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Abstract

Objective: China  is  one  of  the  countries  with  the  heaviest  burden  of  gastric  cancer  (GC)  in  the  world.

Understanding  the  epidemiological  trends  and  patterns  of  GC  in  China  can  contribute  to  formulating  effective

prevention strategies.

Methods: The  data  on  incidence,  mortality,  and  disability-adjusted  life-years  (DALYs)  of  GC  in  China  from

1990 to  2019  were  obtained  from the  Global  Burden  of  Disease  Study  (2019).  The  estimated  annual  percentage

change (EAPC) was calculated to evaluate the temporal trends of disease burden of GC, and the package Nordpred

in the R program was used to perform an age-period-cohort analysis to predict the numbers and rates of incidence

and mortality in the next 25 years.

Results: The number  of  incident  cases  of  GC increased  from 317.34  thousand  in  1990  to  612.82  thousand  in

2019, while the age-standardized incidence rate (ASIR) of GC decreased from 37.56 per 100,000 in 1990 to 30.64

per  100,000  in  2019,  with  an  EAPC  of −0.41  [95%  confidence  interval  (95%  CI): −0.77, −0.06].  Pronounced

temporal trends in mortality and DALYs of GC were observed. In the next 25 years, the numbers of new GC cases

and  deaths  are  expected  to  increase  to  738.79  thousand  and  454.80  thousand,  respectively,  while  the  rates  of

incidence and deaths should steadily decrease.  The deaths and DALYs attributable to smoking were different for

males and females.

Conclusions: In China, despite the fact that the rates of GC have decreased during the past three decades, the

numbers  of  new  GC  cases  and  deaths  increased,  and  will  continue  to  increase  in  the  next  25  years.  Additional

strategies are needed to reduce the burden of GC, such as screening and early detection, novel treatments, and the

prevention of risk factors.

Keywords: Gastric cancer; disease burden; temporal trend; risk factor; prediction

Submitted Oct 23, 2020. Accepted for publication Jan 11, 2021.

doi: 10.21147/j.issn.1000-9604.2021.01.02

View this article at: https://doi.org/10.21147/j.issn.1000-9604.2021.01.02

Introduction

Gastric  cancer  (GC)  is  a  malignant  tumor  that  causes
serious  disease  burden,  being  the  fifth  most  commonly
diagnosed  cancer  and  the  third  cause  of  death  (1,2).  In

2018, there were more than 1,033,701 new cases of GC and

an estimated 782,685 deaths from it,  worldwide (3). China

is a high incidence region of GC (4). According to the 2018

global cancer statistics, 456,124 new GC cases and 390,182
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deaths  were  estimated  to  have  occurred  in  China,
accounting  for  44.1%  and  49.9%  of  the  cases  worldwide,
respectively (3). The high incidence and mortality in China
highlight the urgency of preventing and treating GC.

GC is a multifactorial disease that can be caused by both
environmental  and  genetic  factors  (5).  Some  of  these
factors are not modifiable (such as age, gender, and family
genetic history),  while others are potentially modifiable
(such as smoking, alcohol consumption, and poor dietary
habits) (5,6). These potentially modifiable factors make it
possible  to  prevent  and  control  the  incidence  of  GC.
Helicobacter  pylori  (H. pylori)  infection is  the main risk
factor  for  the  development  of  GC (7).  The  population
infection rate of H. pylori is approximately 50% (8,9), while
only about 1% of infected cases eventually develop into GC
(9).  Unhealthy  lifestyles,  such  as  smoking  and  alcohol
consumption, also have been found to have a significant
association with an increased risk of developing GC (5,6).
In addition, dietary factors, such as the intake of salty food
and low consumption of fruits and vegetables, may increase
the risk of GC development (5).  Moreover, sex is also a
significant risk factor for GC (5,10), and the differences
between  the  sexes  may  be  attributed  to  their  different
lifestyles and dietary habits (5).  Therefore, it  is of great
importance to develop prevention and control strategies for
GC according a person’s sex.

China is one of the largest developing countries and has
rapid economic growth. As the economy develops, people’s
lifestyles  and  dietary  factors  change  accordingly.  It  is
important and necessary to understand the epidemiological
trends and patterns of GC in China, as this is essential for
formulating  relevant  prevention  strategies  to  improve
public health. The latest Global Burden of Diseases (GBD)
study  (2019)  provides  extensive  data  on  the  incidence,
mortality, and disability-adjusted life-years (DALYs) of GC
from  1990  to  2019,  which  made  it  possible  for  us  to
understand the disease burden of GC in China. Therefore,
in this study, using the latest data of the GBD study (2019)
in  China,  we  comprehensively  evaluated  the  national
disease burden of GC and its temporal trends in relation to
age, sex, and risk factors; and also predicted the numbers
and rates  of  GC incidence and mortality in the next  25
years.  Our  research  results  should  improve  our
understanding  of  the  disease  burden  of  GC,  help  us
evaluate the effectiveness of current prevention strategies,
and  provide  a  more  scientific  basis  for  promoting  the
establishment of prevention strategies.

Materials and methods

Data sources

The  detailed  methods  of  GBD  study  (2019)  have  been
reported  in  previous  studies  (11-15).  The  data  on
incidence,  mortality,  and  DALYs  were  downloaded  from
the  Institute  for  Health  Metrics  and  Evaluation  (IHME,
http://ghdx.healthdata.org/gbd-results-tool).  The  codes
used  for  GBD  study  analysis  can  be  accessed  through  the
following  address: http://ghdx.healthdata.org/gbd-2019/
code.  In  GBD  Study,  all  estimates  were  generated  with
95%  uncertainty  intervals  (95%  UIs),  which  were
determined  based  on  the  2.5th  and  9.75th-ordered
percentiles  of  1,000  draws  of  the  uncertainty  distribution
(14). In the database, we used the following screening rules
for this study. First, the location name was “China” and the
cause was “Stomach cancer.” Second, we chose “incidence,”
“death,” and “DALYs” as measures.

