequently diag-
nosed malignant neoplasm, with 968,350 new cases in 
2022, comprising 4.9% of all cancers. It is also the fifth 
leading cause of mortality (with 659,853 deaths in 2022 
[1]. Males exhibit a twofold higher incidence rate of GC 
compared to females, with the highest rates observed 
in Asia, particularly in East Asian countries like China, 
Japan, and South Korea [1]. Incidence and mortality 
of GC increase with age [2], contributing to a growing 
social burden, particularly given the global aging popu-
lation and the rise of high-risk groups. Recent reports 
indicated an increase in early-onset GC (EOGC) occur-
ring in patients < 50 years old [3]. Most GC patients in 
China are diagnosed in the intermediate or advanced 
stage, resulting in a low overall 5-year survival rate of 
≤ 50% [4].

The most important gastric precancerous lesions 
(GPLs) include chronic atrophic gastritis (CAG) and 
intestinal metaplasia (IM), primarily caused by Helico-
bacter pylori (H. pylori) infection, leading to intraepithe-
lial neoplasia (IN) [5]. IN is considered the most direct 
oncogenic GPL preceding the occurrence of GC [6]. The 
risk of developing GC in confirmed IN ranges from 2.8% 
to 11.5% for low-grade IN (LGIN) and 10% to 68.8% for 
high-grade IN (HGIN). Guidelines recommend endo-
scopic resection for any confirmed IN [7]. Early GC 
(EGC) screening, primarily through endoscopic exami-
nation, has proven to be a cost-effective measure for sec-
ondary prevention, improving long-term survival rates 
and alleviating the social burden associated with early 
detection and treatment [8]. Screening has been associ-
ated with an increase in EGC cases [9]. Therefore, screen-
ing for H. pylori infection and GPLs holds public health 
significance in GC management.

Jiangsu Province and Nanjing City are recognized as 
high-incidence areas for GC [10]. While numerous epi-
demiological studies on GC in China exist [2, 10, 11], few 
have examined the epidemiology of GPLs. In addition, 
most previous studies focus on large cities, with limited 
research on the prevalence of GPLs and EGC in Jiangsu 
Province and Nanjing City. Investigating the epidemiol-
ogy and characteristics of GPLs in Jiangsu Province and 

Nanjing City could enhance understanding of the high 
GC incidence observed in those areas.

Therefore, this study aimed to investigate the epide-
miological characteristics of H. pylori, GPLs, and GC in 
patients undergoing endoscopic examination in Lishui 
District, Nanjing.

Methods
Study design and patients
This retrospective, population-based, cross-sectional 
study was conducted collaboratively by the Nanjing 
Lishui People’s Hospital and six medical community 
units within the county between July 2022 and June 2023. 
The inclusion criteria were: 1) local residents or individu-
als residing in the local area for more than 10 years, 2) 
underwent endoscopic examination and histopathologi-
cal diagnosis, 3) absence of a history of serious or special 
illnesses and digestive system surgery, and 4) ability to 
read, comprehend, and sign informed consent forms. The 
exclusion criteria were: 1) received proton pump inhibi-
tors and antibiotic treatment within the past six months, 
2) contraindications for gastroscopy or biopsy, 3) active 
upper gastrointestinal bleeding or emergency esophago-
gastroduodenoscopy, 4) diagnosis of malignant tumors of 
the digestive or other systems, 5) severe heart, liver, kid-
ney, or lung diseases, 6) history of upper gastrointestinal 
surgery or residual stomach, 7) pregnancy or lactation, 
and 8) inability to cooperate with gastroscopy or other 
high-risk situations (Table 1). The study was approved by 
the Medical Ethics Committee of Nanjing Lishui People’s 
Hospital (as the lead center) (approval #2023 KY0727-02) 
and by the Ethics Committee at each participating center. 
The requirement for individual informed consent was 
waived by the committees because of the retrospective 
nature of the study. This study was conducted in accord-
ance with the Declaration of Helsinki.

All data were de-identified once extracted from the 
patient charts. Only the principal investigator at each 
hospital had access to the identity correspondence tables 
for the patients at the investigator’s hospital. The study 
database is kept on the secure servers at the lead center 
and is protected by a password. Only the study personnel 
have access to the de-identified database.
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Data collection and definition
Clinical and personal data were collected using a pre-
examination survey questionnaire, including sex, age, 
occupation, education, family history of GC, living loca-
tion, gastrointestinal symptoms, H. pylori infection sta-
tus, dietary habits, smoking, and alcohol consumption. 
For the proportion of fresh vegetables, fruits, dairy prod-
ucts, eggs, and white meat intake per week, < 60% was 
defined as rarely, and ≥ 60% was defined as frequently. 
For the proportion of weekly intake of fried/grilled/pick-
led foods, < 60% was defined as rarely, and ≥ 60% was 
defined as frequently. For the frequency of how often the 
patient consumed high-salt and high-fat diets for three 
meals a day, < 5 g/day was defined as rarely, and ≥ 5 g was 
defined as frequently. Smoking > 10 cigarettes per week 
in the past 6 months or quitting smoking for < 1 year was 
defined as smoking, and never or quitting smoking for 
more than 1  year was defined as non-smoking. Drink-
ing 1000 mL of beer or 150 g of ethanol at least once a 
week in the past year was defined as drinking, and never 
or occasionally drinking in small amounts was defined as 
non-drinking. As per routine procedures, patients under-
went electrocardiogram and infectious disease marker 
examinations, abstained from eating and drinking 6  h 
before gastroscopy, and underwent gastroscopy on an 
empty stomach. Experienced doctors conducted gas-
troscopy using standard procedures, primarily ordinary 
white light gastroscopy, and narrowband imaging magni-
fying endoscopy. Biopsy samples were immediately fixed 
in 10% formalin and sent to the pathology department for 
examination. During the study period, uniform examina-
tion and diagnostic standards were implemented based 
on relevant Chinese guidelines for EGC diagnosis and 
treatment. Endoscopic findings were categorized as flat, 
depressed, or elevated (polypoid) lesions accompanied 
by erosion/ulceration and changes in color [10, 12]. The 
gastric mucosal biopsy requirements for suspected early 
neoplastic lesions were to take one or two specimens 
within 2 cm in diameter and add one specimen for every 

1  cm increase in diameter. It is recommended that the 
mucosa be taken at the junction of normal and lesions. 
If the boundary is not well determined, the biopsy can be 
taken in the center of the lesion. The number of biopsies 
can be increased if necessary [13].

