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Purpose  This study aimed to examine secular trends, age-period-cohort effects, and geographical differences in gastric cancer (GC) 
mortality in Korea.
Materials and Methods  Using cause of death data from the Korean Statistical Information Service for GC from 2000 to 2020, we 
calculated average annual percentage changes (AAPCs) in the age-standardized mortality of GC in 17 cities and provinces through 
joinpoint regression. Decomposition of age, period, and cohort effects on GC mortality were elucidated by applying a log-linear model 
and an intrinsic estimate method. Spatial patterns and the degree of spatial clustering in 250 administrative regions were explored 
via Moran’s I statistics. Stratification by sex was performed for all analyses.
Results  The age-standardized mortality of GC per 100,000 persons declined from 29.0 in 2000 to 7.9 in 2020 (AAPC, –6.28%). Age-
period-cohort analyses of GC mortality showed a downward trend among 5-year age groups from age 20-89 years across five-year 
periods from 2005-2020 and 5-year birth cohorts from 1920 to 2000. Overall, the younger birth cohort showed lower mortality rates 
than the older cohort within the same period. In 2020, clusters of high GC mortality were observed in the central area for men (Chun-
gcheongbuk-do, Jeollabuk-do, Gyeongsangbuk-do, and Gyeongsangnam-do) and in the eastern area for women (Gyeongsangbuk-do).
Conclusion  This study identified a downward trend in GC mortality among men and women from 2000 to 2020 in Korea. This trend 
was mainly attributed to birth cohort rather than period effects. Spatial analysis showed high GC mortality in the Chungcheong-do 
and Gyeongsangbuk-do areas.
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Introduction

According to Global Cancer Incidence, Mortality and Prev-
alence (GLOBOCAN) 2020, gastric cancer remains the fourth 
leading cause of cancer deaths worldwide, with an estimat-
ed 768,793 deaths [1]. Data from GLOBOCAN 2020 and the 
World Health Organization Mortality Database for 48 coun-
tries reported declines in gastric cancer mortality for men of 
41 countries and women of 39 countries; of these countries, 
25 and 23 countries were in Europe, respectively [2].

Despite the high incidence of gastric cancer, screening to 
detect precursor tumors at an early stage contributed to a 
relatively higher 5-year survival rate in Korea (71.5%) and 
Japan (65.0%) than in other areas (20%) [3]. In Korea, the 
Korean National Cancer Screening Program (NCSP) was 
launched in 1999 and recommends that people aged 40 years 
and older undergo biennial upper endoscopy or upper gas-
trointestinal series (UGIS) [4]. Since 2018, endoscopy has 
been recommended as the primary form of gastric cancer 
screening [5]. Overall, approximately 50% of the reduction 

in gastric cancer mortality was attributable to endoscopies 
and not UGIS, especially in people aged over 50 years [4,6].

The age-standardized gastric cancer mortality rate has  
decreased in recent years [7], whereas decomposing the con-
tribution of age, calendar period, and birth cohort may be 
beneficial for understanding the reasons for the trends in 
gastric cancer mortality [8]. Age exerts the cumulative effects 
of multiple age- and lifestyle-related factors and changes due 
to natural physical deterioration [8]. Period effects exert the 
influence of external factors on all age groups, while cohort 
effects have an impact on the unique exposure of a group of 
individuals at different times [8].

A previous study reported a national downward trend, 
which was explained by the birth cohort effect, for gastric 
cancer mortality during 1983-2013 [9]. However, the mortali-
ty for the 2003-2013 period was estimated based on the trends 
in preceding years from 1983 to 2002 [9]. Another study using 
data from the National Statistical Office confirmed the main 
explanation of the cohort effect on the downward mortality 
trend of gastric cancer during 1983-2012 [10]. Given that the 
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research period did not cover the long term after the imple-
mentation of the NCSP, the contribution of the period effect 
remained unclear [10]. 

