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Trends of gastric cancer burdens attributable to risk factors in
China from 2000 to 2050
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Summary

Background The incidence of gastric cancer (GC) decreased in past decades, which was thought largely attributable to
risk factors control, yet China still accounts for 44% of global GC burdens. We aimed to estimate changing trajec-
tories of proportions of GC burdens attributable to modifiable risk factors from 2000 to 2050 in China, to inform
future targeted preventive strategies.

Methods The incidence and new cases of GC were predicted to 2050 using Bayesian age-period-cohort model based
on incidence data by anatomical subsites drawn from 682 cancer registries from National Central Cancer Registry.
Population attributable fractions (PAFs) were calculated based on prevalence of risk factors and relative risks with
GC. Temporal trends of PAFs were described by sex and categories of risk factors using joinpoint analysis.

Findings We observed declining trends of PAFs of Helicobacter pylori (H. pylori) infection, smoking, pickled vegetable
and alcohol consumption, but increasing trends of PAFs of unhealthy body mass index and diabetes for GC in China.
The combined PAFs of these risk factors were estimated to decrease by 10.57% from 2000 to 2050 for GC. We
estimated there will be 279,707 GC (122,796 cardia gastric cancer [CGC] and 156,911 non-cardia gastric cancer
[NCGC]) cases in 2050. Out of these cases, 70.18% of GC cases could be attributable to modifiable risk factors,
while H. pylori infection was predicted to be responsible for 40.7% of CGC and 62.1% of NCGC cases in 2050.

Interpretation More than half of GC remained attributable to modifiable risk factors in China. Continued effective
strategies on risk factors control are needed to reduce the burden of this highly life-threatening cancer in future.
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Introduction

Gastric cancer (GC) is anatomically subdivided into
cardia gastric cancer (CGC) and non-cardia gastric can-
cer (NCGC)." CGC cancers arise in the proximal stom-
ach, near the esophageal-gastric junction, whereas
NCGC cancers arise in more distal regions of the
stomach. It ranks as the 5th most common cancer site

worldwide, among which China accounts for 70% and
50% of new CGC and NCGC cases worldwide.” In past
decades, there was a global declining trend of the inci-
dence for GC,’ which was thought largely attributable to
effective control of important modifiable risk factors
including eradication of Helicobacter pylori (H. pylori)
infection, nutrition improvement, effective control of
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Research in context

Evidence before this study

We searched PubMed, Google Scholar, Web of Science, and
China National Knowledge Infrastructure, without language
restrictions, for articles from database inception to June 1,
2022, using the terms “population attributable fraction”,
“gastric cancer”, “cardia gastric cancer”, “non-cardia gastric
cancer”, “modifiable risk factor”, and “changing trend”. We
found only one study that estimated the effect of changing
trends in exposure to lifestyle risk factors on the burden of
gastrointestinal cancer in China, with a lack of burden trends
attributable to several important risk factors for gastric cancer
(GC), such as Helicobacter pylori (H. pylori) infection. No study
to date has investigated the changing trajectories of the
proportions of cancer burden attributable to important risk
factors for gastric cancer (GC) in the Chinese population.

Added value of this study

To our knowledge, this study is the first to evaluate the
population attributable fractions (PAFs) trajectories of
important modifiable risk factors for GC overall and by
anatomical subsite in China. The combined PAF of selected
modifiable risk factors has decreased by 6.19% for GC from
2000 to 2020, and is expected to decrease by 4.38% from

body mass index (BMI), restriction on smoking and
alcohol consumption et al.* With the global population
aging and champions on risk factors control, it’s critical
to investigate the extent to which GC burden changes
attributable to the distribution shifts of modifiable risk
factors and guide future GC prevention and control.
The population attributable fraction (PAF) is the
proportion of new cancer cases in the population due to
risk factor exposure, and depends on the prevalence of
the factor in the population and the strength of its as-
sociation with related cancer. PAF is often used to
describe the cancer burden that could be avoided by
eliminating or reducing exposure to the risk factor.
Periodically evaluation of PAFs of risk factors in a
certain population could provide important evidence for
the assessment of public health strategies on risk factor
control for past period. For example, it was estimated
that the PAF of smoking for GC remained stable at
around 13% and 3% for males and females respectively
from 2012 to 2020 in the US,’ the PAF of infectious
agents increased from 3.3% in 2000 to 4.0% in 2015 in
France,*” but decreased by 4.8% from 2002 to 2018
globally.** However, few studies have investigated the
changing trajectories of the PAFs of GC burdens
attributable to modifiable risk factors in the Chinese
populations, which suffered severe GC burdens and
accounted for 44% of the global GC cases.' Moreover,
CGC and NCGC have both distinct but also shared
etiological pathways. Smoking and heavy alcohol con-
sumption have been associated with CGC and NCGC,

2020 to 2050 under the existing health policy. Though
declining trends of PAFs of H. pylori infection, smoking,
pickled vegetable, and alcohol consumption were observed,
these factors remained major contributors for GC burdens.
H. pylori infection is predicted to continue to contribute to
40.7% of cardia gastric cancer (CGC) and 62.1% of non-cardia
gastric cancer (NCGC) cases in 2050. Having an unhealthy
body mass index (BMI) and suffering from diabetes are
expected to contribute to an increasing burden of GC in the
coming decades. We predicted there would be 279,707 GC
(122,796 CGC and 156,912 NCGC) cases in 2050 taking
account into declining trends of age-standardized incidence
and population aging, among which 70.18% of GC cases were
attributable to modifiable risk factors.

Implications of all the available evidence

Our study provides evidence that great achievement has been
made on GC prevention in China for past decades, yet half of
GC remained attributable to modifiable risk factors.
Continued effective strategies on risk factors control are
needed to reduce the burden of this highly life-threatening
cancer in future.

increasing body weight and gastroesophageal reflux
disease (GERD) have been associated with CGC in high-
income countries, whereas H. pylori infection was
thought to be the most important risk factor for NCGC.
Given these differences, but also similarities in epide-
miological characteristics, there is increasing interest in
studying the PAF of GC by subsites.?

Therefore, this study aimed to evaluate the PAF
changing trajectories of important modifiable risk fac-
tors for GC in China from 2000 to 2050, and to provide
reference data for future targeted strategies on GC
prevention and control.

