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Abstract During the past three decades, the social/natural
environment and lifestyle of people in China have under-
gone a marked transformation to westernization. However,
age-standardized cancer rates have not been determined to
any great extent in China. In this study, we tracked the
cancer incidence between 1981 and 2000 in Tianjin, to
identify the changes in incidence associated with social and
economic changes. Cancer incidence data were collected by
the Tianjin Cancer Registry. Sex, age, and organ site-spe-
cific incidence trends were analyzed by the “join-point
regression” method. Overall crude cancer incidence
increased, but the age-standardized incidence slightly
decreased during the study period. The incidence of lung
cancer increased between 1981 and 1996 but decreased
between 1996 and 2000. The incidences of uterine, esoph-
ageal, stomach, and liver cancers decreased. However, the
incidences of colorectal, pancreatic, breast, ovarian, and
prostate cancers all increased during the study period. There
was an aging-related increase in the overall crude cancer
incidence and an alteration in the distribution of cancer
types in Tianjin. The incidences of cancer types that are
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more prevalent in developed countries appeared to increase
in China, whereas the incidences of cancer types that are
more prevalent in developing countries appeared to decline.
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Cancer is a major disease that has a great burden on public
health worldwide. Cancer has overtaken heart disease as
the number one killer in age under 85 in the U.S. [1].
Currently, the overall cancer incidence in developed
countries is more than twice that seen in developing
countries [2—4]. Epidemiological studies have linked the
increase in the cancer incidence in the developed countries
to many environmental factors and dietary habits [5, 6].
The main reasons for a greater cancer burden in affluent
societies include the earlier timing of the start of the
tobacco epidemic, earlier exposure in life to occupational
carcinogens, and Western diet and lifestyle [7, 8]. With the
globalization of the economy, unprecedented social and
environmental changes, and aging of the populations in
many countries, conspicuous trends are being seen in the
cancer incidence [9]. In Asia alone, cancer incidence is
predicted to double in the next 20 years on the basis of
current trends [3].

China has undergone great changes in the economy and
lifestyle, since its industrialization and modernization
programs began in the late 1970s. However, because there
are limited cancer registration systems existing in China to
date, little is known about the actual incidences of various
cancers in the various regions and cities of China, the
information that is important in the planning and imple-
mentation of cancer prevention strategies and health
services as well as in the allocation of available resources.
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Therefore, updated epidemiological data on the incidence
of cancers and their associations with societal/environ-
mental changes, especially exposures to distinct causative
environmental factors [10-12] are needed.

In the study reported here, we comprehensively ana-
lyzed changes in the incidence and distribution of cancers
in the urban Tianjin area that had occurred between 1981
and 2000. As the third largest city located in the east
coastal area in China, Tianjin (formerly known as Tientsin)
has a population of 11 million (including both urban and
surrounding counties) and has experienced remarkable
changes in environment and lifestyle as a result of recent
economic development. We also provided possible expla-
nations for the observed incidence trends in terms of social
and economic changes that had occurred during the study
period.

Materials and methods
Sources of data

The data presented were derived from the Tianjin Cancer
Registry, in which data on cancer cases of all Tianjin
residents since 1981 have been collected and analyzed. The
registry covers a population of about 4 million people
living in the urban Tianjin area. Information collected on
the cancer reporting card includes patient’s name, sex,
current age or date of birth, mailing address, reporting
hospital or medical institute, time of diagnosis, ICD-X
code (X International Classification of Disease), and
occupation. The Tianjin Cancer Registry is a member of
the International Agency for Research on Cancer (IARC)
of the World Health Organization and has contributed
cancer incidence data to the IARC publication “Cancer
Incidence in Five Continents” since 1981 [13-16]. All
death certificates, the second source of cancer registry
information, have been registered at both the district public
health unit and the local police department of the city. The
district public health unit routinely reviews all death cer-
tificates and identifies deaths that are directly or indirectly
caused by cancer, but the analysis presented here included
all patients with reported primary cancer. Population data,
along with age- and sex-specific information, were
obtained from the police department in Tianjin, where all
residents of Tianjin are required by law to be registered for
their current residence in the city.

