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AbsTrACT
Objective to develop a gastric cancer (gc) risk 
prediction rule as an initial prescreening tool to identify 
individuals with a high risk prior to gastroscopy.
Design this was a nationwide multicentre cross-
sectional study. individuals aged 40–80 years who 
went to hospitals for a gc screening gastroscopy were 
recruited. Serum pepsinogen (Pg) i, Pg ii, gastrin-17 
(g-17) and anti-Helicobacter pylori igg antibody 
concentrations were tested prior to endoscopy. eligible 
participants (n=14 929) were randomly assigned into 
the derivation and validation cohorts, with a ratio of 2:1. 
risk factors for gc were identified by univariate and 
multivariate analyses and an optimal prediction rule was 
then settled.
results the novel gc risk prediction rule comprised 
seven variables (age, sex, Pg i/ii ratio, g-17 level, H. 
pylori infection, pickled food and fried food), with 
scores ranging from 0 to 25. the observed prevalence 
rates of gc in the derivation cohort at low-risk (≤11), 
medium-risk (12–16) or high-risk (17–25) group were 
1.2%, 4.4% and 12.3%, respectively (p<0.001).When 
gastroscopy was used for individuals with medium risk 
and high risk, 70.8% of total gc cases and 70.3% 
of early gc cases were detected. While endoscopy 
requirements could be reduced by 66.7% according to 
the low-risk proportion. the prediction rule owns a good 
discrimination, with an area under curve of 0.76, or 
calibration (p<0.001).
Conclusions the developed and validated prediction 
rule showed good performance on identifying individuals 
at a higher risk in a chinese high-risk population. Future 
studies are needed to validate its efficacy in a larger 
population.

InTrODuCTIOn
Gastric cancer (GC) is the second most common 
cancer in China.1 In 2015, an estimated 679 100 
persons were diagnosed with GC and 498 000 
persons eventually died of the disease in China,1 
which accounts for approximately half of 

significance of this study

What is already known on this subject?
 ► Gastric cancer (GC) is one of the most common 
cancers worldwide, and nearly half of new 
cases and deaths in the world occur in China. 
Early detection and treatment can reduce the 
mortality of GC. Thus, secondary prevention (ie, 
early detection, diagnosis and treatment of GC) 
is important for GC.

 ► Although no nationwide screening 
programme is available in China, the current 
national screening guideline for GC in China 
recommends screening beginning at age 40 
years for the GC risk population.

 ► With the Chinese GC risk population estimated 
to exceed 300 million individuals, it is not 
likely feasible to offer screening gastroscopy 
to all in this population, and thus, further risk 
stratification prior to gastroscopy is urgently 
needed. However, no such a tool is currently 
available in China.

What are the new findings?
 ► We developed and validated an applicable risk 
prediction rule to further stratify risk for GC in 
the Chinese GC risk population.

 ► The prediction rule identified 70.8% of 
individuals with GC and 70.3% of those with 
early GC among all participants and reduced 
gastroscopies by 66.7%. Therefore, it has the 
potential to detect GC early and greatly reduce 
the costs associated with gastroscopy.

 ► The prediction rule had good performance 
and showed significantly better discrimination 
ability to identify a patient with GC than three 
other alternative prediction methods (ie, the 
ABC method by Miki et al, ELISA-based ABC 
method in China and five biomarker-based 
method by Tu et al).
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worldwide cases and deaths.2 The high mortality rate is mainly 
related to late detection, and thus, early detection and treatment 
are crucial to reduce deaths from GC.3 Therefore, there is an 
urgent need for a screening method to improve the detection of 
early-stage GC.4 However, at present, there is still no nationwide 
screening programme for GC in China, and early detection relies 
on opportunistic screening only.2 4–6 

To change this situation, the current national screening guide-
line for GC in China recommends screening beginning at age 
40 years for all in the high-risk population (ie, those residing in 
high-incidence areas for more than 3 years or who have Heli-
cobacter pylori infection, a positive family history of GC, or 
risk factors for GC such as high-salt diet, smoking and heavy 
alcohol drinking).6 Gastroscopy with sampling of gastric biop-
sies for histological examination is currently the gold standard 
for screening and diagnosis of GC. However, screening the 
entire ‘high-risk’ population with gastroscopy is inefficient and 
impracticable as only 1%–3% of the population is expected to 
have GC.6 Moreover, with the estimated ‘high-risk’ population 
exceeding 300 million in China,6 it is unlikely that screening 
gastroscopy can be offered to all this population due to the high 
costs. Therefore, a risk stratification method that can serve as an 
initial prescreening tool prior to gastroscopy is needed to further 
identify those real GC high-risk individuals among the previ-
ously defined ‘high-risk’ population.

Theoretically, a risk prediction rule for GC high-risk based 
on as many risk factors as possible, including age, sex, family 
history, high-salt diet, atrophic gastritis and H. pylori infection, 
rather than one subset of these risk factors, would provide better 
prescreening performance. However, to our knowledge, no 
such a prediction rule has been developed, most likely due to 
the fact that such a risk prediction rule is not cost-effective and 
feasible in clinical practice. Currently developed prescreening 
tools are mainly based on a subset of known risk factors for GC, 
specifically atrophic gastritis and H. pylori infection.7 Serum 
pepsinogen (PG) I, PG II and gastrin-17 (G-17) levels are used 
as surrogate biomarkers of atrophic gastritis in different topo-
graphic locations (PG I and PG II for the corpus; G-17 for the 
antrum), and anti-H. pylori IgG antibody is used for the detec-
tion of H. pylori infection.7 8