Biopsy specimens were processed according to WHO 
guidelines. Diagnostic criteria included IN (LGIN and 
HGIN) for GPL and EGC and AGC for GC. Diagnosis 
was completed by three senior pathologists, with immu-
nohistochemistry conducted if necessary. EGC refers to 
cancer tissue confined to the mucosal and submucosal 
layers, irrespective of regional lymph node metastasis. 
GPL denoted pathological changes closely related to GC, 
namely, IN of the gastric mucosa, categorized into LGIN 
(mild to moderate cellular atypia, deep nuclear stain-
ing, and relatively preserved glandular architecture) and 
HGIN (cuboidal or tall columnar cells with pronounced 
atypia frequently exhibiting pathological nuclear divi-
sion). AGC indicated infiltrating cancer tissue into the 
submucosal layer, muscular layer, or beyond, with or 
without peripheral invasion and distant metastasis [10, 
12]. H. pylori detection utilized an endoscopic rapid 
urease test (RUT) or 13C urea breath test (13C-UBT). 
To ensure the accuracy of tests and avoid false-negative 
results, participants who had any history of antibiot-
ics use within the past month, proton pump inhibitor 
medication within the past 2  weeks, or  H. pylori treat-
ment within the past 3  months prior to the study were 
excluded.

Statistical analysis
The statistical analysis was performed using SPSS Statis-
tics version 27.0 (IBM, Armonk, NY, USA) and GraphPad 
Prism (9.5.1). Continuous data with a normal distribu-
tion (according to the Kolmogorov–Smirnov test) were 
described as mean ± standard deviations (SD) and 
analyzed using Student’s t-test. Otherwise, they were 
presented as median (interquartile range (IQR)) and ana-
lyzed using the Wilcoxon rank-sum test. The categorical 

Table 1  Inclusion and exclusion criteria

Inclusion criteria 1) Local residents or individuals residing in the local area for more than 10 years
2) Underwent endoscopic examination and histopathological diagnosis
3) Absence of a history of serious or special illnesses and digestive system surgery
4) Ability to read, comprehend, and sign informed consent forms

Exclusion criteria 1) Received proton pump inhibitors and antibiotic treatment within the past six months
2) Contraindications for gastroscopy or biopsy
3) Active upper gastrointestinal bleeding or emergency esophagogastroduodenoscopy
4) Diagnosis of malignant tumors of the digestive or other systems
5) Severe heart, liver, kidney, or lung diseases
6) History of upper gastrointestinal surgery or residual stomach
7) Pregnancy or lactation
8) Inability to cooperate with gastroscopy or other high-risk situations
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data were described as n (%) and analyzed using the 
chi-squared test or Fisher’s exact test. Univariable and 
multivariable logistic regression analyses were used to 
examine factors independently associated with GPL or 
GC. Propensity score matching (PSM) was performed 
using the"psmatch2"package in R with nearest-neighbor 
matching, a caliper width of 0.5. Collinearity was tested 
using the variance inflation factor (VIF), with a VIF > 10 
indicating significant collinearity. In the multivariable 
analyses, variables with collinearity were progressively 
excluded until no collinearity was observed. Before mul-
tivariate, all variables with univariate regression P < 0.05 
were diagnosed collinearity, and the variables with col-
linearity were gradually eliminated. Two-sided P-values 
< 0.05 were considered statistically significant.

Results
Demographic characteristics
There were initially 17,409 patients who underwent 
endoscopic and 13 C-UBT examinations enrolled, 
and after excluding 1,741 subjects who had recently 
received proton pump inhibitors or antibiotic treat-
ment, a total of 15,668 eligible participants were 
included in the study (Fig.  1). Among them, before 
PSM, 15,191 (96.95%) were diagnosed with benign 

gastric lesions (mean age: 54.05 ± 13.44 years, 7880 
(50.29%) males), 259 (1.65%) were diagnosed with GPLs 
(mean age: 67.22 ± 9.26 years, 201 (77.61%) males), and 
218 (1.39%) were diagnosed with GC (mean age: 68.76 
± 10.82 years, 162 (74.31%) males) (Table  2). The H. 
pylori infection rate in total patients was 5014 (32.00%) 
(males: 2684 (34.06%); females: 2335 (29.92%)). The H. 
pylori infection rate in participants with benign gas-
tric lesions was 4778 (31.45) (males: 2558 (33.79%); 
females: 2220 (29.13%)). The H. pylori infection rate 
in the patients with GPL was 115 (44.40%) (males: 94 
(46.77%); females: 21 (36.21%)). The H. pylori infec-
tion rate in patients with GC was 121 (55.50%) (males: 
97 (59.88%); females: 23 (41.07%)) (Table  2 and Sup-
plementary Table  1). After PSM, 171 patients were 
included in each group. The H. pylori infection rates 
were 32.16%, 49.12%, and 57.31% in patients with 
benign lesions, GPL, and GC, respectively (P < 0.001) 
(Table 3).

