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Abstract

Background The incidence and mortality of gastric can-

cer have declined rapidly over the past few decades, but

reverse trends in the young generation’s differential

between sexes in some races have been reported in recent

years. To investigate whether this divergent trend can be

observed in Korea, a country with the highest incidence in

the world, age- and sex-specific incidence and mortality

trends were evaluated.

Methods Gastric cancer incidence data for the years

1999–2010 and mortality data for the years 1983–2012

were obtained from the Korea Central Cancer Registry and

National Statistical Office. Annual percentage changes

were calculated by age group (20–39, 40–54, 55–69,

70–79) using Joinpoint regression analysis. Furthermore,

age-period-cohort analysis was evaluated.

Results Overall age-standardized gastric cancer incidence

in adults aged between 20 and 79 was declining at a

nonsignificant average annual percentage change (AAPC)

of -0.2 % in males and -0.4 % in females in Korea

during 1999–2010. Mortality was steeper at a significant

rate of -4.3 and -5.9 % in males and females, respec-

tively. However, age-specific analysis revealed a flat

(males 0.2 %, 95 % CI -0.5–0.6) or increasing incidence

trend (females 1.7 %, 95 % CI 0.9–2.5) in the 40–54 age

group. APC analysis confirmed the decreasing incidence

and mortality trend mainly by the cohort effect.

Conclusions The differential pattern between males and

females in different age groups suggests a possible effect of

detection by screening practice or a signal of the change in

epidemiological factors in the incidence and mortality of

gastric cancer that warrants further studies.
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Introduction

Despite its marked decline over the past few decades,

gastric cancer is still the third leading cause of cancer death

and the fifth most common cancer worldwide [1]. Although

the overall rate has shown a dramatic decline, which

Howson et al. called the ‘‘epidemiology of an unplanned

triumph,’’ the absolute number of new cases per year is

increasing, causing almost 1 million new cases in 2012,

mainly because of the aging of the world population [1, 2].

However, the overall rate, which is an estimate by age-

standardizing to the reference population, obscures the

important age-specific differences. The age-standardized

rate is mostly driven by the higher rates in older genera-

tions, which consequently could mask the rates in recent

birth cohorts and younger generations [3]. Indeed, several

studies from the Western population have recently started

to report divergent trends in subgroup populations

according to age group, race or anatomical subtype [4–9].

In addition to the age-specific rates, sex-specific analysis is

also critical for viewing trends and associations in epide-

miology, especially in gastric cancer, which is one of the

most well-known cancers in which the incidence and

mortality are different between sexes, usually twice as high

in males compared to females [1].

Despite the importance of this issue, so far only a few

studies have quantified the age- and sex-specific differ-

ences in trends in the incidence and mortality. Some were

limited by the sample size for analyzing both age- and sex-

specific trends [5, 7]; others were based on geographically

restricted cancer registries [10]. In Asia, to our knowledge,

only one study by Liu et al. has reported age-specific

incidence trends, yet the study was based on a registry that

covers only 10–20 % of all gastric cancers in Japan, mostly

restricted to operated patients (resection rate as high as

95 %) [11]. In Korea, so far no studies have looked into the

age- and sex-specific rates in gastric cancer [12–15].

Consequently, in this article, we aim to evaluate the age-

and sex-specific trend of gastric cancer incidence and

mortality over the last 30 years in Korea, where the inci-

dence is the highest in the world.

Materials and methods

Data sources

Cancer cases are from the cancer registry in Korea, which

began in 1975. The registry had been collecting informa-

tion on an estimated 80–90 % of cancer cases from more

than 150 training hospitals across the country until 1999,

when it expanded the cancer registry to cover the entire

Korean population under the Population-Based Regional

Cancer Registry (PBCR) program [16]. For analysis, gas-

tric cancer cases were defined and extracted using the

International Classification of Diseases, 10th edition (ICD-

10), code C16. The 5-year-interval age- and sex-specific

number of incident gastric cases between 1999 and 2010

and the number of deaths for gastric cancer between 1983

and 2012, as well as the population numbers, which are the

estimated yearly values from the census data, were

obtained from the Korea Statistical Information System

(KOSIS) of the National Statistical Office in Korea [17].