Miki9 developed the ABC method, which combines H. pylori 
serology with the measurement of serum PG levels, and demon-
strated that it can predict future development of GC in Japan 
and thus identify individuals at high risk for future GC devel-
opment. However, a few questions remain unanswered for the 
ABC method. The first question is whether the ABC method 
can be extended to predict current existence of GC and identity 
individuals at high risk for current GC existence. The second 
question is how this method would perform in prescreening for 
GC among the Chinese ‘high-risk’ population. Since previous 
studies have shown that the ABC method for defining atrophic 
PG status did not work well in the Chinese population.5 9 10 The 

third question is what would be the optimal PG cut-off values 
for determining atrophic gastritis in China. Tu et al5 evaluated 
a combination of five biomarkers, including serum PG I, PG II, 
PG I/II ratio, G-17 and anti-H. pylori IgG antibody in China, and 
their model showed better prescreening performance compared 
with the ABC method. However, the results may not applicable 
to the ‘high-risk’ population in China, as only individuals who 
had upper gastrointestinal symptoms or a positive family history 
of GC were included in the study.5

Therefore, the aim of this nationwide cross-sectional study 
was to develop a new prediction rule, for secondary prevention, 
to be used as an initial prescreening tool to identify a subgroup 
of individuals at higher risk of GC among the Chinese asymp-
tomatic population for further diagnostic gastroscopy.

MeThODs
study populations
From 1 June 2015 to 31 March 2017, a total of 115 hospitals in 
China participated in this study. Individuals without gastrointes-
tinal symptoms and aged between 40 and 80 years who came to 
the participating hospitals for a screening gastroscopy as part of 
a routine health check-up and met the criteria for Chinese indi-
viduals with a ‘high risk’ of GC were recruited into this study. 
The ‘high-risk’ for GC population among Chinese individuals 
was defined as persons who have lived in the areas of China 
with a high-incidence of GC for more than 3 years or who have 
a history of H. pylori infection, a positive family history of GC 
or risk factors for GC such as a high-salt diet, regular intake of 
pickled food, smoking and heavy alcohol drinking.6 A Chinese 
high-incidence area refers to a district where the incidence of 
GC is more than 30/100 000. Participants were excluded from 
this study if they had one of the following symptoms or clin-
ical findings: upper abdominal mass, unintentional weight loss 
of more than 4.5 kg within the previous 6 months, dysphagia, 
abdominal pain, melena, haematemesis and emesis. Other exclu-
sion criteria were previous gastric resection; a history of H. 
pylori eradication; treatment with proton pump inhibitors or H2 
blockers within the previous 2 weeks; impairment of renal func-
tion; pregnancy; a history of cancer of any type; a gastroscopy 
examination within 1 year before referral; and a medical condi-
tion that could increase the risk associated with gastroscopy.

study procedures
All eligible subjects first completed a questionnaire, then 
provided fasting blood samples for serum determination of PG, 
G-17 and anti-H. pylori IgG antibody concentrations, and finally 
underwent gastroscopy.

Questionnaire survey
A prevalidated self-reported questionnaire was used in the 
present study. The questionnaire included baseline information 
(age, sex, body weight and height), living styles (smoking [smoke 
more than one cigarette every day for more than 1 year; if yes, 
the number of cigarette and lasting time were asked], alcohol 
consumption [drink alcohol of any types more than once every 
week lasting for more than 1 year; if yes, the kind of wine and 
consumption frequency were also asked], eating habits (high-salt 
diet [consume salt more than 10 g/day], pickled food, fried food, 
smoked food, barbecue food, overnight leftovers, red meat, 
white meat, green vegetables and fresh fruit [frequency was 
defined as more than three times per week]) and family history 
of GC among first-degree relatives (online supplementary file 1).

significance of this study

how might it impact on clinical practice in the foreseeable 
future?

 ► The prediction rule could be used as an accurate, cost-
effective and practical initial mass prescreening tool to 
identify a subgroup of individuals at higher risk prior to 
further diagnostic gastroscopy, which will improve the 
efficiency of GC detection in China.
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Laboratory methods
A 5 mL fasting venous blood sample was collected from each 
eligible subject. After centrifugation, serum aliquots were stored 
at room temperature (≤25°C) and immediately assayed within 
3 hours. Serum concentrations of PG I, PG II, G-17 and anti-H. 
pylori IgG antibody were measured using commercial ELISA kits 
(PG I ELISA, PG II ELISA, G-17 ELISA and H. pylori IgG ELISA 
kits; Biohit, Helsinki, Finland) on a microplate reader (MB-580, 
Huisong Co, Shenzhen, China) by uniformly trained personnel in 
the qualified laboratories of all participating hospitals. The tests 
were performed in triplicate. Seropositivity for anti-H. pylori 
antibody was defined as anti-H. pylori IgG titre ≥34 enzyme-im-
munoassay units according to the manufacturer’s protocol.

Cut-offs
The cut-off values for PGs and G-17 were established according 
to the following steps: original concentrations in the non-GC 
population of derivation cohort were first logarithmically trans-
formed and divided equally into 20 parts to obtain 20 cut-off 
values; then the prevalence of GC for each of the 20 cut-offs 
was calculated and the cut-off categories with similar prevalence 
rates were combined, two final categories for PGs and three 
categories for G-17; and finally, the antilog of the cut-off values 
of the combined categories were calculated and designated as the 
cut-off values of PGs and G-17, respectively.

Gastroscopic examination
In addition to white light gastroscopy, any further available 
examination in each hospital, including narrow band imaging, 
Fuji intelligent chromoendoscopy, i-Scan, blue laser imaging, 
magnifying endoscopy, confocal laser endomicroscopy, fluores-
cence endoscopy and chromoendoscopy, was required. Gastros-
copy was performed at each hospital by expert endoscopists who 
had performed endoscopy examination or therapy for more than 
1500 cases.