Among GPLs, 138 were LGIN (mean age: 66.91 
± 9.60), and 121 were HGIN (mean age: 67.65 ± 8.79). 
Among GCs, 36 were EGC (mean age: 68.86 ± 11.63), 
and 182 were AGC (mean age: 68.74 ± 10.69), without 
significant differences among groups Fig. 1andTable 4).

Fig. 1  Study flowchart
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Table 2  Demographic pathological characteristics before PSM

GPL gastric precancerous lesions, GC gastric cancer

Variables Benign gastric lesion GPL GC P
n = 15,191 n = 259 n = 218

Age (years)
  Mean ± SD 54.02 ± 13.63 67.22 ± 9.26 68.76 ± 10.82

  > 45 9426 (62.05%) 254 (98.07%) 210 (96.33%)

  ≤ 45 5765 (37.95%) 5 (1.93%) 8 (3.67%)

Sex
  Male, % 7570 (49.83%) 201 (77.61%) 162 (74.31%)

Digestive symptoms 0.004

  With 3321 (21.86%) 76 (29.34%) 76 (34.86%)

  Without 11,870 (78.14%) 183 (70.66%) 142 (65.14%)

Education level 0.002

  Bachelor’s degree below 4557 (30%) 101 (39%) 98 (44.95%)

  Bachelor’s degree or above 10,634 (70%) 158 (61%) 120 (55.05%)

Occupation  < 0.001

  Technical personnel, staff, or faculty 6076 (40%) 48 (18.53%) 36 (16.51%)

  Worker 3038 (20%) 77 (29.73%) 71 (32.57%)

  Farmer 4558 (30%) 109 (42.08%) 93 (42.66%)

  Others 1519 (10%) 25 (9.65%) 18 (8.26%)

Fresh vegetable, fruit, and white meat intake 0.002

  Frequently 14,128 (93%) 228 (88.03%) 191 (87.61%)

  Rarely 1063 (7%) 31 (11.97%) 27 (12.39%)

Fried/barbecue/pickled food intake  < 0.001

  Frequently 1367 (9%) 78 (30.12%) 72 (33.03%)

  Rarely 13,824 (91%) 181 (69.88%) 146 (66.97%)

High-salt diet and high fat diet intake  < 0.001

  Frequently 2734 (18%) 72 (27.80%) 69 (31.65%)

  Rarely 12,457 (82%) 187 (72.20%) 149 (68.35%)

Smoking  < 0.001

  Current 2278 (15.00%) 65 (25.10%) 59 (27.06%)

  Never or former 12,913 (85.00%) 194 (74.90%) 159 (72.94%)

Drinking  < 0.001

  Current 2301 (15.15%) 59 (27.78%) 54 (24.77%)

  Never or former 12,890 (84.85%) 200 (77.22%) 164 (75.23%)

Family history of GC  < 0.001

  With 304 (2.00%) 17 (6.56%) 16 (7.345)

  Without 14,887 (98.00%) 242 (93.43%) 202 (92.66%)

Residence  < 0.001

  Rural 3797 (25.00%) 145 (55.98%) 129 (59.17%)

  Urban 11,394 (75.00%) 114 (44.02%) 89 (40.83%)

Atrophic gastritis and/or intestinal metaplasia  < 0.001

  with 5602 (36.88%) 174 (67.18%) 177 (81.19%)

  without 9419 (63.12%) 85 (32.82%) 41 (18.81%)

Location  < 0.001

  Cardia / 42 (16.22%) 60 (27.52%)

  Non-cardia / 217 (83.78%) 158 (72.48%)

H. pylori infection  < 0.001

  Positive 4778 (31.45%) 115 (44.40%) 121 (55.50%)

  Negative 10,413 (68.55%) 144 (55.60%) 97 (44.50%)
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Table 3  Demographic pathological characteristics after PSM

GPL gastric precancerous lesions, GC gastric cancer

Variables Benign gastric lesion (n 
= 171)

GPL (n = 171) GC (n = 171) P

Age (years) Mean ± SD 70.78 ± 12.66 67.71 ± 9.19 65.20 ± 9.71

  > 45 167 (97.66) 168 (98.25) 162 (94.74) 0.135

  ≤ 45 4 (2.34) 3 (1.75) 9 (5.26)

Sex 0.221

  Male 137 (80.12) 147 (85.96) 128 (74.85)

  Female 34 (19.88) 24 (14.04) 43 (25.15)

Digestive symptoms  < 0.001

  With 121 (70.76) 163 (95.32) 60 (35.09)

  Without 50 (29.24) 8 (4.68) 111 (64.91)

Education level  < 0.001

  Bachelor’s degree below 80 (46.78) 26 (15.20) 73 (42.69)

  Bachelor’s degree or above 91 (53.22) 145 (84.80) 98 (57.31)

Occupation
  Technical personnel, staff, or faculty 90 (52.63) 48 (28.07) 30 (17.54)  < 0.001

  Worker 1 (0.58) 75 (43.86) 53 (30.99)

  Farmer 75 (43.86) 44 (25.73) 74 (43.27)

  Others 5 (2.92) 4 (2.34) 14 (8.19)

Fresh vegetable, fruit, and white meat intake  < 0.001

  Frequently 105 (61.40) 165 (96.49) 152 (88.89))

  Rarely 66 (38.60) 6 (3.51) 19 (11.11)

Fried/barbecue/pickled food intake  < 0.001

  Frequently 100 (58.48) 9 (5.26) 113 (66.08)

  Rarely 71 (41.52) 162 (94.74) 58 (33.92)

High-salt diet and high-fat diet intake  < 0.001

  Frequently 92 (53.80) 11 (6.43) 56 (32.75)

  Rarely 79 (46.20) 160 (93.57) 115 (67.25)

Smoking  < 0.001

  Current 87 (50.88) 16 (9.36) 50 (29.24)