Statistical analysis

Cancer types were classified according to the ICD-X [17].
Cancer types examined included the top 12 in males and
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top 14 in females (including cancers common to both sexes
and sex-specific cancer types, i.e., cancers of the breast,
ovary, uterine, and prostate) as listed in Table 4. We first
calculated the age-standardized incidence rates (ASIR) and
then analyzed sex-, age-, and site-specific trends in these
standardized rates by the “join-point regression” method
[18] using the available SEER.Stat software [19]. In this
statistical method, a year when a change in trend is
detected during the study period is called a “join-point,”
and join-points that show statistical significance (P < 0.05)
are retained in the final site-specific models. The maximum
number of join-points allowed in our analysis was two, a
number determined on the basis of the duration of the study
period. The estimated annual percentage changes (EAPCs)
were also determined to show linear trends by time period.
The ranks for each cancer site in the year 2000 were also
reported. The world standard population in the year 1985
was used as a standard in the comparisons with interna-
tional rates. The top five cancer sites and their proportions
were listed for each selected year. The birth cohort effect
on the age-specific incidence was estimated using the SAS
software, V9 (SAS Institute, Cary, NC).

Results

Between 1981 and 2000, a total of 140,445 cancer cases
were reported to the Tianjin Cancer Registry, of which
53.73% were males (Table 1). The mean age at diagnosis
was 61.55 years (standard deviation: 14.19 years), and the
mean age was higher for males than for females (62.72 and
60.19 years, respectively). More than half of the patients
were diagnosed on the basis of histopathologic findings,
and 35% were diagnosed on the basis of clinical signs and
symptoms. Diagnosis in <1% was obtained from death
certificates (Table 1).

The overall crude and age-adjusted incidences for the
entire study period were 214.97/1,00,000 and 198.97/
1,00,000 for males and 187.82/1,00,000 and 157.99/
1,00,000 for females, respectively. For males, the crude
incidence increased throughout the study period by 1.90
percent per year; and for females, the crude incidence
increased by 1.14 percent per year between 1981 and 1992
and by 3.62 percent per year between 1992, and 2000
(Table 2). We also calculated age-specific incidences by
sex and year of diagnosis. In general, changes in incidences
were not consistent across age groups. In particular, for the
age group of 0-44 years, the cancer incidence increased in
both males (EAPC: 1.59) and females (EAPC: 2.06); for
the 55-64 age group, the cancer incidence decreased in
both males (EAPC: —1.32) and females (EAPC: —0.84);
for the 75 and older age group, the cancer incidence for
females decreased by 7.08 percent per year between 1981
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Table 1 Characteristics of all cancer cases diagnosed in Tianjin, 1981-2000

Variable Category Male Female Total

No. % No. % No. %

Sex Male - - - - 75,457 53.73
Female - - - - 64,988 46.27

Age at diagnosis 044 7,313 9.69 9,532 14.67 16,845 11.99
45-54 9,079 12.03 9,987 15.37 19,066 13.58
55-64 20,156 26.71 17,091 26.30 37,247 26.52
65-74 25,848 34.26 18,946 29.15 44,794 31.89
75+ 13,061 17.31 9,432 14.51 22,493 16.02

Method of diagnosis Physical examination 6,330 8.39 5,172 7.96 11,502 8.19
Clinical tests 29,316 38.85 20,761 31.95 50,077 35.66
Microscopic 39,531 52.39 38,847 59.38 78,378 55.81
Autopsy 77 0.10 80 0.12 157 0.11
Death certificate only 19 0.03 17 0.03 36 0.03
Unknown 184 0.24 111 0.17 295 0.21

Table 2 Join-point analysis of overall cancer incidence by sex and
age group in Tianjin, 1981-2000