Methods

Estimation on gastric cancer burden in China

All GC data were obtained from the Chinese National
Central Cancer Registry (NCCR), which collected data
from population-based cancer registries in all provinces
across China and published Chinese national cancer
statistics. This study used the national registry data in
2016, which were obtained from 682 cancer registries in
31 provinces (autonomous regions and municipalities)
and the Xinjiang Production and Construction Corps
(excluding Hong Kong, Macao Special Administrative
Region and Taiwan Province), covering more than 470
million (34.48% of Chinese population) population in
both urban and rural areas. The detailed quality control
was summarized in the Supplementary Methods. Crude
incidence rates for CGC and NCGC were calculated by
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sex (male/female), area (urban/rural) and 5-year age
groups (from 0-4 to 85+). The incidence rates were
multiplied by the corresponding population for each
stratum and then summed to estimate the number of
new cases. Age-standardized rates were calculated using
the Segi world standard population. We also estimated
the incidence rates for CGC and NCGC from 2000 to
2015, using data from the 682 cancer registries in 2016
and calibrated by high-quality data from 22 cancer reg-
istries with continuous surveillance data for years
2000-2015 (Supplementary Methods)."

The Bayesian age-period-cohort (BAPC) model was
used to predict the incidence rates of CGC and NCGC,
which combined prior knowledge with observational
data and was less dependent on parametric assumptions
(Supplementary Methods for details). Previous studies
have indicated that the effects of age and birth cohort are
approximately linearly related to GC incidence in both
males and females in China, while period effect shows a
constant trend over time.'"'" Therefore, the random
walk 2 (RW2) prior was used for age and cohort effects
and the random walk 1 (RW1) prior was used for period
effect in our study. Then the incidence rates were
combined with the population size, age and sex struc-
ture of the Chinese population obtained from World
Population Prospects 2022 to predict the burden of CGC
and NCGC.” We further divided the contribution to
changes in predicted cases of CGC and NCGC into risk
changes and population changes, including age struc-
ture and population size, following the methods
described by Moller et al., which calculates changes in
the number of cases by combining observed and ex-
pected periods of incidence, and population size with
each other.”

Risk factors and the RRs of gastric cancer
Our study included six risk factors with robust evidence
on an association with GC, including H. pylori infection,
smoking, alcohol consumption, pickled vegetable, un-
healthy BMI, and diabetes.” The detailed definitions
were summarized in the Supplementary Methods. We
assume there was an average latency of 10 years be-
tween changes in risk factor exposure and cancer
occurrence at the population level. Prevalence data of
these risk factors were collected since 1990 at a five-year
interval to estimate the attributable burden of CGC and
NCGC from year 2000 onwards." Prevalence data of risk
factors were obtained from Chinese nationally repre-
sentative surveys (Supplementary Methods for details).
We obtained relative risks (RRs) and 95% confidence
intervals (Cls) for the above-mentioned risk factors from
large-scale meta-analyses, or representative large-scale
cohort studies in Chinese population. Alternatively, we
used data from Asian populations or other populations if
the Chinese data were not available (see Supplementary
Table S1). For non-sex-specific risk factors (including
H. pylori infection, alcohol consumption, pickled
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vegetable, diabetes and unhealthy BMI, the selection
criteria  were summarized in the Supplementary
Methods), we used the overall RR for both males and
females.

In addition, we conducted a comprehensive system-
atic review on the prevalence of H. pylori infection in
China from 1990 to 2015 to estimate the attributable
burden of H. pylori infection for GC. The search strat-
egy, quality assessment and sensitivity analysis were
described in detail in Supplementary Figure S1 and
Supplementary Methods.

Attributable burden of risk factors on gastric cancer
We calculated the PAFs and 95% Cls for the modifiable
risk factors applicable to the Chinese population using
the Levin’s formula, by combining the prevalence and
RRs for modifiable risk factors related with GC
(Supplementary Methods).!*** Temporal trends in PAFs
for modifiable risk factors from 2000 to 2025 were
estimated by joinpoint regression (version 4.9.0.1,
https://surveillance.cancer.gov/joinpoint/). Based on
the APC and the linear trend of last decade, we extrap-
olated the change trend of the PAF to 2050. The model
attenuated the slope by 25% and 50% in the second and
third projection periods, respectively, and by 75% in the
fourth and fifth projection periods, as recommended by
the empirical validation of previous studies."

All statistical analyses were completed using R soft-
ware (version 4.0.3).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
waiting of the report.

Results

Time trends of incidence and new cases of GC from
2000 to 2050

The estimated trends of incidence rates and new cases
of GC overall and anatomical subsites from 2000 to
2050 are presented in Fig. 1 and Supplementary
Figure S2. Overall, the incidence rate of GC showed a
decreasing trend, and the rates were higher in NCGC
than that of CGC and in males than that in females.
According to the observed data from 2000 to 2016, we
predicted that the incidence rates of GC (17.82 vs. 6.73
per 100,000) would continue to decrease from 2016 to
2050 in both CGC (7.24 vs. 2.93 per 100,000) and
NCGC (10.59 vs. 3.80 per 100,000) (Table 1). However,
we did not observe paralleled declining trends of the
annual incident case numbers with those of the inci-
dence rates GC from 2000 to 2016, with the contrary
combined effects of risk factors control and de-
mographic shift of population aging. Supplementary
Figure S3 shows the tradeoff effects of risk factor
control on the reductive proportions of the case
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Fig. 1: Trends of the age-standardized incidence rates (a) and number of new cases (b) of GC in males and females in China, 2000-2050.
Notes: The changing trends of the adjusted incidence rates from 2000 to 2016 were statistically significant for GC overall (AAPC = -2.6%,
P < 0.001) and for males (AAPC = -2.7%, P < 0.001) and females (AAPC = -2.4%, P < 0.001) in GC. Projected incidence rates for 2017-2050
based on adjusted incidence rate of GC from 2000 to 2016. Rates were age-adjusted to the world standard population. Abbreviations: GC,

gastric cancer.

numbers and demographic changes of population ag-
ing on the increased proportions of the case numbers of
GC overall and anatomical subsites from 2020 to 2050.
It is predicted that there will be a decrease in the
number of new cases for GC from 367,896 in 2016 to
279,707 in 2050 (including both CGC and NCGC from
150,280 and 217,615 to 122,795 and 156,911, respec-
tively). This is a comprehensive result of the continued
effective impact of risk factor control in current health
policies, as well as the negative impact of population
aging on the cancer burden (Table 1). We present the
age-specific trends of the incidence rates and 95% Cls
of CGC and NCGC from 2000 to 2050 in
Supplementary Figure S4, stratified by sex and S-year
age group. The age-specific incidence of GC in both

males and females is expected to continue declining in
individuals over the age of 55.