The  age-standardized  rates  for  the  incidence  and
mortality of GC were estimated using the World Health
Organization  (WHO)  World  Standard  Population
Distribution  (2000−2025).  For  the  prediction  of  GC
burden,  the predicted Chinese population was obtained
from the  United  Nations  World  Population  Prospects
2019 Revision, by year, sex, and age (https://population.un.
org/wpp/Download/Standard/Population/).

This study was approved by the Ethics Committee of
Qilu Hospital of Shandong University. For the GBD is a
publicly  available  database,  all  participants’  data  were
anonymous.

Evaluation of GC burden

The  incidence  and  mortality  of  GC  in  the  GBD  dataset
were determined in the following ways: 1) based on all the
data  sources  that  reported  GC  incidence  and  mortality
(with  international  disease  classification  codes),  the
mortality-to-incidence  ratio  (MIR)  was  calculated  using  a
linear-step  mixed-effects  model  (the  covariates  were
Healthcare Access and Quality Index, age, and sex), and the
estimates were smoothed and adjusted using spatiotemporal
Gaussian  process  regression  (13,15,16);  2)  we  calculated
mortality estimates by multiplying cancer register incidence
data  by  the  MIR (13,15,16);  3)  all  these  data  were  used as
input  to  follow  the  Cause  of  Death  Ensemble  model
process  to  determine  the  cancer-specific  mortality  of  GC
(13,15,16);  and  4)  we  divided  cancer-specific  mortality  of
GC estimates by the MIR to generate incidence (13,15,16).
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Statistical analysis

Descriptive  analysis  for  GC  incidence,  mortality,  and
DALYs was performed by 5-year age groups, sex, and year;
we  plotted  the  temporal  trend  of  these  indicators  from
1990  to  2019.  The  age  information  of  incidence  and
DALYs  of  GC  was  considered  to  be  the  age  at  diagnosis,
while the age information of the death of GC represented
the  age  at  death.  Age  was  divided  into  18  age-specific
groups  by  every  5  years,  and  the  ages  of  0−14  years  were
combined  into  one  age  group.  The  indicator  of  estimated
annual  percentage  change  (EAPC)  was  used  to  reflect  the
temporal  trend  of  the  age-standardized  incidence  rate
(ASIR),  the  age-standardized  mortality  rate  (ASMR),  and
the  age-standardized  DALYs  rate.  EAPC  was  calculated
according  to  a  regression  model  fitted  to  the  natural
logarithm  of  the  rate,  namely ln(rate)  = α + β ×  (calendar
year)  + ε.  EAPC was defined as 100 × (exp(β) −1);  its  95%
confidence  interval  (95%  CI)  was  also  calculated  in  the
fitted model (16,17).

For  the  risk  factors,  the  comparative  risk  assessment
(CRA) framework was used to estimate the proportion of
DALYs attributable to two well-established risk factors for
GC by age  and sex:  smoking and the  high-sodium diet
(12,13). CRA was conducted through the following six key
steps: 1) including risk-outcome pairs with convincing or
probable  evidence  based  on  research  (18,19);  2)
summarizing the relative risk of potential exposure based
on  systematic  reviews  and  meta-regression  (18,19);  3)
estimating the exposure levels and distributions using the
spatiotemporal Gaussian process regression, DisMod-MR
2.1, and other methods (18,19); 4) defining the theoretical
minimum  risk  exposure  level  as  the  exposure  level
associated  with  the  minimum  risk  determined  from
published trials and cohort studies (18,19); 5) calculating
the  population  attributable  fractions  (PAFs)  and
attributable burden (18,19); and 6) estimating the PAFs and
attributable  burden for  combinations  of  risk  factors  by
considering the mediation of different risk factors through
other risk factors (18,19).

The package Nordpred in  the  R program,  which has
been  shown to  perform well  in  predicting  the  trend  of
cancer  incidence  (20-22),  was  used  to  perform an  age-
period-cohort (APC) analysis to predict the numbers and
rates of the incidence and mortality of GC in the next 25
years, taking into account both the change in rates and the
population structure. The Nordpred package can apply the

power5 and poisson APC models to perform the prediction
(https://rdrr.io/github/haraldwf/nordpred/man/nordpred.
html).  In our study, we used the power5 APC model to
perform the prediction. The basic APC model is g(λij) = μ +
αi  +  βj  +  γk,  (default  link  function  is  λij  ^  0.2,  where  μ
represents the intercept,  and αi,  βj,  and γk  represent the
effect  of  age,  period,  and  cohort,  respectively)  (23).
Moreover,  to  facilitate  comparison  with  the  predicted
results,  based  on  the  observed  data  of  GC in  2019,  we
estimated the numbers and rates of GC events, assuming
that they remained stable, decreased (optimistic reference),
and increased (pessimistic reference) by 1% per year. The
ggplot2 and RcolorBrewer packages of the open-source R
program (Version 3.6.2; R core team, R Foundation for
Statistical  Computing,  Vienna,  Austria)  were  used  to
perform the visualization of the results.

