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Purpose: In spite of gastric cancer's decreasing in-
cidence and mortality rates, it is still the most common
cancer in Korea. In the present study, we examined the
temporal trends of gastric cancer mortality during the past
20 years in Korea by using an age-period-cohort model,
and we predicted the mortality rates for the next 10 years.

Materials and Methods: Data on the annual number of
deaths due to gastric cancer and data on population sta-
tistics from 1984 to 2003 were obtained from the Korean
National Statistical Office. A log-linear Poisson age-
period-cohort model was used to estimate age, period and
birth cohort effects. To project two periods (10 years) into
the future, the new cohort values were estimated by
performing linear regression that was applied to a chosen
number of the most recent cohort values.

Results: The trends of gastric cancer mortality were
predominantly explained by the cohort effect; the risk of

INTRODUCTION

In spite of gastric cancer’s decreasing incidence and mortali-
ty rates, it is still the most common cancer in Korea with the
incidence rates being 58.6 and 30.8 per 100,000 for males and
females, respectively, during 1999 ~2001 (1). The ageadjusted
mortality rates per 100,000 have decreased from 29.7 in 1983
to 24.3 in 2003 (2), however, gastric cancer still contributes to
the large number of cancer-related deaths. Interestingly, there
is a trend for the decreasing disease incidence and death in the
middle-aged group, but not in the older group (3), and this might
be attributed to the rapid changes in life-style and especially
dietary habits that have paralleled with the country’s economic
growth.

In the present study, we examine the temporal trends of
gastric cancer mortality in Korea during the past 20 years and
we determine to what extent different factors (age, period and
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gastric cancer death decreased since the 1919 birth cohort
for both genders. The predicted, expected age-adjusted
mortality rates per 100,000 for males and females are 45.72
and 23.75, respectively, during 2004~2008, and 34.62 and
17.93 respectively, during 2009~2013. During 2004 ~2008
and 2009~2013, the predicted numbers of deaths due to
gastric cancer in males are 36,922 and 27,959, respectively,
whereas those in females are 19,698 and 14,869, respec-
tively.

Conclusions: Not only the mortality, but also the in-
cidence of gastric cancer in Korea is expected to further
decrease in both men and women if the trends of the past
20 years continue. (Cancer Res Treat. 2006;38:7-12)

Key Words: Cohort effect, Stomach Neoplasms, Mortal-
ity, Forecasting

birth cohort) have contributed to the trends. Moreover, we
predict the gastric cancer mortality in Korea by the year of
2013. Accurate knowledge about the patterns of gastric cancer
and its likely evolution in the future will be useful for both
planning and organizing prevention, diagnosis and treatment of
gastric cancer in Korea.

MATERIALS AND METHODS

The data on the annual number of cancer deaths and the
population statistics from 1984 to 2003 were obtained from the
Korean National Statistical Office (2). Using this original data,
the age-specific gastric cancer mortality rates according to
gender were calculated in 5-year age groups (i.e., 25~29 years
old, 30~34 years old, ...75~79 years old and over 80 years
old) for 5 year periods of time (i.e., 1984 ~1988, 1989~ 1993,
1994~1998 and 1999~2003) (Table 1). The birth cohorts
were defined by age and the calendar period classifications.

The age adjusted mortality rates were calculated using the
2004 ~2008 population as a standard. The gastric cancer cases
were defined as code C16 in accord with the International
Classification of Diseases, 10th Revision (ICD-10).

To estimate the effects of age, calendar period, and birth
cohort on cancer mortality, we employed log-linear models
with Poisson random variates. In these models, it was assumed
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Table 1. Age-specific mortality rates for cancer during the period 1984 ~2013 in Korea (per 100,000 persons)

Observed Predicted
Sex Age group
1984 ~ 1988 1989 ~1993 1994 ~1998 1999 ~2003 2004~2008 2009~2013

