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INTRODUCTION: Gastric cancer is a significant global health concern, ranking as the fifth most common cancer worldwide and the
third leading cause of cancer-related mortality. While improvements in health awareness and medical technology
have contributed to a decline in the incidence of gastric cancer in many countries, the rate of gastric cancer in
adolescents and young adults (GCAYA) has shown an upward trend. Timely and effective strategies for screening,
detection, and treatment are crucial for managing the burden of GCAYA and optimizing the allocation of medical
resources. To this end, our study aimed to examine the distribution of the burden of GCAYA across different factors
atthe global, regional, and national levels between 1990 and 2019. By identifying and analyzing these factors, we
can better inform efforts to combat this growing health challenge.

METHODS: This study used data from the Global Burden of Disease database to analyze the global, regional, and
national incidence, mortality, and disability-adjusted life years (DALY) GCAYA from 1990 to 2019. The age-
standardized incidence rate (ASIR), age-standardized mortality rate, and age-standardized DALY rate (ASDR) of
GCAYA were summarized and presented in a visually intuitive manner at the global, regional, and national levels.
In addition, we calculated the estimated annual percentage change for each indicator of GCAYA globally,
regionally, and nationally and visually displayed the results. Furthermore, we conducted an age-based analysis of
adolescents and young adults with gastric cancer, comparing the age composition of deaths and the age burden of
patients between 1990 and 2019. For the sake of brevity, we will use the abbreviation GCAYA to refer to gastric
cancer among adolescents and young adults throughout the remainder of this article.

RESULTS: From 1990 to 2019, the incidence of GCAYA has slightly increased globally. The number of newly diagnosed cases rose
from 47,932 (95% uncertainty interval 44,592.9-51,005.7) in 1990 t0 49,007 (45,007.7-53,078.1) in 2019, while
the number of deaths decreased from 35,270 (32,579-37,678.5) to 27,895 (25,710.9-30,240.4). The global ASIR
showed a declining trend, decreasing from 22.4 (95% uncertainty interval 21.2-23.6) per 100,000 in 1990 to 15.6
(14.1-17.2) per 100,000 in 2019. The age-standardized mortality rate also showed a declining trend, decreasing
from 20.5 (19.2-21.6) per 100,000 in 1990 to 11.9 (10.8-12.8) per 100,000 in 2019. The ASDR also showed a
declining trend, decreasing from 493.4 (463.7-523.7) per 100,000 in 1990 to 268.4 (245.5-290.6) per 100,000 in
2019. From 1990 to 2019, the incidence, mortality, and DALY of gastric cancer among male adolescents and
young adults were higher than those of female adolescents and young adults. In 2019, the number of male adolescents
and young adults with gastric cancer was 2.1 times higher than that of female individuals (368.9 [328.2-410.3] vs
178.2[160.5-196.9]), the number of deaths was 1.1 times higher (14,971.6 [13,643.3-16,520.5] vs 12,923.6
[11,550.3-14,339]), and the DALY were 1.1 times higher (841,920.5 [766,655.5-927,598.8] vs 731,976.3
[653,421-814,242.8]). The incidence and DALY of GCAYA were higher in regions with high-middle and middle
sociodemographic index countries. The age-standardized mortality rate of GCAYA in 198 countries and territories showed
a decreasing trend, with the Republic of Korea showing the greatest decrease from 1,360.5 (1,300.3-51,416.5) per
100,000 in 1990 to 298.7 (270.1-328.4) per 100,000 in 2019, with an estimated annual percentage change of
—5.14 (95% confidence interval —7.23 to —2.99). The incidence and DALY of GCAYA increased with age, with the
highest proportion of patients being in the 35-39 years age group. In both 1990 and 2019, the age of death from GCAYA
was mainly concentrated in the 35-39 years age group, accounting for approximately half of the total population.
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DISCUSSION:

Gastric Cancer in Adolescents and Young Adults

In the past 30 years, although the total number of new cases of GCAYA has increased with population growth, the

ASIR and overall disease burden have shown a decreasing trend. This indicates progress in screening, diagnosis,
treatment, education, and awareness efforts. However, the distribution of this disease remains uneven in terms of
sex, age, development level, region, and country. To address these challenges, global health authorities should
take appropriate measures such as optimizing screening programs, strengthening awareness and screening efforts
for male individuals, enhancing prevention and control among the 35-39 years age group, improving
infrastructure and health care resources in developing countries, promoting international cooperation, and

implementing tailored measures.

KEYWORDS: gastric cancer; global burden of disease; adolescents and young adults; age-standardized incidence rate; age-standardized

DALY rate; estimated annual percentage change
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INTRODUCTION

Gastric cancer is one of the most common malignant tumors
worldwide (1,2), and gastric cancer in adolescents and young adults
(GCAYA) refers to stomach cancer that occurs in young people
(usually aged 15-39 years). According to recent research, the in-
cidence of GCAYA is unevenly distributed and has been increasing
globally year by year, especially in Asian countries such as South
Korea, Japan, and China (3,4), where the incidence of GCAYA
is higher among young people (3). In addition, some developing
countries in Africa also have a high incidence (5). The reasons for
GCAYA are not fully understood, but current research suggests that it
is related to factors such as dietary habits, Helicobacter pylori infection
(6), genetic factors, environmental factors, and lifestyle (1). The United
Nations and the World Health Organization have been committed to
preventing and controlling the occurrence and spread of gastric
cancer, with the ultimate goal of reducing the incidence and mortality
of gastric cancer, improving the quality of life of patients with gastric
cancer, and helping all countries around the world achieve a healthier
future. Overall, the overall incidence of gastric cancer has begun to
decline in many countries, and some progress has been made in
controlling the overall incidence (1). However, the incidence of
GCAYA has been increasing year by year and is unevenly distributed
in different countries, which should be a cause for concern (7). To
respond to the latest characteristics of GCAYA, targeted measures are
needed to prevent and control its occurrence and protect people’s
health. Therefore, we need to track the changes in the latest trends and
burden of GCAYA at the global, regional, and national levels, analyze
the incidence trends and epidemiological characteristics of different
countries, and take corresponding measures to improve the situation.
This study aims to investigate the global, regional, and national burden
of GCAYA in 204 countries and regions from 1990 to 2019, eval-
uate the trends of GCAYA in the past 30 years at the global, re-
gional, and national levels, which can help track progress, draw
resource demand maps, and help formulate and implement poli-
cies to prevent and respond to the increasing burden of GCAYA.

