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Background: Breast cancer incidence rates are increasing among Asian women, likely due to the changes in risk
factors caused by globalization. Trends in breast cancer rates among Chinese women may differ from other Asian regions
due to the implementation of a nationwide family planning program and resulting changes in women’s reproductive prac-
tices. Appraisal of cancer trends can direct cancer control and public health planning, but relevant studies in China are
scarce due to a lack of long-term data. We sought to evaluate secular time trends in breast cancer incidence and mortality
using 40 years of cancer registry data for women in urban Shanghai.
Materials and methods: Data on invasive breast cancer incidence and mortality were collected by the Shanghai
Cancer Registry. Age-standardized rates (ASRs) for incidence and mortality were calculated using the Segi/Doll 1960
world standard population. Age, period, and birth cohort effects were evaluated using age–period–cohort (APC) Poisson
regression models. Overall linear trends, interpreted as the estimated annual percentage change (EAPC), were derived
from the net drift in age–drift models.
Results: A total of 53 885 breast cancer cases and 17 235 breast cancer-specific deaths were documented among
women in urban Shanghai between 1 January 1973 and 31 December 2012. Breast cancer incidence and mortality
ASRs increased by 141.2% and 26.6%, respectively. Significant age, cohort, and period effects were identified in both in-
cidence and mortality APC models; cohort effects were pronounced. Overall, a substantial increase in breast cancer inci-
dence (EAPC = 2.96%/year) and a moderate increase in breast cancer mortality (EAPC = 0.87%/year) was observed.
A notable downward trend in mortality was identified among younger women born after 1960.
Conclusions: Forty years of cancer registry data document a tremendous increase in incidence and a slight increase in
mortality for breast cancer among women in Shanghai. Effective, appropriate, and affordable breast cancer prevention
and control strategies are urgently needed in China.
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introduction
Breast cancer is the most common cancer and the fifth leading
cause of cancer deaths among women worldwide. In 2012, it is
estimated that 1.67 million women were diagnosed with breast
cancer and 522 000 women died from this disease, correspond-
ing to 25.1% of all cancers, and 14.7% of all cancer deaths in
women [1]. Incidence and mortality rates for breast cancer vary
considerably across geographic regions [1]. Women in Eastern
Asia have a lower breast cancer incidence age-standardized rate
(ASR: 27.0/100 000) than women in either Western Europe

(91.1/100 000) or Northern America (91.6/100 000) [1]. Breast
cancer rates are increasing across almost all regions of the world
[2]. This has been attributed to a transition in the risk factors
caused by globalization of economies and behaviors [3]. This is
particularly apparent among Asian women, as breast cancer in-
cidence has doubled or tripled in Japan, Korea, Hong Kong, and
Singapore over the past 40 years [4–6]. Among women in
China, changes in reproductive practices, such as lower parity
and reduced breastfeeding, may have been influenced not only
by globalization, but also by the implementation of a nationwide
family planning program in the 1970s. Thus, trends in breast
cancer incidence and mortality among Chinese women may
differ from women in other developed Asian countries.
Appraisal of cancer trends can direct future cancer control

and public health planning. However, relevant studies in China
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are scarce due to the lack of long-term cancer incidence data.
Further, most existing studies on breast cancer trends among
Chinese or Asian women have focused on mortality or
employed Joinpoint regression [7, 8]. As the oldest population-
based cancer registry in China, the Shanghai Cancer Registry
(SCR) has accumulated 40 years of data on cancer incidence
and mortality. Analyses of such valuable historical data will not
only lay the groundwork for future cancer control efforts in
Shanghai, but also provide reference for other rapidly develop-
ing regions. Therefore, this study was conducted to evaluate
secular time trends in breast cancer incidence and mortality,
including age, period, and birth cohort effects, among women in
urban Shanghai over the last four decades.