Although gastric cancer mortality has been declining in  
recent decades, considerable geographical variations have 
been reported in several countries [11-14]. In the United 
States, regional differences in gastric cancer mortality were 
attributed to living in rural areas, diabetes prevalence, and 
percentages of ever smokers [15]. While in Korea, the geo-
graphical disparities in gastric cancer mortality have been 
attributed to differences in socioeconomic status, lifestyle 
factors, and cardiometabolic diseases [16-19]. Moreover, 
health care access may also contribute to this variation; only 
an estimated 62% of cancer patients in Korea are treated in 
hospitals with high-level facilities and treatments [20]. Rural 
dwellers may thus be more vulnerable to emergency situa-
tions than those who live in urban areas or metropolitan cit-
ies and provinces [20]. According to the Korea Statistics, the 
age-standardized gastric cancer mortality in 2000 was from 
25.1 (for Seoul) to 35.2 (for Chungcheongnam-do) per 100,000 
persons [21]. Until 2020, there rates declined to 9.2 (for Seoul) 
and 7.5 (for Chungcheongnam-do) per 100,000 persons [21]. 
In the perspective of health policy makers, understanding 
geographical differences in gastric cancer mortality may be 
helpful in determining priorities and deciding interventions 
for disease control.

Therefore, we carried out a trend analysis to assess tempo-
ral trends of gastric cancer mortality in Korea during 2000-
2020. We then used an age-period-cohort model to examine 
the separate effects of age, period, and cohort on gastric can-
cer mortality over the research period. Finally, we conducted 
a spatial analysis to identify spatial clusters of gastric cancer 
mortality across Korea.

Materials and Methods

1. Data source and study area
In this study, we extracted national-level data on cause of 

death from Statistics Korea through the Korean Statistical  
Information Service (KOSIS) [21]. Data on gastric cancer 
were defined using International Classification of Diseases, 
10th revision code C16. Age-standardized rates at the nation-
al level and for 17 metropolitan cities and provinces were col-
lected, with the standard mid-year population in Korea for 
2005, for the secular trend analysis.

For the age-period-cohort analysis, we grouped the num-
ber of gastric cancer deaths and total individuals by age 
group for each year from 2000 to 2020.

The age-standardized mortality rates of gastric cancer in 
approximately 250 municipal regions during 2000-2020 were 

obtained for geographical disparity analysis. The shapefile 
map at the municipal level of 250 districts in Korea was  
obtained from the Korea Geographic Information System 
(GIS) developer to visualize the regional rates.

To calculate the participation rates of gastric cancer screen-
ing, we obtained the number of eligible persons for screening 
and the number of screening participants between 2010 and 
2019.

2. Statistical analysis
First, we conducted joinpoint regression analysis to exp-

lore the trends of gastric cancer mortality at the national and 
provincial levels. Although annual gastric cancer mortality 
data were available for 250 administrative regions, assessing 
the annual trend might not be appropriate due to the fluc-
tuation and instability of gastric cancer mortality in small 
areas. Trending analyses were thus performed for the over-
all country and 17 metropolitan cities and provinces only. 
In this model, a series of joined straight lines were fitted on 
the annual age-standardized mortality rates. The maximum 
number of joinpoints was identified based on the number of 
data points following the algorithmic recommendations of 
the Joinpoint Regression Program (ver. 4.3.0, Statistical Meth-
odology and Applications Branch, Surveillance Research 
Program, National Cancer Institute) [22,23]. Accordingly, a 
maximum of 3 joinpoints for each region (except 1 joinpoint 
for Sejong city) was set, together with the log transformation 
of the rates in the model. Then, the annual percent changes 
(APCs) were calculated for each segment, and the average 
APCs (AAPCs) were obtained for the whole research period. 
The AAPC for each region was compared with the AAPC for 
the whole country to examine differences in gastric cancer 
mortality reductions between each city and province with 
the whole country.