Time trends of the prevalence of risk factors and

the associations between main risk factors and GC
The meta-analysis of H. pylori infection prevalence
included 116 studies and found a significant decrease in
the prevalence of H. pylori infection from 1990 to 2015
(Supplementary Figure S5). After excluding studies with
the low Loney scores (<5 points, n = 7), the prevalence of
H. pylori infection remained on the similar decreasing
trend (Supplementary Figure S6). Additionally, preva-
lence of other important modifiable risk factors and
relative risks with GC are summarized in
Supplementary Table S1. The prevalence of smoking

www.thelancet.com Vol 44 March, 2024
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Age-standardized

incidence rate

Number of new cases

Change between 2016 and 2050 (%)

(1/10°)
2016 2050 2016 2050 Total change o Change due Change due
f new cases to risk factors to demographics
GC
Male 25.79 9.41 252,475 183,366 -27.37 -136.19 108.82
Female 10.57 4.01 115,421 96,340 -16.53 -126.33 109.80
Both 17.82 6.73 367,896 279,707 -23.97 -133.10 109.13
CGC
Male 11.29 4.20 110,595 83,085 -24.87 -143.85 118.97
Female 3.56 1.65 39,686 39,710 0.06 -129.68 129.74
Both 7.24 2.93 150,281 122,796 -18.29 -140.10 121.82
NCGC
Male 14.50 5.21 141,880 100,281 -29.32 -130.23 100.91
Female 7.01 2.36 75735 56,630 -25.22 -124.57 99.35
Both 10.59 3.80 217,615 156,911 -27.89 -128.26 100.37

Abbreviations: GC, gastric cancer; CGC, cardia gastric cancer; NCGC, non-cardia gastric cancer.

risk factors and demographics changes.

Table 1: Changes of incidence rates and number of new cases of GC overall and anatomical subsites between 2016 and 2050, considering effects from

and alcohol consumption was higher in males than that
in females and declined significantly from 1990 to 2015
in both sexes. As well, the proportion of pickled vege-
table consumption decreased by approximately 10% in
both sexes in 2015 compared to 1990. For both sexes, we
observed a reduction on the prevalence of underweight,
but a significant increase on overweight, obese, and
diabetes from 1990 to 2015.

Disease burden and time trends of GC attributable
to main risk factors from 2000 to 2050

Tables 2 and 3 present the PAFs for the selected
modifiable risk factors and the attributable cases for
GC from 2000 to 2050 at a 5-year interval. We
observed decreasing trends of the PAFs of H. pylori
infection, smoking, pickled vegetable and alcohol
consumption, while increasing trends of the PAFs of
unhealthy BMI and diabetes (Fig. 2). The combined
PAFs of above-mentioned risk factors for GC were
expected to decline by 10.57% from 2000 to 2050. The
greatest reduction on GC case numbers from 2000 to
2050 was attributable to H. pylori infection, followed
by tobacco control, restriction of pickled vegetable and
alcohol consumption. In contrast, having an un-
healthy BMI and suffering from diabetes were esti-
mated to contribute to an increased cases number of
GC.

By anatomical subsite, sex and region, the PAFs and
attributable cases of H. pylori infection were higher in
NCGC than in CGC from 2000 to 2050, and the trends
of the attributable burden of other risk factors were
similar for NCGC and CGC (Table 4, Supplementary
Tables S4 and S5). The trends of PAFs of each risk
factor were similar for males and females in GC, with
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higher PAFs of smoking and alcohol consumption in
males. And the number of attributed cases for each risk
factor was higher in males than in females
(Supplementary Figure S7). The overall PAFs of modi-
fiable risk factors of CGC/NCGC were both higher in
rural areas than in urban areas, with higher PAFs for
H. pylori infection, smoking, pickled vegetable and un-
healthy BMI in rural areas, but higher PAFs for diabetes
in urban areas (Supplementary Tables S6 and S7). In
sensitivity analyses, we excluded several controversial
risk factors of GC, including diabetes and low BMI, and
found quite comparable estimates for a combined PAF
of 73.36% for GC (Supplementary Tables S8 and S9).
Table 5 tabulates the estimated burden of GC overall
and by anatomical subsites in different scenarios of risk
factor exposure. According to the NCCR data, we esti-
mated there were 349,988 GC cases (147,670 CGC and
202,318 NCGC cases) in 2020, among which 260,953
(99,403 CGC and 161,550 NCGC) were attributable to
the above-mentioned modifiable risk factors. However,
if China has not implemented the existing health policy
on risk factor control in past 20 years, which means the
combined PAFs in 2020 would be similar as that in
2000, there would be 19,781 more cases for GC (9749
more CGC and 10,032 more NCGC cases). Otherwise, if
these modifiable risk factors have been controlled at the
theoretical ~minimum-risk  exposure  distribution
(TMRED), the number of GC would have been reduced
to 89,035 (including 48,268 CGC and 40,767 NCGC
cases). Similarly, we predict that there would be
10,835 GC (4782 CGC and 6053 NCGC cases) could be
avoided in 2050 if continued to implement the existing
health policy on risk factors control, and the number of
GC would further decrease to 83,410 (45,674 and 37,737
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Risk factor

PAF (95% CIs)

