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  Introduction 
 Th e incidence rates of breast cancer have been increasing and 
causing a burden throughout the world (Parkin and Fernandez 
2006). Furthermore, cancer is a leading cause of death world-
wide. According to the World Health Organization (WHO) 
media centre, a total of 458,000 breast cancer deaths occurred in 
2008, which was ranked fi ft h aft er lung, stomach, liver and colon 
cancers (WHO 2011). In Taiwan, the incidence of breast cancer 
has increased signifi cantly in the past two decades according to 
the statistics of Department of Health. Breast cancer has been 
the most common female cancer since 2003. Furthermore, the 
standardised breast cancer incidence increased by 14.69% from 
2003 to 2008 (Chang et   al. 2012). 

 Th e interpretation of breast cancer mortality trends is com-
plicated by the coexisting changes in risk factors, screening 
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programmes and treatment strategies. Age, period of death and 
birth cohort are the three temporal factors related to cancer 
mortality. Several studies have applied the age – period – cohort 
model (APC model) to demonstrate breast cancer mortality 
trends (Osmond and Gardner 1982; Gardner and Osmond 
1984). In the age – period – cohort analysis, cohort eff ects may 
present some evidences of early stage carcinogens or risk factors 
that may infl uence breast cancer mortality and period eff ects 
may demonstrate the eff ects of screening and adjuvant treat-
ment on breast cancer mortality. 

 Taiwan adopted dichlorodiphenyltrichloroethane (DDT) 
for malaria control shortly aft er the Second World War. In 
1945, there were over 1 million cases of malaria in the island. 
However, in 1969, only nine cases were reported, and shortly 
thereaft er, the disease was permanently eradicated. Similarly, 
spectacular decreases in malaria cases and deaths were seen 
everywhere DDT was used (Wright et   al. 1972). Th e association 
has been studied between breast cancer and DDT use (Cohn 
et   al. 2007). 

 However, to date, no systematic epidemiological study has 
been conducted to describe the recent and temporal trends in 
breast cancer mortality in the Taiwanese population. Th e cur-
rent paper describes the age, period and cohort eff ects on breast 
cancer mortality in Taiwan.   

 Materials and methods 
 Th e study covers mortality data from 1971 to 2010, which were 
obtained from the Offi  ce of Statistics, Department of Health, in 
Taiwan. Th e Taiwanese government requires residents to register 
deaths in a timely manner, and therefore the deaths registry is 
comprehensive. Th e mortality data were initially recorded in 
1- or 5-year age bands (0, 1, 2, 3, 4, 5 – 9, 10 – 14, 15 – 19, 20 – 24, 
25 – 29, 30 – 34,  … , 80 –  84, 85 – 89, 90 – 94, 95 – 99 and    �    100 years). 
Th e International Classifi cation of Diseases (ICD) codes used 
for mortality were reviewed three times during this period. ICD 
codes used for breast cancer included: ICD-8 codes (174.0 – 174.9) 
for cases diagnosed before 1980; ICD-9 codes (174.0 – 174.9) for 
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 The current paper describes the age, period and cohort eff ects 
on breast cancer mortality in Taiwan. Female breast cancer 
mortality data were collected from the Taiwan death registries 
for 1971 – 2010. The annual percentage changes, age-
standardised mortality rates (ASMR) and age – period – cohort 
model were calculated. The mortality rates increased with 
advancing age groups when fi xing the period. The percent-
age change in the breast cancer mortality rate increased from 
54.79% at aged 20 – 44 years, to 149.78% in those aged 45 – 64 
years (between 1971 – 75 and 2006 – 10). The mortality rates in 
the 45 – 64 age group increased steadily from 1971 to 1975 and 
2006 – 10. The 1951 birth cohorts (actual birth cohort; 1947 – 55) 
showed peak mortalities in both the 50 – 54 and 45 – 49 age 
groups. We found that the 1951 birth cohorts had the greatest 
mortality risk from breast cancer. This might be attributed to 
the DDT that was used in large amounts to prevent deaths from 
malaria in Taiwan. However, future researches require DDT data 
to evaluate the association between breast cancer and DDT use.  
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those from 1981 to 2008 and ICD-10 codes (C50.0-C50.9) for 
those diagnosed in 2009 or later. 

 To examine breast cancer mortality trends, only mortalities 
resulting from breast cancer from 1971 – 2010 among individuals 
between the ages of 20 – 80 years were selected. Th e mortality data 
were grouped into 13, 5-year age groups (20 – 24, 25 – 29, 30 – 34, 
 …  to 80 –  84 years), and eight periods (1971 – 75, 1976 – 80, 1981, 
1985,  …  and 2006 – 10). Th ose born between 1887 and 1895 who 
died between 1971 and 1975 (80 – 84 years old) represented the 
oldest cohort, while those born between 1982 and 1990, who 
died between 2006 and 2010 (20 – 24-years old), represented the 
youngest cohort. Th erefore, the data design comprised 20 birth 
cohorts (the oldest: 1887 – 95, to the youngest: 1982 – 90). Th e age-
standardised mortality rates (ASMR) was estimated for each age 
group. Th e 2000 World Standard Population data provided by the 
World Health Organization were used as the reference popula-
tion. Age-specifi c mortality rates were calculated by period and 
birth cohorts. 

