
Supplementary Methods 

 

Data Sources 

The numbers of cases, numbers of deaths, and the corresponding rates were estimated 

for early-onset gastric cancer (EOGC), intermediate-onset gastric cancer (IOGC), and 

later-onset gastric cancer (LOGC) in relation to sex, region, and country based on from 

the Global Burden of Disease (GBD) Study 2019. Geographically, the world was 

divided into five sociodemographic index (SDI) and 21 GBD regions.  Cancer 

incidence and death data were obtained from either a single cancer registry or from 

an aggregate database of cancer registries. However, not every country has a tumor 

registry system covering the entire population, and tumor registration may only cover 

a few areas in developing countries and may be absent in some underdeveloped areas.  

 

Estimations of Incidence, Death, and Corresponding Rates 

The numbers of cases and deaths due to EOGC, IOGC, and LOGC and their 

corresponding rates were estimated from GBD 2019. Incidence and death rates were 

reported per 100 000 person-years with 95% uncertainty intervals. Details of the 

statistical methods have been described previously [1,2]. 

 

Estimated Annual Percentage Change (EAPC) 

The EAPC was calculated to quantify the time trends in incidence and death rates from 

1990 to 2019 using the formula: ln(y) = α + βx + ε, where y was the incidence rate or 

death rate and x was the calendar year [3,4]. EAPC with 95% confidence intervals (95% 

CI) was calculated as 100 × (exp (β) – 1) for the time trends in incidence and death rates 

[5,6]. The incidence or death rate was defined as showing an increasing trend if both 

the EAPC and 95%CI were > 0, a decreasing trend if both were < 0, and stable if the 

95%CI of EAPC included 0 [5]. The EAPC was analyzed using the Joinpoint Regression 

Program (version 4.8.0.1; Statistical Research and Applications Branch, National 

Cancer Institute) and R version 4.1.2 (R Foundation for Statistical Computing, Vienna, 



Austria). 

 

SDI 

SDI is a comprehensive measure of educational level, income per capita, and fertility 

rate, and the SDI values range from 0 to 1 [7]. The expected relationship between SDI 

and incidence rate or death rate was analyzed by fitting a Gaussian process regression 

from 1990 to 2019.  We further analyzed the associations between EAPC and SDI in 

2019 by Pearson’s correlation analyses. All countries were grouped into high-, high-

middle-, middle-, low-middle-, and low-SDI regions based on the SDI values in 2019 

[8]. 

 

Predictions for EOGC, IOGC, and LOGC up to 2035 

Increasing evidence has shown that the Bayesian age-period-cohort (BAPC) model has 

higher accuracy for predicting cancer burden, especially in non-longer projection 

years, than generalized additive, smooth spline, Nordpred, Joinpoint, and Poisson 

regression models, and details of the BAPC model have been described elsewhere [9-

11]. Therefore, the BAPC model within the integrated nested Laplacian approximation 

(R packages BAPC and INLA) was applied to predict the burden of EOGC, IOGC and 

LOGC from 2020 to 2035. The predicted-period incidence rates per 100,000 for the 

three age groups were calculated by the predicted incidence cases and populations of 

estimation. 
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