Statistical methods

Annual age-specific incidence and mortality rates (100,000

person-years) were calculated for the ages 20–79. Tem-

poral trends were assessed by the annual percent change

(APC) by least square linear regression using the Joinpoint

Regression Program version 4.0.4 (Statistical Research and

Applications Branch, National Cancer Institute, NCI,

Rockville, MD, USA). Average annual percentage changes

(AAPCs) were calculated for the entire study period. To

facilitate the statistical precision for tabular presentation,

the 12 5-year age groups were further combined into the

20–39, 40–54, 55–69 and 70–79 year age groups from the

Appendix. Furthermore, in Korea, age 40 is the starting

point in the national screening program, and age 55 is the

average age for retirement for most of the companies. In

the analysis of the collapsed age groups, direct age stan-

dardization using the Segi population was performed for

each age group following the standardization method for

truncated age-standardized rates (ASR) [18]. To calculate

the standard error (SE) of the direct ASR for the APC

analysis, Poisson approximation was used with the fol-

lowing formula [19].

Var ASRð Þ ¼
PA

i¼1

aiw
2
i �100;000

ni

h i

PA
i¼1 wi

� �2

In the formula, where i = 1, 2, … A, a is age class ai
representing the age-specific rate in the ith age class, ni is

person-years of observation for the corresponding age

class, and wi is the ith age class of the standard population.

Furthermore, generalized linear regression models were

used with log person years set as an offset, assuming

Poisson distribution, to test whether time trends varied by

age group (20–39, 40–54, 55–69 and 70–79 years) or sex.

To test for age group and year interaction the four age

groups and number of years (11 for incidence and 30 for

mortality) were entered in the interaction model. Similarly,

to seek for age group and sex interaction, four age groups,

two sexes and their interaction term were put into the

model.
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To further characterize the variations of incidence and

mortality rates by age, period and birth cohort effects by

sex, age-period-cohort (APC) analysis was evaluated. For

the incidence data, we interpolated single-year data for

both cases and the population from 5-year interval

periods, assuming a linear trend for each interval, and

further grouped the single-year data into 31 2-year age

groups (19–20, 20–21, …, 79–80) and 9 2-year time

periods (1999–2000, 2001–2002, …, 2009–2010). To

minimize the assumption of a linear relationship in

interpolating the 2-year age groups, linear assumption

was applied to two adjacent known data points in a

piecewise manner, not to the entire distribution. To

sufficiently capture the real distribution, linear interpo-

lation was carried out separately for cumulative person-

years and cumulative numbers of events with cubic spine

function for smoothing the place where polynomial pie-

ces connect. For mortality, 6 equally spaced 5-year cal-

endar periods (1983–1987, 1988–1992, …, 2008–2012)

and 12 5-year age groups (20–24, 25–29, …, 75–79)

were used for the analysis. The models were sequentially

presented as a one-factor age model, two-factor age drift,

age cohort, age-period model and finally the full age-

period-cohort model. The deviances of the models were

compared to evaluate the statistical significance, and the

goodness of fit, presented as adjusted R2, was computed

to measure the variability explained by the factors other

than age. All analyses were performed separately for

males and females.

All other statistical analyses besides APC analysis were

performed in SAS software version 9.3 (SAS Institute, Inc.

Cary, NC). APC was executed with R software version

3.0.1 using the ‘Epi’ package, version 1.1.49, and model

fitting with the apc.fit function [20]. The model was esti-

mated using parametric smooth functions based on natural

splines with five knots each for age, period and cohort

variables to encounter nonlinear effects, with the median

date of birth as reference. Maximum-likelihood fit (ML-fit)

of the APC model had rendered the goodness of fit scaled

by deviance. The graphic display of the APC model was

performed with function apc.plot and apc.lines, with age

effects as rates for the reference cohort using ‘‘ACP’’ as the

parm value in parametrization of the effect in the apc.fit

function to emphasize the cohort effect of the fitted APC

model. In this model, the cohort effects are represented as

the rate ratio (RR) relative to the reference cohort, and

period effects are constrained to be zero on average with

zero slope. All analyses were performed at a two-sided

significance level of p\ 0.05. The term APC denotes both

annual percent change and age period cohort; thus, to avoid

any confusion in the article, APC is confined to age period

cohort and annual percent change is only used as AAPC as

its acronym.

