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Abstract

Background: Gastric cancer is a common cancer in China. This project investigated
the disease burden of gastric cancer from 1990 to 2019 in China and globally.
Methods: The global age-standardized rates (ASRs) were extracted from the Global
Burden of Disease. Moreover, the estimated annual percentage changes (eAPCs) in
the ASRs of incidence (ASIR), mortality (ASMR), and disability-adjusted life-years
(DALYs) were calculated to determine the trends by countries and regions.

Results: In China, the ASIR declined from 37.56 to 30.64 per 100,000 and the ASMR
declined from 37.73 to 21.72 per 100,000. The global ASIR decreased from 22.44 to
15.59 and the ASMR declined from 20.48 to 11.88 per 100,000 persons from 1990
to 2019. The ASIR was the lowest in Malawi (3.28 per 100,000) and the highest in
Mongolia (43.7 per 100,000), whereas the ASMR was the lowest in the United States
of America (3.40 per 100,000) and the highest in Mongolia (40.04 per 100,000) in
2019. The incidence of early-onset gastric cancer increased in China. The DALY
attributed to gastric cancer presented a slight decrease during the period. China had
a higher mortality/incidence ratio (0.845) and 5-year prevalence (27.6/100,000) than
most developed countries.

Conclusion: China presented a steady decline in the incidence and mortality rates for
gastric cancer. The global ASIR, ASMR, and DALY showed a slight rise decrease.
Different patterns of gastric cancer rates and temporal trends have been identified in
different geographical regions, indicating that specific strategies are needed to pre-

vent the increase in some countries.
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1 | INTRODUCTION

Over the last four decades, China has experienced rapid de-
mographic and epidemiological transitions. Rapid industrial-
ization, urbanization, aging, and changes in lifestyle have led
to a shift in the burden of the disease spectrum from infectious

diseases to non-communicable diseases.' China has been an
important contributor to the global cancer burden because of
its large population.

Gastric cancer is a common cancer worldwide. One in
78 women and one in 33 men develop gastric cancer over
their lifetime.” According to GBD 2019, the DALY in China
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accounted for 44.21% of the total number.® Gastric cancer is
the second most frequently diagnosed cancer and the second
leading cause of cancer-related deaths in China.* The disease
burden of gastric cancer in China is high. Comparison of the
gastric cancer metrics and trends in China and other coun-
tries is of great value for developing various health policies.
Moreover, reports on the spatial distribution and trends in
gastric cancer would help policy makers allocate resources
properly.

In this study, we extracted age-standardized rates (ASRs)
for gastric cancer from the Global Burden of Disease (GBD)
study. The trends of ASRs could be a surrogate for the chang-
ing disease patterns and reflect the shift in risk factors. The
estimated annual percentage changes (eAPCs) are broadly
used to measure time trends in ASRs. To provide an up-
dated picture of epidemiological trends and geographic pat-
terns of gastric cancer, we considered temporal variations
in incidence, mortality rates, disability-adjusted life-years
(DALYs), and APCs according to age, sex, and region in
China and the world.

2 | METHODS
2.1 | Data sources
2.1.1 | The Global Burden of Disease Project

The Global Burden of Disease (GBD) project presents
the cancer incidence, mortality, years of life lost (YLLs),
years lived with disability (YLDs), and disability-adjusted
life-years (DALYs).? The GBD project collected and ana-
lyzed the data for more than 350 diseases and injuries in
195 countries. The Global Health Data Exchange (GHDx)
online data source query tool’ provides comparisons by
age, sex, age groups, and geography from 1990 till date.
This project helps visualize health trends over time as well
as develop cancer control strategies to achieve global tar-
gets and improve equity in cancer care.

We collected the incidence, mortality, and DALY's of gas-
tric cancer, and measured ASRs from 1990 to 2019 accord-
ing to sex, five socio-demographic indices (SDI), 21 regions,
and 195 countries/territories. The five SDI categories (low,
low-middle, middle, high-middle, and high SDI) are also de-
scribed by the GBD project 2017.° The ASRs per 100,000
person-years are calculated using WHO world standard
population.7

2.2 | Statistical analyses

We gleaned data from the GBD database to examine the epi-
demiology trends in gastric cancer from 1990 to 2019. Only

the age-specific rates in 2019 were incorporated into the
study. The ASRs from GBD were calculated using the WHO
world standard population.

The estimated APCs were calculated as follows:

In (ASR) = a + bx + e, EstimatedAPCs = 100 X (exp(b) — 1),

Where x refers to the calendar year.
The R program (R x3.5.1) was used for statistical analyses
and preparing the plots.