materials andmethods

incidence, mortality, and population data
Data on invasive breast cancer incidence and mortality were available from
the SCR, as previously described [9]. Briefly, the SCR was established in 1963,
and is the oldest population-based cancer registry in China, and one of the

largest cancer registries in the world. Complete incidence and mortality data
have been collected since 1973 for urban areas and since 2002 for rural areas.
Data for the urban areas, which include 289.4 km2 and an average of 7 million
residents, have consistently reached the standards set by the International
Agency for Research on Cancer (IARC), and have been published in its
quinquennial publications: Cancer Incidence in Five Continents, volumes
IV–X. Annual population data were provided by Department of Vital
Statistics, Shanghai Municipal Center for Disease Control and Prevention. The
study population for the current analysis included an average of 3.1 million
female permanent residents in urban Shanghai between 1 January 1973 and
31 December 2012.

statistical analysis
Incidence and mortality ASR were calculated using the Segi/Doll 1960 world
standard population [10]. Effects of age (A), calendar period (P), and birth
cohort (C, C = P-A) on incidence and mortality were evaluated using age–
period–cohort (APC) models [11, 12]. On the basis of Poisson regression,
the APC models can be written as log(λ(A·P)) = f(A) + g(P) + h(C), where A,
P, and C represent the mean age, period, and birth cohort for the observa-

tional units, and λ(A·P) is the incidence or mortality rate at age A in period
P for women in birth cohort C. We restricted the APC analyses to women
aged 20–84 to avoid statistical instability due to the small numbers of cancer
cases among younger women and small populations of older women. Study
populations were categorized into thirteen 5-year age groups (20–24, 25–29,
30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79, and
80–84) and eight 5-year calendar period groups (1973–1977, 1978–1982,
1983–1987, 1988–1992, 1993–1997, 1998–2002, 2003–2007, and 2008–
2012) according to their age and date of diagnosis, respectively. Twenty
5-year synthetic birth cohort groups were computed by subtracting the mid-
point of age groups from the midpoint of period groups. Five submodels
were derived in terms of the factors involved in the APC modeling, including
age models, age–drift models, age–cohort models, age–period models, and
APC models. Model goodness-of-fit was evaluated based on residual devi-
ance statistics. Age, period, and birth cohort effects were derived from
pairwise comparisons of the appropriate sub-models. Significance of the
pairwise comparisons was examined by comparing the difference in residual
deviance using χ2 tests. Overall linear trends, interpreted as estimated
annual percentage changes (EAPCs), were derived from the net drift in age–-
drift models. For visualization of trends, age groupings were also simplified:
20–29, 30–39, 40–49, 50–59, 60–69, and 70–84. All analyses were performed

using the APC·fit function in the Epi package [13] in R (version 3.0.1), and
used a two-sided probability with a significance level of 0.05.

results
Among women in Shanghai, a total of 53 885 breast cancer
cases and 17 235 breast cancer-specific deaths were documented
between 1973 and 2012 (Table 1). Overall, the breast cancer in-
cidence ASR increased by 141.2%, with the lowest ASR (17.14/
100 000) in the earliest 5-year period, and the highest ASR
(41.33/100 000) in the most recent 5-year period. The increase
in incidence was observed across the age span, with the greatest
increase in age group 40–49 (176.7%). Compared with inci-
dence, the increase in mortality ASR was much smaller (26.6%),
with the lowest ASR (7.12/100 000) from 1983 to 1987, and the
highest ASR (9.64/100 000) in the most recent 5-year period.
The increase in mortality differed by age. The greatest increase
was observed in women over 80 (133.3%), followed by moderate
increases among women aged 40–79. Notably, mortality
decreased among women aged 30–39 across successive periods
of time (−18.3%).
To examine how breast cancer incidence and mortality differed

by age, period, and birth cohort, age-specific rates were plotted by
date of diagnosis and date of birth (Figure 1). Breast cancer inci-
dence rates increased with advancing age from 20 to 45, and then
plateaued after age 45. This pattern was consistent across all
periods and birth cohorts. For women in the same age groups,
those who were born later or diagnosed later had higher breast
cancer incidence rates. On the contrary, breast cancer mortality
rates rose with increasing age across the age span. Mortality rates
increased slightly with later dates of diagnosis until 1995 or later
year of birth until 1960 in all age groups, and then decreased
slightly with dates of diagnosis after 1995 or years of birth after
1960 among young women with age <50.
Effects of age, period, and birth cohort on breast cancer inci-