Results

Incidence, mortality and DALYs of GC in 2019

In  2019,  the  number  of  incident  cases  and  ASIR  of  GC
were 612.82 thousand (95% UI: 513.00, 728.89) and 30.64
per  100,000  (95%  UI:  25.82,  36.15)  among  the  total
Chinese population, respectively (Table 1). GC contributed
to  421.54  thousand  (95%  UI:  353.52,  493.18)  deaths  in
2019,  and  the  total  population  of  ASMR  was  21.72  per
100,000  (95%  UI:  18.31,  25.31)  (Table  2).  GC  caused
9,824.99  thousand  (95%  UI:  8,191.72,  11,632.86)  DALYs
in  2019,  and  the  age-standardized  rate  of  DALYs  was
481.15  per  100,000  (95%  UI:  403.20,  567.36)  (Table  3).
The  number  and  age-standardized  rates  of  incidence,
mortality  and  DALYs  for  males  were  more  than  2  times
higher that for females (Tables 1−3).

In 2019, the numbers of incident cases and deaths of GC
reached a  peak among the total  population aged 70−74
years (Tables 1,2), and these trends were similar for males
and females (Figure 1A,B). The number of DALYs reached
a peak at 65−69 years old among the total population and
both sexes (Table 3, Figure 1C). Meanwhile, the numbers of
incident cases, deaths and DALYs were lower among males
than females in individuals over 90 years old (Figure 1).

The  age-specific  rates  for  incidence  and  mortality
reached a  peak among the total  population aged 85−89
years  (Tables  1,2);  meanwhile,  the age-specific  rates  for
DALYs reached a peak at 75−79 years old (Table 3). The
trends of age-specific rates of incidence and DALYs among
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Table 1 Number of incident cases and incidence rate of gastric cancer in China in 1990 and 2019 and EAPC from 1990 to 2019

Characteristics

1990 2019 1990−2019

Incident cases
[×103

(95% UI)]

Incidence rate
[per 100,000

(95% UI)]

Incident cases
[×103

(95% UI)]

Incidence rate
[per 100,000

(95% UI)]

EAPC in incidence rate
[% (95% CI)]

Overall* 317.34
(277.90, 359.32)

37.56
(33.08, 42.27)

612.82
(513.00, 728.89)

30.64
(25.82, 36.15)

−0.41
(−0.77, −0.06)

Sex*

　Male 207.53
(173.24, 245.61)

51.07
(42.99, 59.92)

451.33
(357.18, 560.15)

47.35
(38.00, 57.95)

0.14
(−0.21, 0.50)

　Female 109.81
(92.09, 127.87)

25.57
(21.49, 29.61)

161.49
(130.60, 198.34)

15.80
(12.80, 19.38)

−1.60
(−1.95, −1.25)

Age at diagnosis** (year)

　0−14 0 0 0 0 −

　15−19 0.67
(0.58, 0.77)

0.53
(0.45, 0.61)

0.32
(0.27, 0.39)

0.43
(0.36, 0.51)

−0.61
(−0.81, −0.41)

　20−24 1.51
(1.29, 1.79)

1.14
(0.97, 1.35)

1.08
(0.90, 1.28)

1.32
(1.10, 1.56)

0.26
(0.04, 0.49)

　25−29 2.33
(1.99, 2.76)

2.11
(1.80, 2.50)

2.75
(2.31, 3.24)

2.49
(2.08, 2.93)

0.51
(0.16, 0.86)

　30−34 4.52
(3.90, 5.23)

5.10
(4.41, 5.91)

7.32
(6.19, 8.56)

5.67
(4.79, 6.63)

0.21
(−0.06, 0.48)

　35−39 9.10
(7.90, 10.39)

9.94
(8.64, 11.35)

9.38
(7.89, 11.01)

9.30
(7.82, 10.91)

−0.39
(−0.79, 0.01)

　40−44 13.04
(11.19, 14.93)

19.39
(16.64, 22.21)

17.26
(14.16, 20.69)

16.98
(13.93, 20.36)

−0.40
(−0.77, −0.04)

　45−49 16.58
(14.05, 19.31)

32.05
(27.17, 37.35)

28.65
(22.92, 35.4)

23.60
(18.88, 29.16)

−0.69
(−1.03, −0.35)

　50−54 28.59
(24.24, 33.60)

59.81
(50.71, 70.30)

49.66
(39.63, 60.81)

39.70
(31.68, 48.61)

−1.30
(−1.76, −0.83)

　55−59 43.14
(36.54, 50.25)

99.27
(84.08, 115.61)

62.31
(49.73, 76.86)

65.70
(52.44, 81.04)

−1.04
(−1.49, −0.59)

　60−64 48.51
(41.72, 55.79)

136.95
(117.77, 157.51)

79.58
(64.92, 96.74)

101.31
(82.65, 123.15)

−0.57
(−0.93, −0.20)

　65−69 51.28
(44.67, 58.52)

187.37
(163.22, 213.82)

100.85
(83.28, 121.05)

143.29
(118.33, 171.98)

−0.53
(−0.86, −0.19)

　70−74 46.30
(40.73, 52.73)

245.56
(216.01, 279.63)

101.08
(84.71, 119.76)

211.22
(177.00, 250.24)

−0.44
(−0.79, −0.10)

　75−79 29.98
(26.62, 33.41)

262.70
(233.29, 292.81)

71.46
(60.79, 83.33)

239.42
(203.68, 279.20)

−0.05
(−0.43, 0.33)

　80−84 15.29
(13.55, 17.16)

271.17
(240.36, 304.30)

51.16
(43.64, 58.83)

268.31
(228.86, 308.54)

0.44
(−0.01, 0.90)

　85−89 5.48
(4.73, 6.15)

285.90
(246.78, 320.89)

24.19
(20.67, 27.11)

284.43
(243.00, 318.82)

0.35
(0.04, 0.65)

　90−94 0.90
(0.75, 1.03)

240.32
(202.33, 276.45)

4.99
(4.09, 5.73)

222.25
(182.15, 255.38)

−0.29
(−0.62, 0.03)

　95+ 0.13
(0.11, 0.15)