3 | RESULTS

3.1 | Incidence of gastric cancer

The incident cases in China presented a similar trend, increas-
ing from 317,340 cases (95% UI = 277,900-359,320 cases)
in 1990 to 612,820 cases (95% UI = 513,000-728,890 cases)
in 2019 (Table 1). In 2019, Mainland China had a higher
ASIR (30.64/100,000, 95% CI = 25.82-36.15/100,000)
than the world average (15.59/100,000, 95% CI = 14.11-
17.15/100,000) (Figure 1A; Table 2). ASIR decreased in
Mainland China (eAPC = —0.18, 95% CI = —0.33 to 0.01)
from 1990 to 2019. The ASIR for males remained stable
(eAPC = -0.07, 95% CI = —0.29 to 0.23) during the study
period, meanwhile the indicator experienced a downward
tendency for females (eAPC = —0.38, 95% CI = —0.53 to
—0.20) (Table 2; Table S1; Figure 2A).

The global incident cases of gastric cancer went upward
from 883,400 cases (95% UI = 834,240 to 929,170 cases) in
1990 to 1,269,810 cases (95% UI = 1,150,490 to 1,399,820
cases) in 2019, corresponding to an increase of 43.74%
(Table 1). The incident cases in all SDI quintiles went up-
ward. The low-middle SDI quintile had the highest increase
of 73.15%, whereas the high-SDI quintile had the lowest in-
crease of 4.48% (Table 1).

According to GBD 2019,3 in 204 countries and territo-
ries, Mongolia displayed the highest ASIR of 43.7/100,000
(95% CI = 34.29-55.1/100,000), and was followed by
Bolivia (34.02/100,000, 95% CI = 26.85-42.02/100,000),
China (30.64/100,000, 95% CI = 25.82-36.15/100,000),
South Korea (28.67/100,000, 95% CI = 23.65-
34.17/100,000), and Japan (28.29/100,000,95% C1=23.71—
33.27/100,000). The lowest ASIR was observed in Malawi
(3.28/100,000, 95% CI = 2.67-3.91/100,000) (Figure 1A;
Table S2). Trinidad and Tobago displayed the largest de-
crease (eAPC = —0.60, 95% CI = —0.70 to —0.48) from
1990 to 2019 (Table S2).

In terms of geographic regions, the ASIR was the highest
in East Asia (30.24/100,000, 95% CI = 25.55-35.54/100,000)
and the lowest in High-income North America (6.12/100,000,
95% CI = 5.38-6.95/100,000) in 2019. The ASIR for males



Cancer Medicine

HE ET AL.

(senunuo)))

(€L788811°90°69%8)

(8T'LLS6'SS96€EL)

%BTE 61 €9C 8L°20101 06'1 L8998
(S8°LST'9L'L6) (06°L6°1L'99)

%0THS 791 0S°sTI L9'T 6€18
(S9°€9L°8L°05S) (TTL6E°S6'9LE)

%18'99 8T'T L8'LY9 8T'1 6¢°88¢
(68°T81°L6'PLE) (L9'LEY'LYETY)

BELTE 661 0€'8Th 68'1 8¢°LT9
(€L6SE°0T'¥62) (2T9'¥8€°96'79¢€)

%61 €1~ 181 L6'YTE 6L'1 PEPLE
(LY'ETT°LL'TY) (TT'9L798°€9)

BLTLE ¥S'T 0L'L6 LS'T LTTL
(£9'17°86°S€) (89°8£°T°9¢)

%T9'€ eLl 16'8¢ L1 SS'LE
(88°12€°€8°C1T) (0S1LT'61°THT)

%6089 611 £0°€9C 9Tl 85961
(LY POLT L8 06£T) (0T LISE€STTLEE)

%IS ST~ (S 96'6LST L91 8€°€9HE
(0¥"€T0L°6£7T799S) (6L°0StL650659)

%0¥ 6= ¥T'T SLTSE9 081 PITIOL
(90'967699'9LTL) (L8OLELHE 6009)

%89°€C y1°¢C LTELTY LT 15°6899
(OLTETH9S THPE) (€8°€69T°LL L8TT)

%08°0S 6T'1 1S°€LLE 40! LETOST
(SE06€T1°9€°€60T) (9T°LLY LET9)

%1T9S LT sTeetl 8¢l 0S'68L
(98°TETTTLT6T8) (€'99€6+9°€LTL)