Next, national data on age-specific gastric cancer mortal-
ity at 5-year age ranges (from 20 to 89 years only) between 
2000 and 2020 were reconstructed for the age-period-cohort 
analysis. We estimated the single or double effects of age, 
period, and cohort by applying a log-linear model and con-
ducted age-period-cohort analysis by applying an intrinsic 
estimator (IE) method [8]. Model performance was evaluated  
using the Akaike information criterion (AIC). In an explora-
tory analysis, age-specific by period, age-specific by birth 
cohort, and period-specific by birth cohort data for gastric 
cancer mortality were plotted. Data visualizations were per-
formed using the ‘ggplot2’ package in the R program ver. 
3.6.0 (R Software, R Foundation for Statistical Computing, 
Vienna, Austria), and age-period-cohort analysis was con-
ducted using the ‘apc’ package in STATA software ver. 14.0 
(Stata Corp., College Station, TX).

Then, the geographical distribution of age-standardized 
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gastric cancer mortality in approximately 250 municipal 
areas in 2000-2020 was visualized in ArcGIS software ver. 
10.4. The cutoff values for categories were selected using the 
Jenks natural breaks classification method, which optimizes 
the arrangement of continuous values into different clusters 
[24,25]. While the joinpoint regression was able to show mor-
tality reductions of each city and province in comparison 
with the total population, spatial analysis aimed to inves-
tigate geographical variations and identify spatial clusters 
with high or low gastric cancer mortality rates. Here, we first 
calculated the global Moran’s I statistic to examine whether 
the age-standardized gastric cancer mortality rates in each 
municipal region were geographically correlated. Overall, 
the global Moran’s I values range from –1 (clustering of dis-
similar values) to +1 (clustering of similar values), and the 
global Moran’s I value of 0 refers to no geographical autocor-
relation. A positive Moran’s I value indicates neighbor fea-
tures toward clustering, whereas a negative Moran’s I value 
indicates neighbor features toward dispersion. Then, the  
local equivalent of the global Moran’s I (local Moran’s I,  
local indicator of spatial autocorrelation [LISA]) was estimat-
ed to elucidate the spatial autocorrelation between districts 
and their neighboring districts and determine municipal  
regions with high and low mortality rates as well as spatial 
outliers [26]. Spatial analysis was performed using the spa-
tial autocorrelation (Moran’s I) and cluster and outlier analy-
sis (Anselin Local Moran’s I) tools. The analysis is also called 
as hot-spot analysis, and results are provided with clusters, 
outliers, and nonsignificant areas. In high-high and low-low 
clusters, there is similar positive or negative autocorrelation 
among areas. In high-low and low-high outliers, a high-rate 
district is surrounded by low-rate districts and vice versa. 
Using data of 250 municipal areas in the spatial analysis was 
therefore able to identify several clusters and outliers of gas-
tric cancer mortality across the country.

Finally, as exploratory analysis, we fitted the joinpoint  
regression model to examine the trends of participation 
rates of gastric cancer screening for the whole country and 
17 cities and provinces, with a maximum of 1 joinpoint for 
each region and the log transformation for rates. All analy-
ses were performed for the total population and sex-specific 
subgroups.

Results

1. Trends of gastric cancer mortality
Over the research period, age-standardized gastric cancer 

mortality rates decreased from 29.0 per person in 2000 to 
7.9 per person in 2020 (Table 1, Fig. 1). Joinpoint regression 
analysis identified three join points, with significant APCs of 
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Fig. 1.  Trends of age-standardized mortality rates in Korea between 2000 and 2020.  (Continued to the next page) 
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Fig. 1.  (Continued from the previous page) (Continued to the next page) 
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–2.26%, –6.30%, –7.57%, and –5.59% for the 2000-2002, 2002-
2011, 2011-2018, and 2018-2020 periods, respectively. The 
AAPC (95% confidence interval [CI]) for gastric cancer mor-
tality in the total population was –6.28% (–6.57% to –5.99%).

There were also downward trends of gastric cancer mor-
tality in the sex-specific population, from 45.8 to 11.6 in men 
and from 17.6 to 5.1 in women per 100,000 persons (Table 
1, Fig. 1). The reduction in age-standardized gastric cancer 
mortality did not differ between men and women, with 
AAPCs (95% CIs) of –6.64% (–6.91% to –6.37%) and –6.03% 
(–6.68% to –5.37%), respectively (p=0.091).