Results

In 417,896,466 person-years of observation, a total of

280,755 incident cases were diagnosed during 1999–2010.

The overall age-standardized incidence rate per 100,000

person-years decreased from 107.54 in 1999 to 103.07 in

2010 in males and 44.30 in 1999 to 41.43 in 2010 in

females (data not shown). Among the ages 20–79, the age-

standardized incident rate was 99.89 in males and 40.06 in

females per 100,000 person-years (Table 1). The age-

standardized incidence rate was higher in females in the

ages 20–39 (7.40 in 100,000 males compared to 8.33 in

100,000 females), but in those aged 40 years and older,

males had a higher rate than females. It was about twice as

high in males as in females, ranging from 2.08 in the 40–54

age group, peaking at 55–69 to 3.02 and narrowing to 2.66

in the 70–79 age group. The overall trend for ages 20–79

expressed in AAPC decreased at a rate of -0.2 and

-0.4 % in males and females, respectively, although this

was not statistically significant during the 12-year study

period. In the age-specific analysis, the most significant

decrease was observed for the 20–39 age group at a rate of

-3.7 % for males, whereas in females there was a non-

significant decrease of -0.8 %. For the 40–54 age group,

in both sexes there was a positive change in trend

expressed as AAPC of 0.2 % [95 % confidence interval

(CI) -0.2–0.6] in males and 1.7 % (95 % CI 0.9–2.5) in

females, in contrast to other age groups that showed neg-

ative decreasing trends. Consequently, despite the overall

decrease in trends, the incidence trend varied among age

groups in both males and females (p\ 0.0001 for age

group 9 year interaction).

For mortality rates, in the 930,932,796 person-years

observed, a total of 300,901 deaths were identified during

1983–2012. The overall age-standardized rate decreased

from 105.73 in 1983 to 28.23 in 2012 in males and 47.97 to

10.64 in females during the same period (data not shown).

Among those aged 20–79, the age-standardized mortality

rate was 52.75 in males and 21.63 in females per 100,000

person-years (Table 1). The age-standardized mortality

rate was higher in females aged 20–39 (3.85 in 100,000

males compared to 4.58 in 100,000 females), but in those

aged 40 years and older, males had a higher rate than

females. The rate was twice as high in males as in females,

ranging from 1.96 in the 40–54 age group, peaking at

55–69 to 2.92 and narrowing to 2.69 in the 70–79 age

group, a similar pattern to that observed in incidence rates.

The overall mortality was decreasing at a faster rate than

the incidence rate of AAPC of -4.3 and -5.9 % for males

and females, respectively. Age group-specific analysis

showed decreasing trends in all age groups, with statisti-

cally significant ranges from -2.7 to -6.9 %. Despite the

overall decrease in trends, the mortality trend varied among
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age groups in both males and females (p\ 0.0001 for age

group 9 year interaction).

Figure 1 shows the yearly incidence and mortality rate

for each age group. Overall, the incidence rate gradually

decreased, whereas the mortality rate showed a steep

decrease in most of the age groups. Due to the difference in

magnitude of change in AAPC, the yearly change differs

between males and females of the same age groups, shown

as p-interaction values for sex 9 year in the figure.

The summary statistics for the APC model are presented

in the Appendix. All of the drift, period and cohort effects

were statistically significantfor incidence after adjusting for

age (p\ 0.0001) except for the APC model (P|AC) in

females. The adjusted R2 values were greatly increased for

the age-cohort model compared to the insignificant

increase in the age-period model for both sexes. However,

although the trend in incidence is dominantly explained by

the age cohort model even after adjusting for the period

effects, the full model had to fit better to be chosen as the

final model. For mortality, the age-drift model alone could

explain about 86 and 84 % of gastric cancer mortality in

males and females, respectively. However, after adjustment

for age, both the period and cohort effect showed larger

adjusted R2 values in both sexes. Particularly the addition

of the cohort term had a more incremental effect on the

adjusted R2 values, from 0.86 to 0.98 in males and from

0.84 to 0.98 in females. However, similar to the incidence

model, the full APC model further increased the adjusted

R2 value by 0.01 and was chosen as the final model.