BIT61 S9T 66'7T86 16'T 6L'8%C8
(9L'1LOYT 6% T0£0T) (0S°LELTT'88VETOHT)

%65°8 681 86°0CTTT L91 €0°€9%0T
(%) oneux (000T%"ON) oneux (000T%"ON)
aseadUL  d[RWI (IN %S6)  dreudy (1N %S6)
610Z-066T  IBIN mog  PIEN yog
6102 0661

%67 8¢

%HTY'SS

%YL OL

%19°€C—

%OLTT—

%8¢°0%

%9191

%01°06

%8E 9~

%E9°'T

%HOE 1Y

%L0"99

%¥9°19

%00"8€

BTY'IT

(%)
aseardur
6102-0661

(ST70S°91'+9¢)

(6¥'€SE"LLYLT)

or'e 66'CE 181 orere
(1€°6°Tre) (9T°€°0€D)

8S'1 8T¥ LL'T SLT
(L8TE°LEED) (98°ST+8+1)

€Tl 0€'LT €Tl S9!
(6STTTL'LY) (18'97°€9°62)

w1 11°0C 99'1 £€'9C
(18°21°s5°01) (FSEI'LLTD)

Tl 911 651 8I¢l
(TL1'9S°€) (I1°€°L9D)

Ly'1 484 8S'1 €6'C
TTTH8' D (28°1°89'1)

LS'T S0 961 9Ll
(TTH1°69°6) (6L79°69°S)

€'l 6L 11 €T1 079
(€0#S1°28'8C1) (16'LST°€T'8¥1)

8G'1 6L ¥ [a 99461
(SL'80E T+'1ST) (0L'26T°01°0927)

10T 96'08¢C 09'1 7'9LT
(S9°L8€°€0°S0€) (69'89T°+1°122)

00T LTSYE 991 SEVIT
09 FST°ST°0ED) (16'16'97°8L)

8T'1 96’171 8¢l 8168
(06'8#°1€°6€) (S6'6T°10+2)

€'l 88'ch 43! YI°LT
(81°€6%°TS €SE) (0% SPE1T'L9T)

€T ¥S' 1T 8l L¥'S0E
(S9FE0T°S6°0LY) (00'7€8°6LTHL)

LL'T 61°LS6 LS'1 TE'88L
onelx (0001%"ON) onex (000T%°ON)
d[ewd | (IN %S6)  dreuwdy (IN %S6)
PIEIA pog IR pog
610C 0661

(CON) sweaq

%BYETO

%LO'SS

%8896

%C6'L1—

%Sy 6—

%S6'8Y

BSLYY

%90°L0T

2 iad

%19°0¢

BI8'LS

BSTEL

BEEVS

BIL'E6

WYL EY

(%)
aseadul
6102-0661

(LT 1¥L'65'9CS)

(6T'L9€"61'S87)

LLT 6¥°979 681 1L°6C¢
(1€°6°8€°€) (6T€1TD

09'1 STy LT CLid
(28°5£°56'ST) (68°ST°96'¢1)

61l 16°0¢ 'l 08°S1
¥ vT1r61) (26'9T°18°S7)

8L'1 CL 1T IL'1 9¥'9¢
(OF'€1°66°01) (9L°€1°86°C1)

L1 €rer 79°1 6€°¢l
(L6'¥'9L'E) O1°€°L97T)

[ 9¢Y 191 w'T
Tv'6LD) (8%'T'8TT)

LT St'e 69'1 8€T
(€0°S1°L0'0T) (2SR 9]

9T'1 LETI ST 86'S
(98°092°L'602) (66'1€2°99'617)

8L'T 9L’LET ¥9'1 9$°LTT
(2o'LTv'0T LES) (00'80€°€0°SLD)

LTT 98°08¢ L9'T 6S'T16C
(TTTSH'8T67E) (86°'LLT'L9'9TD)

S8'1 SL96E L1 wIsT
(TL791°8S°SET) (S€26°€S8L)

S 96"8Y1 8¢'1 08°68
(96'SH'10°LE) (¥9'62°95°€27)

171 1€ 1Y 61l R9G
(68°8TL°00°€TS) (T€65€°06'LLD)

6L°C °8'CI9 68°1 VELIE
(28°66€1°61°0STT) (L1°6T6'7T7E8)

00T 18°69C1 €9°1 07’88
oneu (000Tx"ON) onex (000T%"ON)
dreun y (IN %S6)  orewdy (IN %S6)
PIEI wog  PIEIN pog
610T 0661