  Never or former 84 (49.12) 155 (90.64) 121 (70.76)

Drinking  < 0.001

  Current 87 (50.88) 11 (6.43) 44 (25.73)

  Never or former 84 (49.12) 160 (93.57) 127 (74.27)

Family history of GC  < 0.001

  With 53 (30.99) 6 (3.51) 8 (4.68)

  Without 118 (69.01) 165 (96.49) 163 (95.32)

Residence 0.674

  Rural 103 (60.23) 96 (56.14) 103 (60.23)

  Urban 68 (39.77) 75 (43.86) 68 (39.77)

Atrophic gastritis and/or intestinal metaplasia  < 0.001

  with 17 (9.94) 122 (71.35) 137 (80.12)

  without 154 (90.06) 49 (28.65) 34 (19.88)

  H. pylori infection  < 0.001

  Positive 55 (32.16) 84 (49.12) 98 (57.31)

  Negative 116 (67.84) 87 (50.88) 73 (42.69)
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Grouping by age range and detection rate of different 
pathological types
In patients with GPL, the detection rate peaked at 
70–79 years old (99, 0.63%) in all patients and males 
(80, 0.51%) and females (19, 0.12%); the rates were 
higher in males than in females (all P < 0.05). In 
patients with GC, the detection rate peaked at 70–79 
years (0.51%) in all patients and males (60, 0.38%) and 
females (14, 0.09%); the rates were higher in males 
than in females (all P < 0.05) (Fig. 2 and Supplementary 
Table 2).

The detection rates of LGIN and HGIN peaked at 
70–79 years (55 cases, 0.35%, and 44 cases, 0.28%). The 
detection rates of EGC and AGC peaked at 70–79 years 
(13 cases, 0.08%, and 61 cases, 0.39%), with higher rates 
for AGC (0.39%) (all P < 0.05) (Fig. 3 and Supplementary 
Table 3).

Correlation between H. pylori infection rates and age 
in relation to GPL and GC
Figure 4 illustrates H. pylori infection rate by age group 
for benign lesions, GPLs, and GC. The infection rate of 

Table 4  Stratification detection results of gastric precancerous lesions and gastric cancer

* P < 0.001 vs. females. # P < 0.05 vs. females. P < 0.001 vs. the LGIN group. P < 0.05 vs. the LGIN group of the same sex P < 0.05

GPL gastric precancerous lesions, GC gastric cancer

Variables LGIN HGIN EGC AGC​ P

N (detection rate %) 138 (0.88) 121 (0.77) 36 (0.23) 182 (1.16)  < 0.001

Males (detection rate, %) 102 (1.29)* 99 (1.26)* 25 (0.32)# 137 (1.74)*  < 0.001

Females (detection rate, %) 36 (0.46) 22 (0.28) 11 (0.14) 45 (0.58)  < 0.001

Mean age (years) 66.91 ± 9.6 67.65 ± 8.79 68.86 ± 11.63 68.74 ± 10.69  < 0.001

Mean age of males (years) 67.38 ± 9.13 67.98 ± 8.66 70.8 ± 11.05 69.29 ± 9.67  < 0.001

Mean age of females (years) 66.35 ± 9.52 66.25 ± 9.43 64 ± 12.19 66.26 ± 13.83  < 0.001

H. pylori-positive (n, %) 55 (39.86) 60 (49.59) 17 (47.22) 105 (57.69) 0.018

H. pylori positive in males (n, %) 41 (39.81) 54 (53.46) 14 (56) 83 (60.58)  < 0.001

H. pylori positive in females (n, %) 14 (38.89) 7 (31.82) 3 (30) 22 (48.89)  < 0.001

Atrophic gastritis and/or intestinal meta-
plasia (n, %)

89 (63.77) 85 (70.25) 29 (80.56) 148 (81.32)  < 0.001

Non-cardia lesions (n, %) 111 (80.43) 106 (87.60) 28 (77.78) 131 (71.98)  < 0.001

Low differentiation (n, %) - - 2 (5.56) 72 (39.56)  < 0.001

Fig. 2  Detection rate and age trends of gastric precancerous lesions (GPLs) and gastric cancer (GC) in different sexes. The red and brown columns 
represent the number of cases of GPLs and GC in males, while the blue and green columns represent the number of cases of GPL and GC 
in females, respectively. Dashed lines of the same color as the columns represent the detection rates of GPL and GC for males and females, 
respectively. The X-axis represents the age ranges, while the left Y-axis represents the specific number of detected cases. The right Y-axis represents 
the specific detection rate
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H. pylori in benign lesions shows a gradual rise from 20% 
in younger individuals to around 30% by age 50–59, fol-
lowed by a plateau. In contrast, the H. pylori infection 
rate in GPL remains low in younger ages but increases 
sharply after age 40, peaking at 40–50% by age 60–69. 
H. pylori infection rate in GC starts rising after age 30, 
peaking at 60% around age 50–59, with a second peak of 
nearly 80% in the 90–99 age group.

Factors associated with GPLs
Before PSM, the multivariable logistic regression analysis 
showed that male (OR = 3.156, 95% CI: 2.865–3.376, P < 

0.001), age (OR = 1.785, 95% CI: 1.703–1.876, P < 0.001), 
fresh vegetable, fruit, and white meat intake (OR = 0.865, 
95% CI: 0.506–2.061, P = 0.029), high-salt diet and high-
fat diet intake (OR = 1.906, 95% CI: 1.101–2.932, P = 
0.014), rural residence (OR = 2.682, 95% CI: 1.010–4.754, 
P = 0.040), H. pylori infection (OR = 2.022, 95% CI: 
1.155–2.865, P < 0.001) and atrophic gastritis and/or IM 
(OR = 4.875, 95% CI: 2.229–10.663, P < 0.001) were inde-
pendently associated with GPLs (Table 5).