At the provincial level, gastric cancer mortality rates in 17 
metropolitan cities and provinces also decreased from 2000 
to 2020. Downward trends were observed for both sex-com-
bined and sex-specific groups (Fig. 1, S1 Table). 

2. Age-period-cohort analysis of gastric cancer mortality
Fig. 2 visualizes the effects of age, period, and birth cohort 

on gastric cancer mortality in both sexes combined and in 
men and women separately. Except for an increased rate 
in men aged 85-89 in the 2000-2004 period and those in the 
1915-1919 birth cohort, there were declines in gastric can-
cer mortality for different age groups (Fig. 2A and B) across  
periods and birth cohorts. Within the same period, people 
who were in a more recent birth cohort exhibited lower rates 
of gastric cancer mortality among those who were born after 
1920 (Fig. 2C).

The goodness of fit for the log-linear model and the IE 
age-period-cohort analysis for gastric cancer mortality is 
presented in Table 2. Considering the lowest AIC values, the 
age-cohort model showed a similar or better fit than the age-
period-cohort effect using the IE. Furthermore, the estimates 
obtained from the age-period-cohort model are displayed in 
Fig. 3 and S2 Table. Gastric cancer mortality increased rapidly 
in both men and women within all age groups and decreased 

steadily across periods and birth cohorts. In contrast, women 
and both sexes combined who were born within 1960-1980 
did not show a downward trend in the rate ratios of gastric 
cancer mortality.

3. Regional differences in gastric cancer mortality
Compared to the total population, there were greater  

reductions of gastric cancer mortality in Chungcheongnam-
do (AAPC=–7.00%, p=0.01), Jeollabuk-do (AAPC=–7.10%,  
p < 0.01), Gyeongsangbuk-do (AAPC=–6.79%, p=0.01), whe-
reas less reduction was observed in Jeju-do (AAPC=–5.35, 
p=0.02) (S1 Table). In men subgroup, there were greater  
reductions in Chungcheongnam-do, Jeollabuk-do, and 
Gyeongsangbuk-do, whereas greater reductions of gastric 
cancer mortality were observed in women living in Jeollan-
am-do (p < 0.05).  

Fig. 4 shows the distribution of age-standardized gas-
tric cancer mortality in 250 municipal regions of Korea in 
2020. For the total population, the rates ranged between 1.4 
and 18.0 per 100,000 and were classified into five catego-
ries (1.4 to 5.4, 5.4 to 7.4, 7.4 to 9.3, 9.3 to 12.0, and 12.0 to 
18.0 per 100,000 persons). In the sex-specific analysis, these 
values fluctuated within wider ranges of 1.8 to 26.9 per 
100,000 persons and 0 to 26.3 per 100,000 persons for men 
and women, respectively. In men, highest mortality rates 
were observed in Geochang-gun (26.9/100,000 persons in 
Gyeongsangnam-do), Haenam-gun (25.9/100,000 persons in 
Jeollanam-do), and Jeungpyeong-gun (24.5/100,000 persons 
in Chungcheongbuk-do). In women, highest mortality rates 
were observed in Yeongyang-gun (26.3/100,000 persons in 
Gyeongsangbuk-do), Bonghwa-gun (21.5/100,000 persons 
in Gyeongsangbuk-do), and Hampyeong-gun (19.5/100,000 
persons in Jeollanam-do). The distribution of gastric cancer 
mortality rates in 2000, 2005, 2010 and 2015 is also presented 
in S3-S6 Figs. The districts in the highest categories in 2015 

Fig. 1.  (Continued from the previous page) 
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were more than those in 2020 for both total population and 
sex-specific groups.