(*ON) sdsed Juapuy

BISY Iseq

BN
ueIeyes
-qn§ [enusy
roLIOWY
une| [enua)

adoing [enua)
RISY [BIIURD)
ueaqque)
eIse[eNSNy
BOLIDWIY
une| ueapuy
uor3oy
1ds YSTH
1as
S[PPIU-YSTH
1dS 2IPPIN

1dsS °Ippr-mo]

Ids mo
1as

eury)

[8qO[D

SoNsLIdjORIRY)

6107 0} 066] WOIJ I2dUBD YOBWOS JO SpUaI} 95ULYD JIOY) Pue ‘X Ty ‘Yeap ‘douspouroyy [ A T1dV.L



HE ET AL.

ﬂl—Wl LEY_Cancer Medicine

Y9 IL

BILTE—

%HTTTE

%C6'0Y

%E89

BV'EC

%E€6'8S

%T0'€CT

BEL'YS

%601

%81°CE—

%L8 6L

%80°67—

(%)

aseaour

61070661

(ETE9F VI LEE) (P€°€97°65°661)

9¢'l £€2°96€ L1 680€T
(LT'6¥11°68°0€01) (LL'9EIT'TT'LSST)

091 6%'L601 4! €1°L091
(FT'185°92°0€S) (T8°€EF'SESON)

L8] 1L9SS S0 So'Ieh
($9'901°25'98) O7"€L°0£T9)

[ TLS6 81 06°L9
(FT°0TT€0'861) (0T10TvE°061)

L6T LT60T 90°C 88°G61
(8€°SOTT°9E+L8) (9T°6L8°16'969)

191 €186 9¢'l L6'66L
(0T'891€°16°€1+7) (9€°ST61°LY" 19ST)

01 IS¥LLT 91l LL'SYLT
(€L°9€°8S°12) (€8°S1°56°6)

e L9'8T 91'C 98°CI
(86°CETT#S+06) (9€°LTL'EELIS)

19'1 [SAR €9'1 L9'€S9
(9€°19%°98'9¢¥) (8T'OSY'L6'LTY)

791 6191t 651 LE Tt
(PEPETIEE9POT) (OLFPLI*LY"8991)

¥0'C SET9IT LL'T rTILT
(9L°66€°L1'867) (6€°LLT6ETIT)

Se'l 8L'ShE €1 1T°LYT
QT TOTI#S°1L6) (€9°S91T° L' SH0T)

09'1 €T 1801 €Sl YEETIT
oneux (000T%°ON) onex (0001%"ON)
d[eud (IN %S6)  drewdy (1IN %S6)
PIEIN wog  PIRIA mpog
610C 0661

‘TeATRIUI UTE)IOOUN ‘TN Xopur dryderSowep-o100s ‘[(IS 1eak 1] parsnlpe-Aiqesip ‘ X TV SuoneiAIqqy

(S6'LT'6S°€ET) (F0'0T°6L°L)

%99'SL 9¢'1 99°C1L 0S'T 068
(6L'99°90°LS) (TLT8FI°LL)

%98 12— ! Tre9 8Tl 8L°08
(8S'¥T°C8'12) (TL9T°6%'ST)

%BELYY 9Ll SY'ET €61 091
(10+°5¢°¢) (99'T°€TD)

%11°6¥ STl 99°¢ Se'l 944
(TS01°6T°6) (LL'8TT'S)

%891 [ S6'6 78’1 S8
O TH L1+€) (90'1€°LS+2)

%9¥'SE 0S'1 17°8¢ 6€'1 17°8¢
(FPTIT 1€'98) (10°€9'%1°1S)

%90°€L ¥0'T L0'66 9’1 STLS
(F1'1°69°0) 05°0°TE0)

%09°1C1 00T 160 01'e |840)
(88°¢#'88°G¢€) (9L°ST°07°027)

%TT'89 89'1 19'6€ Ll ¥S'€C
(2€°€7°89°07) (10TT°€E0T)

%STY (Sl €T LE'T 71z
(19°SL°SL'6S) (TT1L¥699)

%0€'0 [ 9869 69'1 $9'69
(SL'ET'8S01) 0€'6'sTL)

VAl had 8¢l 80°CI ST €8
(L8'61°€9°0%) (ST LESL)

%6E Pr— 8¢l 10°St 8T'1 £6°08
(%) onex (000X ON) onex (000T%"ON)
9sea.dUL  J[BWD (IN %S6)  dreuwdy (IN %S6)
61020661  PIBIN pog PRI pog
610T 0661