204.27
(169.88, 235.06)

0.78
(0.58, 0.91)

173.72
(130.98, 204.82)

−0.45
(−0.75, −0.14)

EAPC, estimated annual percentage change; 95% UI, 95% uncertainty interval; 95% CI, 95% confidence interval; *, age-standardized
incidence rate; **, crude incidence rate in each age group.
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Table 2 Number of deaths and mortality rate of gastric cancer in China in 1990 and 2019 and EAPC from 1990 to 2019

Characteristics

1990 2019 1990−2019

Deaths cases
[×103

(95% UI)]

Mortality rate
[per 100,000

(95% UI)]

Deaths cases
[×103

(95% UI)]

Mortality rate
[per 100,000

(95% UI)]

EAPC in mortality rate
[% (95% CI)]

Overall* 305.47
(267.21, 345.40)

37.73
(33.20, 42.39)

421.54
(353.52, 493.18)

21.72
(18.31, 25.31)

−1.68
(−2.09, −1.27)

Sex*

　Male 197.06
(161.82, 232.16)

51.36
(42.96, 59.94)

298.51
(238.47, 363.78)

33.14
(26.67, 39.89)

−1.17
(−1.58, −0.77)

　Female 108.41
(90.42, 126.30)

26.17
(21.94, 30.37)

123.03
(99.95, 150.64)

12.20
(9.93, 14.92)

−2.59
(−3.00, −2.17)

Age at death** (year)

　0−14 0 0 0 0 −

　15−19 0.39
(0.33, 0.44)

0.31
(0.26, 0.35)

0.10
(0.08, 0.11)

0.13
(0.11, 0.15)

−3.04
(−3.31, −2.77)

　20−24 0.97
(0.82, 1.15)

0.73
(0.62, 0.87)

0.35
(0.30, 0.42)

0.43
(0.37, 0.51)

−2.25
(−2.53, −1.97)

　25−29 1.63
(1.37, 1.94)

1.48
(1.25, 1.76)

0.99
(0.84, 1.16)

0.90
(0.76, 1.05)

−2.00
(−2.41, −1.58)

　30−34 3.45
(2.97, 3.99)

3.90
(3.36, 4.51)

2.80
(2.40, 3.26)

2.17
(1.86, 2.53)

−2.41
(−2.81, −2.00)

　35−39 7.49
(6.48, 8.57)

8.18
(7.08, 9.36)

4.22
(3.56, 4.91)

4.18
(3.53, 4.87)

−2.58
(−3.10, −2.06)

　40−44 11.30
(9.62, 12.98)

16.81
(14.31, 19.3)

7.93
(6.52, 9.40)

7.80
(6.42, 9.25)

−2.71
(−3.17, −2.25)

　45−49 14.22
(11.93, 16.75)

27.49
(23.07, 32.38)

14.72
(11.90, 17.94)

12.13
(9.81, 14.78)

−2.56
(−2.99, −2.14)

　50−54 24.93
(20.98, 29.09)

52.15
(43.89, 60.85)

27.63
(22.22, 33.72)

22.08
(17.76, 26.96)

−2.94
(−3.48, −2.39)

　55−59 38.08
(31.95, 44.26)

87.62
(73.52, 101.83)

36.24
(29.19, 44.46)

38.21
(30.78, 46.88)

−2.57
(−3.07, −2.07)

　60−64 44.66
(38.10, 51.63)

126.09
(107.56, 145.76)

49.19
(40.10, 59.61)

62.62
(51.04, 75.88)

−2.02
(−2.43, −1.61)

　65−69 49.44
(42.85, 56.09)

180.64
(156.59, 204.96)

66.58
(54.98, 79.19)

94.59
(78.11, 112.51)

−1.90
(−2.29, −1.50)

　70−74 47.68
(41.85, 53.94)

252.85
(221.94, 286.05)

72.00
(59.97, 84.78)

150.45
(125.31, 177.15)

−1.77
(−2.18, −1.35)

　75−79 33.79
(30.17, 37.98)

296.13
(264.44, 332.88)

58.62
(49.61, 67.97)

196.41
(166.22, 227.73)

−1.20
(−1.64, −0.75)

　80−84 18.58
(16.52, 20.79)

329.48
(293.02, 368.77)

45.95
(39.39, 52.37)

241.00
(206.60, 274.65)

−0.66
(−1.16, −0.16)

　85−89 7.29
(6.37, 8.13)

380.16
(332.34, 424.21)

26.73
(23.22, 29.89)

314.34
(273.07, 351.48)

−0.32
(−0.66, 0.02)

　90−94 1.34
(1.15, 1.52)

360.42
(308.43, 408.56)

6.20
(5.08, 7.12)

276.41
(226.40, 317.13)

−0.97
(−1.34, −0.59)

　95+ 0.23
(0.18, 0.26)

364.60
(295.35, 421.56)

1.27
(0.99, 1.49)

285.19
(222.81, 332.88)

−0.81
(−1.13, −0.50)

EAPC,  estimated  annual  percentage  change;  95%  UI,  95%  uncertainty  interval;  95%  CI,  95% confidence  interval;  *,
age-standardized mortality rate; **, crude mortality rate in each age group.
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Table 3 Number of DALYs and DALYs rate of gastric cancer in China in 1990 and 2019 and EAPC from 1990 to 2019

Characteristics

1990 2019 1990−2019

DALYs
[×103

(95% UI)]

DALYs rate
[per 100,000

(95% UI)]

DALYs
[×103

(95% UI)]

DALYs rate
[per 100,000

(95% UI)]

EAPC in DALYs rate
[% (95% CI)]

Overall* 8,248.79
(7,173.64, 9,366.34)

905.54
(791.75, 1,024.49)