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Male
H. pylori® 67.09 66.06 65.24 62.59 59.56 57.99 56.24 55.00 54.02 53.38 52.42
(48.58, 85.60)  (47.31, 84.80)  (46.30, 84.18)  (43.09, 82.08) (39.53, 79.60) (3778, 78.20) (36.70, 75.79)  (35.95, 74.06) (3537, 72.66)  (34.99, 71.77)  (34.32, 70.51)
Smoking” 31.90 29.67 27.87 27.49 27.54 27.78 27.10 26.59 26.18 25.92 25.57
(2355, 40.25)  (21.65,37.69)  (20.14,35.59)  (19.83,3516)  (19.87,3521)  (20.07, 3550)  (19.57,34.62)  (19.21,33.98)  (18.91, 33.45) (1872,33.12) (1847, 32.67)
Pickled vegetable®  10.41 10.21 8.48 8.07 8.07 6.97 6.43 6.05 5.76 5.58 5.35
(6.89, 13.92) (6.76, 13.67) (5.55, 11.40) (5.28, 10.87) (5.28, 10.87) (4.52, 9.41) (4.17, 8.68) (3.93, 8.18) (3.74, 7.78) (3.62, 7.54) (3.47, 7.23)
Alcohol 9.48 835 4.53 4.75 5.31 4.61 4.00 3.60 331 3.14 2.92
(3.71, 15.26) (3.20, 13.50) (1.62, 7.43) (1.71, 7.80) (1.93, 8.70) (1.65, 7.57) (1.43, 6.57) (1.29, 5.92) (118, 5.43) (112, 5.14) (1.04, 4.79)
Unhealthy BMI® 6.42 6.82 6.99 7.78 878 9.00 9.70 10.26 10.76 11.10 11.59
(0.51, 12.32) (111, 12.53) (1.14, 12.83) (1.28, 14.28) (1.61, 15.95) (1.08,16.93) (116, 18.24) (1.23, 19.29) (1.29, 20.23) (133, 20.87) (139, 21.79)
Diabetes" 0.42 0.98 1.97 2.25 217 2.54 3.53 4.55 5.68 6.62 8.25
(0.15, 0.69) (0.34, 1.62) (0.70, 3.25) (0.80, 3.69) (0.78, 3.57) (0.91, 4.16) (1.26, 5.78) (1.63, 7.47) (2.04, 9.31) (2.38,10.86)  (2.96, 13.53)
All above 83.07 81.88 80.03 78.59 77.24 76.13 75.03 74.38 73.97 7378 73.60
(64.99, 94.53)  (63.28, 93.91)  (60.88, 92.95)  (58.40, 92.12)  (56.06, 91.28)  (54.22, 90.63)  (53.07, 89.60)  (52.32, 88.95)  (51.80, 88.53)  (51.50, 88.32)  (51.05, 88.14)
Female
H. pylori 68.89 67.97 67.10 64.45 61.44 59.71 57.80 56.38 55.17 54.32 53.29
(51.48, 86.31)  (50.36, 85.59)  (49.22, 84.97)  (45.95, 82.96) (4231, 80.57)  (40.27,79.15)  (38.91, 76.69)  (37.87,74.89)  (36.96,7338) (36.28,72.37)  (35.51, 71.08)
Smoking 1.09 0.87 0.70 0.57 0.50 0.44 0.36 032 0.29 0.27 0.24
(0.33, 1.85) (0.26, 1.48) (0.21, 1.19) (0.17, 0.97) (0.15, 0.86) (0.13, 0.75) (0.11, 0.62) (0.09, 0.55) (0.08, 0.49) (0.08, 0.46) (0.07, 0.42)
Pickled vegetable 10.91 10.68 872 8.28 8.28 7.05 6.47 6.07 5.76 5.57 5.33
(7.24, 14.57) (7.08, 14.27) (5.72, 11.72) (5.42, 11.14) (5.42, 11.14) (4.58, 9.52) (4.20, 8.74) (3.94, 8.20) (3.74, 7.78) (3.62, 7.52) (3.46, 7.19)
Alcohol 0.95 0.74 033 037 037 031 0.25 0.21 0.19 017 0.15
(0.32, 1.59) (0.25, 1.23) (0.10, 0.56) (0.12, 0.62) (0.12, 0.62) (0.10, 0.52) (0.08, 0.42) (0.07, 0.36) (0.06, 0.31) (0.06, 0.29) (0.05, 0.26)
Unhealthy 732 7.55 8.28 8.70 9.55 9.92 10.59 11.12 11.58 11.90 12.35
BMI (0.91, 13.73) (138, 13.72) (1.70, 14.86) (1.89, 15.50) (2.24, 16.87) (2.13, 17.71) (2.28, 18.90) (2.39, 19.84) (2.49, 20.67) (2.56, 21.24) (2.66, 22.04)
Diabetes 0.45 1.09 1.64 2.05 1.90 219 2.89 3.59 431 4.89 5.86
(0.16, 0.75) (0.38, 1.80) (0.58, 2.71) (0.73,3.37) (0.67, 3.13) (0.78, 3.60) (1.03, 4.75) (1.28, 5.89) (1.53, 7.08) (1.74, 8.04) (2.09, 9.63)
All above 74.95 74.27 73.19 7112 68.90 67.25 65.94 65.07 64.42 64.01 63.66
(55.77, 90.32)  (54.91, 89.82)  (53.36, 89.20)  (50.36, 87.84)  (47.16, 86.31)  (44.79, 85.22)  (43.50, 83.74)  (42.58, 82.77)  (41.83, 82.05)  (41.28, 81.63)  (40.73, 81.21)
Both sex
H. pylori 67.61 66.63 65.77 63.17 60.17 58.55 56.76 55.47 54.41 53.71 52.72
(4941, 85.80)  (48.22, 85.04) (4713, 84.41)  (43.99, 8236) (40.43,79.91) (3859, 7851) (37.43,76.09) (36.60, 7434) (3592, 72.91) (3544, 71.98) (3473, 70.71)
Smoking 23.11 21.13 20.18 19.03 18.85 18.90 18.25 17.72 17.31 17.06 16.85
(16.92, 29.29) (1530, 26.95)  (14.50, 25.85)  (13.65, 24.42)  (13.53,24.17)  (13.59, 24.21)  (13.13,23.37) (1275, 22.68)  (12.46,22.16) (12.28,21.84) (1213, 21.56)
Pickled vegetable 10.55 1035 8.55 8.14 8.14 6.99 6.44 6.06 5.76 5.58 534
(6.99, 14.11) (6.85, 13.85) (5.60, 11.49) (532, 10.95) (5.32, 10.96) (4.54, 9.45) (4.18, 8.70) (3.93, 8.18) (3.74, 7.78) (3.62, 7.53) (3.47, 7.22)
Alcohol 7.05 6.09 334 338 3.72 321 2.76 2.46 224 211 1.97
(2.74, 11.36) (2.32, 9.86) (119, 5.49) (1.21, 5.54) (1.35, 6.10) (115, 5.28) (0.98, 4.53) (0.88, 4.04) (0.80, 3.68) (0.75, 3.47) (0.70, 3.23)
Unhealthy 6.67 7.04 7.35 8.07 9.03 930 9.99 10.55 11.04 11.38 11.85
BMI (0.62, 12.72) (119, 12.88) (1.30, 13.41) (1.47, 14.66) (1.81, 16.25) (1.42, 17.18) (1.53, 18.45) (1.62, 19.48) (1.70, 20.38) (1.76, 21.00) (1.83, 21.88)
Diabetes 0.43 1.01 1.88 218 2.09 2.43 332 4.23 521 6.03 7.43
(0.15, 0.71) (0.35, 1.67) (0.67, 3.10) (0.78, 3.59) (0.74, 3.43) (0.87, 3.98) (119, 5.44) (1.51, 6.93) (1.86, 8.55) (2.16, 9.89) (2.66, 12.19)
All above 80.75 79.62 78.09 76.24 74.56 73.24 72.02 71.23 70.7 70.41 70.18