(CON) sweaq

BSY'SL

%86'L—

BIETS

ST 6Y

%BLY' 9T

BOL'TY

%S9TL

%0y €Tl

%¥6'6L

%96'€C

%6S°€

BLL'TY

%TLE—

(%)
aseadul
6102-0661

(LELT1°16°TT) (T9'6°'01°L)

9¢'1 9671 67’1 €68
(PE'L6'0T'SL) (¥1°96°20°06)

67’1 S7'98 8¢'1 S6'€6
(S9°ST°LO€T) (09°91°0S°ST)

43! 142 86'1 1191
(L6'€'8TE) (€9°7°0T°0)

0€'l 19°¢ 6€'1 we
(€€°€1°95°8) OL'8'61'8)

S8'1 6901 16°1 9¥'8
(€879 SE) (60" 1€ 1ETT)

LS'T 90°0% or'1 LO'8T
(€9°ETT'TELY) (TT'€9'86'1S)

SO'T 07'66 4! LS'LS
61'T°1L0) (15°0°€€°0)

L0T 76°0 SI'C wo
(T1L9%*T 8€) (L9'ST'LY"0T)

69°1 9Tty L1 6¥°€C
(69°THL6'TE) (TI'1€°60°62)

¥9'1 8S°LE 67’1 °e0e
(69°L¥1°SH'801) (0$9TT° 1961 1)

16°1 LT'8TI 18°1 €L'ETT
(TrereTon (LT'6'ST'L)

71 9L'T1 9’1l €8
(6L'6S°6L'8%) (1L°88°61°18)

! crys SE'T €0'L8
onex (000Tx"ON) onex (000T%"ON)
dreun g (IN %S6)  orewdy (IN %S6)
PIEIN wog  PIEN pog
610T 0661

(*ON) Sdsed Juapuy
(panupuo))

eoLyy
uereyes

-qng UISOA

adoing uIa)sop

BOLIOWY
une] reordor],

eIy
uereyes

-qng weyINog
BOLIOWY

une| uayinos

BISY 1SBIYINOS

ISV (In0g

BIURIOO)

158 SIPPIN
pue eILJY YLON
BOLIOUIY

ION
QwoduI-y3IH

duIoed BIsy
QWOdUI-YSIH

eIV
ueIeyes
-qng uIysey

adong uigseq

SonsLIdjORIRY)

I HTdV.L



HE ET AL.

was 1.10-3.0 times higher than that for females (Table 2).
Overall, the global ASIR showed a decreasing trend from
1990 to 2019 (Figure 2B), with the largest decline in High-
income Asia Pacific (eAPC =-0.54, 95% CI = —0.60 to
—0.48). The ASIR performed a downward tendency in all
SDI quintiles, whereas the High SDI countries exhibited the
most significant decline (eAPC = —0.44, 95% CI = —0.48 to
—0.38) (Table 2).

3.2 | Mortality of gastric cancer

Gastric cancer caused 421,540 deaths (95% UI = 353,520 to
493,180) in China in 2019, corresponding to a 38% increase
from the 305,470 deaths (95% UI = 267,210 to 345,400 deaths)
in 1990 (Table 1). The ASMR in China showed an overall down-
ward trend during the period (eAPC = —0.42, 95% CI = —-0.47
to —0.36) (Figure 2C). The ASMR among females conducted
a more conspicuous declining tendency (eAPC = —0.53, 95%
CI = —0.63 to —0.40) than that of males (eAPC = —0.35, 95%
CI = -0.50 to —0.16) (Table 2; Table S1).

From 1990 to 2019, the global gastric cancer deaths in-
creased by 21.42%, from 788,320 deaths (95% UI = 742,79
to 834,000) to 957,190 deaths (95% UI = 870,950 to
1,034,650). Geographically, Oceania presented the largest
increase in deaths (121.60%) while Eastern Europe took the
least (—44.39%) (Table 1). Besides, the death cases showed
an increasing trend among all SDI quintiles. The middle-
SDI quintile presented the highest deaths of gastric cancer
(345,270 deaths, 95% UI = 305,030 to 387,650 deaths),
whereas the low-SDI quintile had the lowest (438,800 deaths,
95% UI = 393,100 to 489,000 deaths) in 2019 (Table 1).