Histological examination
Gastric biopsy specimens were obtained from the gastric body, 
angulus, antrum and lesion location, if applicable, according to 
the Consensus on Screening and Endoscopic Diagnosis and Treat-
ment of Early GC in China (2014 version).6 At least three biopsy 
specimens were collected from each participant according to the 
study protocol. Each histological specimen was independently 
reviewed by two pathologists. Gastric inflammation and atrophy 
were diagnosed according to the Updated Sydney System,11 
and gastric tumours were diagnosed using the criteria from the 
Vienna classification for gastrointestinal epithelial neoplasia.12 13 
Disagreement was solved by discussion; the final decision was 
made by the director of the Department of Pathology from the 
principal investigator’s hospital if the disagreement remained. 
Participants with multiple lesions were categorised according 
to the most severe lesion. All participating endoscopists and 
pathologists were uniformly trained and performed the analyses 
according to the standard protocol.

The four procedures (ie, questionnaire, laboratory tests, 
gastroscopy and histology) were performed independently by 
different investigators who were blinded to the results of the 
each other examinations.

statistical analysis
A central data library was established to manage the data from all 
participating hospitals in this study (on the website of www. ncrc-
gastro. org). Each hospital uploaded the data individually, and the 

supervisor in the leading site checked the integrity and accuracy 
of the data. Only once all requested data for one participant were 
successfully entered into the platform was the participant considered 
as a valid case to be included in the database for further analysis.

Two-thirds of the eligible participants were randomly assigned 
to the derivation cohort, while the remaining one-third was 
assigned to the validation cohort. Details on the development 
and validation of a prediction rule for estimating cancer risk 
were previously described.14 Gastroscopy with sampling of 
gastric biopsies was defined as the gold standard for definitive 
diagnosis. Participants found to have oesophageal cancer were 
excluded from further analyses. IBM SPSS Statistics for Windows 
(V.19.0) and R for Windows (V.3.5.1) were used for all statistical 
analyses. A two-sided p value of less than 0.05 indicated statis-
tical significance.

In the derivation cohort, univariate and multivariate analyses 
were used to test associations of potential risk factors with GC. 
The potential risk factors with p<0.25 in the univariate anal-
yses were entered as independent variables into a binary logistic 
backward stepwise regression analysis to assess association with 
GC. To obtain an optimal prediction model, a new logistic 
regression model was developed by entering a different set of 
variables one at a time. The model’s overall performance was 
assessed by R2 and Brier scores, and its discrimination was evalu-
ated by the area under the receiver operating characteristic curve 
(AUC) and discrimination slope. Calibration was assessed by 
the Hosmer-Lemeshow χ2 statistic and calibration in the large. 
A regression coefficient-based scoring method was employed 
to develop the score-based prediction rule.14 15 In addition to 
overall performance, discrimination and calibration, the perfor-
mance of the prediction rule was assessed according to its accu-
racy, including sensitivity, specificity, accuracy rate, positive 
predictive value (PPV), negative predictive value (NPV), posi-
tive likelihood ratio and negative likelihood ratio. The number 
needed to screen (NNS) was defined as the number of partici-
pants who would need to undergo gastroscopy for one patient 
with GC to be identified.

The prediction rule was internally validated by bootstrap resa-
mpling that used 1000 random samples drawn with replacement 
from the original derivation data set.16 17 External validation was 
performed in the validation cohort to analyse the same performance 
metrics, including overall performance, discrimination, calibration 
and accuracy. The u test was used to compare the difference in the 
AUCs between the derivation cohort and validation cohort.

The performance of the prediction rule, as assessed by AUC, 
was also compared against the ABC method9 and a risk score by 
Tu et al5 in the validation cohort.

resulTs
During the study period, 14 929 eligible participants, including 
6357 participants with normal gastric mucosa or non-atrophic 
gastritis, 405 patients with GC, 826 patients with low-grade 
intraepithelial neoplasia, 3651 patients with atrophic gastritis, 
694 patients with gastric ulcer, 1872 patients with gastric 
polyps, 470 patients with duodenal ulcer, 78 patients with 
Barrett’s oesophagus and 576 patients with reflux oesophagitis, 
were included in our analyses (online supplementary figure 1). 
Their mean (SD) age was 56.2 (9.6) years, and 49.7% were men. 
Among the 405 patients with GC, 360 (88.9%) had non-junc-
tional cancer. There were 9838 participants in the derivation 
cohort, and 267 (2.7%) of these participants had GC. The vali-
dation cohort contained 5091 participants, of whom 138 (2.7%) 
had GC(figure 1).
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Prediction rule development
In the univariate analysis, 17 variables were found to be poten-
tially associated with GC (p<0.25) and thus included in the 
multivariate analysis. Of the 17 variables, age, sex, PG I/II ratio, 
G-17 concentration, anti-H. pylori IgG status, regular consump-
tion of pickled food and regular consumption of fried food were 
shown to be significantly (all p<0.05) and independently associ-
ated with the risk of GC (table 1 and online supplementary table 
1). The regression model was used to develop the score-based 
prediction rule, which comprised seven variables (ie, age, sex, PG 
I/II ratio, G-17 concentration, anti-H. pylori IgG status, pickled 
food and fried food), with scores ranging from 0 to 25(table 2). 
The prediction rule had good overall performance, with an R2 
of 0.024 and a Brier score of 0.026 and showed good discrimi-
nation for GC, with an AUC of 0.76 (95% CI 0.73 to 0.79) and 
good discrimination slope of 0.033 (95% CI 0.033 to 0.035). 
Also, the model was well calibrated (p=0.605 by Hosmer-Leme-
show; p<0.001 by calibration in the large; table 3).