Male 25~29 4.55 3.06 2.06 1.68 1.36 1.02
30~34 8.59 6.40 4.75 3.67 2.59 2.10

35~39 16.63 11.68 8.66 7.39 4.87 3.63

40~44 34.68 2343 16.33 12.96 9.90 6.90

45~49 67.93 46.01 30.23 2341 17.39 13.40

50~54 111.13 87.27 59.66 42.10 29.86 22.77

55~59 171.87 138.19 109.20 78.30 51.57 37.35

60~ 64 255.31 212.20 174.32 133.43 94.53 63.78

65~69 317.20 303.21 263.61 200.26 160.60 112.52

70~74 351.72 379.75 371.35 303.28 244.50 192.73

75~179 340.27 404.09 453.19 410.40 354.46 282.45

80+ 363.97 362.84 432.89 487.65 453.41 382.87

Adjust* 94.11 82.83 71.75 58.26 45.72 34.62

Female 25~29 5.64 423 3.50 2.58 1.85 1.40
30~34 8.79 7.69 6.43 5.40 3.75 2.68

35~39 13.82 10.50 8.51 7.66 6.04 4.30

40~44 22.78 14.69 10.77 9.26 7.87 6.41

45~49 3432 2422 16.52 11.58 10.10 851

50~54 48.94 34.58 2331 16.20 11.55 9.96

55~59 68.49 52.30 35.97 25.25 16.87 12.21

60~ 64 92.28 74.59 57.87 38.92 27.47 18.40

65~69 120.43 104.22 89.63 64.73 45.60 31.93

70~74 139.84 141.74 133.48 104.98 80.49 55.68

75~179 146.05 159.24 184.55 162.05 129.84 98.09

80+ 177.43 174.39 202.35 196.64 186.87 151.43
Adjust* 48.90 41.86 37.17 29.85 23.75 17.93

*age-adjusted mortality rates standardized by the 2004 ~2008 population in Korea.

that each factor has an additive effect on the log rate (A ,,);

logh =040, +T ;+Y ,+¢,

Where, the age effect is represented by a ,, the period effects
by = , and the cohort effects byy,. The random error is
represented by ¢ ... The models were fitted using the maximum
likelihood method. Based on this general form, we established
5 models in sequence; the one-factor age model first, then the
two-factor age-drift model, the age-period model, the age-
cohort model and finally the age-period-cohort model (Table 2).
The drift term in the age-drift model represents a temporal
change in mortality rates that is not identifiable as a period or
cohort effect. Goodness of fit was tested and none of the
models with more than two factors were rejected (p>0.05).
Hence, it was unnecessary to assume there were over-dispersed
Poisson random variates in our analysis. The statistical signifi-
cance of each factor was tested after adjusting for the other

factors. Since age is a significant predictor of cancer mortality,
goodness of fit with considering age would be valuable. There-
fore, age-adjusted p2, was used to evaluate the goodness of fit
.

To project two periods into the future, i.e., 2004 ~2008 and
2009 ~2013, it was necessary to introduce two additional
period values and cohort values. The new values were estimat-
ed by applying linear regression to the chosen numbers of the
most recent period values and cohort values under the as-
sumption that the estimated age, period and birth cohort effect
would continue into the future (5). The predicted expected
numbers of gastric cancer deaths were calculated using the
predicted mortality rates and corresponding populations from
the Korean National Statistical Office.

RESULTS

Table 1 shows the observed and predicted mortality rates for
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Table 2. Summary statistics of the age-period-cohort models for gastric cancer mortality for the period 1984 ~2003

Sex Model DEVIANCE (df) AD Adf p-value Effect adi— R,
Male AGE 251.94 (36)
AGE-+drift 222.01 (35) 29.93 1 <.0001 DIA 0.09
AGE+PERIOD 217.31 (33) 34.63 3 <.0001 PIA 0.06
AGE+COHORT 1.63 (22) 250.31 14 <.0001 CA 0.99
0.31 2 0.86 P|AC
AGE+P+C 1.32 (20) 0.99
215.99 13 <.0001 C|AP
Female AGE 126.42 (36)
AGE-+drift 91.98 (35) 34.44 1 <.0001 DA 0.25
AGE+PERIOD 89.09 (33) 37.33 3 <.0001 PIA 0.23
AGE+COHORT 2.04 (22) 124.38 14 <.0001 CIA 0.97
0.9 2 0.64 PIAC
AGE+P+C 1.14 (20) 0.98
87.95 13 <.0001 C|AP
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gastric cancer during 1984 ~2013 in Korea. For both genders,
the observed mortality rates of gastric cancer decreased with
the time period for the people with an age under 74, whereas
they increased for the people with an age over 74. The
observed age-adjusted gastric cancer mortality per 100,000 in
men fell from 94.11 to 58.26 during the last 20 years. The
predicted expected mortality rates per 100,000 for the males
were 45.72 and 34.62 during 2004 ~2008 and 2009 ~2013,

mates of the cohort parameters.

respectively. The observed age-adjusted cancer mortality per
100,000 for the females fell from 48.90 to 29.85 during the last
20 years. The predicted expected age-adjusted mortality rates
per 100,000 for the females are 23.75 and 17.93 during 2004 ~
2008 and 2009~2013, respectively.