Age group Sex Period Rate EAPC 95% CI
0-44 M 1981-2000 31.58 +1.59%  +1.101 +2.088
F  1981-2000 46.60 +2.06%  +1.466 +2.655
45-54 M 1981-2000 206.44 —0.51 —1.066 +0.040
F  1981-1988 - +2.17 —0.595 +5.019
F  1988-1992 - —446 —13.790 +5.884
F  1992-2000 263.40 +2.00 —0.262 +4.314
55-64 M 1981-2000 549.62 —1.32* —1.842 —0.793
F 19812000 506.72 —0.84* —1.373 —0.297
65-74 M 1981-1995 - +0.45 —-0.286 +1.196
M 1995-2000 1,183.23 —-320 —6.549 +0.265
F  1981-2000 94271 —0.17 —0.735 +0.391
75+ M 1981-2000 2,008.70 +0.51 —0.053 +1.066
F  1981-1985 - —7.08% —12.922 —0.837
F  1985-2000 1,216.48 +2.02* 1.142 2914
All M 1981-2000 249.50 +1.90* 1.500  2.298
F  1981-1992 - +1.14% 0.107  2.183
F  1992-2000 240.45 +3.62% 1.909 5.352

Rate: Crude incidence rate (1/100000) in the year 2000. EAPC,
estimated annual percentage change (%); CI, confidence interval.
* Statistically significant (P < 0.05)

and 1985 but then increased by 2.02 percent per year
between 1985 and 2000. No significant trends were found
in other age groups.

To determine what cancer types were frequently diag-
nosed in different time periods, we listed the top five
cancer sites for the year 1981, 1985, 1990, 1995 and 2000.
As shown in Table 3, for all 20 years combined, lung,
stomach, liver, esophageal, and colorectal cancers ranked

as the top five cancer types in males, whereas lung, breast,
colorectal, stomach, and liver cancers ranked as the top five
cancer types in females. Lung cancer was the top cancer
type in every year studied. Relatively minor changes have
been observed for the top five cancer types in male, but the
top five cancer types have changed more markedly for
female with cervix uteri, and esophageal cancers dropping
out of the top five list.

To accurately measure the changes in the incidence of
each of the major cancer types during the 20 years of the
study period, we performed join-point analyses by sex and
cancer type of the age-standardized incidence rates
between 1981 and 2000 (Table 4). When all cancer types
were combined by sex, however, no significant join-point
was found. That is, each year between 1981 and 2000, age-
standardized cancer rates decreased by an average of
0.48% in males and 0.31% in females.

When cancer types were analyzed separately, significant
join-points were identified for lung and uterine cancers. In
particular, the incidence of lung cancer significantly
increased between 1981 and 1996 but decreased only
slightly between 1996 and 2000. The incidence of uterine
cancer drastically declined by 8.96 percent per year
between 1981 and 1991, but then leveled off during the
following 10 years.

As shown in Table 4, the incidences of esophageal,
stomach, and liver cancers showed an approximately linear
decrease during the study period, and the trends were sta-
tistically significant. Specifically, esophageal cancer
decreased by 5.07 percent per year in males and by 6.00
percent per year in females; stomach cancer decreased by
about 3.50 percent per year in both sexes; and liver cancer
decreased by about 1.15 percent per year in both sexes. In
contrast, kidney cancer increased by 4.09 percent per year
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Table 3 Cancer rank by sex and year in Tianjin, 1981-2000

Year Cancer rank

1 2 3 4 5

1981 Cancer Lung  Stomach Liver Esophagus Colorectal

(M) No. 680 559 413 287 154

% (23.29) (19.14) (14.14) (9.83) (5.27)
1981 Cancer Lung Breast Stomach Cervix Esophagus
uteri
(F) No. 477 278 250 210 174
% (19.59) (11.42) (10.27) (8.62) (7.15)

1985 Cancer Lung Stomach Liver Esophagus Colorectal
M) No. 778 574 414 273 179

% (25.56) (18.86) (13.60) (8.97) (5.88)
1985 Cancer Lung Breast Stomach Colorectal Liver