 In the age – period – cohort (APC) model, the best forecast 
parameterisation model was selected between AP – C and AC – P 
by calculating the mean absolute percentage error. Th e AC – P 
model was chosen by a sequential approach. An age – cohort 
model was fi tted; a period – function was later fi tted using the 
log-fi tted values from the age – cohort model as the off set, to 
produce the period eff ect conditional on the estimates from the 
age – cohort model (Carstensen 2007). Th e standard errors of the 
resulting estimates were also calculated. Th e age eff ects were cal-
culated as rates for the reference period in the age – period model, 
while the period eff ects were calculated as rate ratios (RR) rela-
tive to the reference period. Cohort eff ects were derived from 
the model using the log from the age – period model as the off set. 
Th e optimal number of knots was selected by adding an increas-
ing number of knots at subsequent quantiles for age, period and 
cohort, respectively. Th e best-fi tting model was defi ned as one 
that minimised the Akaike information criterion. All estimators 
were computed using the Epi package provided by the statistical 
soft ware R.   

 Results 
 Th e mortality rates, number of deaths and increased mortality 
rates for three age groups (20 – 44, 45 – 64 and 65 – 84 years) dur-
ing eight periods (1971 – 75 to 2006 – 10) are shown in Table I. 
Th e mortality rates increased with advancing age groups when 

fi xing the period. Th e percentage change in breast cancer mor-
tality rate increased from 54.79% in those aged 20 – 44 years, 
to 149.78% in those aged 45 – 64 years (between 1971 – 75 and 
2006 – 10). In those aged 20 – 44, the mortality rates increased 
almost two-fold (from 2.85 per 100,000 in 1971 – 75 to 5.88 per 
100,000 in 1996 – 2000). Th e mortality rates in the 45 – 64 age 
group increased steadily from 1971 – 75 to 2006 – 10. Figure 1 
shows the age, period and cohort-specifi c mortality rates and 
ASMR for breast cancer. Peak mortality rates (ASMR) were evi-
dent in individuals aged 55 – 59 years during 2006 – 10, and in 
those aged 50 – 54 years during 2001 – 05 (Figure 1a). Th e ASMR 
of breast cancer increased about two-fold from 1971 to 1975 

  Table I. Observed cases ( n ), mortality rate, percentage change and 
corresponding 95% CI for breast cancer in Taiwan, 1971 – 2010.  

Age group (years)

Period of 
death

20 – 44 45 – 64 65 – 84

 n MR ∗  n MR ∗  n MR ∗ 

1971 – 75 284 2.85 566 14.15 224 19.78
1976 – 80 376 3.31 757 15.83 323 22.91
1981 – 85 497 3.86 950 16.67 424 24.04
1986 – 90 695 4.63 1,385 20.68 531 23.98
1991 – 95 1,030 5.55 1,919 25.27 810 29.43
1996 – 2000 1,323 5.88 2,713 31.14 1,136 33.43
2001 – 05 1,286 5.23 3,466 33.27 1,647 39.51
2006 – 10 1,118 4.42 4,484 35.35 2,032 40.41
%Ch  †  54.79 149.78 104.24
95% CI 46.78 – 64.91 137.58 – 164.24 88.34 – 124.96

    ∗ Truncated rates per 100,000, age-standardised on the 2000 World Standard Popula-
tion.   †  1971 – 75 vs 2006 – 10. MR, mortality rate; %Ch, percentage change; CI, confi dence 
interval.   
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  Figure 1.     ASMR (b) and age-specifi c mortality rates of breast cancer by 
period (a) and birth cohort (c) in Taiwan, 1971 – 2010.  
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and 2006 – 10 (Figure 1b). Th e 1951 birth cohorts (actual birth 
cohort; 1947 – 55) showed peak mortalities in both 50 – 54 and 
45 – 49 age groups (Figure 1c). Figure 2 shows the age, period 
and cohort estimates derived from APC analysis. Th e mortal-
ity rate increased steadily with age and plateaued at 63.01 per 
100,000 people in the 80 – 84 year-old group (Figure 2a). Period 
eff ects suggested slightly raised RRs in the periods 1976 – 80 and 
1991 – 2000 (Figure 2b). Cohort eff ects expressed as rate ratio 
with cohorts born in 1891 was 0.41 (95% CI 0.30 – 0.56), which 
rose steadily and attained a peak ratio, 1.99 (95% CI 1.92 – 2.07) 
in those born in 1951, before decreasing to 0.63 in 1986 (95% CI 
0.30 – 1.36) (Figure 2c).   