To examine the spatial autocorrelation of gastric cancer 
mortality, S7 Fig. presents whether the districts close togeth-

er exhibit similar rates. The likelihood that the clustered pat-
tern could be the result of random chance was less than 1% 
for the total population (I=0.07, p < 0.01) and men (I=0.05, p 
< 0.01) but less than 10% for women (I=0.02, p=0.095). For 

Fig. 2.  Age, period, and birth cohort effects on gastric cancer mortality. (A) Age-specific gastric cancer mortality by period. (B) Age-specific 
gastric cancer mortality by birth cohort. (C) Period-specific gastric cancer mortality by birth cohort.
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better interpretation, Fig. 5 describes local spatial autocor-
relation as five categories, including high-high and low-low 
clusters, high-low and low-high outliers, and nonsignificant 
areas. The list of municipal regions according to clusters and 
outliers is summarized in Table 3. Overall, we found clusters 
of high gastric cancer mortality in the central area for men 
(Chungcheongbuk-do, Jeollabuk-do, Gyeongsangbuk-do, 
and Gyeongsangnam-do) and the eastern area for women 
(Gyeongsangbuk-do). Clustering analysis of data in 2000, 
2005, 2010 and 2015 also revealed higher rates of gastric can-
cer mortality in the Chungcheong-do and Gyeongsang-do 
areas than in other cities and provinces (S8-S11 Figs.).

4. Exploratory analysis for participation rates of gastric can-
cer screening

S12 Fig. shows the secular trend of participation rates of 
gastric cancer screening between 2010 and 2019. Overall, 
the screening rates for both sex-combined and sex-specific 
groups increased during the research period. This upward 
trend was also observed in all cities and provinces.

Discussion

In this study, we assessed the temporal trends, and effects  
of age, period, and birth cohort, and spatial patterns of gas-
tric cancer mortality in Korea. We observed sustained dec-
lines for all of Korea and each province from 2000 (2012 for 
Sejong) to 2020. These trends were greatly driven by the 
birth cohort pattern, whereas the period contributed slightly 
to the decline in gastric cancer mortality in Korea. Addition-
ally, our findings for the year 2020 showed clusters with high 
rates of gastric cancer mortality in the central area for men 
(Chungcheongbuk-do, Jeollabuk-do, Gyeongsangbuk-do, 
and Gyeongsangnam-do) and in the eastern area for women 
(Gyeongsangbuk-do). 

In line with a previous study, we observed the peak of gas-

tric cancer mortality for those who were born in 1920 and 
the decreasing rates across age groups in later birth cohorts 
[9]. This was caused through the introduction of healthier 
dietary changes in fruit, vegetable, and dairy food consump-
tion in the Korean population since the 1980s [9]. Notably, 
women who were born between 1960 and 1980 did not expe-
rience a downward trend of gastric cancer mortality. A simi-
lar pattern was observed for the birth cohort from 1950-1970 
in the study using data from 1983 to 2012, in which women 
in this cohort were also aged 40-60 years [10].

Helicobacter pylori infection has been well documented to 
increase the risk of atrophic gastritis, peptic ulcer, and gas-
tric carcinoma by triggering the progression of precancerous  
lesions to atrophic gastritis and intestinal metaplasia [27]. In 
Korea, the estimated population attributable fractions of H. 
pylori to gastric cancer mortality were 75% for both men and 
women [28,29]. In accordance with the birth cohort effect on 
gastric cancer mortality in the present study, a downward 
trend of H. pylori seroprevalence attributable to the birth  
cohort effect was also observed [29]. In particular, data from 
approximately 20,000 health checkups in Korea in 2011  
reported a lower H. pylori seroprevalence in the younger 
birth cohort than in the older birth cohort among individuals 
in the same age group [30].