METHODS

Study population

The subjects of this study are adolescent and young adult patients
diagnosed with gastric cancer. Although there is currently no
standardized definition for GCAYA internationally, previous
studies have commonly defined GCAYA as occurring in patients
aged 15-39 years (8). This age range corresponds with the age
grouping in the Global Burden of Disease (GBD) database,

facilitating data analysis and comparison. In addition, patients
within this age range have achieved stable biological and physio-
logical maturity. Based on the aforementioned theory and previous
research, this study specifically targets adolescent and young adult
patients aged 15-39 years with gastric cancer.

Data collection

The gastric cancer diagnosis defined in this study corresponds
to the International Classification of Diseases (ICD-10) codes
C16-C16.9, D00.2, D13.1, D37.1 (see Supplementary Docu-
ments, ICD code pp 1478, http://links.lww.com/AJG/D90).
Data were obtained from the Global Health data Exchange
(http://ghdx.healthdata.org/) (9-11), exporting data using the
GBD Results Tool (https://vizhub.healthdata.org/gbd-results/).
The search parameters included “stomach cancer” for cause;
“incidence, prevalence, deaths, years of life lost, years lived with
disability, and disability-adjusted life years (DALY) for mea-
surements; “all locations” for location; “1990-2019” for years;
“number and rate” for metrics; “male, female, and both” for sex;
and “age standardized, 15-39 years and corresponding 5-year
bands” for age. We followed the Guidelines for Accurate and
Transparent Health Estimates Reporting guidelines for cross-
sectional studies.

Statistical analysis

Data provided by the GBD database were used to describe the
incidence, mortality, and DALY rates of GCAYA at the global,
regional, and national levels from 1990 to 2019. The age-
standardized incidence rate (ASIR), age-standardized mortality
rate (ASMR), and age-standardized DALY rate (ASDR) of GCAYA
were calculated at the global, regional, and national levels, and the
world maps of ASIR, ASMR, and ASDR were plotted. The estimated
annual percentage change (EAPC) of ASIR, ASMR, and ASDR of
GCAYA were calculated using the formula 100 X (exp [B] —1),and
the 95% confidence interval was obtained from the linear regression
model. The world maps of EAPC of ASIR, ASMR, and ASDR of
GCAYA were plotted. Adolesgggcent and young adult patients with
gastric cancer were divided into 5 age groups: 15-19 years, 20-24
years, 25-29 years, 30-34 years, and 35-39 years, and the compo-
sition of age burden in patients was compared between 1990 and
2019. The composition of age burden in deaths among patients was
compared globally between 1990 and 2019. All statistics were per-
formed using the R program (Version 4.2.3, R core team). A P value
less than 0.05 was considered statistically significant.
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Patient and public involvement
Patients and/or the public were not involved in the design, con-
duct, reporting, or dissemination plans of this research.

RESULTS

Time and sex trends of GCAYA from 1990 to 2019

From 1990 to 2019, the total number of new cases of GCAYA
worldwide showed a certain degree of fluctuation. It increased from
1990 to 2010, decreased from 2010 to 2015, and increased again from
2015 to 2019, showing an overall upward trend. The total number of
new cases increased from 47,932 (95% uncertainty interval
44,592.9-51,005.7) in 1990 to 49,007 (45,007.7-53,078.1) in 2019
(Figure 1a). From 1990 to 2019, the total number of deaths due to
GCAYA also showed a certain degree of fluctuation. It increased
from 1990 to 2010, decreased from 2010 to 2015, and increased again
from 2015 to 2019, showing an overall downward trend. The total
number of deaths decreased from 35,270 (32,579-37,678.5) in 1990
to 27,895 (25,710.9-30,240.4) in 2019. The DALY due to GCAYA
also showed a certain degree of fluctuation. It increased from 1990
to 2010, decreased from 2010 to 2015, and increased again from
2015 to 2019, showing an overall downward trend. The DALY
decreased from 1,989,927 (1,839,468.2-2,123,565) in 1990 to
1,573,896 (1,448,735.6-1,703,548) in 2019. From 1990 to 2019, the
ASIR, ASMR, and ASDR of GCAYA showed a decreasing trend
(Figure 1b), decreasing from 22.4 (21.2-23.6) per 100,000 in 1990 to
15.6 (14.1-17.2) per 100,000 in 2019 for ASIR; from 20.5 (19.2-21.6)
per 100,000 in 1990 to 11.9 (10.8-12.8) per 100,000 in 2019 for
ASMR; and from 493.4 (463.7-523.7) per 100,000 in 1990 to 268.4
(245.5-290.6) per 100,000 in 2019 for ASDR.