A graphic display of the APC model is presented in

Fig. 2 for the reference cohorts. For incidence, the refer-

ence cohort was set to 1942 for both sexes; the age-specific

rate showed an increase in the incidence rate in older age

groups, males at a steeper rate than females. The cohort

relative risks in the middle showed the incidence in males

was steadily decreasing. When compared to the 1942

cohort, the 1972 birth cohorts had a 30 % decreased risk of

gastric cancer incidence in males (RR = 0.70, 95 % CI

0.66–0.75). In females, the cohorts born between 1960 and

1980 were at increased risk of gastric cancer incidence

compared to the 1942 cohorts. The females born after 1980

were at decreased risk of gastric cancer incidence. For

mortality, risk increased with age in males at a faster rate

than in females; a similar pattern was observed for the

Table 1 Number of cases, age-

adjusted incidence and mortality

rates per 100,000 person-years

and AAPCs of gastric cancer for

selected age groups by sex in

Korea during 1999–2010

(incidence) and 1983–2012

(mortality)

AAPC (average annual

percentage change) calculated

using Joinpoint Regression

Program, version 4.0.4

* p\ 0.05

No. of cases Rate per 100,000 person-years (95 % CI) AAPC % (95 % CI)

Incidence

Males

20–39 8,573 7.40 (7.24–7.56) -3.7* (-4.5 to -2.8)

40–54 46,682 73.11 (72.45–73.77) 0.2* (-0.2 to 0.6)

55–69 91,616 278.60 (276.79–280.41) -0.1* (-0.6 to 0.5)

70–79 42,982 459.59 (459.50–467.37) -0.5* (-1.0 to 0.1)

Overall 189,853 99.89 (99.44–100.34) -0.2* (-0.6 to 0.2)

Females

20–39 8,986 8.33 (8.16–8.51) -0.8* (-1.7 to 0.2)

40–54 22,166 35.13 (34.66–35.59) 1.7* (0.9 to 2.5)

55–69 34,267 92.20 (91.22–93.18) -1.1* (-1.6 to -0.6)

70–79 25,483 172.86 (170.71–175.01) -1.0* (-1.6 to -0.4)

Overall 90,902 40.06 (39.79–40.32) -0.4* (-0.9–0.1)

Mortality

Males

20–39 10,046 3.85 (3.77–3.92) -6.9* (-8.3 to -5.4)

40–54 43,182 33.00 (32.69–33.31) -6.1* (-6.5 to -5.7)

55–69 92,119 141.04 (140.12–141.96) -5.3* (-5.8 to -4.8)

70–79 53,318 297.26 (294.73–299.79) -2.7* (-3.6 to -1.8)

Overall 198,665 52.75 (52.51–52.98) -4.3* (-5.2 to -4.4)

Females

20–39 11,223 4.58 (4.49–4.66) -5.5* (-6.3 to -4.7)

40–54 21,728 16.80 (16.58–17.02) -5.6* (-5.9 to -5.3)

55–69 37,251 48.26 (47.77–48.75) -6.5* (-6.9 to -6.1)

70–79 32,034 110.61 (109.39–111.84) -3.8* (-5.1 to -2.5)

Overall 102,236 21.63 (21.50–21.77) -5.9* (-6.2 to -4.9)
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incidence rate. The rate ratios for all the cohorts were

decreasing compared to the reference cohort born in 1933

for both males and females. Interestingly, females born in

1950–1970 did not experience a rapid decline; it was

observed as a more gradual change in the rate ratio.

Discussion

Our analysis focused on the age- and sex- specific inci-

dence and mortality rates for gastric cancer in the Korean

population using the nationally representative registry and

mortality data. The overall trend decreased for both inci-

dence and mortality in both sexes, but the generations

between the ages 40 and 54 experienced an increasing

incidence trend, more significantly in females. Further-

more, differences in the rate of change between the sexes

(i.e., sex 9 year interaction) were observed in most of the

age groups, most pronounced in the youngest age group of

20–39. Moreover, through the APC analysis with age effect

adjusted, the present study confirms the decreasing trends

in recent cohorts, males born after 1960 and females born

after 1980. In accordance with the AAPC results, mortality

rates have been in a steep decline in both males and

females, although the rates differ between the sexes.