As the score increased, the risk of GC increased. On the basis 
of similar magnitudes of risk and the result from receiver oper-
ating characteristic curve analysis of the prediction rule, scores 
0 to 11, 12 to 16 and 17 to 25 were combined to form three 
categories, corresponding to low, medium and high risk, respec-
tively (table 4). Accordingly, in the derivation cohort, 66.7% 
of the participants were considered to be at low risk, whereas 
27.6% and 5.7% were at medium and high risk, respectively. 
The prevalence rates of GC at low, medium or high risk were 
1.2%, 4.4% and 12.3%, respectively (p<0.001). When 12 was 
applied as the cut-off score for the prediction rule to identify 
individuals at medium or high risk, the sensitivity, specificity, 
PPV, NPV and accuracy were 70.8%, 67.8%, 5.8%, 98.8% and 
67.9%, respectively (table 3). Overall, individuals at medium 
or high risk accounted for 70.8% of all cases with GC. Early 
GC was detected in 30, 48 and 23 individuals at low, medium 
and high risk, respectively; 70.3% of cases with early GC were 
detected in individuals at medium and high risk, and 37.6% of 
GC cases detected in individuals at medium and high risk were 
in early stage. The NNSs in all individuals, those at low risk, and 
those at medium or high risk were 37, 84 and 17, respectively.

Since junctional and non-junctional GC have distinct risk 
factors, we further developed prediction models for junctional and 
non-junctional GC. We found that serum biomarkers (ie, PG I/PG 
II ratio and G-17) were included in the model for non-junctional 
GC but not in the model for junctional GC (online supplementary 
tables 2 and 3). In other words, the developed model performed 
well for non-junctional GC, but not for junctional GC.

In addition, intestinal-type and diffuse-type GC have distinct 
risk factors, so we also further developed prediction models 
for these two types. We found that the same seven factors were 
included in the model for intestinal-type GC, but only age was 
included in the model for diffuse-type GC (online supplemen-
tary tables 4 and5).

Internal and external validation
The performance metrics obtained from internal validation were 
the same as those from the derivation cohort (table 4). In the 
validation cohort, the risk of GC also increased as the score 
increased (table 4), and the respective risks of GC in individuals 
at low, medium and high risk were similar in magnitude to the 
risk estimates in the derivation cohort. The performance metrics 
in the validation cohort did not differ statistically from those 
in the derivation cohort (p>0.05, table 3). Similar to the find-
ings in the derivation cohort, individuals at medium or high risk 
accounted for 69.6% of cases with GC, of which 31.3% were 
in early stage (the proportion of cases with early GC in these 
categories accounted for 61.2% of all cases with early GC). The 
respective NNS in all individuals, those at low risk, and those at 
medium or high risk were 37, 80 and 18, respectively, and these 
numbers were similar to those in the derivation cohort.

Performance comparison with alternative prediction methods
Among the four prediction methods that were assessed in 
the validation cohort, the prediction rule developed from 
the present study had the best discrimination (AUC: 0.757, 
95% CI 0.729 to 0.786, table 5). In contrast, three other 
prediction methods, including the ABC method by Miki,9 the 
ELISA-based ABC method in China5 6 and the five biomark-
er-based method by Tu et al,5 displayed significantly lower 
AUCs compared with that of the prediction rule developed in 
the present study (all p<0.001).

DIsCussIOn
In the present study, a new score-based prediction rule, which 
comprised the variables age, sex, PG I/II ratio, G-17 concentra-
tion, anti-H. pylori IgG status, consumption of pickled food and 
fried food, was developed and validated to provide accurate risk 
stratification for further GC screening in the Chinese population 
for secondary prevention of GC. The prediction rule had good 
performance both in the derivation cohort and validation cohort 
and showed significantly better discriminative ability to iden-
tify a patient at a high GC risk than other alternative prediction 
methods. Therefore, for the Chinese high-risk population, the 

Figure 1 Flow chart showing the proposed algorithm for the clinical pathways for the respective individuals. The cut-off values for each factor are 
shown in tables 2 and 4. G-17, gastrin-17; GC, gastric cancer; PG, pepsinogen.
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Table 1 Univariate and multivariable analyses in the derivation cohort

Variable
Total cohort
(n=9838) no.

Gastric cancer
(n=267) no. (%)

non-gastric cancer
(n=9571) no. (%) P value*

Adjusted Or
(95% CI)† P value

Age, years <0.001

  40–49 2741 22 (8.2) 2719 (28.4) Reference

  50–59 3457 79 (29.6) 3378 (35.3) 2.77 (1.72 to 4.47) <0.001

  60–69 2640 94 (35.2) 2546 (26.6) 4.31 (2.69 to 6.89) <0.001

  >69 1000 72 (27.0) 928 (9.7) 8.67 (5.32 to 14.13) <0.001

  Mean (SD) 56.2 (9.6) 62.9 (9.5) 56.1 (9.5) <0.001

Body mass index‡

  Mean (SD) 22.89 (2.85) 22.34 (2.91) 22.91 (2.85) 0.075

PG I, ng/mL 0.048

  ≤41.92 597 25 (9.4) 572 (6.0)

  41.93–277.00 8651 223 (83.5) 8428 (88.1)

  >277.00 590 19 (7.1) 571 (6.0)

  Median (range) 109.30 (927.99) 129.30 (532.39) 108.89 (927.99) 0.001

PG II, ng/mL 0.008

  ≤2.78 466 11 (4.1) 455 (4.8)

  2.79–37.23 8806 229 (85.8) 8577 (89.6)

  >37.23 566 27 (10.1) 539 (5.6)