After PSM, age (OR = 1.055, 95% CI: 1.016–1.095, 
P = 0.005), digestive symptoms (OR = 4.346, 95% CI: 
1.574–11.997, P = 0.005), education below bachelor’s 

Fig. 3  Detection rate and age trend of different pathological types. The red, blue, brown, and green columns represent the number of detected 
cases of low-grade intraepithelial neoplasia (LGIN), high-grade intraepithelial neoplasia (HGIN), early gastric cancer (EGC), and advanced gastric 
cancer (AGC), respectively. The line with the same color as the column represents the detection rate of the corresponding pathological type. The 
X-axis represents the age ranges, while the left Y-axis represents the specific number of detected cases. The right Y-axis represents the specific 
detection rate

Fig. 4  Age trend of Helicobacter pylori infection rate. The red, blue, and purple lines represent the H. pylori infection rate in benign lesions, gastric 
precancerous lesions (GPLs), and gastric cancer (GC), respectively. The X-axis represents the age groups, while the Y-axis represents the specific 
values of H. pylori infection rate
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degree (OR = 4.258, 95% CI: 1.322–13.713, P = 0.015), 
and atrophic gastritis and/or IM (OR = 21.425, 95% CI: 
10.619–43.227, P < 0.001) were independently associ-
ated with GPLs (Table 6).

Factors associated with GC
Before PSM, male (OR = 2.021, 95% CI: 1.080–3.780, 
P = 2.028), age (OR = 1.201, 95% CI: 1.174–1.238, 
P < 0.001), digestive symptoms (OR = 2.256, 95% CI: 

Table 5  Multivariable logistic regression analysis of GPLs before PSM

OR odds ratio, CI confidence interval, GC gastric cancer

Variables Univariable Multivariable

OR 95% CI P OR 95% CI P

Sex

  Female Ref Ref

  Male 3.489 2.601–4.681  < 0.001 3.156 2.865–3.376  < 0.001

  Age 31.070 12.814–75.335  < 0.001 1.785 1.703–1.876  < 0.001

Digestive symptoms

  No Ref Ref

  Yes 1.007 1.002–1.013 0.004 0.724 7.503E + 80–0.000 0.876

Education level

  Bachelor’s degree or above Ref Ref

  Below bachelor’s degree 1.007 1.002–1.012 0.002 0.000 0.000–3.145E + 148 0.930

  Occupation

Technical personnel/staff/faculty/worker Ref Ref

  Farmer 1.816 1.416–2.330  < 0.001 0.000 0.000–4.457e + 286 0.769

Fresh vegetable, fruit, and white meat intake

  Rarely Ref Ref

  Frequently 0.553 0.378–0.809 0.002 0.865 0.506–2.061 0.029

Fried/barbecue/pickled food intake

  Rarely Ref Ref

  Frequently 4.358 3.323–5.716  < 0.001 3.979E + 23 0.000–1.555E + 288 0.861

High-salt diet and high-fat diet intake

  Rarely Ref Ref

  Frequently 1.754 1.333–2.310  < 0.001 1.906 1.101–2.932 0.014

Smoking

  Never or former Ref Ref

  Current 1.899 1.429–2.524  < 0.001 0.834 0.440–1.618 0.054

Drinking

  Never or former Ref Ref

  Current 1.653 1.232–2.217  < 0.001 0.851 0.379–1.702 0.057

Family history of GC

  No Ref Ref

  Yes 3.440 2.077–5.699  < 0.001 0.000 0.000–1.151E + 221 0.912

Residence

  Urban Ref Ref

  Rural 3.817 2.978–4.891  < 0.001 2.682 1.010–4.754 0.040

H. pylori infection

  No Ref Ref

  Yes 1.742 1.359–2.232  < 0.001 2.022 1.155–2.865  < 0.001

Atrophic gastritis and/or intestinal metaplasia

  No Ref Ref

  Yes 3.442 2.650–4.470  < 0.001 4.875 2.229–10.663  < 0.001
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1.548–3.289, P < 0.001), bachelor degree below (OR 
= 4.792, 95% CI: 3.439–6.837, P < 0.001), farmer (OR 
= 1.039, 95% CI: 1.026–1.159, P < 0.001), fresh vegeta-
ble, fruit, and white meat intake (OR = 0.231, 95% CI: 
0.141–0.379, P < 0.001), fried/barbecue/pickled food 

intake (OR = 6.781, 95% CI: 3.783–12.153, P < 0.001), 
high-salt diet and high-fat diet intake (OR = 6.781, 
95% CI: 3.783–12.153, P < 0.001), rural residence (OR 
= 1.230, 95% CI: 1.121–1.437, P < 0.001), H. pylori 
infection (OR = 3.248, 95% CI: 2.357–4.477, P < 0.001) 