9,824.99
(8,191.72, 11,632.86)

481.15
(403.20, 567.36)

−1.98
(−2.40, −1.57)

Sex*

　Male 5,409.61
(4,428.71, 6,387.35)

1,205.79
(992.78, 1,421.38)

7,135.99
(5,633.55, 8,786.15)

718.79
(571.96, 877.30)

−1.47
(−1.89, −1.05)

　Female 2,839.18
(2,341.70, 3,338.41)

619.82
(513.84, 726.15)

2,689.00
(2,162.24, 3,333.93)

260.97
(209.75, 323.21)

−3.02
(−3.41, −2.63)

Age at diagnosis** (year)

　0−14 0 0 0 0 −

　15−19 27.89
(24.02, 32.00)

21.98
(18.93, 25.22)

7.04
(5.99, 8.20)

9.37
(7.97, 10.92)

−3.01
(−3.27, −2.74)

　20−24 65.22
(55.28, 77.12)

49.26
(41.75, 58.25)

24.04
(20.29, 28.18)

29.36
(24.79, 34.42)

−2.21
(−2.49, −1.94)

　25−29 101.13
(85.31, 120.09)

91.77
(77.42, 108.98)

62.38
(53.01, 72.42)

56.34
(47.88, 65.41)

−1.96
(−2.37, −1.54)

　30−34 196.76
(169.48, 227.38)

222.30
(191.47, 256.9)

161.41
(138.27, 187.08)

125.03
(107.11, 144.92)

−2.36
(−2.76, −1.96)

　35−39 388.91
(336.46, 445.26)

425.00
(367.68, 486.58)

221.11
(187.14, 257.52)

219.15
(185.49, 255.24)

−2.55
(−3.06, −2.03)

　40−44 532.12
(453.76, 609.66)

791.35
(674.80, 906.66)

377.25
(312.39, 445.52)

371.14
(307.34, 438.30)

−2.68
(−3.13, −2.22)

　45−49 599.82
(504.24, 705.82)

1,159.74
(974.95, 1,364.70)

626.32
(508.86, 761.84)

516.06
(419.28, 627.72)

−2.53
(−2.95, −2.11)

　50−54 932.58
(787.51, 1,087.19)

1,950.92
(1,647.45, 2,274.35)

1,041.52
(840.57, 1,267.02)

832.53
(671.90, 1,012.78)

−2.91
(−3.45, −2.37)

　55−59 1,246.66
(1,046.18, 1,446.63)

2,868.36
(2,407.08, 3,328.46)

1,194.67
(961.53, 1,463.22)

1,259.67
(1,013.84, 1,542.83)

−2.55
(−3.04, −2.05)

　60−64 1,255.79
(1,071.78, 1,451.55)

3,545.36
(3,025.86, 4,098.04)

1,392.79
(1,137.57, 1,681.71)

1,773.00
(1,448.10, 2,140.78)

−2.00
(−2.40, −1.59)

　65−69 1,166.10
(1,010.29, 1,321.36)

4,260.88
(3,691.56, 4,828.21)

1,580.37
(1,312.07, 1,871.94)

2,245.36
(1,864.17, 2,659.62)

−1.87
(−2.26, −1.47)

　70−74 921.36
(810.17, 1,040.65)

4,886.18
(4,296.53, 5,518.79)

1,399.80
(1,169.62, 1,646.77)

2,925.03
(2,444.05, 3,441.10)

−1.75
(−2.16, −1.34)

　75−79 518.06
(462.65, 581.45)

4,540.24
(4,054.58, 5,095.71)

901.11
(764.70, 1,041.96)

3,019.14
(2,562.09, 3,491.05)

−1.19
(−1.63, −0.75)

　80−84 219.57
(195.33, 245.51)

3,893.78
(3,463.98, 4,353.84)

542.99
(466.22, 619.14)

2,847.76
(2,445.13, 3,247.14)

−0.66
(−1.16, −0.16)

　85−89 66.1
(57.84, 73.86)

3,447.01
(3,016.22, 3,851.69)

241.75
(209.50, 270.15)

2,842.56
(2,463.33, 3,176.58)

−0.33
(−0.67, 0.02)

　90−94 9.49
(8.14, 10.74)

2,547.54
(2,183.72, 2,882.76)

43.67
(35.82, 50.02)

1,946.12
(1,596.11, 2,228.93)

−0.97
(−1.35, −0.59)

　95+ 1.24
(1.01, 1.43)

1,990.79
(1,617.64, 2,303.96)

6.78
(5.28, 7.90)

1,518.57
(1,183.48, 1,768.97)

−0.90
(−1.23, −0.58)

DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change; 95% UI, 95% uncertainty interval; 95% CI, 95%
confidence interval; *, age-standardized DALYs rate; **, crude DALYs rate in each age group.
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both males and females were similar to the trends for the
total population, while the trends of age-specific rates of
mortality differed between males and females. The age-

specific  rates  of  mortality  peaked at  90−94 years  old  in
males, while the age-specific rates of mortality increased
with increasing age in females. Furthermore, the numbers

 

Figure  1 Numbers  and  rates  of  incidence  (A),  death  (B)  and  DALYs  (C)  of  gastric  cancer  by  age  and  sex  in  2019  in  China.  Shading
represents the upper and lower limits of the 95% uncertainty intervals (95% UIs). DALYs, disability-adjusted life-years.
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and  rates  of  incidence,  deaths  and  DALYs  were
concentrated  in  the  elderly  population  (≥60  years  old)
(Figure 1).