Figure 1B shows the ASMR in different countries and terri-
tories. The ASMR ranked highest in Mongolia (40.04/100,000,
95% CI = 36.3-57.48/100,000), followed by Bolivia
(36.11/100,000, 95% CI = 28.77-44.26/100,000), Afghanistan
(29.3/100,000, 95% CI = 21.25-36.25/100,000), and
Guatemala (27.97/100,000, 95% CI = 22.45-34.43/100,000),
whereas the ASMR was lowest in the United States of America
(3.40/100,000, 95% CI = 3.19-3.54/100,000). In addition,
the highest decrease was demonstrated in Republic of Korea
(eAPC=-0.73, 95% CI = —0.76 t0-0.70) (Table S2).

In terms of geographic regions, the ASMR was highest
in Andean Latin America (21.51/100,000, 95% CI = 17.55-
25.91/100,000) and East Asia (21.51/100,000,95% CI = 18.23—
24.95/100,000). Oppositely, the lowest ASMR was displayed in
High-income North America (3.51/100,000, 95% CI = 3.29—
3.66/100,000) in 2019 (Table 2). Overall, the ASMR decreased
in all regions from 1990 to 2019, with the most remarkable drop
in High-income Asia Pacific (eAPC=-0.61, 95% CIl=-0.64
to —0.58). The ASRM declined among all SDI quintiles from
1990 to 2019. The high-SDI countries displayed the largest
decrease (APC = —0.52, 95% CI = —0.54 to —0.50). While
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low-SDI quintile presented the lowest decrease (APC = —0.26,
95% CI = —0.32 to —0.19) (Table 2).

3.3 | Disease burden of gastric cancer

Gastric cancer led to a heavy health burden in China. Gastric can-
cer was attributable to 22,220,980 years in 2019 worldwide, with
9,824,990 years in China. From 1990 to 2019, the DALY of gas-
tric cancer in China increased by 19.11%, from 8,248,790 years
(95% Ul =17,173,640-9,366,340 years) in 1990 t0 9,824,990 years
(95% Ul = 8,191,720-11,632,860 years) in 2019 (Table 1).
The age-standardized DALYs declined from 905.54/100,000
(95% CI = 791.75-1,024.49/100,000) to 481.15/100,000 (95%
CI =403.20-567.36/100,000) (eAPC = —0.47, 95% CI = —0.57
to 0.35) during the study period (Table 2; Figure 2E), which
showed a more significant decrease in females (eAPC = —0.58,
95% CI = —0.67 to —0.44) (Table S1).

Kuwait showed the lowest age-standardized DALYs
(64.88/100,000 95% Cl = 54.13-77.72/100,000), whereas
Mongolia presented the highest (1,059.24/100,000, 95%
CI = 816.79-1,351.35/100,000) in 2019. The Republic of Korea
had the most significant decrease in age-standardized DALY
(eAPC = —0.78,95% CI = —0.80 to —0.75) (Figure 1C; Table S2).

In terms of geographic regions, the highest age-
standardized DALYs were reported in East Asia
(477.93/100,000, 95% CI = 402.48-560.38/100,000) and the
lowest in High-income North America (77.38/100,000, 95%
CI = 74.42-79.93/100,000) in 2019 (Figure 1C; Table S2).
High-income Asia Pacific experienced the greatest decline in
age-standardized DALY (eAPC = —0.66, 95% CI = —0.68 to
—0.64) from 1990 to 2019 (Table 2). The low-SDI countries
showed the lowest DALY (1,233,250, 95% U I= 1,093,360-
1,390,350) in 2019. Age-standardized DALYs declined
among all five SDI quintiles, with the most significant de-
crease showed in High-SDI quintile (eAPC = —0.58, 95%
CI = —-0.59 to —0.56) during the study period (Table 2).

3.4 | Age-specific rates of gastric cancer in
China and the world in 2019

Figure 3 illustrates the age-specific incidence, mortality rates,
and DALY of gastric cancer in China and the world in 2019.

Overall, the age-specific rates in China were well above
the global level for each age group. In China, the incidence
and mortality rates rose in parallel with age in 2019. The
incidence in younger age groups (0-29 years) was less than
5/100,000, increasing sharply after 55 years. Considering
the high fatality rate of gastric cancer in China, similar ten-
dencies were observed in the age-specific mortality rates.
For patients younger than 40 years, the mortality rates were
less than 5/100,000, which increased sharply after 60 years.
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FIGURE 2 The change trends of ASRs in gastric cancer by sex in China and globally from 1990 to 2019. (A) ASIR, China. (B) ASIR, world.
(C) ASMR, China. (D) ASMR, world. (E) age-standardized DALY, China. (F) age-standardized, world