Table 6  Multivariable logistic regression analysis of GPLs after PSM

OR odds ratio, CI confidence interval, GC gastric cancer

Variables Univariable Multivariable

OR 95% CI P OR 95% CI P

Sex

  Female Ref

  Male 1.520 0.858–2.693 0.151

  Age 0.975 0.956–0.994 0.011 1.055 1.016–1.095 0.005

Digestive symptoms

  No Ref Ref

  Yes 8.419 3.850–18.413  < 0.001 4.346 1.574–11.997 0.005

Education level

  Bachelor’s degree or above Ref Ref

  Below Bachelor’s degree 4.903 2.932–8.200  < 0.001 4.258 1.322–13.713 0.015

Occupation

  Technical personnel/staff/faculty/
worker/others

Ref Ref

  Farmer 0.443 0.281–0.700  < 0.001 0.380 0.131–1.098 0.074

Fresh vegetable, fruit, and white meat intake

  Rarely Ref

  Frequently 0.058 0.024–0.138  < 0.001

Fried/barbecue/pickled food intake

  Rarely Ref

  Frequently 25.352 12.133–52.973  < 0.001

High-salt diet and high-fat diet intake

  Rarely Ref

  Frequently 16.939 8.574–33.465  < 0.001

Smoking

  Never or former Ref

  Current 10.033 5.531–18.202  < 0.001

Drinking

  Never or former Ref

  Current 15.065 7.628–29.752  < 0.001

Family history of GC

  No Ref

  Yes 12.352 5.140–29.680  < 0.001

Residence

  Urban Ref

  Rural 1.183 0.770–1.819 0.443

H. pylori infection

  No Ref Ref

  Yes 2.036 1.313–3.159 0.002 1.444 0.783–2.662 0.239

Atrophic gastritis and/or intestinal metaplasia

  No Ref Ref

  Yes 22.555 12.370–41.124  < 0.001 21.425 10.619–43.227  < 0.001
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and atrophic gastritis and/or IM (OR = 4.875, 95% CI: 
2.636–9.016, P < 0.001) were independently associated 
with GCs (Table 7).

After PSM, the presence of digestive symptoms (OR 
= 11.894, 95% CI: 5.192–27.249, P < 0.001), frequently 

consuming high-salt diet and high-fat diet (OR = 6.658, 
95% CI: 2.451–18.080, P < 0.001), a family history of 
GC (OR = 6.283, 95% CI: 1.476–26.914, P = 0.013), H. 
pylori infection (OR = 3..768, 95% CI: 1.814–7.825, P < 
0.001), and atrophic gastritis and/or IM (OR = 34.286, 

Table 7  Multivariable logistic regression analysis of GC before PSM

OR odds ratio, CI confidence interval, GC gastric cancer

Variables Univariable Multivariable

OR 95% CI P OR 95% CI P

Sex

  Female Ref Ref

  Male 2.912 2.146–3.953  < 0.001 2.021 1.080–3.780 0.028

  Age 16.005 7.919–32.550  < 0.001 1.201 1.174–1.238  < 0.001

Digestive symptoms

  No Ref Ref

  Yes 1.913 1.444–2.534  < 0.001 2.256 1.548–3.289  < 0.001

Education level

  Bachelor’s degree or above Ref Ref

  Below bachelor’s degree 1.614 1.250–2.153  < 0.001 4.792 3.439–6.837  < 0.001

Occupation

  Technical personnel/staff/faculty/
worker

Ref Ref

  Farmer 1.736 1.324–2.275  < 0.001 1.039 1.026–1.159  < 0.001

Fresh vegetable, fruit, and white meat intake

  Rarely Ref Ref

  Frequently 0.532 0.354–0.800 0.005 0.231 0.141–0.3793  < 0.001

Fried/barbecue/pickled food intake

  Rarely Ref Ref

  Frequently 4.987 3.740–6.649  < 0.001 6.781 3.783–12.153  < 0.001

High-salt diet and high-fat diet intake

  Rarely Ref Ref

  Frequently 2.110 1.581–2.815  < 0.001 4.374 2.363–8.097  < 0.001

Smoking

  Never or former Ref Ref

  Current smoker 2.103 1.555–2.845  < 0.001 0.000 2.829E + 12–0.000 0.995

Drinking

  Never or former Ref Ref

  Current 1.845 1.352–2.517  < 0.001 0.000 0.000–0.000 0.995

Family history of GC

  No Ref Ref

  Yes 3.879 2.303–6.534  < 0.001 0.404 0.233–0.774 0.520

Residence

  Urban Ref Ref

  Rural 4.349 3.312–5.712  < 0.001 1.230 1.121–1.437  < 0.001

H. pylori infection

  No Ref Ref

  Yes 2.719 2.077–3.559  < 0.001 3.248 2.357–4.477  < 0.001

Atrophic gastritis and/or intestinal metaplasia (with)

  No Ref Ref

  Yes 7.259 5.160–10.211  < 0.001 4.875 2.636–9.016  < 0.001
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95% CI: 15.732–74.721, P < 0.001) were independently 
associated with GC (Table 8).

Discussion
The findings of this study revealed high detection rates 
of GPLs and GCs in Nanjing City, with higher rates 
observed in males compared to females, which increased 

with age. The rates of H. pylori infection increased from 
patients with benign lesions to those with GPLs and GC.

Many GPLs serve as direct precursors of GC [6]. The 
detection rates of GPLs in China between 2011 and 2019 
ranged from 0.04% to 4.06%, showing significant sex, 
age, and regional differences [10, 14]. Generally, areas 
with a high incidence of GC tend to exhibit higher GPL 