Previously, a reversal of the downward trend has been

observed in some of the youngest generations. As in the

case of incidence, an earlier study from Spain reported

p=0.0936
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that the generations born after 1933 showed no down-

ward trend of incidence in males and even an upward

trend in females in the urban area Zaragoza [10]. In a

study in the US, based on the National Cancer Institute’s

Surveillance Epidemiology and End Results (SEER)

program, the incidence in those aged between 25 and

39 years in white males and females combined has

increased significantly at 2.7 % (95 % CI 1.5–3.9); the

result was restricted to the non-cardia gastric cancer

incidence during the period 1997–2006 [9]. The APC

analysis revealed an increasing incidence after the 1947

cohort, but no difference was observed between males

and females in the pattern. As for the Asian population,

Liu et al. reported a nonsignificant rise in the incidence

of gastric cancer in the middle third of the stomach for

females aged 30–49 in Japan during 1975–1989 [11].

As for the trend in mortality, Sonnenberg, using the data

of four European countries (Denmark, England,

Switzerland and Italy), Japan and the US during periods as

early as the 1920s to 2007, reported an increasing pattern in

the cohorts born after approximately the 1930s in some

populations after a steep fall took place around the late

nineteenth century [8]. The standardized cohort-mortality

ratios stratified by sex imply a differential pattern between

males and females, but no statistics were presented in the

article. The author then extended the analysis to six other

European countries (France, Germany, The Netherlands,

Scotland, Spain and Sweden), which revealed an increase

in gastric cancer mortality in the latest cohorts [7]. An

increase was not observed in any of the six countries, but

most of them showed a halted or increasing trend in the

generations born after the 1920s and 1930s. Data were not

presented separately for each sex in the later report.

The present study found an increasing trend in incidence

in the 40–59 age group. Contrary to the previous reports

that found a rise or no downward trend in the youngest
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generations [5, 9, 10], our results showed a decreasing

trend in the 20–39 age group. The reason for the discrep-

ancy can be considered according to several aspects. First,

the study periods in the previous reports were earlier than

in the present study, which was 1999–2010. When viewed

according to the cohort effect, the generations experiencing

an increase in incidence are those born during 1933–1954

in Spain, 1958–1981 in the USA and 1926–1959 in Japan.

The subjects in the 20–39 age group in our study were

those born between 1960 and 1990, so it can be speculated

that later generations could have shown a different trend in

other studies as well if they had been covered in the ana-

lysis. Second, the case number for the youngest generation

may be too small to allow discussing the changes. The rates

in the youngest generation were less than 10 per 100,000

person-years, which means even a smallest change in the

number of cases could lead to a large variance in the

AAPC. Thus, despite the fact that the AAPC rendered a

statistically significant result, it should be safe to further

determine the results with a longer duration. Third, con-

trary to the previous reports or limitations of the small

number of cases in the 20–39 age group, the decrease in the

youngest generation is perhaps a true phenomenon. Not-

withstanding the few results mentioned above, there are

still other subgroups showing a decreasing in trend even

within the same studies. For instance, aside from the

females from Zaragoza, the males from Zaragoza and

males and females from Navarre were experiencing a

decreasing trend in the youngest population in Spain [10].