Temporal trends of incidence, mortality and DALYs of GC
from 1990 to 2019

From 1990 to 2019,  the numbers of  incident cases,  deaths
and  DALYs  of  GC  all  significantly  increased  among  the
total population (Tables 1−3). The number of incident cases
increased by  more  than two times  among males  ≥65 years
old and  females  ≥80  years  old  during  the  study  period
(Figure  2A).  The  ASIR  was  37.56  per  100,000  (95%  UI:
33.08,  42.27)  in  1990,  which  decreased  in  2019,  with  an
EAPC  of −0.41  (95%  CI: −0.77, −0.06)  in  the  total
population (Table 1). The ASIR of females decreased more
significantly  than  that  of  males  during  this  period
[EAPC=−1.60,  95%  CI:  (−1.95, −1.25) vs. EAPC=0.14,
95% CI: (−0.21, 0.50), respectively] (Table 1). Additionally,
overall  downward  trends  in  the  incidence  rates  were
observed  among  both  sexes  in  most  age-specific  groups,
while  short-term  upward  trends  were  observed  between
2000 and 2010 (which was more pronounced among males)
(Figure 2B).

The  ASMR decreased  from 1990 [37.73  per  100,000
(95% UI: 33.20, 42.39)] to 2019, with an EAPC of −1.68
(95% CI: −2.09, −1.27) (Table 2). A decreasing trend of age
standardized DALYs was also observed during this period,
and the EAPC was −1.98 (95% CI: −2.40, −1.57) (Table 3).
Overall  downward trends in mortality and DALYs rates
were observed in most age-specific groups and both sexes;
from 2000 to 2010, the mortality and DALYs rates showed
a short-term upward trend, especially among males and
females aged ≥75 years old (Figure 2C,D).

Mortality  and  DALYs  rates  of  GC  attributable  to  risk
factors and their temporal trends from 1990 to 2019

In all age-specific groups, the mortality that was attributed
to  smoking  was  the  highest  among  males  and  the  lowest
among females (Figure 3A). Trends in the first increase and
then  decrease  of  GC  mortality  attributable  to  a  high-
sodium  diet  and  smoking  were  observed  in  most  age-
specific  groups  and  both  sexes,  and  the  overall  downward
trends were observed during the past three decades (Figure
3A). Moreover, the temporal trends of the rates of DALYs
attributable  to  a  high-sodium  diet  and  smoking  were
similar to those of mortality (Figure 3B).

The proportions of DALYs that were attributed to risk

factors (smoking and a high-sodium diet) were different
between  males  and  females.  Smoking  was  the  most
significant contribution among males, accounting for more
than 27.5% of DALYs from 1990 to 2019; the proportions
of DALYs of GC attributable to smoking for males were
about 10 times higher than that for females. A high-sodium
diet was the most significant contribution among females,
accounting for more than 8.7% of DALYs from 1990 to
2019 (Figure 3C).

Moreover, during this period, the proportions of DALYs
attributable to both smoking and a high-sodium diet did
not change significantly among sexes in any age-specific
groups.  During  this  period,  the  proportions  of  DALYs
attributable to smoking among females increased in those
>45 years old, while the proportions attributable to a high-
sodium diet decreased in females >75 years old.  Among
males,  from  1990  to  2019,  the  proportions  of  DALYs
attributable to smoking decreased in the 70−89 year-old
age group, while the proportions attributable to a high-
sodium diet decreased in males >80 years old (Figure 3D).

Predictions of incidence and mortality of GC from 2020 to
2044

Based on GBD data of GC from 1990 to 2019 in China, we
further  predicted  the  numbers  and  rates  of  incidence  and
mortality  in  the  next  25  years  (Figure  4).  In  the  next  25
years,  the  rates  of  incidence  and  mortality  among  both
males  and  females  should  show a  downward  trend  (Figure
4A),  while  the  numbers  of  new  cases  and  deaths  of  GC
should  continue  to  increase  from  2020  to  2044  (Figure
4B,C). In 2044, the overall new GC cases should increase to
738.79 thousand (Figure 4B) and the number of GC deaths
should  increase  to  454.80  thousand  (Figure  4C).  In  2044,
among  males,  the  numbers  of  incident  cases  and  deaths
should  increase  to  546.76  thousand  and  320.66  thousand,
respectively (Figure 4B,C). Among females, the numbers of
incident  cases  and  deaths  should  increase  to  192.04
thousand and 134.14 thousand in 2044, respectively (Figure
4B,C). The numbers of incident cases and deaths for males
should be more than twice as high as that for females.

Discussion

China  is  one  of  the  countries  with  the  highest  burden  of
GC in the world (13,24).  In the past,  few studies analyzed
the burden of  GC in China (24-26),  and the latest  disease
burden  of  GC  is  still  unknown.  Therefore,  in  our  study,
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Figure 2 Number of incident cases (A), incidence rate (B), death rate (C) and DALYs rate (D) of gastric cancer by age and sex, from 1990 to
2019 in China. DALYs, disability-adjusted life-years.
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Figure 3 Rates of death, rates and proportions of DALYs attributable to risk factors by age and sex, from 1990 to 2019 in China. Rates of
death (A) and DALYs (B) of gastric cancer attributable to risk factors by age and sex, from 1990 to 2019 in China; proportions of DALYs
attributable to risk factors by sex from 1990 to 2019 in China (C); and proportions of DALYs attributable to risk factors by age and sex in
1990 and 2019 in China (D). DALYs, disability-adjusted life-years.
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using  the  latest  data  of  the  GBD  study  (2019),  we  did  a
more comprehensively and in-depth analysis of the disease
burden of GC and its temporal trends by age, sex, and risk
factors,  and uniquely,  we  predicted  the  numbers  and rates
of  incidence  and  mortality  in  the  next  25  years  in  China.
First of all, in 2019, there were 612.82 thousand new cases
and 421.54 thousand deaths attributed to GC in China, and

the ASIR and ASMR were 30.64 per 100,000 and 21.72 per
100,000,  respectively.  In  our  study,  the numbers  and rates
of  incidence  and  deaths  in  2019  were  higher  than  those
estimated  by  the  International  Agency  for  Research  on
Cancer  (IARC)  and  related  studies  in  China;  the  reasons
for  these  differences  might  be  related  to  the  difference  in
reporting  years  (reported  in  2018  and  2015,  respectively),