The effect of calendar periods on the decrease in gastric 
cancer mortality can be explained by the uptake of screening 
programs, which can exhibit intermediate effects for gastric 
cancer mortality. Since 1999, the implementation of upper  
endoscopy or UGIS in the NCSP for gastric cancer has  
affected the clinical characteristics and management of gas-
tric cancer [31]. The participant rates of endoscopy or UGIS 
increased from 7.4% in 2002 to 45.4% in 2011, with an APC 
% (95% CI) of 4.33 (4.02-4.63) [31]. In the present study, we 
continuously observed the upward trend of gastric can-
cer screening rates from 2010 to 2019 for all of Korea and 
some cities and provinces. Considering the effect screening 
methods, data from nearly 17 million Koreans in the NCSP  

Table 2.  Goodness of fit of the age-period-cohort model for gastric cancer mortality in Korea

Model
	   	 Both sexes			   Men			   Women

	 df	 Log-likelihood	 AIC	 df	 Log-likelihood	 AIC	 df	 Log-likelihood	 AIC

Age	 42	 –845.0	 30.7	 42	 –1,560.0	 56.2	 42	 –555.3	 20.3
Period	 52	 –7,906.8	 282.5	 52	 –16,011.6	 572.0	 52	 –4,774.0	 170.6
Cohort	 39	 –242.3	 9.3	 39	 –480.8	 17.8	 39	 –290.2	 8.1
Age+period	 39	 –154.5	 6.1	 39	 –185.5	 7.2	 39	 –144.1	 5.8
Age+cohort	 26	 –134.3	 5.9a)	 26	 –143.6	 6.2a)	 26	 –124.8	 5.5a)

Period+cohort	 48	 –152.6	 6.2	 48	 –196.2	 7.7	 48	 –144.9	 5.9
Age+period+cohort	 24	 –133.8	 5.9a)	 24	 –140.9	 6.2a)	 24	 –124.8	 5.6

AIC, Akaike Information Criterion. a)Minimal AIC values.
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Fig. 3.  Model estimates for age-period-cohort effects on gastric cancer mortality.
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revealed an approximately 50% decreased odds of gastric 
cancer mortality among those who performed upper endos-
copy, with odds ratios (ORs) (95% CIs) of 0.53 (0.51, 0.56), 
0.52 (0.50, 0.55), and 0.48 (0.42, 0.53) for the total population 
and men and women, respectively [6]. In contrast, UGIS ex-
hibited a borderline effect on gastric cancer mortality reduc- 
tions only [6]. This may therefore suggest that upper endos-

copy uptake, but not UGIS, was attributable to the down-
ward trend in gastric cancer mortality. Although the gastric 
cancer screening rates regardless of methods were higher for 
women than for men, the participant rates of upper endos-
copy were higher for men than for women, and we thereby 
observed a greater AAPC in men than in women [31,32]. Fur-
thermore, gastric cancer patients who experienced screen-

Table 3.  List of regions in spatial clusters and outliers for gastric cancer mortality in Korea, 2020

Group
	 Cluster/ 	

Province	 District (age-standardized gastric cancer mortality, per 100,000 persons)
	 Outlier		