Table 2 shows the goodness of fit (scaled deviance) for the
age-period-cohort models. Both the period and cohort effect
were significant (p<0.001) after adjusting the age effect for the
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Table 3. Observed and predicted number of gastric cancer deaths in Korea (1984 ~2013)

Sex  Age group

Observed death

Predicted death

1984 ~1988 1989~1993 1994 ~1998 1999 ~2003 2004 ~2008 2009 ~2013

Male 25~29 484 335 229 181 139 104
30~34 741 692 520 404 281 227
35~39 1,119 979 923 799 537 401
40~44 2,039 1,526 1,338 1,354 1,061 739
45~49 3,718 2,563 1,907 1,866 1,785 1,376
50~54 4,787 4,479 3,162 2,573 2,326 1,774
55~59 5,111 5,435 5,173 3,926 3,043 2,204
60~ 64 5,792 5,540 6,235 5,822 4,444 2,999
65~69 5,036 5,760 5,987 6,376 6,362 4,457
70~74 3,556 4,647 5,666 5,750 6,737 5,311
75~179 1,804 2,784 3,913 4,605 5,278 4,205

80+ 1,040 1,490 2,427 3,617 4,929 4,162
Total 35,227 36,230 37,480 37,273 36,922 27,959
Female 25-~29 577 440 372 263 176 133
30~34 706 789 665 569 381 272
35~39 857 834 870 791 634 451
40~44 1,262 913 845 939 806 657
45~49 1,826 1,307 1,006 897 1,018 858
50~54 2,218 1,794 1,225 973 891 768
55~59 2,478 2,310 1,825 1,304 1,002 725
60~64 2,667 2,584 2,481 1,919 1,383 926
65~69 2,584 2,804 2,935 2,649 2,159 1,512
70~74 2,226 2,700 3,229 3,143 3,062 2,118
75~79 1,538 2,113 2,901 3,300 3,377 2,552

80+ 1,507 2,009 3,047 3,682 4,809 3,897
Total 20,446 20,597 21,401 20,429 19,698 14,869

males and females. However, only the cohort effect was sign- DISCUSSION

ificant (p<.0001) when the age-period-cohort model was
compared with the age-cohort or age-period sub-model. The
values of 44— R? for the age-cohort model were almost same
as those for the full models for both genders. Hence, the
age-cohort models were adequate to describe gastric cancer
mortality in Korea. There was no reason to apply the full
model, which had an unidentifiable problem.

Fig. 1 shows the estimated cohort effects. The risk of gastric
cancer death decreased since the 1919 birth cohort for both
genders. These decreasing trends were extrapolated into the
future for making predictions. The predicted cohort values are
marked by open symbols in Fig. 1.

Table 3 shows the observed and the expected number of
deaths. During the periods 2004 ~2008 and 2009 ~2013, the
predicted numbers of deaths due to gastric cancer for males are
36,922 and 27,959, respectively, whereas those for the females
are 19,698 and 14,869, respectively.

This study suggests that age-adjusted gastric cancer mortality
in Korea has been decreasing for both genders. The decreasing
trend is related with the decreasing risk of cancer mortality
since the 1919 birth cohort. The portions of Table 1 corre-
sponding to the 1919 birth cohort are highlighted. Since the
1919 birth cohort has the highest risk for gastric cancer
mortality, according to the age-cohort model analysis, the peak
of cancer mortality in each age group mainly occurred in the
1919 birth cohort (see Table 1). The age-adjusted mortality rate
is expected to steadily decrease in future, and so is the number
of gastric cancer deaths.

The declining tendency for the risk of gastric cancer risk
since the 1919 birth cohort can be largely explained by the
changes of life style, particularly with respect to diet and food
storage (6). Since life style is often established in early life,
the risk factors closely related with an established life style can
be interpreted as cohort factors. Many studies have suggested
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that consumption of food rich in nitrate, smoked food, a high
salt diet and a high starch diet increases the risk of gastric
cancer, while consuming large amounts of fresh vegetables,
fruits and dairy products is protective against gastric cancer (7).
The traditional Korean diet is characterized by a high intake
of salty foods and carbohydrates and also a high intake of
cooked rather than fresh vegetables. Such Korean foods as
broiled meat, i.e., ‘bulgogi’, thick soybean paste stew, hot
pepper-soybean paste stew, soya sauce, picked vegetable, i.e.,
‘Kimchi’, and salted and fermented fish products have been
known to increase the risk of gastric cancer (6). In parallel with
the economic growth in Korea, the Korean diet has changed
to the western style over the past several decades: there is an
increased consumption of fresh vegetables, fruit and dairy food
such as milk, cheese, yogurt, etc. Unfortunately, the Korean
data that directly concerns the change of diet has only existed
since the 1980’s (8). The Korean intake of fresh vegetable and
fruit has increased from 220 g per capita per day in 1976 to
526 g per capita per day in 2003, and the intake of milk has
increased from 50.2 g per capita per day in 1985 to 134.86
g per capita per day in 2003 (8). Therefore, the changing
dietary habits of Koreans may be protective against gastric
cancer (9).