(62.36, 93.33)

(60.80, 92.70)

(58.75, 91.89)

(55.87, 90.77)

(53.20, 89.68)

(51.16, 88.87)

(49.90, 87.66)

(49.03, 86.86)

(4838, 86.31)

(47.97, 86.01)

(47.50, 85.76)

Abbreviations: PAF, population attributable fraction; GC, gastric cancer; Cls, confidence intervals; H. pylori, helicobacter pylori; BMI, body mass index. “The positive status of H. pylori infection as defined by enzyme-linked immunosorbent assay
(ELISA), immunoblotting or urea breath test
(UBT). *Currently smoking, accumulated up to 100 cigarettes, and still smoking. “Exclude those who did not use or consumed pickled vegetable minimally. “Regular alcohol consumption, drinking alcohol at least three times a week. *Unhealthy BMI

included underweight

(BMI < 18.5) and overweight/obesity

(BMI > 25.0). “The diabetes as defined by the American Diabetes Association criteria.

Table 2: PAFs of modifiable risk factors for GC from 2000 to 2050.
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Risk factor Attributable cases (95% Cls)
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Male
H. pylori® 165,459 155,469 169,670 154,181 141,472 139,269 133,884 126,020 116,239 106,455 96,112
(119,816, (111,353, (120,414, (106,157, (93,896, (90,725, (87,353, (82,365, (76,113, (69,780, (62,933, 129,292)
211,102) 199,584) 218,926) 202,204) 189,048) 187,813) 180,414) 169,674) 156,365) 143,129)
Smoking” 78,674 69,826 72,470 67,733 65,401 66,724 64,500 60,929 56,343 51,688 46,883
(58,077, 99,262) (50,952, 88,702) (52,377, 92,557) (48,852, 86,618) (47,194, 83,628) (48,199, 85,255) (46,592, 82,413) (44,013, 77,850) (40,700, 71,991) (37,338, 66,043) (33,867, 59,904)
Pickled 25,665 24,038 22,050 19,892 19,178 16,730 15,298 13,869 12,398 11,132 9811
vegetable® (16,992, 34,328) (15,909, 32,172) (14,434, 29,647) (13,007, 26,779) (12,541, 25,818) (10,855, 22,599) (9926, 20,664) (8998, 18,734) (8044, 16,747) (7223, 15,037) (6366, 13,252)
Alcohol® 23,389 19,658 11,769 11,711 12,619 11,078 9527 8259 7120 6252 5351
(9149, 37,633) (7531, 31,772) (4213, 19,323) (4213, 19,216) (4584, 20,664) (3963, 18,180) (3408, 15,634) (2954, 13,554) (2547, 11,685) (2236, 10,260) (1914, 8782)
Unhealthy BMI® 15,822 16,056 18,169 19,161 20,849 21,624 23,090 23,512 23,154 22,138 21,256
(1259, 30,385) (2618, 29,494) (2968, 33,370) (3143, 35180) (3813, 37,886) (2593, 40,655) (2768, 43,411)  (2819,44,205) (2776, 43,532) (2654, 41,622) (2549, 39,964)
Diabetes’ 1031 2302 5134 5536 5165 6093 8391 10,436 12,224 13,210 15,134
(370, 1702) (800, 3813) (1820, 8452) (1971, 9090) (1853, 8479) (2185, 9990) (3010, 13,759) (3743, 17,112) (4385, 20,044) (4738, 21,661) (5428, 24,816)
All above 204,849 192,698 208,119 193,605 183,459 182,820 178,612 170,414 159,170 147,136 134,964
(160,266, (148,929, (158,337, (143,877, (133,141, (130,217, (126,326, (119,876, (111,461, (102,699, (93,612, 161,621)
233,127) 221,023) 241,728) 226,935) 216,796) 217,657) 213,274) 203,799) 190,503) 176,127)
Female
H. pylori 67,876 67,487 68,894 72,770 69,111 69,038 68,018 65,909 61,847 57,169 51,344
(50,720, 85,032) (49,995, 84,980) (50,542, 87,246) (51,877, 93,663) (47,594, 90,627) (46,565, 91,511) (45,784, 90,252) (44,274, 87,543) (41,437, 82,256) (38,178, 76,160) (34,212, 68,475)
Smoking 1072 866 718 642 566 507 429 373 320 281 235
(325, 1823) (258, 1469) (216, 1222) (192, 1095) (169, 967) (150, 867) (127, 735) (111, 638) (95, 549) (83, 481) (70, 402)
Pickled 10,744 10,600 8953 9345 9310 8151 7614 7098 6458 5864 5132
vegetable (7133, 14,355) (7029, 14,168) (5873, 12,034) (6119, 12,577) (6096, 12,530) (5295, 11,007) (4947, 10,283) (4611, 9585) (4196, 8722) (3810, 7919) (3334, 6930)
Alcohol 938 733 339 418 47 357 292 247 208 180 149
(315, 1567) (248, 1221) (103, 575) (135, 700) (135, 697) (116, 601) (94, 491) (80, 416) (67, 350) (58, 303) (48,250)
Unhealthy BMI 7209 7495 8502 9819 10,746 11,475 12,458 12,995 12,982 12,522 11,899
(896, 13,523) (1370, 13,621) (1746, 15,258) (2138, 17,499) (2521, 18,970) (2468, 20,482) (2680, 22,237) (2795, 23,196) (2792, 23,173) (2693, 22,351) (2559, 21,238)
Diabetes 447 1082 1689 2311 2138 2535 3405 4192 4833 5152 5648
(158, 739) (377, 1787) (596, 2783) (824, 3805) (754, 3521) (902, 4162) (1211, 5590) (1491, 6883) (1719, 7934) (1832, 8457) (2009, 9273)
All above 73,842 73734 75145 80,293 77,494 77,759 77,594 76,069 72,218 67,371 61,333
(54,944, (54,518, 89,175) (54,788, 91,591) (56,857, 99,167) (53,045, 97,074) (51,785, 98,535) (51,189, 98,541) (49,783, 96,757) (46,887, 91,977) (43,441, 85,910) (39,243, 78,242)
88,990)
Both sex
H. pylori 233,335 222,956 238,564 226,951 210,583 208,307 201,902 191,929 178,086 163,623 147,456
(170,536, (161,348, (170,956, (158,034, (141,490, (137,290, (133,137, (126,640, (117,551, (107,958, (97,145, 197,767)
296,134) 284,564) 306,172) 295,868) 279,676) 279,324) 270,666) 257,218) 238,621) 219,289)
Smoking 79,746 70,692 73,187 68,375 65,967 67,231 64,929 61,302 56,663 51,969 47,118
(58,402, (51,210, 90,171) (52,592, 93,779) (49,044, 87,713) (47,362, 84,595) (48,349, 86,122) (46,720, 83,148) (44,123, 78,489) (40,795, 72,539) (37,421, 66,525) (33,936, 60,306)
101,084)
Pickled 36,409 34,638 31,002 29,237 28,488 24,881 22,912 20,967 18,856 16,996 14,943
vegetable (24,125, 48,683) (22,939, 46,340) (20,307, 41,681) (19,127, 39,356) (18,637, 38,347) (16,150, 33,606) (14,873, 30,947) (13,610, 28,319) (12,240, 25,468) (11,032, 22,956) (9700, 20,182)
Alcohol 24,327 20,391 12,108 12,129 13,036 11,435 9819 8507 7329 6432 5500
(9465, 39,200) (7779, 32,993) (4316, 19,898) (4348, 19,916) (4719, 21,361) (4078, 18,781) (3502, 16,125) (3034, 13,970) (2614, 12,035) (2295, 10,563) (1962, 9032)
Unhealthy BMI 23,031 23,552 26,671 28,980 31,595 33,099 35,548 36,508 36,137 34,660 33,155
(2155, 43,908) (3988, 43,115) (4713, 48,628) (5281, 52,679) (6335, 56,856) (5061, 61,136) (5448, 65,648) (5614, 67,401) (5569, 66,705) (5348, 63,973) (5108, 61,202)
(Table 3 continues on next page)
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Fig. 2: Time trends of population attributable fraction and estimated number of modifiable risk factors for GC in males and females in
China. Notes: The scatter and bar represent estimated attributable fraction and cases from 2000 to 2050 for (a) H. pylori, (b) Smoking, (c)
Unhealthy BMI, (d) Diabetes, (e) Pickled vegetable, and (f) Alcohol consumption, respectively. Error bar represents the 95% Cls for attributable
cases. The two y-axes on either side represent the attributable cases (left side) and the population attributable fraction (right side), respectively.
Abbreviations: CGC, cardia gastric cancer; NCGC, non-cardia gastric cancer; H. pylori, Helicobacter pylori; BMI, body mass index; Cls, confidence