Moreover, despite the downward trend in the youngest

generation, the 40–59 age group in our study showed an

increasing trend. This could be a similar phenomenon as in

the other studies, especially in that the increase in trends

was more pronounced in females. There have been

numerous hypotheses on the dramatic decline in the inci-

dence of gastric cancer, including a decrease in the prev-

alence of Helicobacter pylori (H. pylori) and increased use

of refrigerators, which in turn had resulted in more con-

sumption of fresh fruit and vegetables, etc. [2]. However,

the causes of the enigmatic increase in the young popula-

tions observed recently are unknown. Studies speculate that

recent changes in medical practice, including H2 blockers

and proton pump inhibitors, have increased the pathoge-

nicity of H. pylori, and there have been possible alterations

in the risk factor patterns including obesity and changes in

diet [4, 5, 9]. Korea is also experiencing a decline in H.

pylori, whose prevalence decreased from 59.4 % in 1995,

53.6 % in 2000 to 45.9 % in 2005 [21]. Some risk factors,

such as consumption of sodium [22], drinking alcohol [17]

and obesity [23–25], have increased overall in Korea. Daily

consumption of vegetables and fruits, which are considered

probable protective factors, has been increasing [17]. In

addition, the prevalence of other risk factors such as

smoking has been decreasing [17]. However, the mixture of

the effects of causative and protective factors cannot

explain the macroscopic changes in incidence or mortality.

Moreover, with limited data on the age-specific prevalence

and change of these risk and protective factors, it is diffi-

cult to conclude how the specific agents have affected the

age-specific discrepancy.

Another speculation that has not been discussed in depth

in previous studies is a possible role of diagnosis or prac-

tice patterns. Korea has been providing a mass screening,

recommending a biennial stomach cancer screening for

those 40 years of age and older with direct upper gastro-

intestinal series (UGIS), endoscopy or both since 1999 [26,

27]. A recent publication by the Korean Gastric Cancer

Association reports that the prevalence of surgically oper-

ated early gastric cancers (EGCs) has risen gradually from

28.6 % in 1995, 32.8 % in 1999, 47.4 % in 2004 to 58.0 %

in 2007 [28]. Consequently, the higher prevalence of

localized gastric cancer, which parallels the upward trend

of EGC incidence, might also explain the decreasing

mortality owing to the mass screening and the advances in

diagnostic technology. Thus, the increased incidence in the

40–55 age groups and slowing rate of change in mortality

may in large part be due to the increased number of EGCs

found by mass screening programs in Korea. However, the

period effect of screening could not be evaluated since the

analysis period did not cover the period before screening

had started.

The overall higher rate of gastric cancer incidence in

males compared to females has inspired many researchers

to search for variations in risk factors such as sociodemo-

graphic or lifestyle factors, as well as hormonal factors

[29–32]. However, these studies have so far neglected the

age-specific incidence to explain the differences, which is

important, since the male predominance is mostly seen in

the middle-aged and elderly groups [33]. Some have

reported that the male predominance is a result of a 10-to

15-year delay in the onset of gastric cancer in females

compared to males [34]. Gastric cancer in patients younger

than 40 years old is thought to be associated with genetic

changes rather than environmental factors compared to the

older patients [11, 35]. Thus, the recent increasing trend or,

in our case, decrease in the youngest generation, which is

distinct between males and females, suggests a differential

effect of environmental change despite the underlying

genetic effects. In Korea, a study from a nationwide survey

of surgically operated patients reported that the proportion

of middle third stomach cancers was the highest at 46.7 %

in patients aged less than 30 compared to 23.3 % in those

older than 70, but no significant difference was found

between males and females [28]. In the same study, com-

pared to those aged 40 years and above, those younger than

40 years had a higher prevalence of undifferentiated
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histological type (86.1 vs. 53.9 %, p\ 0.001) and diffuse

type carcinomas (70.5 vs. 37.0 %, p\ 0.0001), which are

known to be less affected by environmental factors com-

pared to intestinal types. However, whether those histo-

logical types were different between the sexes was not

reported, nor were there any data to compare for the trend

in the subtypes by sex.

This article illustrates the changing pattern in the age-

specific trend in incidence and mortality of gastric cancer

in males and females in Korea. The phenomenon of

selected changes in the pattern of age-specific and sex-

specific rates presents a challenge to epidemiological

researchers as they try to address the causative roles and

their interplay in depth. The study has the limitations of

descriptive epidemiology using registry data, such as

missing values, lack of individual-level information and

nonstandardized pathological classification. Moreover,

considerations of the geographical differences in etiology,

diagnosis and treatment could not be covered because of

limitations of data availability. Furthermore, we were not

able to analyze the data according to different histological

or anatomical subsites, which may have shown a differ-

ential pattern. Further studies evaluating age-period-cohort

effects of incidence and mortality after data accumulation

and analysis by histological and anatomical subsites by sex

will be informative.