 

Figure 4 Temporal trends and forecasted rates of incidence and death (A), and number of incident cases (B) and deaths (C) of gastric cancer
by sex, from 2020 to 2044 in China. Solid lines and dash lines represent the observed and the predicted the number of incident cases and
deaths  of  gastric  cancer;  shading  represents  a  1% decrease  and increase  interval  based  on the  2019 rate.  DALYs,  disability-adjusted  life-
years.
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the  coverage  points  of  data  collection,  and  the  estimation
models.

China contributes the largest numbers of GC incident
cases, deaths and DALYs, worldwide (13). The numbers of
incident cases, deaths and DALYs all significantly increased
from 1990 to 2019 in China among the total population,
and our model  predicted the numbers of  new cases and
deaths of GC should continue to increase in the next 25
years  in  both  sexes.  Meanwhile,  the  rates  of  incidence,
mortality and DALYs showed an overall decreasing trend
in the past three decades among the total population, which
is consistent with previous studies (25,26). Although the
rates of incidence and mortality of GC showed downward
trends in the world and China, the disease burden of GC in
China is still heavy (25) and these rates are higher than the
average levels of the world (27).

Many factors produced the high disease burden of GC in
China.  Firstly,  China  has  the  largest  population  in  the
world,  with  a  population of  approximately  1.42  billion,
accounting for almost one-fifth of the world’s population
(28-30). The large population base contributes to higher
numbers  and  rates  of  incidence,  mortality  and  DALYs,
which  can  have  a  significant  impact  on  the  world  (29).
Meanwhile,  China is  transforming into an aging nation
(31,32).  This trend may cause the numbers and rates of
incidence, mortality and DALYs to be concentrated in the
elderly  population  (especially  ≥60  years  old),  which  is
consistent with our results. Secondly, China has operated a
screening program for the populations with a high risk of
GC (25), and significant improvement has been made in
the early diagnosis and treatment of GC (24). A series of
screening  and  early  detection  programs  have  been
formulated and implemented by the Chinese government
since  2005  (26,33,34).  These  programs  were  first
implemented in 11 high-risk regions in China, and then
expanded  to  all  provinces  in  2019  (34).  The  target
population of the current screening program is 40−69 years
old of both sexes (26). The implementation of screening
and  early  detection  programs  might  be  an  important
explanation for our results. The improvement of medical
conditions  and  the  implementation  of  public  health
strategies and screening programs would result in a decline
in the rates of mortality and DALYs of GC, and on the
other hand, the detection rate of new cases would increase,
thereby  keeping  the  incidence  rate  from  declining
substantially. However, it is expected from the prediction
model that the future incidence rate will steadily decrease.
Thirdly, with the improvement of public health and the

changing of lifestyles in China (35), the risk factors (such as
smoking, alcohol consumption, a high-sodium diet and H.
pylori infection) have been effectively controlled, leading to
a decline in the rates of mortality and DALYs. Lastly, the
improvements in socioeconomic status might be also an
important reason (26). The rapid economic development of
China (especially in the past 10 years) has greatly improved
the  living  standards  of  residents  and  their  personal
awareness  of  diseases,  which  might  have  resulted  in  a
decline in the rates of incidence, mortality and DALYs in
our study. In summary, the large population base, aging of
the  population,  implementation  of  screening  and  early
detection  programs,  controlling  risk  factors,  and
improvements in socioeconomic status, together contribute
to the high disease burden of GC in China.

Although the overall  decreasing trends in the rates of
incidence, mortality and DALYs were observed in all age-
specific groups and both sexes, these indicators showed a
short-term  upward  trend  from  2000  to  2010.  The
screening  and  early  detection  programs  were  initially
implemented in 2005 in China (34), which might have led
to an increase in the detection of the number of new cases
in the following years. The other possible reason for this
observed result might be that China had implemented a
series of prevention strategies, including tobacco-control
strategies  since  2005  (36,37)  and  a  salt-consumption
program since 2007 (38). In addition, an increase in death-
data collection points might also be a reason. The deaths
data  were  reported  by  the  China  Disease  Surveillance
Points system: 145, 161 and 605 disease surveillance points
were used from 1991 to 2003, 2004 to 2012, and 2013 to
2017, respectively (15); from 2008 to 2017, all the deaths
data were reported through the online reporting system of
the Chinese Center for Disease Control and Prevention (15).

We further found that the risk factors of smoking and a
high-sodium  diet  played  an  important  role  in  the  GC
burden, and might also be the main cause of differences
between males and females. Smoking is one of the well-
known risk factors, and the GC burden caused by smoking
is different between males and females. In our study, the
proportion of DALYs attributable to smoking was about 10
times higher in males than females. In China, the smoking
prevalence  rates  of  males  and  females  were  52.9% and
2.4%  in  2010,  respectively  (39,40),  which  may  be  an
important reason for the gender differences. Moreover, in
2010, the prevalence of GC was the highest among males
in  the  45-64  years  age  group  (63.0%)  (40),  which  may
increase the burden of disease for males over 45 years old
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in the future. Consistent with our speculation, we observed
higher  proportions  of  DALYs  of  GC  attributable  to
smoking in males in the 50-94 years age group (>25%) in
2019.  China  has  formulated  many  tobacco  control
strategies and mobilized all people to participate (36,37,41).
The WHO Framework Convention on Tobacco Control
(FCTC) was ratified by China in 2005, and tobacco control
has made progress during the past decade (36,37). A slight
downward trend in the proportion of DALYs attributable
to smoking was observed in our study. The mechanisms of
the effect of smoking on GC are unclear currently. Overall,
smoking is associated with the development of precursor
lesions  of  GC;  in  addition,  tobacco  smoke  contains  a
variety of chemical carcinogens (especially nitrosamines
and other  nitroso  compounds)  (42,43).  These  chemical
carcinogens  may  bind  to  DNA  and  affect  the  normal
function of DNA, eventually leading to GC (42,43).