intervals; PAF: population attributable fraction.

prevalences in young birth cohorts were comparable to
the level in the Western countries, and lower than those
reported in South Korea and China.”>* Effective
implementation of a national public health program
focused on cancer prevention and control from an early
period has also greatly contributed to a significant
decline in the incidence of GC in Japan.” In contrary to
the controversial results on the association of H. pylori
infection with CGC in Western populations, most Asian
studies showed a positive association between H. pylori
and CGC, though more modest than that of NCGC.*
Evidence from multiplex serology indicates diverse as-
sociations between individual antigens and CGC and
NCGC, as well as distinct pathogenic effects for a single
H. pylori virulence factor across different ethnicities.””
Evidence from both in vivo and in vitro studies
demonstrated a greater carcinogenic effect of the East
Asian-type CagA protein when compared to the West-
ern-type.” Available evidence suggested two distinct
etiologies for CGC.' One type resembled NCGC, was the
result of atrophic gastritis due to H. pylori infection and
concentrated in East Asian populations. Another type
was associated with GERD, was concentrated in West-
ern populations, resembled features of esophageal
adenocarcinoma, and H. pylori infection could reduce
the extent of GERD by suppressing gastric acid

www.thelancet.com Vol 44 March, 2024

secretion. Thus, we estimated that there were 48% of
CGC and 69% of NCGC attributable to H. pylori in 2020
in China by using separate RRs from a representative
case-cohort study in Chinese population.’® Moreover,
the PAF of H. pylori will remain as 62% and 41% in
2050 under the current strategy on risk factor control.
More robust efforts focused on the prevention and
control of H. pylori infection are urgently needed to help
reduce the burden of GC in the coming future. Eradi-
cation of H. pylori was reported as an effective strategy
for preventing GC by IARC in 2014.* The results of a
systematic review and meta-analysis that included 10
randomized controlled trials (9 of which were conducted
in East Asia) showed that H. pylori-positive individuals
who have received eradication therapy reduced the risk
of developing GC by half compared with those who
received placebo or no treatment (RR: 0.54, 95% CI:
0.40-0.72).* And a large intervention trial in China
suggested that acceptable levels of H. pylori eradication
therapy (72.9% overall eradication rate) are feasible as a
strategy for gastric cancer prevention.”* Meanwhile,
serologic screening for H. pylori and eradication of
infection in people over 50 years of age in areas with a
high burden of GC has been shown to be cost-effective,*
but the increase in antibiotic resistance and the un-
known results of antibiotic use in large populations
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warrant caution in considering expanded eradication
strategies.”® In addition to the above-mentioned
“testing/screening and treatment” strategies, the novel
concept of “whole family-based H. pylori infection con-
trol and management strategy” introduced by the gov-
ernment has facilitated the curb transmission and
clinical practice in managing H. pylori infection.”!