dence and mortality were further evaluated using APC Poisson
regression models (Table 2). The EAPC in incidence was con-
siderable (2.96%/year), whereas mortality rose less sharply
(0.87%/year). Comparisons of APC submodels yielded signifi-
cant age, cohort, and period effects for both incidence and mor-
tality (P < 0.001); cohort effects were notably larger than period
effects. By examining residual deviance and change in deviance
in APC models, cohort effects seemed to explain the majority of
the changes in breast cancer incidence and mortality. Estimated
age, period, and birth cohort effects are plotted in Figure 2.
While incidence showed a striking increasing trend, an increase
in mortality was less apparent. Further, a downward trend in
mortality was observed among women in younger generations
that were born after 1960.

discussion
Using IARC quality cancer registry data, we found a substantial
increase in breast cancer incidence among permanent female
residents in urban Shanghai over the last four decades. The ASR
reached 44.0/100 000 in 2012, which is nearly double the rate
reported for all of China (22.1/100 000) [1]. On the basis of
APC modeling, the increase in incidence was driven by age and
cohort effects, such that older women and those born in more
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recent generations have higher risks of developing breast cancer.
These effects are likely attributable to lifestyle and energy-
related changes that have occurred, including dietary changes,
reduced physically activity, and an increased prevalence of
obesity [4]. Results from the China Health and Nutrition Survey
show increased energy intake and a transition toward high-fat
and energy-dense diets among Chinese adults over the past two
decades [14]. Simultaneously, the age-adjusted prevalence of
obesity increased from 4.6% in 1991 to 11.0% in 2011 among
women in China [15]. Changes in menstrual and reproductive
factors are also likely to contribute to the increase in breast
cancer incidence identified [16]. Compared with older genera-
tions, younger women generally have earlier ages at menarche,
later ages at menopause, delayed childbearing, lower parity, and
reduced breastfeeding practices [4]. These changes are particu-
larly relevant in China, where the Chinese Family Planning
Program was implemented in the late 1970s. The total fertility
rate, which measures the average number of children born per
woman, has decreased from 6.1 to 1.5 over the past 50 years
[17]. According to a recent large-scale birth cohort study that
compared Chinese women born in the 1930s and 1970s, age at
menarche decreased by 1.8 years (16.1 versus 14.3), age at first
birth increased by 6 years (urban: 19.0 versus 25.9; rural: 18.3

versus 23.8), duration of breastfeeding declined by 4–5 months
(urban: 16 versus 11; rural: 18 versus 14), and age at menopause
increased by 1.4 years (47.9 versus 49.3) [18]. As generations
who were affected by the family planning program have not
reached the peak age of incidence (45) by the end of our study
period (2012), the effect of the family planning program and
resulting transitions in breast cancer risk factors may not be
fully reflected in changes in breast cancer incidence at the
present time, and a greater increase in breast cancer incidence is
expected in the future. Therefore, breast cancer prevention and
control strategies are urgently needed for women in China.
While incidence markedly increased, breast cancer mortality

rose only slightly among women in urban Shanghai, with sig-
nificant cohort and age effects. With an ASR of 9.4/100 000 in
2012, breast cancer mortality in Shanghai was higher than all of
China (5.4/100 000) [1]. Although overall mortality increased,
we did find evidence of a downward trend among recent genera-
tions of women. Women that were born after 1960 or that were
<50 years old after 1995 had lower breast cancer mortality than
those born before 1960 or were aged 50 and above before 1995.
In Western countries, breast cancer mortality has been declining
since the 1980s, likely due to cancer screening and improved
treatments over time [19]. In Asia, declining breast cancer

Table 1. Breast cancer incidence and mortality age-specific rates and age-standardized rates (1/100 000) among women in urban Shanghai (1973–
2012), by period