Table 8  Multivariable logistic regression analysis of GC after PSM

OR odds ratio, CI confidence interval, GC gastric cancer

Variables Univariable Multivariable

OR 95% CI P OR 95% CI P

Sex

  Female Ref

  Male 1.354 0.813–2.255 0.245

  Age 0.957 0.938–0.976  < 0.001 0.970 0.934–1.007 0.108

Digestive symptoms

  No Ref Ref

  Yes 4.477 2.840–7.058  < 0.001 11.894 5.192–27.249  < 0.001

Education level

  Bachelor’s degree or above Ref

  Below Bachelor’s degree 1.180 0.770–1.808 0.447

Occupation

  Technical personnel/staff/faculty/
Worker/Others

Ref

  Farmer 0.976 0.637–1.497 0.913

Fresh vegetable, fruit, and white meat intake

  Rarely Ref Ref

  Frequently 0.199 0.113–0.351  < 0.001 0.378 0.107–1.340 0.132

Fried/barbecue/pickled food intake

  Rarely Ref

  Frequently 0.723 0.466–1.121 0.147

High-salt diet and high-fat diet intake

  Rarely Ref Ref

  Frequently 2.392 1.542–3.708  < 0.001 6.658 2.451–18.080  < 0.001

Smoking

  Never or former Ref

  Current 2.506 1.605–3.913  < 0.001

Drinking

  Never or former Ref

  Current 2.989 1.896–4.714  < 0.001

Family history of GC

  No Ref Ref

  Yes 9.151 4.194–19.969  < 0.001 6.283 1.476–26.914 0.013

H. pylori infection

  No Ref Ref

  Yes 2.831 1.821–4.402  < 0.001 3.768 1.814–7.825  < 0.001

Atrophic gastritis and/or intestinal metaplasia

  No Ref Ref

  Yes 36.502 19.517–68.266  < 0.001 34.286 15.732–74.721  < 0.001
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detection rates, with rates of 1.65% and 1.39% recorded 
in high and low-incidence areas, respectively. In the pre-
sent study, the detection rates for LGIN, HGIN, EGC, 
and AGC were 0.88%, 0.77%, 0.23%, and 1.16%, respec-
tively, falling within the reported range for China and 
categorized at a moderate level [10]. Notably, the detec-
tion rates for GPL, LGIN, and HGIN were consistently 
higher in males than females, reflecting the sex-specific 
incidence pattern observed in GC [10, 15] and aligning 
with the sex distribution characteristics of GC incidence 
in China.

Upon grouping by sex, age, and pathological grade, 
a positive correlation between detection rates and age 
emerged for both GPL and GC, as well as LGIN, HGIN, 
EGC, and AGC. This age-related increase indicates that 
environmental exposures accumulate with age, con-
tributing to the multifactorial and multi-stage mecha-
nisms that drive the occurrence and progression of GC. 
Notably, a study suggested increased tumor markers 
during GC tumorigenesis from LGIN to HGIN, sharing 
expression profiles with EGC [16], providing a potential 
explanation for the results observed here. The lack of a 
recognized standard for the starting and ending age of 
GC screening prompts careful consideration of interna-
tional and Chinese guidelines, combined with the local 
age distribution of GPL and GC. While most Asian coun-
tries set the starting age at 40–45 years [10, 17], the Japa-
nese GC screening guidelines (2018) recommend starting 
at 50 years [18]. The detection rates of 447 cases of GPL 
and GC were low before the age of 40, rapidly increasing 
from the age of 40, reaching a peak between 70 and 79. 
The upper age limit for cancer screening remains a topic 
of debate, and this study indicates a certain detection rate 
even in the age group of 80–89 years, differing slightly 
from the recommended “75 years old or life expectancy 
< 5 years” in the Chinese guidelines [10, 14]. Despite the 
global decline in the incidence and mortality of GC, the 
increase in life expectancy and the continuous aging of 
the population may lead to a rise in the absolute number 
of GC patients and deaths [1].

The overall H. pylori infection rate among the 15,668 
patients was 32%, indicating a notable regional disparity 
compared to the national average (40.66%) and the spe-
cific rate reported in Jiangsu Province (50.0%) [19]. The 
lower infection rate in the region may be attributed to 
improved economic conditions, increased income lev-
els, and enhanced health service accessibility. Notably, 
the infection rate of H. pylori exhibited an upward trend 
with age. Moreover, the H. pylori infection rate in popu-
lations with GPLs and GC exceeded that of individuals 
with benign lesions. These results also highlight the need 
to improve H. pylori control.

Over the past 50 years, the global incidence and mor-
tality of GC have steadily declined [1], accompanied by 
a continuous decrease in H. pylori infection rate from 
60.5% before 2000 to the current 40.66% in China [20]. 
The attributable risk of H. pylori infection for GC ranges 
from 75 to 88% [21], and compelling evidence supports 
the significant reduction in GC incidence through H. 
pylori eradication in healthy individuals, those with 
atrophic gastritis, and those with a family history of GC 
[22]. H. pylori screening can potentially prevent one case 
of GC out of every 4–6 screened cases [23], establishing 
H. pylori detection and eradication as the most effective 
primary prevention strategy for GC. Furthermore, con-
sidering the increasing H. pylori infection with age, early 
eradication (for example, before atrophy and IM occur) 
becomes increasingly beneficial [24].

EOGC is defined as GC occurring under the age of 50 
(although definitions vary, with some definitions setting 
it at 45 years) [9, 25], with estimates predicting a signifi-
cant rise globally from 2020 to 2035, particularly in China 
and South Korea [26]. Still, it was suggested that EOGC 
has a different pathogenesis compared with GC in older 
populations [11]. The etiology of EOGC among young 
people may be influenced by factors beyond H. pylori, 
such as a sedentary lifestyle, dietary patterns, obesity, 
gastroesophageal reflux, race [27], smoking, alcohol con-
sumption, and changes in the gastric microbiota [28, 29].