  Median (range) 9.20 (856.66) 13.90 (215.45) 9.10 (856.66) <0.001

PG I/II ratio <0.001

  ≥3.89 9235 227 (85.0) 9008 (94.1) Reference

  <3.89 603 40 (15.0) 563 (5.9) 2.02 (1.41 to 2.90) <0.001

  Median (range) 11.84 (869.13) 8.38 (103.33) 11.95 (869.13) <0.001

G-17, pmol/L

  ≤1.49 2812 34 (12.7) 2778 (29.0) Reference

  1.50–5.70 3320 83 (31.1) 3237 (33.8) 2.00 (1.33 to 3.00) 0.001

  >5.70 3706 150 (56.2) 3556 (37.2) 2.84 (1.93 to 4.17) <0.001

  Median (range) 3.53 (367.06) 6.89 (99.99) 3.48 (367.06) <0.001

Sex <0.001

  Female 4955 78 (29.2) 4877 (51.0) Reference

  Male 4883 189 (70.8) 4694 (49.0) 2.52 (1.92 to 3.30) <0.001

Anti-H. pylori IgG, EIU 0.028

  Negative (<34) 5549 133 (49.8) 5416 (56.6) Reference

  Positive (≥34) 4289 134 (50.2) 4155 (43.4) 1.26 (1.12 to 1.62) 0.046

Family history 0.856

  No 8657 234 (87.6) 8423 (88.0)

  Yes 1181 33 (12.4) 1148 (12.0)

Smoking <0.001

  No 7671 178 (66.7) 7493 (78.3)

  Yes 2167 89 (33.3) 2078 (21.7)

Alcohol drinking 0.063

  No 8220 212 (79.4) 8008 (83.7)

  Yes 1618 55 (20.6) 1563 (16.3)

High-salt diet 0.005

  No 5859 137 (51.3) 5722 (59.8)

  Yes 3979 130 (48.7) 3849 (40.2)

Pickled food <0.001

  Occasional 8070 196 (73.4) 7874 (82.3) Reference

  Regular 1768 71 (26.6) 1697 (17.7) 1.49 (1.10 to 2.01) 0.010

Fried food <0.001

  Occasional 9130 231 (86.5) 8899 (93.0) Reference

  Regular 708 36 (13.5) 672 (7.0) 1.71 (1.15 to 2.54) 0.008

Smoked food 0.064

  Occasional 9251 244 (91.4) 9007 (94.1)

  Regular 587 23 (8.6) 564 (5.9)

Barbecue food 0.663

  Occasional 9307 251 (94.0) 9056 (94.6)

Continued
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prediction rule can be employed as an initial prescreening tool 
to identify individuals at an increased risk of GC (ie, individuals 

categorised by the prediction rule as having medium or high 
risk) for gastroscopy, which is a confirmatory method. Such a 

Variable
Total cohort
(n=9838) no.

Gastric cancer
(n=267) no. (%)

non-gastric cancer
(n=9571) no. (%) P value*

Adjusted Or
(95% CI)† P value

  Regular 531 16 (6.0) 515 (5.4)

Overnight leftovers 0.202

  Occasional 7083 183 (68.5) 6900 (72.1)

  Regular 2755 84 (31.5) 2671 (27.9)

Red meat§ 0.806

  Occasional 4533 125 (46.8) 4408 (46.1)

  Regular 5305 142 (53.2) 5163 (53.9)

White meat§ 0.593

  Occasional 5517 154 (57.7) 5363 (56.0)

  Regular 4321 113 (42.3) 4208 (44.0)

Green vegetables 0.038

  Occasional 2144 72 (27.0) 2072 (21.6)

  Regular 7694 195 (73.0) 7499 (78.4)

Fresh fruits 0.009

  Occasional 4368 147 (55.1) 4491 (46.9)

  Regular 5200 120 (44.9) 5080 (53.1)

Data are presented as n (%) for categorical variables, mean (SD) for continuous variables. For variables about eating habits, two categories for frequency of consumption were 
provided, that is, occasional (<3 times/week) and regular (at least three times/week).
*P values refer to comparison between gastric cancer and non-gastric cancer groups in the univariate analysis.
†For variables not significant (p>0.05) in the logistic regression model, multivariable data are not shown.
‡Body mass index: weight (kg)/height (m)2.
§Red meat includes beef, pork and lamb. White meat includes fish, chicken and duck.
EIU, enzyme-immunoassay unit; G-17, gastrin-17; H. pylori, Helicobacter pylori; PG, pepsinogen.

Table 1 Continued 

Table 2 Predictors of gastric cancer in the logistic regression model and the associated prediction rule

Variable regression coefficient Adjusted Or (95% CI) P value Points assigned*

Age, years

  40–49 Reference 0

  50–59 1.020 2.77 (1.72 to 4.47) <0.001 4

  60–69 1.461 4.31 (2.69 to 6.89) <0.001 6

  >69 2.160 8.67 (5.32 to 14.13) <0.001 9

Sex

  Female Reference 0

  Male 0.922 2.52 (1.92 to 3.30) <0.001 4

Pickled food

  Occasional Reference 0

  Regular 0.396 1.49 (1.10 to 2.01) 0.010 2

Fried food

  Occasional Reference 0

  Regular 0.535 1.71 (1.15 to 2.54) 0.008 2

Anti-H. pylori IgG, EIU

  Negative (<34) Reference 0

  Positive (≥34) 0.233 1.26 (1.12 to 1.62) 0.046 1

PG I/II ratio

  ≥3.89 Reference 0

  <3.89 0.702 2.02 (1.41 to 2.90) <0.001 3

G-17, pmol/L

  ≤1.49 Reference 0

  1.50–5.70 0.693 2.00 (1.33 to 3.00) 0.001 3

  >5.70 1.044 2.84 (1.93 to 4.17) <0.001 4

*Points were assigned by dividing the regression coefficients by the absolute value of the smallest coefficient in the model and rounding up to the nearest integer. A regression 
coefficient of 0.233 corresponded approximately to one point.
EIU, enzyme-immunoassay unit; G-17, gastrin-17; H. pylori, Helicobacter pylori; PG, pepsinogen.
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two-stage screening programme could identify approximately 
70% of individuals with GC in the Chinese high-risk popula-
tion. More importantly, one-third of individuals detected by the 
prediction rule had early-stage GC, and these cases accounted 
for over 60% of all cases with early GC in both the derivation 
and validation cohorts, indicating that the prediction rule has 
the potential to prescreening GC in early stage while greatly 
reducing the costs associated with gastroscopy. However, the 
rule did not screen well for gastric diseases other than GC 
(online supplementary table 6).