Age Period Total Overall
changea (%)1973–

1977
1978–
1982

1983–
1987

1988–
1992

1993–
1997

1998–
2002

2003–
2007

2008–
2012

Incidence

N 2807 3180 4160 5825 6442 8590 10 765 12 116 53 885 –

Age-specific rates
0–19 0.07 0.03 0.06 0.05 0.00 0.10 0.17 0.00 0.06 –

20–29 2.01 1.75 2.38 2.94 1.48 2.41 2.95 4.02 2.49 99.7
30–39 14.70 17.71 17.32 22.51 26.40 23.16 19.34 24.98 21.30 69.9
40–49 36.55 43.10 51.89 66.63 68.25 89.72 100.21 101.13 73.40 176.7
50–59 48.78 46.41 51.44 68.83 75.96 114.48 123.68 125.77 87.13 157.8
60–69 57.88 54.38 61.16 67.73 79.39 99.46 125.75 138.15 86.94 138.7
70–79 56.48 53.00 65.21 70.18 78.95 108.42 126.22 129.67 94.27 129.6
≥80 50.68 60.10 59.78 68.85 68.80 111.83 110.13 99.73 89.23 96.8

Age-standardized
rate

17.14 17.91 20.33 25.09 27.12 35.63 39.27 41.33 29.43 141.2

Mortality
N 1210 1346 1563 1969 2098 2299 2810 3940 17 235 –

Age-specific rates
0–19 0.00 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.01 –

20–29 0.27 0.28 0.33 0.56 0.18 0.34 0.14 0.28 0.31 3.5
30–39 3.17 3.43 3.19 3.80 4.43 2.96 2.51 2.59 3.40 −18.3
40–49 8.69 11.50 10.69 12.04 11.99 13.11 14.07 11.23 11.93 29.2
50–59 18.67 17.04 18.13 19.81 21.95 30.29 26.68 25.87 22.63 38.5
60–69 33.39 26.86 25.20 26.33 29.90 28.50 29.35 33.39 28.98 0.0
70–79 48.41 46.15 41.98 45.77 43.22 43.84 47.92 64.46 48.55 33.1
≥80 62.56 70.61 72.92 80.00 79.43 93.60 104.46 145.95 103.57 133.3

Age-standardized
rate

7.61 7.37 7.12 7.85 8.10 9.00 8.91 9.64 8.46 26.6

aFrom comparing the earliest and latest 5-year periods.
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mortality trends have been observed in Hong Kong and
Singapore [7]. However, these declines occurred before local
screening programs were initiated [7]. The slight decline in
breast cancer mortality among young women found in this
study is also ∼10 years before breast cancer screening programs
were initiated in Shanghai, and is most likely attributable to the
increased use of diagnostic imaging and improved biopsy
methods [20]. Data on stage of disease at diagnosis have been
collected by the SCR since 2002. Among breast cancers diag-
nosed in urban Shanghai during this time, the ASR of early
(stage I) breast cancer increased 59.0%, while that of more
advanced (stage II and higher) breast cancer remained relatively
stable (−2.4%), and breast cancer with unknown stage decreased
17.8% (supplementary Table S1, available at Annals of Oncology
online). These changes in stage of disease at presentation are
supportive of improved diagnostic approaches. On the other
hand, adjuvant therapy has also significantly improved the

prognosis of breast cancer patients in the last few decades [21].
Taken together, the decline in breast cancer mortality observed
in Asian regions is most likely attributable to improved cancer
diagnosis and prognosis, rather than screening. Notably, in
other developed Asian regions, including Taiwan, Japan, and
Korea, where organized mammography screening programs
were initiated in the late 1990s and early 2000s, breast cancer
mortality rates have continued to rise [7]. Given that screening
benefits take at least 10 years to be reflected in reduced mortality
rates [22], it will be important to continue to evaluate breast
cancer mortality trends in Asian regions in the future.
Several national breast cancer screening programs have been