However, the strength of this study is the quality of the

nationally representative data. The incidence data have a

completeness of 97.1 % determined by the Ajiki method by

the year 2010, which guarantees a microscopic verification

rate of 88.5 %; the death certificate only (DCO) rate is

1.4 % [12, 36]. Furthermore, since Korea has a large

enough data set, it was possible to conduct the entire

analysis stratified by sex, which some of the previous

studies investigating age-specific trends had failed to do.

Since the epidemiology of gastric cancer incidence and

mortality, as well as the risk factors, is thought to be dif-

ferent between males and females, it is important to assess

the distinguishing pattern. Also, the analysis statistically

confirmed the age group and sex interaction. Moreover, the

change in incidence and mortality rate, as well as the dif-

ferential pattern between the sexes, was backed up in the

APC analysis.

In conclusion, in the midst of the overall decrease in the

incidence and mortality of gastric cancer, a differential

pattern among age groups was observed for each sex.

Further studies are warranted to search for the specific

pattern according to various histological or anatomical

subsites, as well as the mechanism behind the differential

pattern in the age and sex interaction in the trend of gastric

cancer incidence and mortality.
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Appendix

See Tables 2 and 3.

Table 2 Number of cases, age-adjusted incidence and mortality rates

per 100,000 person-years and AAPCs of gastric cancer for 5-year age

groups by sex in Korea during 1999–2010 (incidence) and 1983–2012

(mortality)

Incidence AAPC % (95 %

CI)

Mortality AAPC % (95 %

CI)

Males

20–24 -6.5 (-11.9 to -0.8) -8.9 (-9.9 to -7.9)

25–29 -6.1 (-8.0 to -4.2) -7.3 (-7.9 to -6.6)

30–34 -3.3 (-5.0 to -1.5) -6.3 (-6.8 to -5.8)

35–39 -3.1 (-4.1 to -2.1) -6.1 (-6.5 to -5.7)

40–44 -0.1 (-1.0 to 0.8) -6.7 (-7.2 to -6.1)

45–49 0 (-0.5 to 0.4) -6.8 (-8.0 to -5.6)

50–54 0.4 (-0.1 to 0.9) -5.8 (-6.3 to -5.2)

55–59 -0.5 (-1.4 to 0.4) -5.8 (-6.1 to -5.5)

60–64 -0.5 (-1.2 to 0.2) -5.5 (-6.0 to -5.1)

65–69 0.7 (0.1 to 1.2) -4.6 (-5.3 to -3.8)

70–74 -0.2 (-0.9 to 0.5) -3.3 (-4.4 to -2.2)

75–79 -0.9 (-1.6 to -0.2) -1.5 (-2.2 to -0.8)

Females

20–24 -3.3 (-7.1 to 0.8) -9.0 (-10.1 to -7.8)

25–29 -2.3 (-3.9 to -0.5) -5.7 (-6.4 to -5.1)

30–34 -1.3 (-2.6 to 0.0) -4.4 (-4.9 to -3.8)

35–39 0.3 (-0.6 to 1.3) -4.1 (-4.7 to -3.5)

40–44 2.6 (1.7 to 3.5) -4.9 (-5.5 to 4.3)

45–49 1.8 (0.7 to 2.9) -5.4 (-5.9 to -4.9)

50–54 0.9 (-0.1 to 2.0) -6.3 (-7.0 to -5.5)

55–59 -1.8 (-2.7 to -0.9) -7 (-7.4 to -6.6)

60–64 -1.2 (-2.1 to -0.3) -7 (-8.1 to -5.8)

65–69 -0.6 (-1.3 to 0.0) -5.8 (-6.3 to -5.2)

70–74 -0.7 (-1.5 to 0.0) -4.6 (-6.5 to -2.7)

75–79 -1.2 (-2.2 to -0.3) -2.5 (-4.1 to -0.9)

AAPC (average annual percentage changes) calculated using the

Joinpoint Regression Program, version 4.0.4
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