Both sexes	 High-high	 Chungcheongbuk-do	 Chungju-si (9.7), Boeun-gun (6.3), Yeongdong-gun (14.0), 
			     Jeungpyeong-gun (12.5), Jincheon-gun (7.2)
		  Jeollabuk-do	 Jangsu-gun (5.3)
		  Gyeongsangbuk-do	 Andong-si (5.8), Sangju-si (13.1), Mungyeong-si (11.7), Gyeongsan-si (6.9), 
			     Euiseong-gun (8.2), Yeongdeok-gun (7.8), Chilgok-gun (9.3), Uljin-gun (9.6)
	 High-low	 Incheon	 Yongjin-gun (5.2)
		  Gyeonggi-do	 Gapyeong-gun (8.2)
		  Gangwon-do	 Goseong-gun (11.4)
		  Jeollabuk-do	 Gochang-gun (5.3)
		  Jeollanam-do	 Yeongam-gun (9.7), Yeonggwang-gun (3.5)
	 Low-high	 Daegu	 Dalseo-gu (6.7)
		  Gangwon-do	 Hongcheon-gun (8.5)
		  Gyeongsangbuk-do	 Gumi-si (9.3), Yeongyang-gun (17.1), Bonghwa-gun (18.0)
	 Low-low	 Seoul	 Yongsan-gu (5.3), Seongdong-gu (6.2), Songpa-gu (5.7), Gangdong-gu (7.9)
		  Gyeonggi-do	 Jungwon-gu (6.8), Euijeongbu-si (8.1), Pyeongteak-si (8.6), Guri-si (4.1), 
			     Namyangju-si (8), Hanam-si (8.2), Paju-si (9)
		  Gangwon-do	 Hwacheon-gun (7.8)
		  Jeollabuk-do	 Wansan-gu (7.6)
Men	 High-high	 Chungcheongbuk-do	 Chungju-si (12.2), Jeungpyeong-gun (24.5), Jincheon-gun (13.2)
		  Jeollabuk-do	 Jangsu-gun (10.8)
		  Gyeongsangbuk-do	 Yeongju-si (13.9), Sangju-si (17.2), Mungyeong-si (16.3), Euiseong-gun (8.4), 
			     Seongju-gun (21.3), Chilgok-gun (15.0)
		  Gyeongsangnam-do	 Hapcheol-gun (8.8)
	 High-low	 Seoul	 Jungrang-gu (13.7)
		  Incheon	 Yongjin-gun (6.2)
		  Gyeonggi-do	 Gapyeong-gun (12.7)
		  Chungcheongbuk-do	 Sangdang-gu (14.0)
		  Jeollabuk-do	 Gochang-gun (8.9)
		  Jeollanam-do	 Yeongam-gun (6.3)
	 Low-high	 Daegu	 Dalseo-gu (9.7)
		  Jeollabuk-do	 Muju-gun (16.0)
		  Gyeongsangbuk-do	 Cheongsong-gun (5.0), Yeongyang-gun (13.5)
	 Low-low	 Gyeonggi-do	 Euijeongbu-si (12.6), Guri-si (6.3), Paju-si (13.5)
		  Seoul	 Yongsan-gu (5.0), Seongdong-gu (6.9), Gwangjin-gu (6.2), 
			     Dongdaemun-gu (16.9), Gangnam-gu (7.5), Songpa-gu (7.2), Gangdong-gu (12.9)
Women	 High-high	 Gyeongsangbuk-do	 Yeongdeok-gun (9.7), Cheongdo-gun (4.1), Uljin-gun (11.4), Ulleunggun (3.0)
	 High-low	 Gangwon-do	 Yanggu-gun (0), Goseong-gun (1.5)
		  Jeollanam-do	 Haenam-gun (3.3), Yeonggwang-gun (1.8)
		  Gyeongsangnam-do	 Euichang-gu (7.3)
	 Low-high	 Gangwon-do	 Cheolwon-gun (1.8)

Tung Hoang, Gastric Cancer Mortality in Korea
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ing had lower odds of mortality than those without screen-
ing in both mild (patients treated with chemotherapy) and  
advanced (patients treated with gastrectomy and/or endo-
scopic procedure) stages [33].

In addition to early detection through screening, advances 
in gastric cancer treatments may contribute to the improve-
ment of gastric cancer survival [34-36]. Despite the increase 
in clarithromycin resistance rates of H. pylori (9% in 1995, 
13.8% in 2003, 16.7% in 2005, and 17.8% in 2018) [37-41], 
the eradication treatment rate rose significantly from 13.9% 
in 2005 and 19.3% in 2011 to 23.5% in 2017 [42]. Taken toge-
ther, the seropositivity of H. pylori steadily decreased, with 
prevalence rates of 66.9%, 59.6%, 54.4%, and 51.0% in 1998, 
2005, 2011, and 2015, respectively [43]. Additionally, H.  
pylori eradication treatments were reported to be associat-
ed with an approximately 2- to 5-fold higher possibility of  
hyperplastic polyp disappearance [44,45]. Data from the  
Korea National Health Insurance Service revealed that gas-
tric cancer patients who underwent endoscopic resection 
or partial gastrectomy and medication for H. pylori within 
1 year exerted a 21% to 61% reduced risk of metachronous 
lesion development compared to those who were adminis-
tered medication more than 1 year after resection [46].