Smoking was also a major contributing risk factor to
the GC burden. The latest global burden of disease
study noted the age-standardized prevalence of daily
smoking contributed to 25% of the disease burden
among males and 5.4% among females worldwide.”
Some Chinese reported the PAF of smoking for GC
ranging from 17% to 31% in males and 0.9%-4% in
females, which was comparable to our estimations for a
PAF of 28% for males and 0.5% for females in 2020.***°
It should be noted that the actual burden of smoking
would be even higher because we did not include
second-hand smoking and electronic cigarette smoking
in the present estimation. We observed a decreasing
trend of the PAF for smoking from 2000 to 2050, which
indicates a further reduction of GC burden in the
coming future following established models of the
Western countries. Smoking prevalence among middle-
aged men in the UK halved between 1990 and 1950, and
among adults in the US dropped by 67% in 2017
compared to 1965.““" The burden of smoking-related
cancers, including lung cancer and GC, has likewise
declined in these countries.” In addition, the PAF of
smoking was much higher in males than in females,
which was mainly due to the higher prevalence of
smoking in males caused by the socio-cultural charac-
teristics of Chinese society that were quite tolerant of
male smoking.”” Though considerable progress has
been made in China on tobacco control,* there were still
17% of GC were predicted attributable to smoking in
2050. More strict policies including restrictions on
smoking in indoor public places and higher taxes on
tobacco products are needed to meet the objective of
reducing the smoking prevalence to 20% in “Healthy
China 2030” Program.*

We found declining trends of the PAFs of pickled
vegetable and alcohol consumption, which were in line
with a global estimation on their PAFs of total cancer
burden. The association of pickled vegetable with GC
has been extensively investigated in Asia,” and our
result supported an even stronger role of pickled vege-
table on GC by summarizing the prevalence data from
recent representative national surveys and estimating
RRs from the credible meta-analysis of Asian pop-
ulations.”® However, the estimated PAF of pickled
vegetable on GC was lower than that of Korea during the
same period, probably due to the difference on the
traditional dietary habits on vegetable preservation and
cooking.” For past decades, widespread using of
household refrigerators in China allowed healthier
preservation of vegetables, and continued education
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Subtype 2020 2050 Avoided cases Avoided cases
Scenario 1° Current” Scenario 2° Scenario 1¢ Projection® Scenario 2 (L) EAUCD D cAtple from 2020 to 2050"
GC
Male 250,883 237,512 54,053 189,991 183,367 48,403 13,371 6,624
Female 118,887 112,476 34,982 100,551 96,340 35,008 6,411 4,211
Total 369,770 349,988 89,035 290,542 279,707 83,410 19,781 10,835
CGC
Male 114,192 107,092 31,282 86,160 83,085 27,343 7,100 3,074
Female 43,227 40,578 16,986 41,418 39,710 18,330 2,649 1,708
Total 157,419 147,670 48,268 127,577 122,796 45,674 9,749 4,782
NCGC
Male 136,691 130,420 22,771 103,831 100,281 21,059 6,270 3,550
Female 75,660 71,898 17,996 59,133 56,630 16,678 3,762 2,503
Total 212,351 202,318 40,767 162,965 156,912 37,737 10,032 6,053

Abbreviations: GC, gastric cancer; CGC, cardia gastric cancer; NCGC: non-cardia gastric cancer; PAF, population attributable fraction; TMRED, theoretical minimum-risk exposure distribution. “The part of
calculation of the number of cases attributed to modifiable risk factors based on the combined PAF maintained in 2000. ®The part of calculation of the number of cases attributed to modifiable risk factors
based on the combined PAF in 2020. “Calculation of the number of cases based on the combined PAF under TMRED of modifiable risk factors in 2020. “The part of calculation of the number of cases
attributed to modifiable risk factors based on the combined PAF maintained in 2020. “The part of calculation of the number of cases attributed to modifiable risk factors based on the PAF projections in
2050 according to current trends. ‘Calculation of the attributed cases based on the combined PAF under TMRED of modifiable risk factors in 2050. @Difference in the number of attributable cases between
scenario 1 and current situation in 2020. "Difference in the number of attributable cases between scenario 1 and projection situation in 2050.

Table 5: Current and projected new cases for GC overall and anatomical subsites in different scenarios and the avoided cases from 2000 to 2050.

significantly reduced the consumption of pickled vege-
tables, which reduced the N-nitroso compounds that
may be produced during food preparation.” Alcohol
consumption increased the risk of GC, especially in East
Asians.* Certain polymorphisms of aldehyde dehydro-
genase 2 (ALDH2) in East Asian populations were
associated with the flushing response caused by the
rapid accumulation of the carcinogen acetaldehyde.®
And reliance on self-reported information of drinking
status and lack of stratification of H. pylori status might
lead to an underestimation of the association.” One
interpretation was that the damaging effects of bacteria
on the gastric mucosa enhanced the genotoxic effects of
acetaldehyde.”” Compared to the PAF of alcohol con-
sumption for GC in western populations such as the US
(1%), our study found about 4% of GC in China were
currently attributable to alcohol consumption, which
was higher in males than in females.”” The sex differ-
ence might be related to the traditional culture in China
for more social activities among Chinese men. The
public health measures mentioned in the “Medium-to-
Long Term for the Prevention and Treatment of
Chronic Diseases in China” could provide references for
reducing the burden of GC attributable to these risk
factors in the future, which involves limiting alcohol
consumption, prohibiting the sale of alcohol to adoles-
cents, and public education on healthy dietary structure
including reducing the intake of pickled vegetable and
salt-processed food and increasing the intake of fresh
vegetables and fruits.*