From 1990 to 2019, the incidence rate, mortality rate, and DALY
of GCAYA among male patients were higher than those among
female patients. In 2019, the incidence rate of GCAYA among
male patients was 2.1 times higher than that among female patients
(368.9 [328.2-410.3] vs 178.2 [160.5-196.9]), the mortality rate of
GCAYA among male patients was 1.1 times higher than that
among female patients (14,971.6 [13,643.3-165,20.5] vs 12,923.6
[11,550.3-14,339]), and the DALY of GCAYA among male patients
was 1.1 times higher than that among female patients (841,920.5
[766,655.5-927,598.8] vs 731,976.3 [653,421-81,4242.8]). From
1990 to 2019, the ASIR, ASMR, and ASDR of GCAYA among both
male and female patients showed a decreasing trend, similar to that
in the general population. However, the abovementioned indicators
among male patients were consistently higher than those among
female patients in all regions (Figure 1). In 2019, the ASIR of GCAYA
among male patients was 2.3 times higher than that among female
patients (22.4 [19.8-25.3] per 100,000 vs 9.7 [8.7-10.7] per 100,000),
the ASMR of GCAYA among male patients was 2.1 times higher
than that among female patients (16.6 [14.8-18.3] per 100,000 vs 7.9
[7.1-8.8] per 100,000), and the ASDR of GCAYA among male pa-
tients was 2.1 times higher than that among female patients (368.9
[328.2-410.3] per 100,000 vs 178.2 [160.5-196.9] per 100,000)
(Supplementary Digital Content, see Appendix pp 1-3, http://links.
Iww.com/AJG/DS83).

Region and sex trends of GCAYA from 1990 to 2019

According to the sociodemographic index (SDI) quintile (11), the in-
cidence and DALY of GCAYA in all regions of the world showed a
decreasing trend. High SDI countries had the most significant decrease
in ASIR and ASDR, with an EAPC of —2.12 (95% confidence interval
—2.18 to —2.06) and —3.13 (—3.19 to —3.07), respectively. The ASIR
decreased from 22 (95% uncertainty interval 21.2-22.4) per 100,000 in

The American Journal of GASTROENTEROLOGY

1990 to 124 (11.1-13.6) per 100,000 in 2019, while the ASDR de-
creased from 343.2 (334.6-348.5) per 100,000 in 1990 to 1453
(136.6-151.7) per 100,000 in 2019 (Table 1). Middle SDI countries had
the least decrease in ASIR, with an EAPC of —0.77 (—1 to —0.54). The
ASIR decreased from 24.5 (22.2-27.1) per 100,000 in 1990 to 18.7
(16.4-214) per 100,000 in 2019. Low SDI countries had the least
decrease in ASDR, with an EAPC of —1.2 (—1.23 to —1.16). The ASDR
decreased from 296.6 (261.9-328) per 100,000 in 1990 to 212
(189.1-237.1) per 100,000 in 2019. In 2019, regions with high-middle
and middle SDI countries had higher incidence and DALY rates of
GCAYA.

At the regional level, the age-standardized incidence, preva-
lence, mortality, and DALY rates of GCAYA were higher in male
than those in female patients in 2019 (Figure 2).

At the regional level, from 1990 to 2019, the ASIR of GCAYA
showed a decreasing trend worldwide. The largest decline was ob-
served in high-income Asia Pacific, with a decrease from 61.5
(59.3-63) per 100,000 in 1990 to 28.2 (24.2-32.3) per 100,000 in
2019, representing an EAPC of —2.82 (—2.9 to —2.74). Other re-
gions with significant declines included Eastern Europe (from 30.9
[29.8-31.5] per 100,000 in 1990 to 16.1 [14.5-17.8] per 100,000 in
2019, EAPC —2.66 [—2.85 to —2.46]), and Tropical Latin America
(from 18.1 [17.2-18.7] per 100,000 to 10.2 [9.6-10.7] per 100,000,
EAPC —2.03[—2.11 to —1.95]). The smallest declines were observed
in Oceania (from 13.8 [11-16.6] per 100,000 in 1990 to 12.9
[10.1-15.9] per 100,000 in 2019, EAPC —0.23 [—0.27 to —0.19]);
Western Sub-Saharan Africa (from 10.2 [8.9-11.4] per 100,000 in
1990 to 8.7 [7.5-9.8] per 100,000 in 2019, EAPC —0.36 [—0.44 to —
0.28]); and East Asia (from 37.1 [32.7-41.7] per 100,000 in 1990 to
30.2 [25.5-35.5] per 100,000 in 2019, EAPC —0.43 [—0.76 to 0.1]).

Atthe regional level, the standardized DALY for GCAYA showed
a decreasing trend from 1990 to 2019 worldwide, with the largest
decline observed in Western Sub-Saharan Africa, from 839.7
(816.8-856) per 100,000 to 284.7 (262.8-300.3) per 100,000. The
EAPC was —3.93 (—4 to —3.85). Similarly, Western Europe
exhibited a decline from 755 (725.8-770.4) per 100,000 to 330.4
(297.1-366.6) per 100,000 with an EAPC of —3.43 (—3.68 to —3.18),
followed by Tropical Latin America, which decreased from 289.1
(280.9-294.2) per 100,000 to 132 (125.3-137.7) per 100,000 with an
EAPC of —2.81 (—2.9 to —2.73). Among all regions, the smallest
decline was observed in Andean Latin America, from 360.3
(282-441.1) per 100,000 in 1990 to 335 (255.9-422.1) per 100,000 in
2019, with an EAPC of —0.21 (—0.26 to —0.17). Australasia
exhibited a decline from 248.4 (217.2-281.7) per 100,000 to 199.7
(172-229.9) per 100,000 with an EAPC of —0.58 (—0.65 to —0.51),
while the Caribbean region decreased from 265.6 (239-284.4) per
100,000 to 189.6 (160.4-220.1) per 100,000 with an EAPC of —1.07
(—1.2 to —0.95) (Table 1).