Since the 2000s, radical gastrectomy with D2 lymph node 
dissection has been considered a standard operation for gas-
tric cancer [47]. Alternative methods have been introduced 
for the treatment of gastric cancer, such as laparoscopic 
surgery, function-preserving surgery, and endoscopic resec-
tion [47,48]. However, neither laparoscopy nor endoscopy 
showed any significant improvements in overall survival 
compared with gastrectomy [49,50]. In contrast, findings 
from multicenter randomized controlled trials showed the 
survival improvement effect of adjuvant chemotherapy in 
patients with completely resected gastric adenocarcinoma 
[51,52]. Nevertheless, the effect of these therapies on gastric 
cancer mortality in Korea requires further investigation. 

The number of gastric cancer patients in cancer centers 
in metropolitan cities are higher than that in provinces (S13  
Table) [53]. With the implementation of the expansion policy 
in 2013, cancer patients who previously limited their choices 
due to high medical costs were freer to select high-quality 
institutions that they preferred for care receiving [54]. Areas 
with high rates of gastric cancer mortality such as Chun-
gcheong-do and Gyeongsang-do might thus show greater  
reductions compared to the overall reduction of the coun-
try. In other words, the disparity in gastric cancer mortal-
ity among cities and provinces tends to decrease during the  
period. 

In terms of spatial patterns, data from the Korean National 
Cancer Incidence Database for regional variations of major 
cancer incidence in Korea at the municipal level between 

1999 and 2013 revealed the highest age-standardized inci-
dence of gastric cancer in Chungcheongbuk-do among men 
and in Gyeongsangbuk-do among women [55]. This is in line 
with our findings of high-high clusters of gastric cancer mor-
tality in the Chungcheongbuk-do and Gyeongsangbuk-do 
areas. However, there is doubt about whether the high inci-
dence reflects high mortality. By further obtaining municipal 
data on age-standardized incidence of gastric cancer in 250 
districts, we explored the Pearson correlation between inci-
dence rates in the 1999-2003, 2004-2008, and 2009-2013 peri-
ods with annual mortality rates during 2003-2020, 2008-2020, 
and 2013-2020, respectively. The strength of the correlation 
appeared to be weak to moderate only, with correlation coef-
ficients between 0.12 and 0.67 (S14 Table). 

Additionally, the peak of H. pylori seropositivity was found 
in individuals aged 50-59 years for the country overall and 
the Gyeonggi-do, Chungcheong-do, and Gyeongsang-do  
areas. This peak was observed in the younger group aged 40-
49 years for Seoul and the older group aged 60-69 years for 
Gangwon-do, Jeolla-do, and Jeju [43]. Taken together, com-
pared to Seoul, the H. pylori prevalence was higher in Chun-
gcheong-do (OR, 1.33; 95% CI, 1.03 to 1.72), Gyeongsang-do 
(OR, 1.46; 95% CI, 1.20 to 1.77), and Jeolla-do (OR, 1.52; 95% 
CI, 1.19 to 1.94) after adjusting for multiple factors [43].

It is worth pointing out that this study investigated the 
temporal and spatial differences in gastric cancer mortality 
trends during a long and recent period in Korea. We retrieved 
age-standardized rates from a nationally representative data-
base that covers the residential data of the whole population. 
Findings on national disparities in gastric cancer mortality 
may suggest priorities for effective prevention and treatment 
strategies to reduce regional inequalities in Korea. However, 
changes in administrative areas at municipal levels over the 
study period may lead to misclassification.

In conclusion, our study showed a downward trend in 
gastric cancer mortality among Korean men and women  
between 2000 and 2020 using national and regional data. 
This trend was much more attributed to birth cohort than cal-
endar period effects. Regarding geographical area, we found 
high mortality due to gastric cancer in the Chungcheong-do 
and Gyeongsangbuk-do areas.
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