A thorough understanding of the risk factors for GC is 
important for identifying individuals at high risk who may 
need screening. In the present study, multivariable analysis 
showed that age, sex, serum PG I/II ratio, serum G-17 concen-
tration, anti-H. pylori IgG status, consumption of pickled food 
and consumption of fried food were independent predictors 
for GC (table 1), and these were consistent with factors iden-
tified in previous studies.2 6 18–20 There is abundant evidence 
that the incidence of GC increases with age, especially after 
40 years old.6 18 20 Compared with women, men have a higher 
risk of GC.18–20 The reasons for such differences include envi-
ronmental or occupational exposures and physiological differ-
ences.19 21–23 Pickled food and fried food, which are rich in 
N-nitroso compounds, may increase the risk and incidence 
of GC.2 24 In addition, our data also indicate that the serum 
biomarkers (ie, PG I/PG II ratio and G-17) are valuable for 
the prescreening of non-junctional GC but not for junctional 
GC, as well as for intestinal-type GC but not diffuse-type GC 
(online supplementary tables 2–5).

H. pylori infection is considered to be the most prominent risk 
factor for GC.2 20 Since the discovery of H. pylori, numerous 
studies have associated it with GC and its precursors.2 5 18 20 25 
The present study showed that H. pylori infection was weakly 
correlated with GC (table 1). This finding can be explained by 
the high prevalence of H. pylori-related preneoplastic conditions, 
including intraepithelial neoplasia, and atrophic gastritis, among 
our study participants. In the present study, the participants 
were only divided into GC and non-GC groups, and all indi-
viduals with these precancerous conditions were assigned to the 
non-GC group. Thus, the high prevalence of H. pylori-related 

precancerous conditions may have decreased the association 
between H. pylori infection and GC in the present study.

Two isoforms of PG, PG I and PG II, are present in serum.26 PG 
I is secreted mainly by chief cells in the fundic glands, while PG 
II is secreted by cells of the entire stomach and duodenum.20 27 28 
The serum PG I level decreases with loss of fundic gland mucosa. 
The serum PG II level remains relatively constant, although 
secretion may vary slightly in different upper gastrointestinal 
diseases.20 27 28 Therefore, a low PG I level, a low PG I/II ratio or 
both is a good predictor for atrophic gastritis in the corpus.5 7 8 It 
has been demonstrated that a low PG I/II ratio is strongly associ-
ated with the presence of GC, whereas PG I per se is not a signif-
icant predictor independent of the PG I/II ratio.5 In this study, 
a low PG I/II ratio was a strong predictor for a higher GC risk 
despite a high prevalence of atrophic gastritis. Indeed, previous 
studies also shown that a low PG I/II ratio is associated with a 
higher risk of developing GC.5 7

The serum G-17 level depends on intragastric acidity and 
the number of G cells in the antrum.20 Atrophic gastritis in 
different topographic locations may result in decreased, normal 
or increased levels of G-17.18 The present study showed that 
individuals with GC had a higher serum level of G-17 than those 
without, which is consistent with previous studies concluding 
that an individual with a higher serum G-17 level has a higher 
risk of GC.8 29 It has been proposed that G-17 has a prolifera-
tive effect on gastric mucosa and may directly promote gastric 
carcinogenesis.30 31 Moreover, it has been reported that there 
is a link between body dominant gastritis and atrophy as a 
key risk condition, which in turn leads to an increased G17 
response from the antrum.32 It should be emphasised that G-17 
is generally considered instable and thus not commonly included 
in prediction models; however, it was included in the five 
biomarker-based method.5 In the present study, serum samples 
were required to be stored at room temperature (≤25°C) and 
immediately assayed within 3 hours. The results showed that 
the AUCs of the models with G-17 were higher than those of 
the responding models without G-17 in both the derivation and 
validation cohorts (online supplementary tables 7–9). There-
fore, we recommend including G-17 in the prediction models 
for accurate risk stratification in prescreening for GC prior to 

Table 3 Performance indices for the clinical prediction rule

Performance index
Derivation cohort
(n=9838)

Validation cohort
(n=5091)

Internal validation*

Mean (sD) 95% CI

R2 0.024 0.018 0.025 (0.002) 0.024 to 0.025

Brier scores 0.026 0.026 0.026 (0.001) 0.025 to 0.026

AUC 0.76 (0.73 to 0.79)† 0.73 (0.68 to 0.77)† 0.76 (0.01) 0.71 to 0.80

Discrimination slope 0.033 0.029 0.034 (0.004) 0.033 to 0.035

Calibration (p value) 0.605 0.311 0.224 (0.208) 0.100 to 0.995

Calibration in the large (p value) <0.001 <0.001 0.028 (0.005) 0.024 to 0.032

Sensitivity (%) 70.8 69.6 70.7 (2.7) 65.5 to 76.1

Specificity (%) 67.8 66.8 67.8 (0.5) 66.9 to 68.8

Accuracy rate (%) 67.9 66.9 67.8 (0.5) 67.0 to 68.8

Positive predictive value (%) 5.8 5.5 5.8 (0.4) 5.0 to 6.7

Negative predictive value (%) 98.8 98.7 98.8 (0.1) 98.6 to 99.1

Positive likelihood ratio 2.20 2.10 2.19 (0.09) 2.02 to 2.37

Negative likelihood ratio 0.43 0.46 0.43 (0.04) 0.35 to 0.51

*1000bootstrap samples were generated by using resampling with replacement, and averages of these samples were presented to demonstrate the validity of the prediction 
rule.
†AUC (95% CI).
AUC, area under the receiver operating characteristic curve.
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gastroscopy if the serum samples are properly prepared, stored 
and tested within 3 hours.