Country trends of GCAYA from 1990 to 2019

In 2019, China, India, and the Russian Federation had the highest
numbers of new cases of GCAYA. China had the highest
number of cases at 20,855 (17,648.4-24,441.3), followed by India
at 7,368 (6,275.7-8,537.3), and then the Russian Federation at
1,409 (1,187.2-1,653.3) (Supplementary Digital Content, see
Appendix pp 4-13, http://links.Ilww.com/AJG/D83). The highest
number of deaths due to GCAYA were reported in China at 8,462
(7,243.5-9,830.1), followed by India at 5,935 (5,047.9-6,941.1),
and Brazil at 753 (707.0-798.5) (Supplementary Digital Content,
see Appendix pp 14-23, http://links.lww.com/AJG/D83). Mon-
golia (43.7/100,000 [34.2-55.0]/100,000), Bolivia (Plurinational

VOLUME 119 | MARCH 2024 www.amjgastro.com


http://links.lww.com/AJG/D83
http://links.lww.com/AJG/D83
http://links.lww.com/AJG/D83
http://links.lww.com/AJG/D83
http://www.amjgastro.com

15-39 years counts
Incidence
40000~

50000 -

30000 -
40000 -

Counts

30000 - 20000 -

1990 2000 2010 2020 1990 2000

20000 -

Age-standardized rates

Incidence
30-
25-
20-
15-
10-
10-

1990 2000 2010 2020 1990 2000

ASR (per 100 000 person-years)

300~
200-

Gastric Cancer in Adolescents and Young Adults

Deaths DALYs

2000000 -

1500000 -

—
1000000;1 — - \—A

2010 2020 1990 2000 2010 2020
year

Deaths DALYs

700-
600 -
500 -

400 -

2010 2020 1990 2000 2010 2020
year

sex Both — Female Male

Figure 1. Global time and sex burden of GCAYA, 1990-2019. (a) All-age counts. (b) ASR, age-standardized rates; DALY, disability-adjusted life years;

GCAYA, gastric cancer in adolescents and young adults.

State of Bolivia) (34.0/100,000 [26.8-42.0]/100,000), and China
(30.6/100,000 [25.8-36.1]/100,000) had the highest ASIR of
GCAYA, while Malawi (3.2/100,000 [2.6-3.9]/100,000), Namibia
(3.4/100,000 [2.8-4.2]/100,000), and Maldives (3.7/100,000
[3.1-4.5]/100,000) had the lowest rates (Figure 3a; Supplemen-
tary Digital Content, see Appendix pp 24-38, http://links.Iww.
com/AJG/D83). Mongolia (46.0/100,000 [36.3-57.4]/100,000),
Bolivia (Plurinational State of Bolivia) (36.1/100,000 [28.7-44.2]/
100,000), and Afghanistan (29.3/100,000 [21.2-36.5]/100,000)
had the highest ASMR due to GCAYA, while the United States
(3.4/100,000 [3.1-3.5]/100,000), Kuwait (3.4/100,000 [2.8-4.1]/
100,000), and Malawi (3.5/100,000 [2.9-4.2]/100,000) had the
lowest rates (Figure 3b; Supplementary Digital Content, see Ap-
pendix pp 39-53, http://linkslww.com/AJG/D83). Mongolia
(1,059.2/100,000 [816.7-1,351.3]/100,000), Bolivia (Plurinational
State of Bolivia) (749.1/100,000 [572.6-946.3]/100,000), and
Afghanistan (728.7/100,000 [505.3-939.3]/100,000) had the highest
ASDR due to GCAYA, while Kuwait (64.8/100,000 [54.1-77.7]/
100,000), the Maldives (68.1/100,000 [56.0-81.2]/100,000), and
Sweden (73.4/100,000 [68.4-78.0]/100,000) had the lowest rates
(Figure 3¢; Supplementary Digital Content, see Appendix pp 54-68,
http://links.lww.com/AJG/D83).

From 1990 to 2019, the ASIR of GCAYA in 196 of 204 countries
and territories showed a downward trend for both male and female
patients. Trinidad and Tobago had the greatest reduction, declining
from 8.3 (7.9-8.5) per 100,000 in 1990 to 4.4 (3.4-5.7) per 100,000 in
2019, with an EAPC of —3.15 (—4.69-1.58). Austria decreased from
20.5 (19.6-21.4) per 100,000 in 1990 to 8.4 (6.8-10.2) per 100,000 in
2019, with an EAPC of —3.11 (—4.96-1.22). Maldives declined from
9.3 (7.2-10.8) per 100,000 in 1990 to 3.7 (3.1-4.5) per 100,000 in

2019, with an EAPC of —3.08 (—3.40-2.76). Honduras had the
greatest increase, rising from 13.0 (10.7-15.1) per 100,000 in 1990 to
154 (12.6-19.6) per 100,000 in 2019, with an EAPC of 0.61
(0.13-1.09). Dominican Republic increased from 7.1 (6.2-8.1) per
100,000 in 1990 to 8.6 (6.5-11.3) per 100,000 in 2019, with an a
EAPC 0f 0.58 (—1.00 to 2.17). Lesotho increased from 9.9 (7.9-12.0)
per 100,000 in 1990 to 11.5 (8.7-14.6) per 100,000 in 2019, with an
EAPC of 0.56 (—1.75 to 2.91) (Figure 3d; Supplementary Digital
Content, see Appendix pp 69-84, http://links.lww.com/AJG/D83).