initiated by the Chinese government since the late 2000s, such
as the ‘Chinese One Million Women Breast Cancer Screening’,
the ‘Breast Cancer Screening Program’, and the ‘Countryside
Women Breast and Cervical Cancer Screening Program’
[23, 24]. The Shanghai government has also been providing free
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Figure 1. Age-specific breast cancer (A) incidence and (B) mortality rates (1/100 000) among women in urban Shanghai (1973–2012), by period and birth
cohort.
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biennial screening to retired and low-income women, and re-
quiring employers to provide screening coverage for female
workers since 2005. While these large-scale efforts are promis-
ing, the effectiveness of screening modalities employed in these
screening programs is largely limited by budget constraints.
Currently, the budget for breast and cervical cancer screening
provided by the government ranges from 35 to 100 Chinese
Yuan per woman, which is far from sufficient for covering mam-
mography or ultrasonography. Due to a low cost, clinical breast
examination (CBE) is the primary breast cancer screening
modality currently used in China [25]. However, the efficacy of
CBE as a screening modality is not known; its performance and
effectiveness has only been indirectly determined from studies

in conjunction with mammography [26]. Further, the coverage
of these screening programs for the general population is
limited. According to a report in 2010, the coverage of breast
cancer screening was only 27.4% in Shanghai and 21.7% for all
of China [27]. Given the low population coverage and utilization
of CBE as the primary screening modality, results of this study
reflect trends in breast cancer incidence and mortality that
occurred largely in the absence of screening programs.
Strengths of this study include the large population size of

Shanghai (3.1 million) and a long time span (40 years). The use
of APC modeling allowed us to examine age, period, and birth
cohort effects. However, as calendar year minus age equals birth
year (C = P-A), it is impossible to truly disentangle their effects

Table 2. APC models for breast cancer incidence and mortality among women in urban Shanghai (1973–2012)

Submodel Goodness of fit Model comparison

Residual
df

Residual
deviance

P Comparison Interpretation Change
in df

Change in
deviance

P EAPC (95% CI)

Incidence
1. Age 507 6753.10 <0.001

2. Age–drift 506 1422.80 <0.001 2 versus 1 Trend (drift) 1 5330.30 <0.001 2.96 (2.88, 3.05)
3. Age–cohort 487 954.30 <0.001 3 versus 2 Nonlinear cohort effect 19 468.50 <0.001
4. Age–period 499 1213.10 <0.001 4 versus 2 Nonlinear period effect 7 209.70 <0.001
5. Age–period–
cohort

480 762.00 <0.001 5 versus 3 Period effect adjusted for cohort 7 192.30 <0.001

5 versus 4 Cohort effect adjusted for period 19 451.10 <0.001
Mortality
1. Age 507 989.76 <0.001
2. Age–drift 506 844.61 <0.001 2 versus 1 Trend (drift) 1 145.15 <0.001 0.87 (0.73, 1.01)
3. Age–cohort 487 713.27 <0.001 3 versus 2 Nonlinear cohort effect 19 131.34 <0.001
4. Age–period 499 813.57 <0.001 4 versus 2 Nonlinear period effect 7 31.03 <0.001
5. Age–period–
cohort

480 674.43 <0.001 5 versus 3 Period effect adjusted for cohort 7 38.84 <0.001

5 versus 4 Cohort effect adjusted for period 19 139.15 <0.001

df, degrees of freedom; EAPC, estimated annual percentage change (%/year); CI, confidence interval.
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Figure 2. Age, period, and cohort effects for breast cancer (A) incidence and (B) mortality among women in urban Shanghai (1973–2012).
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[28]. For example, the cohort effect in breast cancer mortality
seen as a downtrend among women born after 1960, would best
be described as an age-specific period effect resulting in a
decline in mortality among young women (age <50) after 1995.
Additional strengths of this study include evaluating both inci-
dence and mortality data from the SCR, which has been shown
to have high validity and good coverage of the population of
Shanghai [29]. Thus, our results provide the most accurate esti-
mates available for secular trends in breast cancer incidence and
mortality among women in urban Shanghai. However, as an
ecologic study, our analysis was unable to quantify the relative
contributions of different factors that may have resulted in
changes in breast cancer incidence or mortality over time.
In summary, this analysis documented a tremendous increase

in breast cancer incidence and a modest increase in breast
cancer mortality in an urban Chinese population over 40 years.
Our results attest to an urgent need for breast cancer prevention
and control strategies in China. Identifying and employing ef-
fective, appropriate, and affordable approaches for breast cancer
screening in China is a critical cancer control priority.
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