A positive family history of GC among first-degree rela-
tives is known to be a risk factor for GC.33 34 According to the 

Table 4 Risk of gastric cancer by risk score and risk category

risk score Total number
Gastric cancer*
no. (%) risk category†

Total number‡
no. (%)

Gastric cancer*
no. (%)

number needed to 
screen§

Derivation cohort 9838 (100.0) 267 (2.7) 37

  0 206 0 (0.0) Low (0–11) 6564 (66.7) 78 (1.2) 84

  1 107 0 (0.0)

  2 51 0 (0.0)

  3 248 0 (0.0)

  4 857 7 (0.8)

  5 491 5 (1.0)

  6 345 1 (0.3)

  7 639 4 (0.6)

  8 1099 12 (1.1)

  9 917 13 (1.4)

  10 832 20 (2.4)

  11 772 16 (2.1)

  12 687 24 (3.5) Medium (12–16) 2715 (27.6) 120 (4.4) 23

  13 775 26 (3.4)

  14 622 31 (5.0)

  15 367 19 (5.2)

  16 264 20 (7.6)

  17 283 28 (9.9) High (>16) 559 (5.7) 69 (12.3) 8

  18 141 18 (12.8)

  19 52 6 (11.5)

  20 49 12 (24.5)

  21 25 4 (16.0)

  22 8 1 (12.5)

  24 1 0 (0.0)

Validation cohort 5091 (100.0) 138 (2.7) 37

  0 123 1 (0.8) Low (0–11) 3352 (65.8) 42 (1.3) 80

  1 46 0 (0.0)

  2 19 0 (0.0)

  3 133 1 (0.8)

  4 424 3 (0.7)

  5 256 2 (0.8)

  6 184 2 (1.1)

  7 302 3 (1.0)

  8 532 12 (2.3)

  9 512 7 (1.4)

  10 429 4 (0.9)

  11 392 7 (1.8)

  12 376 15 (4.0) Medium (12–16) 1460 (28.7) 65 (4.5) 22

  13 443 11 (2.5)

  14 317 17 (5.4)

  15 179 10 (5.6)

  16 145 12 (8.3)

  17 130 16 (12.3) High (>16) 279 (5.5) 31 (11.1) 9

  18 76 5 (6.6)

  19 32 2 (6.3)

  20 22 3 (13.6)

  21 12 4 (33.3)

  22 4 1 (25.0)

  24 3 0 (0.0)

*The prevalence rate of gastric cancer.
†In both derivation and validation cohorts, there is a significant difference in prevalence of gastric cancer across the three risk categories (p<0.001).
‡Proportion relative to all participants of the derivation or validation cohort.
§Defined as the number of participants who should undergo gastroscopy screening to identify one patient with gastric cancer.
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progression model for the intestinal type of GC proposed by 
Correa35 and previous studies, a positive family history of GC is 
also a risk factor for precancerous gastric conditions, including 
gastric atrophy.36 This may explain why a positive family history 
was not sufficient to distinguish the GC group from the non-GC 
group in the present study. The same also applies to smoking. 
Several meta-analyses have suggested that smoking is a risk factor 
for GC,37–40 as well as for precancerous gastric conditions.41 42

In the present study, almost all known key risk factors for GC 
were included in the analysis, and the new prediction rule devel-
oped from the analysis produced good performance metrics 
(table 3), which were both internally and externally validated. 
Therefore, the prediction rule is believed to be robust and valid, 
and thus, have generalisable prescreening performance in the 
Chinese ‘high-risk’ population.

In addition, the prediction rule developed in the present 
study showed the best discrimination among the four prediction 
methods as assessed in the validation cohort (table 5). There are 
several explanations for the poor discriminative ability of the 
other three methods. First, none of the alternative methods5 6 9 
include age and sex, which are strong predictors for GC. Second, 
H. pylori infection is a risk factor for GC precancerous gastric 
conditions. Therefore, the ABC methods combining H. pylori 
infection and PG obviously did not show good discrimination in 
our study population. Third, the PG cut-off values in the ABC 
methods were used for determining atrophic gastritis rather than 
GC, and thus did not show good performance for GC. Finally, 
because the PG I/II ratio is not independent of PG I and PG II, it 
is not appropriate to use a logistic regression method including 
all three variables to develop the five biomarker-based method.5

It is noticed that the prediction rule performed well for 
non-junctional GC and intestinal-type GC, but not for junctional 
GC and diffuse-type GC. In a recent study, Bornschein et al cate-
gorised adenocarcinomas at the gastro-oesophageal junction 
into GOJ1 (1–5 cm proximal to the junction, also distal oesoph-
ageal), GOJ2 (‘true’ junctional), and GOJ3 (2–5 cm distal to the 
junction, also proximal gastric) and examined the association of 
with preneoplastic conditions and inflammation of the gastric 
mucosa.43 44 They found that whereas GOJ1 cancers, which are 
of esophageal nature, were almost exclusively (98.4%) of the 
intestinal type, GOJ2 and GOJ3, which are of gastric nature, 
were the intestinal type in 77.4% and 77.6% of the cases. In 
the present study, intestinal-type GC was present in 88.9% 
(40/45) of junctional cancer and 61.1% (220/360) of non-junc-
tional GC (online supplementary table 10). It has been gener-
ally accepted that, although junctional GC and non-junctional 