The ASMR for GCAYA in 198 countries and territories have
shown a decreasing trend. The Republic of Korea has exhibited the
largest decline, from 52.3 (49.9-55.0) per 100,000 in 1990 to 14.0
(12.5-15.6) per 100,000 in 2019, with an EAPC of —4.46 (—6.71 to —
2.17). Similarly, Singapore has experienced a significant reduction,
from 20.4 (19.2-21.3) per 100,000 in 1990 to 5.5 (4.8-6.0) per
100,000 in 2019, with an EAPC of —4.36 (—5.98 to —2.70). Austria
also showed a substantial decrease, from 17.2 (16.4-17.8) per 100,000
in 1990 to 5.4 (4.9-5.8) per 100,000 in 2019, with an EAPC of —3.99
(—5.72—2.23). Conversely, Honduras showed the highest increase
in GCAYA, from 13.5 (11.1-15.7) per 100,000 in 1990 to 15.8
(13.1-20.0) per 100,000 in 2019, with an EAPC of 0.56 (—0.02 to —
1.14). Lesotho and the Dominican Republic also demonstrated an
increase, from 10.6 (8.5-12.8) per 100,000 to 12.3 (9.3-15.5) per
100,000 and from 7.6 (6.7-8.6) per 100,000 to 8.7 (6.6-11.3) per
100,000, respectively. The EAPC for Lesotho was 0.54 (—1.70 to —
2.82) and that for the Dominican Republic was 0.38 (—1.11 to 1.89)
(Figure 3e; Supplementary Digital Content, see Appendix pp 85-100,
http://links.lww.com/AJG/D83).

The ASIR for GCAYA in 198 countries and territories showed a
decreasing trend. The greatest decrease was observed in the Republic
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young adults; SDI, sociodemographic index; Ul, uncertainty intervals.

of Korea, where the rate declined from 1,360.5 (1,300.3-51,416.5) per
100,000 in 1990 to 298.7 (270.1-328.4) per 100,000 in 2019, with an
EAPC of —5.14 (—7.23 to —2.99). Singapore also experienced a
considerable decrease, from 443.3 (422.9-462.8) per 100,000 in 1990
to 105.9 (96.2-114.8) per 100,000 in 2019, with an EAPC of —4.76
(—6.23 to —3.27). Similarly, Austria saw a decline in GCAYA death
rates from 372.8 (359.2-384.9) per 100,000 in 1990 to 1104
(102.6-118.3) per 100,000 in 2019, with an EAPC of —4.15 (—5.89 to
2.38). On the contrary, Lesotho showed the largest increase, from
249.7 (199.1-307.9) per 100,000 in 1990 to 300.6 (224.4-391.0) per
100,000 in 2019, with an EAPC of 0.68 (—1.82 to 3.25). In addition,
the Dominican Republic also exhibited an increase in GCAYA death
rates, from 181.4 (158.5-205.9) per 100,000 in 1990 to 206.9
(153.2-276.8) per 100,000 in 2019, with an EAPC of 0.39 (—1.31 to
2.11). Likewise, Zimbabwe had an increase in GCAYA death rates
from 300.0 (260.6-340.7) per 100,000 in 1990 to 326.9 (251.5-415.1)
per 100,000 in 2019, with an EAPC of 0.32 (0.00-0.65).

The incidence of GCAYA at different age stages

The incidence, DALY, ASIR, and ASDR of GCAYA in 1990 and
2019 were compared worldwide. The incidence rates and DALY
of GCAYA increased with age, with the highest proportion of
patients in the 35-39 years age group. Furthermore, the number
of new cases, DALY, ASIR, and ASDR of GCAYA in 2019 were
lower than those in 1990 (Figure 4).

The contribution of death numbers to different age groups

in GCAYA

The age composition of GCAYA deaths globally in 1990 and 2019
indicates that in both years, most GCAYA deaths occurred in the
age group of 35-39 years, accounting for approximately half of
the total population. The next highest age group was between 30
and 34 years. The age groups of 20-24 and 15-19 years repre-
sented a smaller proportion in the death composition ratio. In
comparison with that in 1990, the proportion of 35-39 years age
group patients among the deceased slightly increased in 2019.
Most of the deceased patients were in the 35-39 years age group
(Figure 5).

DISCUSSION

Gastric cancer is one of the most common malignant tumors
worldwide, resulting in approximately 1 million deaths annually
(12,13). Although the incidence rate of gastric cancer has been
declining globally, its distribution is not uniform among different
regions and countries (14,15). As a subset of patients with gastric
cancer, adolescent and young adult patients with gastric cancer
account for a relatively low proportion but bring about a heavier
disease burden. Moreover, the proportion of GCAYA varies
significantly worldwide, with a higher incidence in some regions.
Therefore, analyzing the disease burden of GCAYA globally, re-
gionally, and nationally is of great importance to clinical, epide-
miological, and public health studies.

According to global data from previous years, from 1990 to
2019, there was a general downward trend in the global incidence,
mortality, and DALY of gastric cancer among both men and
women. However, these indicators have slightly increased from
2015 to 2019. From 1990 to 2019, the standardized incidence,
mortality, and DALY rates of GCAYA among both men and
women showed a consistent downward trend globally, indicating
progress in the prevention and treatment of GCAYA worldwide.
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Figure 2. Age-standardized rates of GCAYA in 2019. (a) Age-standardized incidence rate in 2019. (b) Age-standardized prevalence rate in 2019.
(c) Age-standardized mortality rate in 2019. (d) Age-standardized DALY rate in 2019. DALY, disability-adjusted life years; GCAYA, gastric cancer in

adolescents and young adults.

During this period, the number of new cases, deaths, and DALY
and age-standardized incidence, mortality, and DALY rates were
generally higher in men than in women and were double or more.
There are inherent differences in physiological structure and
function between male and female patients, including notable
variations in hormone levels. Early studies have highlighted the
significant role of estrogens in the gastric cancer microenviron-
ment. For instance, Zhang et al (16) found that estrogen stimu-
lates cancer-associated fibroblasts in gastric cancer to secrete
interleukin-6, thereby activating the STAT?3 signaling pathway in
GC cells. This provides a profound understanding of the interplay
between estrogens and the tumor microenvironment and their
impact on gastric cancer progression. In addition, Jukic et al (17)
observed a higher frequency of androgen receptor—positive cells
in the gastric cancer stroma of male patients compared with fe-
male patients, which may contribute to the increased invasiveness
seen in gastric cancer of male patients. Consequently, androgen
receptor could emerge as a potential therapeutic target in gastric
cancer. Furthermore, Ur Rahman et al (18) discovered that low
concentrations of estrogens can stimulate the expression and
growth of ERa36 in gastric cancer cells, whereas high concen-
trations inhibit its expression and growth. This relationship be-
tween estrogen concentration and function may explain why