In this study, before PSM, sex, age, digestive symp-
toms, lower education, farmer occupation, rural resi-
dence, unhealthy eating habits, H. pylori infection, cardia 
lesions, atrophic gastritis and/or IM were risk factors of 
GCs, while fresh vegetable, fruit, and white meat intake 
was a protective factor against GCs. After PSM, diges-
tive symptoms, frequently consuming a high-salt diet and 
high-fat diet, a family history of GC, H. pylori infection, 
and atrophic gastritis and/or IM were risk factors for GC. 
Those factors are known to participate in the pathogen-
esis of GC. Indeed, in addition to age, sex, and H. pylori 
infection discussed above, a family history of GC signifi-
cantly increases the risk of GC in Asian populations [30]. 
Although the infection rate of H. pylori in GC patients 
was lower (55.5%) than in the literature (the most recent 
study on the Chinese population reported an H. pylori 
infection rate of 93.33% in patients with GC [31], the 
rate of infection in patients with AGC was still higher 
than in the general population, as well as in patients with 
LGIN, HGIN, and EGC. This lower infection rate may be 
related to 1) prior eradication treatment for H. pylori, 2) 
the overall lower H. pylori infection rate in the popula-
tion of this region (23.1%), 3) severe gastric mucosal atro-
phy or IM can cause false-negative RUT and UBT, and 4) 
the presence of risk factors other than GC. In addition, it 
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is consistent with the finding that global H. pylori infec-
tion rates and GC incidence are significantly decreasing 
[32]. In this local area, individuals with a family history 
of GC had a significantly higher risk than those with 
benign lesions, consistent with the literature [33, 34]. Xu 
et  al. identified that a high genetic risk for GC may be 
mitigated through the treatment of H. pylori, indicating 
that primary prevention strategies could be customized 
according to genetic risk factors for enhanced efficacy in 
prevention efforts [34]. Several studies have shown the 
impact of diet on GC pathogenesis [35–37]. Unhealthy 
diets or “Western diets” are associated with the develop-
ment of GC, including red and processed meats, trans 
fatty acids, and high sodium or salt intake, and increase 
the risk of CAG and IM. On the other hand, a healthy 
diet such as fresh vegetables, fruits, and whole grains may 
have a preventive effect on GPLs and GC. Smoking and 
alcohol consumption are recognized as risk factors for 
GC, with mechanisms including activation of nicotinic 
acetylcholine receptors and ethanol-induced mucosal 
inflammation [38, 39]. In the present study, however, 
smoking and alcohol consumption were not indepen-
dently associated with GC in the multivariable analysis, 
although they showed significant associations in the uni-
variable analyses. Several factors may explain this dis-
crepancy. First, the relatively low rate of smoking in the 
study population (15%) could have reduced the statisti-
cal power to detect an independent association. Second, 
the definition of smoking (i.e., more than 10 cigarettes 
per week and quitting for less than one year) may have 
categorized light smokers alongside more heavy smok-
ers, possibly weakening the observed relationship. The 
presence of digestive symptoms should prompt patients 
to consider the possibility of gastric disease and should 
prompt consultation [40, 41]. Socioeconomic status 
(including education, income, and occupation) is a major 
determinant of health literacy [41]. Large disparities in 
healthcare are observed between rural and urban China, 
possibly contributing to GC occurrence [42]. With the 
progression of the disease, the proportion of lesions in 
the cardia area gradually increases. Such results could be 
attributed to age. When a certain age is reached, the rate 
of H. pylori infection tends to decrease, so the propor-
tion of GC in the uncolonized area of H. pylori (cardia) 
increases. With the continuous expansion of eradica-
tion indications, the rate of H. pylori infection is rapidly 
decreasing worldwide, so the GC of non-H. pylori infec-
tion (such as the cardia area) is increasing, as observed 
elsewhere [43, 44].

Recent studies have shown that the risk of GC 
increases with the severity of the histopathological 
aspects of the gastric mucosa (e.g., CAG and/or IM) 
and with age [45]. The present study is consistent with 

the literature, before and after PSM. In recent years, 
the role of gastric microbiota in the development of 
GC has attracted attention, and recent studies suggest 
that H. pylori infection can induce significant dysbio-
sis in the stomach and play a key role in promoting the 
development of GC by interacting or synergizing with 
other microorganisms and the host cells [29]. Never-
theless, at present, a significant proportion of individu-
als in China still have an insufficient understanding of 
the risk factors for GC, and they do not pay enough 
attention and are less willing to participate in screen-
ing [46]. In China, most GCs are diagnosed by endos-
copy, and due to the large population, the shortage of 
endoscopists, the experience of endoscopists, and the 
lack of public attention to screening, endoscopy-based 
EGC screening is not yet popular, which may lead to 
a low diagnostic rate of EGC. In the future, it will be 
necessary to improve the identification of CAG and 
IM to increase the diagnostic rate of EGC. In addition, 
more than 70% of the risk factors of GC can be modi-
fied [47]. Therefore, targeted education, questionnaire 
screening, controllable risk factor intervention, indi-
vidualized management strategies, and awareness and 
participation of high-risk groups for GC will be of great 
significance for the primary prevention of GC and the 
reduction of GC incidence. There are promising pros-
pects for regulating microbial imbalances, including H. 
pylori, and developing intragastric microbial markers 
for the prevention, diagnosis, management, and prog-
nosis prediction of GC.

This study has acknowledged limitations. Its retro-
spective design limited data to chart records, potentially 
leading to incomplete data and limiting comprehensive 
risk factor analysis for GC and GPLs, including past 
infection or more detailed information about occupa-
tion and serodiagnosis results. Future research should 
prioritize prospective studies with larger datasets. It was 
performed in a single geographical area in China. The 
single geographical area of patient recruitment limits 
generalizability, although the study focused specifically 
on GPLs and GC in Nanjing. In addition, biases due to 
local practices and policies are possible. The relatively 
small number of cases within the age ranges of 20–49 
and 90–99 may introduce bias into the analysis results 
for these groups, highlighting a need for larger sample 
sizes in future studies. Nevertheless, a PSM was per-
formed to balance the groups, and similar risk factors 
were observed before and after PSM. The low detec-
tion rate of EGC highlights the need for improvement 
in research and screening efforts, limiting the generaliz-
ability of that patient population. Further investigation 
into factors influencing EGC detection rates and strate-
gies for enhancing early diagnosis is essential.
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Conclusions
The present multicenter population-based study in Nan-
jing City provides valuable insights into the epidemiolog-
ical characteristics of GPLs, GC, and H. pylori infection. 
These findings will serve as a solid scientific foundation 
for public health policies in Nanjing and other high-inci-
dence GC areas.
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