The increase of the use of refrigerators may also play a role
to decrease the risk of gastric cancer (10). The nitrates in dried,
smoked and salted foods are known to be converted to
carcinogenic nitrites by bacteria. The intake of partially decayed
foods may introduce potentially dangerous bacteria into the
human body. Therefore, the gradual increased use of refrigera-
tors has diminished the ingestion of bacterially contaminated
food, and this has reduced the risk of stomach cancer.

Cigarette smoking has been found by several studies to be
a risk factor of gastric cancer (3,6). Cigarette consumption in
Korea gradually increased by the early 1990’s, and then this
has remained constant by 2000; however, this has been seen
to be recently deceasing (11). However, the change in smoking
patterns does not explain the declining gastric cancer risk since
the 1919 birth cohort because the decreasing trend in smoking
just started recently and gastric cancer deaths have been
decreasing since at least the 1980s. Actually, the lung cancer
incidence, whose major risk factor is cigarette smoking, is still
increasing. Therefore, even if smoking is one of well-known
risk factor, its declining trend may not properly explain the
decreased gastric cancer mortality. However, it is expected to
affect the future trend of gastric cancer.

Another possible reason for the decreasing trend in gastric
cancer in Korea might be the decreased exposure to H. pylori
infection is recognized as a class I carcinogen for the develo-
pment of gastric cancer. The organism plays an important role
in the pathogenesis of not only persistent gastritis, but also
peptic ulcers and gastric cancer (12). The seroprevalence of H.
pylori infection in Korean adults has decreased from 80% in
the 1980s to the 67% in the 1990s (3). This decreasing
prevalence, which is due to a more sanitary environment and
the introduction of H. pylori eradication therapy (13), cor-
responds with the cohort effect.

Even though the trend of gastric cancer mortality in Korea
was mainly explained by cohort effect, as is shown in Table
2, there might also be a minor but definite period effect because

of the change of classification, improved death certification or
the better survival rate. The classification of the gastric cancer
did not change during the study period. The proportion of death
certificates issued by physicians increased from 44.6% in 1990
to 77.6% in 2002. This improved death certificate generally
functions to increase the mortality rate, so it can not explain
the decreasing trend of gastric cancer mortality. On the other
hand, gastric cancer screening is known to play a central role
to reduce this disease’s mortality. Note that the 5-year survival
rate in Korea is more than 90% for early gastric cancer group,
but it’s only 20~40% for the advanced cancer group (14,15).
One Korean study (16) reported that gastric cancer screening
was effective in catching gastric cancer at the early stages,
which shows a significant relationship between the timing of
gastric examinations and severity of gastric cancer. There are
also studies reporting that this screening in Korea has reduced
the gastric cancer-related death rate by 48 ~60% (17,18). Nev-
ertheless, the impact of screening appears to be insignificant in
this study period because of the low coverage rate and short
history of gastric cancer screening in Korea.

Extrapolation is generally used to predict the incidence and
mortality of cancer; this is linear extension of the age-specific
rates. However, the cancer mortality at major sites such as the
digestive tract, the liver, lung, colon and female breast in Korea
is greatly dependent on the birth cohort. Unknown risk factors
for cancer may exist and their effect already may be visible
for a birth cohort and so improve predictions. In fact, the results
of this study are in contrast with those of our previous study
that used simple extrapolation (9). On the assessment of future
mortality using simple extrapolation, the increase of gastric
cancer mortality in the age group over 75 was statistically
significant for both genders, and it will contribute to the
increasing gastric cancer deaths in the future. If cohort effects
are not important, the two prediction methods, i.e., the simple
extrapolation and the use of the age-period-cohort model, may
give similar estimates of the mortality rates. However, when
the cohort effects are significant and the direction of the cohort
curve is changed, like that for gastric cancer mortality in Korea,
then simple extrapolation fails to recognize the change in direc-
tion that’s introduced by the cohort effect. Hence, the age-
period-cohort model approach may be much more accurate for
predicting the future mortality from gastric cancer in Korea.