gastric cancer is more common in male patients. In summary,
further investigations into the mechanisms of action of estrogen
receptor subtypes in gastric cancer development and progression
hold significant importance in understanding the sex disparities
in GCAYA occurrence and their implications for prevention,
diagnosis, and treatment. According to the SDI quintile, both the
incidence rate and DALY of GCAYA in all regions of the world
have shown a declining trend. Specifically, high SDI countries
have seen the most significant decrease in age-standardized in-
cidence and DALY. These countries have better access to health
care and sanitation facilities, higher living standards, and better
nutrition status, all of which contribute to a more widespread and
effective prevention and treatment of GCAYA (19). By contrast,
the middle SDI countries have the least decline in age-standardized
incidence of GCAYA. These countries have a moderate level of
development and are more likely to have access to modern medical
equipment and better health care than low SDI countries, poten-
tially leading to more effective diagnosis and treatment of GCAYA
at an earlier stage (20). We found that at the regional level, from
1990 to 2019, the standardized incidence rate and DALY of
GCAYA all showed a downward trend at the regional level. Among
them, the regions with the largest decline in incidence rate were
high-income Asia Pacific, Eastern Europe, and Tropical Latin
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Figure 3. Country trends of GCAYA from 1990 to 2019. (a) Age-stan-
dardized incidence rate in 2019. (b) Age-standardized mortality rate in
2019. (c) Age-standardized DALY rate in 2019. (d) EAPC of ASIR from
1990 to 2019. (e) EAPC of ASMR from 1990 to 2019. (f) EAPC of ASDR
from 1990 to 2019. ASDR, age-standardized DALY rates; ASIR, age-
standardized incidence rates; DALY, disability-adjusted life years; EAPC,
estimated annual percentage change; GCAYA, gastric cancer in adoles-
cents and young adults.
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America, while the regions with the smallest decline were Oceania,
Western Sub-Saharan Africa, and East Asia. The regions with the
greatest decline in DALY were Western Sub-Saharan Africa,
Western Europe, and Tropical Latin America, while Andean Latin
America, Australasia, and Caribbean had the smallest decline
(21,22). GCAYA is unevenly distributed at the global regional level
(21,23), and the reasons for the different decline in standardized
incidence rate and DALY of GCAYA are multifaceted and can be
attributed to changes in dietary structure, improvements in med-
ical technology, the implementation of prevention and screening
measures, and strengthened education and awareness efforts. The
combined effect of these measures has helped to reduce the in-
cidence of GCAYA and improve the cure rate. However, it is
necessary to enhance the aforementioned factors in regions with a
lower decline magnitude, to reduce the disease burden of GCAYA in
more areas globally. Through the analysis of sex, socioeconomic
status, and regional GCAYA incidence rates, it can be generally
concluded that the differences in GCAYA may be attributed to
various factors such as sex, culture, geography, and socioeconomic
conditions. The effects and influences of these factors need to be
further examined and analyzed in specific regions to ascertain their
significance. On a global scale, progress has been made in the pre-
vention and treatment of GCAYA. However, more efforts are still
required, particularly in encouraging young male individuals to
prioritize their health by undergoing regular checkups and screen-
ings. It is also important to promote and educate individuals in this
demographic about dietary improvements and adopting a healthy
lifestyle. In countries with moderate SDI, additional measures need
to be implemented and optimized to decrease the incidence rates of
gastric cancer and the associated burden in terms of DALY.

We have found that at the national level, from 1990 to 2019,
the ASIR of GCAYA showed a declining trend in 196 of 204
countries and territories worldwide, including both male and
female individuals. Furthermore, the age-standardized death rate
and DALY rate of GCAYA showed a declining trend in 198
countries and territories. Therefore, it is evident that the disease
burden of GCAYA has decreased in most countries globally. This
is mainly due to changes in lifestyles and diets and improvements
in early screening and treatment (24). However, the magnitude of
decrease varies in different countries, with some countries expe-
riencing an increase in their burden. Therefore, it is necessary to
strengthen measures to improve the disease burden in countries
with a heavier burden and lower decline magnitude such as
China, India (25), Russian Federation, and Brazil (26). Gastric
cancer is the second leading cause of cancer death in China, and
according to data from the National Cancer Center of China, the
proportion of young people aged 30-39 years diagnosed with
gastric cancer has increased compared with that before (27).
Multiple measures can be taken, including improving public
health awareness and education, enhancing basic health in-
frastructure, promoting disease prevention measures, strength-
ening medical and health services, and implementing health
promotion policies. In addition, these measures should be tai-
lored to the specific circumstances of different countries and re-
gions. Through the implementation of these measures, disease
occurrence and transmission can be reduced and people’s health
can be improved, thus alleviating the burden of disease. The
countries with a lower decline magnitude or increasing trend in
ASIR, death rate, and DALY rate are Honduras, Dominican Re-
public, Lesotho, and Zimbabwe. These countries can establish a
sound public health system, improve medical services, prevent
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Figure 4. The incidence of gastric cancer in adolescents and young adults at different age stages. DALY, disability-adjusted life years.

chronic diseases, establish health promotion policies, and
strengthen international cooperation to help improve the health
of their people and reduce the disease burden of GCAYA. The
countries with the highest ASIR, death rate, and DALY rate are
Mongolia and Bolivia (Plurinational state of Bolivia). These 2

countries, as landlocked nations, often consume unhealthful diets
containing high levels of salt, fat, and low fiber, which may lead to
high incidence of gastric cancer. In addition, some regions in
these countries have high levels of natural radiation, which could
further increase the risk of cancer and gastric cancer for residents