GC share several demographic and environmental risk factors, 
obesity and GORD are exclusive risk factors for junctional GC, 
whereas H. pylori infection and high intake of salty and smoked 
foods are exclusive risk factors for non-junctional GC,18 which 
explains why the prediction rule performs better for non-junc-
tional GC than for junctional GC. In addition, it is well estab-
lished that the development of intestinal-type GC, specifically 
in non-junctional locations, follows Correa’s cascade,35 and 
H. pylori infection plays a critical role in initiating acute and 
chronic gastric inflammation, which may progress into gastric 
atrophy associated with changes in the expression of PG and 
G17. Therefore, it is conceivable that a predictive rule based on 
these factors would achieve better performance for prescreening 
intestinal-type GC than for diffuse-type GC.

Notably, although the prediction rule developed in the present 
study has good discrimination with an AUC of 0.76, high sensi-
tivity (70.8%), good calibration (0.629) and obvious low cost 
(compared with gastroscopy for all of the high-risk population), 
the PPV was only 5.8% in the derivation cohort and 5.5% in 
the validation cohort. It should be kept in mind though that this 
study aimed to develop a prescreening tool not a diagnostic tool. 
In fact, screening methods for cancers developed in previous 
studies generally have low PPVs, for example, mammography 
(3.2%–4.5%)%) for breast cancer,45 46 the faecal occult blood 
test (5.2%–10.7%)%)47 48 and faecal immunochemical test 
(7.3%–12%)%)49 50 for colorectal cancer and prostate-specific 
antigen (2.9%–3.6%)%) for prostate cancer.51 In the contrast, 
the current model owns a high NPV as 98.8%, which means it 
can reduce unnecessary endoscopy screening.

It must be mentioned that approximately 30% of GC cases 
in the population would be missed if the prediction model were 
applied for prescreening of GC despite the high NPV. There-
fore, whereas the prediction rule is recommended as an initial 
prescreening tool for GC in a large population, healthcare 
providers should keep the above-mentioned point in mind and 
seriously consider all risk factors when they refer individuals for 
endoscopy, in order to avoid missing GC cases, especially those 
with junctional or diffuse-type GC.

There are several potential limitations in the present study. 
First, for practical purposes, the protocol for taking biopsy spec-
imens in the present study was different from that proposed in 
the updated Sydney system. Thus, the operative link on gastritis 
assessment and operative link on gastritis assessment on intes-
tinal metaplasia systems, which have been increasingly used to 
assess the gastric preneoplastic conditions and GC in the last 
decade,52–54 were not included in the present study. Second, 

Table 5 Comparison between the prediction rule and alternative prediction methods in the validation cohort

Prediction method Predictors score range or risk groups AuC (95% CI) P value

This study Age, sex, H. pylori infection, PG I/
II ratio, G-17, pickled food, and 
fried food.

0 to 25 0.757 (0.729 to 0.786) Reference

ABC method by Miki9* H. pylori infection, PG I and PG I/
II ratio.

Groups A, B, C and D 0.527 (0.476 to 0.579) <0.001

ELISA-based ABC method in 
China5 6†

H. pylori infection, PG I and PG I/
II ratio.

Groups A, B, C and D 0.575 (0.522 to 0.629) <0.001

Five markers-based method by 
Tu et al5

H. pylori infection, PG I, PG II, PG 
I/II ratio and G-17.

0 to 21 0.589 (0.548 to 0.630) <0.001

*Subjects were classified into 1 of 4 risk groups based on the results of the two serologic tests, anti-H. pylori IgG antibody titres and the PG I and II levels: group A [H. pylori(−) 
and PG(−)], group B [H. pylori(+) and PG(−)], group C [H. pylori(+) and PG(+)] and group D [H. pylori (−) and PG(+)]. For the PG method, the cut-off points for identifying the risk 
of gastric cancer should be ≤70 ng/mL for PG I and ≤3.0 for the PGI/II ratio.
†The risk stratification method was the same as the ABC method by Miki except the definition of abnormal PG, that is, ≤70 ng/mL for PG I and ≤7.0 for the PGI/II ratio.
AUC, area under the receiver operating characteristic curve; ELISA, enzyme-linked immunosorbent assay; G-17, gastrin-17; H. pylori, Helicobacter pylori; PG, pepsinogen.
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early GC was only diagnosed from the biopsy specimens, which 
may be a little confused with intraepithelial neoplasia and thus 
decreased the diagnosis accuracy. Third, we did not collect data 
on central adiposity, which is reported to be associated with GC 
risk. Thus, inclusion of central adiposity, instead of body mass 
index, would be more appropriate in the analysis. We will keep 
this important point in mind and incorporate it into our future 
study. Fourth, there were some GC cases complicated with other 
gastric diseases, which maybe of impacts on the levels of serum 
biomarkers, and thus affect the application of the prediction 
rule. However, our data showed that GC cases with other gastric 
diseases were more likely to be identified with the prediction 
rule and subjected to endoscopy compared with GC alone, in 
despite of no statistical difference (online supplementary table 
11). Finally, a data management platform was used to collect all 
data, and only the participants for whom all data were success-
fully entered into the platform were included in the analysis; 
thus, those with any missing data were automatically excluded 
from the analysis, which may have resulted in some bias.

In conclusion, the prediction rule developed and validated in 
the present study has good performance in identifying individ-
uals at higher risk of GC prior to gastroscopy among the Chinese 
population. Thus, it can be used as an accurate and cost-effective 
initial mass-prescreening tool to improve the detection of GC, 
including early GC, thus improving the secondary prevention of 
GC. A future large population-based screening project should be 
launched to test its feasibility.
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