Any data that would directly show the long-term trend of the
gastric cancer incidence rate is not yet available in Korea.
Hence, mortality data appears to be the only index of the inci-
dence of gastric cancer. When using this morality data, we
should consider the quality of the data in terms of its com-
pleteness and validity. The completeness of the data, i.e., the
extent to which all cancer deaths that occurred in Korea were
included in the database, is know to be reliable since 1980 (19).
In terms of validity, the proportion of death certificates issued
by physicians was only 77.6% by 2002, and so this may
underestimate the true mortality (19). Regardless of the quality
of the mortality data, the most notable weak point of
performing mortality data analysis for gastric cancer concerns
the reduction in case-fatalities by year due to the technologic
improvements in screening and treatment. Thus, the simple use
of mortality data may overestimate the true decrease (20).
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CONCLUSIONS

In summary, there was an overall decrease in gastric cancer
mortality during 1984 ~2003 in Korea. The mortality pattern
of gastric cancer was dominantly explained by a birth cohort
effect, a decrease in exposure to risk factors or an increase in
the exposure to protective factors. Therefore, not only the
mortality, but also the incidence of gastric cancer in Korea is
expected to further decrease in both males and females.

REFERENCES

1. Ministry of Health and Welfare republic of Korea, Korea
Central Cancer Registry, Local Cancer Registries. Cancer
incidence in Korea 1999 ~2001. Gwacheon-city, Korea: Min-
istry of Health and Welfare Republic of Korea; 2005.

2. Ministry of Health and Welfare republic of Korea. Available
from: URL:http://www.nso.go.kr

3. Lee HJ, Yang HK, Ahn YO. Gastric cancer in Korea. Gastric
Cancer. 2002;5:177-82.

4. Holford TR, Roush GC, Mckay LA. Trends in female breast
cancer in Connecticut and the United States. J Clin Epidemiol.
1991;44:29-39.

5. Osmond C. Using age, period and cohort models to estimate
future mortality rates. Int J Epidemiol. 1985;14:124-9.

6. Ahn YO. Diet and stomach cancer in Korea. Int J Cancer.
1997;10(Suppl):7-9.

7. Kim HJ, Chang WK, Kim MK, Lee SS, Choi BY. Dietary
factors and gastric cancer in Korea: a case-control study. Int
J Cancer. 2002;97:531-5.

8. Korean rural economic institute. The food supply and demand
table in 2004. Available from: URL:http://www krei.re.kr/is

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

sue/report_list.php.

. Gwack J, Choi Y, Shin HR, Hong YC, Yoo KY. Long-te-

rmprediction of gastric cancer mortality in Korea. Korean J
Epidemiol. 2005;27:163-72.

Hwang H, Dwyer J, Russell RM. Diet, Helicobacter pylori
infection, food preservation and gastric cancer risk: are there
new roles for preventive factors? Nutr Rev. 1994;52:75-83.
Jee SH, Samet JM, Ohrr H, Kim JH, Kim IS. Smoking and
cancer risk in Korean men and women. Cancer Causes
Control. 2004;15:341-8.

Laheij RJ, Straatman H, Verbeek AL, Jansen JB. Mortality
trend from cancer of the gastric cardia in the Netherlands,
1969~1994. Int J Epidemiol. 1999;28:391-5.

Kim N. Epidemiology and transmission route of Helicobacter
pylori infection. Korean J Gastroenterol. 2005;46:153-8.
Kim JP, Park JG. Results of treatment of stomach cancer. J
Korean Med Assoc. 1983;26:637-42.

Kim SC, Hur YS, Kim JP. Prognostic factors in early gastric
cancer. J Korean Cancer Assoc. 1994;26:1-8.

Kim YS, Park HA, Kim BS, Yook JH, Lee MS. Efficacy of
screening for gastric cancer in a Korean adult population: a
case-control study. J Korean Med Sci. 2000;15:510-5.
Oshima A, Hirata N, Ubukata T, Umeda K, Fujimoto 1. Evalu-
ation of a mass screening program for stomach cancer with
a case-control study design. Int J Cancer. 1986;38:829-33.
Fukao A, Tsubono Y, Tsuji I, Hisamichi S, Sugahara N, Ta-
kano A. The evaluation of screening for gastric cancer in Mi-
yagi Prefecture, Japan: a population-based case-control study.
Int J Cancer. 1995;60:45-8.

Jo MW, Khang YH, Yun S, Lee JY, Lee MS, Lee SI. Pro-
portion of death certificates issued by physicians and asso-
ciated factors in Korea, 1990 ~2002. J Prev Med Pub Health.
2004;37:345-52.

Chie WC, Chen CF, Lee WC, Chen CJ, Lin RS. Age-period-
cohort analysis of breast cancer mortality. Anticancer Res.
1995;15:511-5.