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology ~ The American Journal of GASTROENTEROLOGY

463

STOMACH



464

STOMACH

=)
9
@
o
=]

Yang et al

1990 2019

Global -

High SDI -

High-middle SDI -
Middle SDI -
Low-middle SDI -

Low SDI -

Andean Latin America -
Australasia -

Caribbean -

Central Europe -

Central Asia - Age
Central Latin America - . 15-19 years
= ¥ ica
-2 Central Sub-Saharan Africa . 20-24 years
@© East Asia -
8 - 25-29 years
=5 Eastern Europe -
30-34 years
Eastern Sub-Saharan Africa - . y
High-income Asia Pacific - . 35-39 years

South Asia -

High-income North America -
North Africa and Middle East -
Oceania -

Southeast Asia -

Southern Latin America -
Southern Sub-Saharan Africa -
Tropical Latin America -
Western Europe -

Western Sub-Saharan Africa -

0. 100 0.00 0.25 0.50

Percentage

o
=)

0.25 0.50

o
5
@

Figure 5. The contribution of death numbers to different age groups in gastric cancer in adolescents and young adults.

who are exposed to high-intensity natural radiation for prolonged
periods. Furthermore, the health care services in these countries
are relatively backward, and many patients with gastric cancer
may not receive timely diagnosis or treatment. Therefore, it is
necessary to adopt multifaceted intervention measures, including
strengthening health education, promoting healthy diets, im-
proving lifestyle habits, and enhancing medical services, to reduce
the disease burden of GCAYA in these countries.

According to age groups of 15-19 years, 20-24 years, 25-29
years, 30-34 years, and 35-39 years, both the incidence and DALY
rates of GCAYA increased with age from 1990 to 2019, with the
highest proportion of patients in the 35-39 years age group. How-
ever, in 2019, the incidence count, DALY count, standardized in-
cidence rate, and standardized DALY rate of GCAYA all decreased
compared with those in 1990. In addition, the age distribution of
GCAYA deaths was mainly concentrated in the 35-39 years age
group, accounting for approximately half of the entire population,
followed by the 30-34 years age group. The 20-24 and 15-19 years
age groups accounted for a smaller proportion of deaths. Thus, the
disease burden of GCAYA mainly affects the 35-39 years age group.
Most guidelines for gastric cancer screening developed by in-
ternational cancer associations or health management departments
recommend that screening should start at the age of 50 years or older
for adults. However, the screening age may vary depending on dif-
ferent countries’ situations (28-30). For example, the American
Cancer Society recommends that screening should start at the age of
40 years for adults in 2021 (31), while the Chinese health manage-
ment department suggests starting at the age of 35 years (31). Few
health management departments focus on the early screening and
intervention of GCAYA. Although screening GCAYA for those
younger than 40 years may increase the workload of health man-
agement departments, high-risk individuals in the younger age may

The American Journal of GASTROENTEROLOGY

be subjected to screening, such as patients with gastric cancer or
related diseases history in families. For these groups, strengthening
screening and early diagnosis, controlling preventive factors, and
improving research and clinical practice are necessary. For countries
with a high incidence of GCAYA, relevant institutions and pro-
fessional teams could be established to reduce the incidence of
GCAYA and improve treatment outcomes. In terms of disease
burden, although other age groups have alower proportion, different
strategies should also be adopted for different age groups to reduce
the overall disease burden of GCAYA.

There have been numerous studies on the analysis of the
burden of gastric cancer on the general population. However,
there is a lack of analysis specifically focused on the burden of
GCAYA. Li et al (8) conducted an analysis of GCAYA using data
from the International Agency for Research on Cancer Global
Cancer statistics in 2020. They found that the incidence rates of
GCAYA have decreased in some countries, and most countries
have witnessed a decrease in mortality rates. These findings are
consistent with our own research results. In addition, they com-
pared the incidence and mortality rates of GCAYA with those of
older patients with gastric cancer and discovered that although
the diagnostic rates for GCAYA are much lower compared with
those among the older population, the disease burden caused by
GCAYA remains considerable due to the longer life expectancy of
these individuals. However, their study did not present data for all
countries globally. In our study, we aim to further refine the data
presentation and visualization analysis of the burden of GCAYA
for all countries worldwide, providing more comprehensive and
intuitive results. Furthermore, Song et al (32,33) analyzed GBD
data and found that climate and geographical changes worldwide
have also led to a significant burden of noncommunicable dis-
eases. However, their research did not specifically analyze the
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burden of more specific diseases such as schizophrenia and
cancer. In our study, we focus on a more specific analysis of the
burden of GCAYA, a specific type of cancer. In addition, Alvarez
et al (34) discovered in their research that in 2019, cancer among
adolescents and young adults accounted for a significant portion
of the overall disease burden for this age group. The age-
standardized DALY for cancer among adolescents and young
adults differed from that of children and adults, indicating the
need for further analysis of the burden structure of cancer in this
population. Alvarez et al (34) also found that gastric cancer was
one of the 4 major cancers contributing to the combined DALY
burden in both male and female patients among all cancers in
adolescents and young adults. However, their research did not
further analyze GCAYA based on temporal, regional, national,
and sex factors nor did it provide detailed data support. There-
fore, in this study, we aim to expand on the aforementioned
studies and provide a more detailed analysis of the factors men-
tioned earlier to optimize measures for reducing the burden of
GCAYA globally. We also aim to provide more professional and
detailed data support for addressing this issue.