The age-specific DALY rate reached a high point of
1,529.10/100,000 in the 75-79 year age group (Table S3).
The incidence of gastric cancer was significantly higher in
males than in females among all age groups. In the sub-
group analysis of gender, the age-specific incidence and
mortality rates increased with age. The age-specific inci-
dent rates reached the peak in the 80+ year age group for
both genders (435.05/100,000 for males, 161.65/100,000
for females). The mortality rates were similar to the in-
cident rates, being higher in males. The age-standardized
DALY for males peaked in the 75-79 year age group
(2173.53/100,000, 95% CI=1,951.28- 2,394.77/100,000),
while it reached the peak at 80+ year age group in females
(1,069.07/100,000, 95% CI=874.32-1,188.01/100,000)
(Table S3; Figure 3A, 3C and 3E).

The global age-specific rates were similar to those
in China. Younger age groups (0-30 years) showed ex-
tremely low incidence (< 2/100,000) and mortality rates
(< 1/100,000), with a sudden growth after 55 years. At the
80+ year age group, incidence and mortality rates reached
the peak (154.03/100,000 and 147.35/100,000, respec-
tively). The age-specific DALY rate was highest in the 80+
year age group (1,470.51/100,000, 95% CI = 1,278.34—
1,589.33/100,000) (Table S4). The age-specific inci-
dence rate leaped to the top of 222.10/100,000 (95%
CI = 193.49-243.35/100,000) for males aged 80+ years,
whereas it was 110.77/100,000 (89.33-125.23/100,000)
for females aged 80+ years. The age-specific mortality
rate rocketed to the highest level in the 80+ year age
group among both genders (204.46/100,000 for males
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FIGURE 3 Age-specific rates of gastric cancer by sex in China and the world in 2019. (A) Incident rate, China. (B) Incident rate, world. (C)
Mortality rate, China. (D) Mortality rate, world. (E) DALYs rate, China. (F) DALY rate, world

and 111.06/100,000 for females). The age-standardized
DALY was highest in males aged 75-79 years (2,173.53
/100,000, 95% CI =1,951.28-2,394.77/100,000), whereas
it for females peaked in the 80+ year age group
(1,069.07/100,000, 95% CI = 874.32-1,188.01/100,000)
(Table S4; Figure 3B, 3D, and 3F).

3.5 | Age-specific trends in the incidence of
gastric cancer in China

General trends of gastric cancer in China are shown in
Figure 1A. However, there was a significant difference be-
tween genders and age groups. There was a worrisome rise in
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FIGURE 4 Age-specific trends in incidence rates of gastric cancer by age group from 1990 to 2019

the incidence of early-onset gastric cancer in China from 1990
to 2019. The 1549 years age group presented an increasing
trend during the study period (eAPC = 0.30, 95% CI = 0.22—
0.63), whereas the 50-69 years and 70+ years age group pre-
sented a slight decrease trend from 1990 to 2019 (Figure 4;
Table S5). In the subgroup analysis of gender, young men
(1549 years) were the only group to have increased incidence
(eAPC = 0.54,95% CI = 0.14-1.10). (Table S5).

4 | DISCUSSION

This study presented a comprehensive review of the gastric
cancer burden over the last 29 years based on the latest na-
tional estimated data worldwide.

This study shows a gradual decline in ASIR, ASMR,
and age-standardized DALY in China and the world from
1990 to 2019, as well as demonstrating the variations by
age and gender in China. What stands out is the V-shaped
changing trends in ASRs for the period of 1990-2005,
which are quite different from the global trends. We sug-
gest that this phenomenon is associated with the develop-
ment of cancer registration in China. The National Central
Cancer Registry (NCCR) of China was founded in 2002,
acting as the national bureau for the management of cancer
registmtion.8 Data quality of cancer registration was not
high during the period of 1990-2002. There is a potential
bias in the ASRs in early period.

The ASIR of gastric cancer indicated a gradual decline
during the study period. In more than half of the countries ex-
amined, gastric cancer is likely to reach rare cancer thresholds
by 2035.” The new cases of gastric cancer kept rising year-on-
year, but the age-standardized incidence rate showed a down-
ward trend in China and the world. The aging and growth of
the population can explain the above phenomena.

Our results highlight a worrisome feature of a consis-
tent increase in the incidence of early-onset gastric cancer
(EOGC) among the young population in China. The result

has already been observed in both high-incidence and low-
incidence countries.”'® Most early-onset patients presented
a worse prognosis than late-onset gastric cancer patients.'®!!
Since younger individuals have less exposure to environmen-
tal carcinogens than older ones, genetic factors may play a
more relevant role in EOGC than in traditional gastric can-
cer. This public health issue requires monitoring in the future.
Further studies are needed to investigate the cause of the in-
creasing incidence of EOGC.