It was noteworthy for the rising burden of GC
attributable to unhealthy BMI and diabetes over the next
30 years. In contrast with some previous studies that
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only considered the role of overweight and obesity on
GC burden,'®*** we assessed the GC burden attribut-
able to unhealthy BMI comprised of the dual contribu-
tions from overweight/obesity and underweight in
China, considering a U-shaped association between
BMI and GC risk in Asian populations.” The observed
increasing prevalence of overweight and obesity in
China was consistent with the recent trends in other
Asian populations and globally.”***” This was consid-
ered related to the growth of sedentary behavior and
transformation of dietary structure in Chinese popula-
tion.”** Meanwhile, the Chinese dietary pattern that has
shifted to intake higher fat, sugar and dietary energy
also played an important role on the increasing preva-
lence of diabetes.”” The latest data showed that the
prevalence of diabetes in China (12.4% in 2018) was
higher than the global level (8.3% in 2019), and lower
than those in developed countries (US: 14.6% in 2018,
Korea: 13.7% in 2016). The lower rates of awareness,
treatment and control of diabetes in China compared
with the US indicated that the coming times would be a
critical period for diabetes control in China.® Further-
more, diabetes and GC shared some important risk
factors including smoking, obesity, etc.”” Previous
studies have also reported diabetes significantly
increased risk of GC after H. pylori eradication or after
higher salt intake due to diabetes-induced taste impair-
ment.”” These interactions between risk factors, which
were calculated conservatively in our study, suggested
that the burden of GC attributable to these factors
remained underestimated. The Chinese government
has also started to actively address these challenges by
incorporating diabetes management into the National
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Basic Public Health Service Project since 2009,” and by
continuously emphasizing maintenance of normal body
weight, reduction of oil use, and control of salt intake in
the “Healthy Lifestyles for All 2017-2025 Action Proto-
col” and the “Healthy China 2030”,* providing reliable
guidance on measures to tackle the growing prevalence
of unhealthy BMI and diabetes in China from an eco-
nomic and health perspective.

Our results revealed an opposite role of risk factor
control and demographic shift on the burden of GC,
indicating that approximately 82% of the effects of risk
factor control in GC would be deducted by the de-
mographic changes. A comparative study on the latest
cancer statistics between China and US found that
increasing population size and aging were the leading
determinants of incremental cancer burden in both
countries, and even the role of population aging had the
potential to overtake population size in foreseeable
future.”® China was considered one of the fastest-
growing aging population among the 57 countries
with serious aging problems in the future in the GBD
projection study, which will complicate the reduction of
the cancer burden through risk factor control.®® Our
estimates were derived from the population projection
of the World Population Prospects 2022, which provides
the latest estimates on one-year age group of the popu-
lation for each single year and shows more visible
changes in the precise year of occurrence for the impact
of natural disasters or policy adjustments on fertility and
mortality. In addition, although the universal two-child
policy was announced in 2015 and three-children pol-
icy was announced in 2021 in China, the birth rate only
slightly increased from 2016 to 2017 and continued to
decrease after 2017 which was in line with the age-
conditional changing trend of the Chinese population
in past decades (Supplementary Figure S8). So, we as-
sume the impact of two-child and three-children policy
was partly reflected in the present population pro-
jections, and the future potential changes were accept-
able in the forecasting analysis. Therefore, in addition to
incorporating healthy aging strategies into prevention
activities of GC, emphasis on risk factor prevention and
control to some extent offsets the negative impact of the
irreversible process of population aging on the disease
burden of GC. The decline in age-specific incidence of
GC among older groups suggested by our results may
reflect variations in risk factors among different age
groups. For instance, young people were more likely to
have obesity/overweight caused by unhealthy lifestyle,”
which elevated the risk of GC in younger age groups.
The H. pylori screening and eradication strategy showed
greater benefit in older groups. Therefore, it is essential
to implement prevention strategies that target various
risk factors to reduce the incidence of gastric cancer in
different age groups. Our results also demonstrated that
the implementation of the existing health policy on risk
factor control can reduce the disease burden of GC from

past to future, and even more than half of the number of
GC cases can be avoided under a simulated scenario
with more vigorous risk factor control instruments.
Meanwhile, risk factor control as one of the primary
prevention measures was feasible and low cost, which
helped to rationalize the allocation of scarce healthcare
resources and reduced the economic burden of GC.*

This study has some strengths. First, we used up-to-
date representative data from 682 cancer registries
covering about 470 million Chinese population to esti-
mate burden of GC overall and by anatomical subsite.
Second, to our knowledge, our study was the first to
estimate and predict the trend of attributable burden of
important modifiable risk factors for GC in China,
overall and by sex and anatomical subsite, according to
high-quality data from cancer registries with continuous
surveillance in China. Thirdly, we used the BAPC model
applying random wandering prior of different orders to
the age, period and cohort parameters to avoid the
identifiability problems of traditional APC models due
to the co-linearity of parameters. Fourthly, we analyzed
and predicted future GC cancer burdens that could be
attributable to the demographic shift and evolution of
risk factors, adding important evidence to help the pol-
icymakers allocate health resources for future GC cancer
prevention and control. The study also has some limi-
tations. Firstly, certain recognized risk factors, including
the consumption of red and processed meat, low intake
of vegetables and fruits, high salt intake, infection with
the Epstein—Barr virus, autoimmune diseases, and
medication use, were not covered in the present study
since there is a lack of reliable prevalence data. Sec-
ondly, our study also lacked data on the quantity of
ethanol consumption, which may bias the results due to
the misclassification of very light drinkers who may not
have an elevated risk of gastric cancer. Third, the PAF
analyses by anatomical subsite mainly focused on
H. pylori infection due to the lack of subsite specific RRs
for other risk factors. In addition, we did not consider
the interaction of risk factors due to lack of reliable RR
estimates for interactive effects. These may lead to some
bias in the estimates on the attributable burden of
gastric cancer and the results should be interpreted with
caution. Finally, the precision of H. pylori-associated
PAF estimates might be affected by the use of H. pylori
prevalence from meta-analyses in different periods
instead of longitudinal surveillance data from a large
population-based cohort, which was not available in the
real world. Collaboration with other large prospective
cohorts would be explored in the future to add surveil-
lance data on H. pylori infection and to reduce bias due
to differences in detection methods and populations
studied.

In conclusion, great achievement has been made on
GC prevention in China for past decades, yet more than
half of GC remained attributable to modifiable risk
factors. Continued effective strategies on risk factor
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control are needed, including enhancing H. pylori
screening and treatment, tobacco control and main-
taining healthy BMI to reduce the burden of this highly
life-threatening cancer in future.
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