(F) No. 571 366 208 169 136

%o (22.88) (14.66) (8.33) 6.77) (5.45)
1990 Cancer Lung Stomach Liver Esophagus Colorectal
M) No. 1,113 643 518 275 227

% (28.50) (16.47) (13.27) (7.04) (5.81)
1990 Cancer Lung Breast Colorectal Stomach  Liver
(F) No. 799 551 255 226 190

% (24.01) (16.56) (7.66) (6.79) (5.71)
1995 Cancer Lung Stomach Liver Colorectal Esophagus
M) No. 1,437 619 531 267 258

% (32.31) (13.92) (11.94) (6.00) (5.80)
1995 Cancer Lung Breast Colorectal Stomach  Liver
(F) No. 1,055 596 260 252 225

% (28.12) (15.88) (6.93) (6.72) (6.00)
2000 Cancer Lung Liver Stomach  Colorectal Esophagus
(M) No. 1,463 553 531 378 222

%o (31.34) (11.85) (11.38) (8.10) (4.76)
2000 Cancer Lung Breast Colorectal Liver Stomach
(F) No. 1,068 840 391 269 234

% (23.88) (18.78) (8.74) (6.02) (5.23)
All  Cancer Lung Stomach Liver Esophagus Colorectal
(M) No. 22,294 11,611 9,378 5,120 4,929

% (30.83) (16.06) (12.97) (7.08) (6.82)
All  Cancer Lung Breast Colorectal Stomach  Liver
(F) No. 16,056 10,781 4,771 4,757 3,845

%o (25.71) (17.27)  (7.64) (7.62) (6.16)

M: males; F: females

in males and 2.99 percent per year in females, and brain
cancer increased by 1.58 percent per year in males and 2.05
percent per year in females.

Different trends by sex were found for leukemia and
colorectal, pancreatic, and laryngeal cancers. The inci-
dence of colorectal cancer increased in males
(EAPC = 1.63) but remained unchanged in females; the
incidence of pancreatic cancer increased in females
(EAPC = 1.20) but remained unchanged in males; and the
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incidence of laryngeal cancer and leukemia decreased in
females (EAPC = —1.95 and —1.50, respectively) but
remained unchanged in males.

The incidences of breast, ovarian, and prostate cancers
all increased during the study period. In particular, the
incidence of breast cancer increased by 1.86 percent per
year; the incidence of ovarian cancer increased by 1.95
percent per year; and the incidence of prostate cancer
increased by 3.43 percent per year.

Further analyses were performed to determine the birth-
cohort cancer incidence rates for both males and females.
These results suggested decreasing trends in the ASIR.
Specifically, for those born after 1915, age-specific cancer
incidence rates were decreased, but the rates were
increasing in other younger birth cohorts in every age
group, except for those born after 1935 and before 1945.
However, males and females showed similar patterns

(Fig. 1).

Discussion

In our analyses of the data from the Tianjin Cancer Reg-
istry collected between 1981 and 2000, we found that the
overall crude cancer incidence increased during this period,
whereas the age-standardized incidence for both sexes
slightly decreased, although there were some differences in
sex-specific and birth-cohort-specific cancer incidence
rates in different cancer types in the period.

Although the underlying biological mechanisms remain
unknown, there are some social, environmental, and eco-
nomical changes that may explain these findings. First, the
findings suggest that aging of the population is a significant
contributor to the increase in the overall crude cancer
incidence, in fact, the proportion of the aged people (over
65 years of age) increased from 6.75% in 1981 to 12.62%
in 2000, underscoring the need for increased cancer
screening for older populations in Tianjin. However, the
decreasing ASIR (Age-Standardized Incidence Rate) of
cancer suggest that the early stage of modernization in
China that led to better health care and social well-being
might have reduced the burden of cancer. This is supported
by a similar trend of reduced cancer incidence observed in
Qidong and Shanghai, other two large cities in China [20,
21]. In contrast, the age-adjusted cancer incidence
increased in France and the United States [22, 23] during
the same period covered by our analysis. In Italy, although
the incidence of cancer among males in certain regions also
decreased, the overall incidence increased [24, 25].