The GBD 2019 Cancer Risk Factor Collaborators include only
“behavioral risks” and “dietary risks” as recorded factors con-
tributing to gastric cancer (see Supplementary Appendix 2, pp
154-155, http://links.lww.com/AJG/D84) (35). Insufficient data
exist to comprehensively document other risk factors or provide
detailed subcategorization of the recorded ones. Therefore,
we have compiled findings from studies by Thrift et al (36),
Machlowska et al (37), and Aaron et al (14), summarizing the risk
factors of gastric cancer in the general population. These studies
indicate that risk factors of gastric cancer include H. pylori in-
fection, high body fat content, smoking, high intake of salt and
processed meats, viral infections (such as Epstein-Barr virus),
family history, low socioeconomic status, low physical activity
level, radiation exposure, obesity, and the presence of gastro-
esophageal reflux disease. Furthermore, individual risk of gastric
cancer is influenced by a combination of factors such as age, sex,
and genetic predisposition. Future research on risk factors of
GCAYA could use the aforementioned risk factors, collecting
corresponding data to determine the contribution of each factor
to GCAYA. This represents a direction for further investigation
into the causative factors of GCAYA. The general incompleteness
of the GBD database limits this study. Some countries and regions
may not have sufficient data to accurately assess their disease
burden, resulting in significant bias in the data from these areas.
In addition, data quality issues may also affect the analysis of the
GBD database. Despite multiple levels of verification and cor-
rection, in some countries and regions, lack of sufficient capacity
and resources may prevent accurate assessment of their disease
burden, leading to data bias. Time limitations are also a limiting
factor for the GBD database. Although the GBD database is
updated annually, the latest data may not reflect recent disease
trends and health risk factors due to the timeliness of some data.
Finally, the GBD database also has shortcomings regarding re-
gional specificity. Although the GBD database provides global
data, these data may not be representative enough for some re-
gions. For example, cultural, social, and environmental factors in
different regions may all affect disease burden, but the GBD da-
tabase may not accurately reflect these differences. Therefore, our
research results should also take into account the limitations of
the GBD database to avoid misinterpretation or misuse of the data
and should be analyzed in conjunction with other data sources

Gastric Cancer in Adolescents and Young Adults

and the corresponding situations in the relevant regions. In future
studies, our attention will be directed toward the aforementioned
data, with a particular focus on the corresponding regions. We
aim to conduct further research and elucidate the precise mech-
anisms contributing to the disparities observed in GCAYA. This
will enable us to implement more targeted measures to mitigate
the burden of GCAYA in specific geographical areas.

In summary, over the past 30 years, although the number of
new cases of GCAYA worldwide has generally increased in line
with population growth, the ASIR of GCAYA has decreased and
the overall burden of GCAYA has decreased as well. This suggests
that significant progress has been made globally in addressing this
disease challenge, which is due to various factors such as im-
proved screening, diagnosis, and treatment and education and
awareness campaigns. However, GCAYA still faces several chal-
lenges globally, including uneven distribution based on factors
such as sex, age, socioeconomic status, region, and country. The
burden of disease is heavier among male patients, and the age
group of 35-39 years bears a significant burden of GCAYA,
accounting for approximately half of the affected population.
The burden of GCAYA is also heavier in countries with high-
middle and middle SDI. The countries with the heaviest burden
of GCAYA are primarily located in landlocked developing
countries, such as Mongolia and Bolivia (Plurinational state of
Bolivia). To address these challenges, global health authori-
ties should make appropriate adjustments, such as optimizing
screening programs, strengthening awareness campaigns and
screening efforts for male individuals, enhancing prevention
and control measures for the 35-39 years age group, and im-
proving infrastructure and investing more medical resources in
developing countries. A primary preventive measure to reduce
the incidence of gastric cancer in the adolescent and young
adult population involves the implementation of treatment and
eradication of H. pylori infection. This approach has been
successfully implemented in various countries including Japan
(38) and the United States (39), resulting in a significant re-
duction in individual risk of developing gastric cancer. Fur-
thermore, a secondary preventive measure involves the use of
upper gastrointestinal endoscopy for screening in young indi-
viduals. This method enhances the detection rate of gastric
cancer and is considered cost-effective in developed countries
(40). Its potential implementation and dissemination in other
countries, based on their specific contexts, could lead to an
overall improvement in the detection rate of gastric cancer in
the adolescent and young adult population. International co-
operation should also be strengthened to facilitate cooperation
and mutual learning on prevention and treatment measures
among countries with different levels of development. More-
over, tailored measures should be adopted based on different
cultural, regional, and habitual factors of individual countries.
In conclusion, to meet the global challenge posed by the burden
of GCAYA, it is necessary to explore more appropriate mea-
sures and strategies to further reduce the burden of disease and
address the problem of uneven distribution.

ACKNOWLEDGMENTS
Thanks for the code support provided by the public account
Xiaoming Learning Room.

CONFLICTS OF INTEREST
Guarantor of the article: Liuhua Wang, MD.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology ~ The American Journal of GASTROENTEROLOGY

465


http://links.lww.com/AJG/D84

466

Yang et al

Specific author contributions: Q.Y. and D.X.: conceptualization,
methodology, writing original draft preparation, formal analysis.
Q.Y.: software, data curation, visualization of data. D.X.: debugging
of code. Y.Y.: image enhancement. S.L.: guide the revising. L.W.:
methodology, resources, supervision, validation. D.W.: project
administration.

Financial support: National Natural Science Foundation of China
(81972269).

Potential competing interests: The authors declare no conflicts of
interest.

Consent for publication: The manuscript is approved by all authors
for publication.

Availability of data and materials: Data that support the findings of
this study are available from the corresponding author upon
reasonable request.

WHAT IS KNOWN

\/ Gastric cancer poses a heavy burden worldwide.

There is limited documentation on the systematic analysis of
the burden of gastric cancer in adolescents and young adults
(GCAYA).

WHAT IS NEW HERE

/ The burden of GCAYA has shown a slight increasing trend in

recent years.

The burden of GCAYA is higher in male populations compared
with female populations.

\/ Countries with a heavy burden of GCAYA are predominantly
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concentrated in landlocked developing nations.
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