High-salt consumption is an important risk factor for
GC and may increase the risk of it through the following
mechanisms. Firstly, high-salt consumption may irritate the
gastric mucosa, inducing intestinal metaplasia, and lead to
atrophic gastritis (44,45). Secondly, high-salt consumption
can  promote  the  carcinogenesis  progress  of  gastric
dysplasia or GC among person infected with H. pylori (44-
46).  Moreover,  high-salt  foods  (such  as  salted  fish,
preserved foods  and processed meats)  may also  contain
nitrate and nitrite, which may promote the formation of N-
nitroso compounds (44). From our study, we found that the
proportion of DALYs attributable to a high-sodium diet
was  more  than  8.7%  in  China  in  2019;  and  a  slightly
downward trend in the proportion of DALYs attributable
to  a  high-sodium  diet  was  observed  among  males  and
females. Since 2007, China developed the “China Healthy
Lifestyle  for  All”  initiative  to  improve  people’s  health
literacy,  which  includes  important  content  about  the
control  of  salt  intake  (38).  With  the  control  of  salt-
consumption  program,  the  rates  of  death  and  DALYs
attributable to a high-sodium diet has slightly decreased in
the past three decades. However, the GC burden caused by
a high-sodium diet is still relatively high. Therefore, more
comprehensive prevention and control measures should be
taken to further reduce the burden of GC caused by high-
salt intake.

We should discuss other important risk factors for GC
that were not contained in the database. H. pylori is a well-
known risk  factor  for  GC,  and  is  classified  as  a  class  I
human carcinogen (47,48). In our study, although we could
not evaluate the GC burden caused by H. pylori, we could

speculate that the proportion of DALYs attributable to H.
pylori infection might be high. In 2015, about 4.4 billion
people  worldwide  were  H.  pylori-positive  (49).  In  the
Western  world,  the  prevalence  of  H.  pylori  has  greatly
decreased, while in developing countries, the prevalence of
H. pylori is still at a high level (49). The prevalence of H.
pylori  is  55.8% in China,  which is  higher than in Japan
(51.7%)  and Korea  (53.9%)  (49).  In  China,  because  of
wider population-based screening (28), increased awareness
of  the  treatment  of  H.  pylori  infection  (28),  the
development  of  an  effective  vaccine  (50),  and  the
improvement in socioeconomic status, the prevalence of H.
pylori shows a decreasing trend (decreased 0.9% annually)
(51), which may contribute to the decrease in the rates of
mortality  and  DALYs.  In  addition,  other  reported  risk
factors for GC include alcohol consumption, infection with
the Epstein-Barr virus, socioeconomic status, a low intake
of fruits and vegetables, obesity and gastroesophageal reflux
disease, poor oral health, radiation, and a family history of
GC (5,52-54).

There are some limitations in our study. Firstly, we only
assessed the disease burden of GC at the national level and
could  not  conduct  a  more  detailed  assessment  at  the
provincial level. Secondly, we could not divide GC into the
cardia GC and non-cardia GC. The temporal trend of the
incidence and risk factors for these two subtypes of GC are
different (5,52).  Smoking, age, sex, radiation and family
history  are  common risk  factors  for  both  types  of  GC;
while  obesity  and  gastroesophageal  reflux  disease  are
specific risk factors for cardia GC; H. pylori infection, low
socioeconomic status and a high-salt  diet  are associated
with an increased risk of non-cardia GC (5,53). Thirdly, we
could  not  evaluate  the  GC  burden  caused  by  other
important risk factors because the GBD database does not
contain the corresponding data. Fourthly, since the data
were a summary of several sites, the limitation of report
omission  might  exist,  which  might  result  in  the
underestimation of our results. Although the data used to
estimate incidence and mortality in the GBD study were
fitted,  filled,  and  corrected  through  various  models,
including  a  linear  step  mixed-effects  model  and
spatiotemporal Gaussian process regression, our findings
are consistent with those of previous studies. However, we
should  not  ignore  the  fact  that  the  proportion  of  the
population covered by these systems has changed during
the past three decades, which needs to be fully considered
when interpreting our results.
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Conclusions

We provide a comprehensive analysis of the burden of GC
in China.  During  the  past  three  decades,  benefitting  from
the  implementation  of  prevention  strategies  and  the
improvement of medical technology, the rates of incidence
and  mortality  decreased.  However,  the  number  of  new
cases  and deaths  increased and will  further  increase  in  the
next  25  years  due  to  the  aging  population  and  high-risk
behaviors  (such  as  smoking,  a  high-sodium  diet  and H.
pylori infection).  Therefore,  focusing  on  the  risk  factors,
more  detailed  prevention  and  control  strategies  should  be
formulated  for  males  and  females  and  people  in  different
age  groups.  Further  effort  is  also  needed  to  mobilize  the
entire population to participate, which may have a positive
effect  on  variations  in  the  incidence  of  GC.  On the  other
hand,  strategies  and  measures  for  improving  the  level  of
early  diagnosis  and  developing  new  treatment  techniques
should be proposed to reduce the mortality of GC.
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