 Discussion 
 In this study, we showed that the percentage changes in breast 
cancer mortality increased in all age groups. Th e highest change 
(149.78%) was observed in the age group 45 – 65 years. Our 

results are consistent with previous studies (Shen et   al. 2005; 
Leong et   al. 2010). Signifi cantly increasing trends were noted 
in age groups: 40 – 44, 50 – 54 and 50 – 64 years, though increasing 
trends have been reported in all age groups (Shen et   al. 2005). 
Furthermore, there was a noticeable diff erence in the peak age 
for breast cancer, which was between 40 and 50 years in Asia, 
but was between 60 and 70 years in Western countries, although 
there were signifi cant similarities during a comparison of epide-
miological and clinical outcome data (Leong et   al. 2010). Over 
the last decades, breast cancer incidence has been increasing 
worldwide (Hortobagyi et   al. 2005; Igene 2008; Anderson and 
Jakesz 2008). Th e greatest increase in the incidence of breast 
cancer has been in Asian countries (Green and Raina 2008). 
Certain Asian countries have experienced a trend of Westernised 
lifestyle in recent decades (Seow et   al. 1996; Nagata et   al. 1997). 
Nutrition, lifestyle and behaviour have been proposed as factors 
associated with the increased incidence of breast cancer (Gerber 
et   al. 2003; McTiernan 2003). A high fat and low fi bre dietary 
pattern, overweight, a sedentary life pattern, early menarche 
and delayed childbearing may also increase breast cancer risk. 

 Th ree stages of nationwide breast cancer screening pro-
grammes evolved in Taiwan between 1995 to 2004: (1) selective 
screening for those women with 1st-degree relatives with breast 
cancer, by mammography, ultrasound and physical examination 
from 1995 – 98; (2) a mass screening programme by public health 
nurses through physical examination from 1999 – 2001 and (3) a 
two-stage breast cancer screening programme using risk-factor 
questionnaires and mammography for moderate-to-high risk 
women from 2002 to 2004 (Chang et   al. 2008). From the results 
seen in Figure 1b, it can be seen that the age-standardised mor-
tality rate per 100,000 increased more slowly between 1996 and 
2000. Th is may be due to the breast cancer screening programme 
in Taiwan. 

 Our study showed a strong birth cohort eff ect on breast can-
cer mortality (Figure 2). Th is is consistent with other studies 
that assessed the trend or breast cancer incidence in diff erent 
geographic areas (Persson et   al. 1993; Robertson and Boyle 
1997; Rostgaard et   al. 2001; Minami et   al. 2004). Birth cohort 
has been used to examine birth cohort trends in breast cancer 
mortality and also may contribute to lifestyle and environmen-
tal factors leading to breast cancer (Tarone and Chu 1992). 
In this study, those aged 55 – 59 years in 2006 – 10 and 50 – 54 
years in 2001 – 05 were in the same birth cohort (1947 – 55) and 
showed peak mortalities (ASMR), as shown in Figure 1a. Figure 
1c also shows a peak in both age groups 50 – 54 and 45 – 49 in 
the birth cohort 1951. A peak in the rate ratio was evident in 
the 1951 birth cohort, as shown in Figure 2c. A 6-year malaria 
eradication programme using the DDT residual house spraying 
method was launched in Taiwan in 1952 (Liang 1991). High 
levels of serum DDT predicted a statistically signifi cant fi ve-
fold increased risk of breast cancer among women who were 
exposed to DDT when under 14 years of age. Women who were 
not exposed to DDT before the age of 14 showed no associa-
tion between DDT and breast cancer. Th us, exposure to DDT 
early in life may increase breast cancer risk. Th e public health 
signifi cance of DDT exposure early in life may be large (Cohn 
et   al. 2007). Th e use of DDT in large amounts almost began 
with the 1951 birth cohorts which, in this study, were observed 
to have greatest mortality risk from breast cancer. Th is result is 
consistent with Cohn ’ s work carried out in 2007. 

 We only included breast cancer cases in women between the 
ages of 20 and 84 years. Inclusion of cases    �    85 years in the APC 
model might have generated a cohort eff ect due to measure-
ment error. Th e original database made use of a 5 - year trend 
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  Figure 2.     Age (a), period (b) and cohort (c) eff ect of breast cancer mortality 
in Taiwan, 1971 – 2010.  



   Breast cancer in Taiwan   63

aggravated data. Cases    �    85 years were designated to one group. 
In the APC model, the cohort groups were calculated according 
to age and period groups. If cases    �    85 were included in the study, 
their birth cohorts by 2006 – 10, and those in the 80 – 84 age group 
at 2001 – 05 could not have been in the same cohort. Conversely, 
individuals aged 20 and below included very few deaths, thus 
only those between 20 and 84 years were considered to ensure 
adequate reliability of the estimates. No sensitivity analyses were 
performed. However, we think the impact that such analyses 
may have had on our results, would be minimal. We excluded 
individuals under 20 and over 80 in order to have more reliable 
estimates.   

 Conclusion 
 We found that the 1951 birth cohorts had the greatest mortality 
risk from breast cancer. Th is might be attributed to DDT that was 
used in large amounts to prevent deaths from malaria in Taiwan. 
However, future researches require DDT data to evaluate the 
association between breast cancer and DDT use.          
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