Most studies reported 1.8-2.0 times higher risk of gastric
cancer in men than in women.'*'* In agreement with prior stud-
ies, our study indicated that males are 1.10-3.0-fold more likely
to have gastric cancer than females. In agreement with prior
studies, our study found that the incidence of gastric cancer was
2.2-2.5 times higher in males than in females in the past decade.
Such differences could be attributed to lifestyle (men are more
likely to be influenced by cultural reasons and take up drinking
and smoking than are women'* ), environmental or occupa-
tional exposures, and physiological differences.>!” Moreover,
the incidence and mortality rates decreased among both sexes
in China. The decreasing trends of ASIR and ASMR were more
pronounced in females. The control and prevention strategies for
gastric cancer in males need to be strengthened.lg’19

Some risk factors, such as drinking, smoking, obesity, and
unhealthy diet, increases the incidence levels of gastric can-
cer.®?! Excessive consumption of salty, pickled, preserved,
and fried foods (which are rich in N-nitroso compounds) in
East Asian cultures, are proved to generate higher gastric
cancer risk.”>?* Besides, H. pylori (Helicobacter pylori) is a
contributing factor for gastric cancer. The risk of developing
gastric cancer in individuals infected with H pylori is at least
two times higher than those who test negative.24

During the last decade, the incidence of gastric cancer has
decreased steadily owing to the reduction in risk factors in
China and other countries.”” The decline benefits from better
food preservation associated with refrigeration during trans-
port and storage. The increasing consumption of fresh fruit
and vegetables also plays a vital role in bringing about the
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observed decline in the incidence of gastric cancer.”*%" It is
now clear that the decreasing trend in gastric cancer occur-
rence is parallel to the decline in H. pylori infection in both
Eastern and Western populations.zg'31 Powerful measures for
tobacco control decreased the incidence of gastric cancer.’>*?

The downward trend in mortality might be linked to sev-
eral reasons. First, treatment for H. pylori eradication has a
positive influence on the mortality of gastric cancer.”3**3% In
some prospective studies, vitamin supplementation (Vitamin
C and E) or garlic was associated with the reduced mortality
of gastric cancer.”®? Besides, an advanced understanding of
gastric cancer helps clinicians to treat the disease and reduce
mortality effectively. The selective screening programs for
high-risk populations carried out in the high-risk regions sig-
nificantly reduce the mortality rates in China.*®*’

Geographical variation in the incidence and mortality
rates remains high across the world. High ASIR of gastric
cancer have been reported in East Asia and High-income
Asia Pacific, whereas Africa and North America present
low ASIR. Specific dietary patterns of the East Asian popu-
lation mentioned above may account for the extremely high
incidence within this region. Owing to effective screening
strategies, the ASMR values in Japan and South Korea are
much lower than those in other countries, despite the high
ASIR.*** One critical point that should be emphasized here
is that the completeness of the data and the cancer registries
in African countries might differ significantly from the coun-
tries with high HDI; therefore, these factors might introduce
a bias in the results and interpretations. So the disease burden
in these regions is possible to be underestimated.

DALYs is a comprehensive indicator which reflects the
disease burden.>* Because of the high incidence of gastric
cancer and its large population, China is a major contribu-
tor to the global gastric cancer burden. From 1990 to 2019,
the age-standardized DALY decreased more pronounced in
women than in men in China. These data suggest that sex is
an important factor affecting gastric cancer disease burden."

On top of the above findings, there might be the following
limitations in this paper that can be improved further. First,
non-cardia and cardia gastric cancer demonstrate remarkable
characteristics in the epidemiology and risk factor profiles.40
Because of the incomplete cancer diagnostic and registration
practices, subsite-specific analysis of gastric epidemiology was
not performed in this study. Second, we are not able to perform
further analysis due to the lack of details regarding gastric can-
cer (such as classification, staging, and treatment received).

5 | CONCLUSION

This study outlined the Chinese and global burdens of gastric
cancer from 1990 to 2019. The ASIR, ASMR, and DALYs
have decrease in China and the world. However, rates and

temporal trends varied substantially by gender, age, socio-
economic status, and geography. The incident and mortal-
ity rates are relatively high in China. Moreover, there was a
worrisome rise in the incidence of early-onset gastric cancer
in China. Specific strategies are needed to reduce the disease
burden of gastric cancer.
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