However, it is interesting that the overall age-specific
cancer incidence had not significantly increased after the
early stage of modernization in China, but our analyses
revealed changes in specific cancer incidences and patterns
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Table 4 Join-point analysis by sex and cancer site in Tianjin, 1981-2000
Site (ICD X) Sex Period ASIR Rank EAPC 95% CI
All sites (C00-C99) M 1981-2000 182.12 - —0.48* —0.906 —0.044
F 1981-2000 161.74 - —0.31 —0.742 +0.130
Esophagus (C15) M 1981-2000 8.47 5 —5.07* —5.575 —4.566
F 1981-2000 3.46 11 —6.00% —6.930 —5.062
Stomach (C16) M 1981-2000 19.93 3 —3.59% —4.245 —2.931
F 1981-2000 8.11 6 —3.52% —4.216 —2.823
Colorectal (C18-C21) M 1981-2000 14.40 4 +1.63* +0.839 +2.425
F 1981-2000 13.83 3 +0.52 —0.639 +1.687
Liver (C22) M 1981-2000 21.38 2 —1.14* —1.614 —0.665
F 1981-2000 9.50 4 —1.15% —-1.976 —0.318
Pancreas (C25) M 1981-2000 5.52 8 +0.10 —0.586 +0.787
F 1981-2000 4.26 9 +1.20% +0.167 +2.246
Larynx (C32) M 1981-2000 3.53 11 —0.57 —2.141 +1.024
F 1981-2000 1.05 14 —1.95% —3.637 —0.234
Lung (C33-C34) M 1981-1996 - - +2.40% +1.619 +3.190
M 1996-2000 56.23 1 —3.69 —9.060 +2.006
F 1981-1996 - - +1.30%* +0.543 +2.070
F 1996-2000 37.08 1 —2.71 —8.046 +2.933
Breast (C50) F 1981-2000 30.31 2 +1.86% +1.244 +2.475
Uterus (C53-C55) F 1981-1991 - - —8.96% —11.630 —6.219
F 1991-2000 8.24 5 —1.02 —4.409 +2.489
Ovary (C56) F 1981-2000 6.51 7 +1.95% +1.203 +2.706
Prostate (C61) M 1981-2000 2.46 12 +3.43% +1.321 +5.583
Kidney (C64) M 1981-2000 4.85 9 +4.09%* +2.941 +5.248
F 1981-2000 2.78 12 +2.99% +1.358 +4.648
Bladder (C67) M 1981-2000 7.83 6 +0.49 —0.427 +1.409
F 1981-2000 1.14 13 —1.14 —2.853 +0.605
Brain (C70-C72) M 1981-2000 4.44 10 +1.58% +0.368 +2.807
F 1981-2000 3.49 10 +2.05% +0.609 +3.504
Leukemia (C91-C95) M 1981-2000 6.07 7 —0.50 —1.758 +0.773
F 1981-2000 4.64 8 —1.50* —2.766 —0.214

ICD, international classification of disease; M, males; F, females; ASIR, age standardized incidence rate (1/1,00,000) in the year 2000; EAPC,
estimated annual percentage change (%); CI, confidence interval. * Statistically significant (P < 0.05)

Fig. 1 Age-specific cancer
incidence by birth cohort in
Tianjin. For those born after
1915, age-specific incidence
rates were decreased with birth
cohort in every age group
except those born after 1935 and
prior to 1945. Males and
females shared similar patterns
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that warrant attention. Specifically, significant join-points
were found for lung and uterine cancers. For lung cancer,
the incidence in both sexes increased between 1981 and
1996 but decreased between 1996 and 2000. For uterine
cancer, the incidence decreased between 1981 and 1991 but
remained fluctuated in the following 10 years. The inci-
dence of esophageal, stomach, and liver cancers decreased
for both sexes during the 20-year study period, which
might have contributed to the overall decreasing trend in
cancer incidence.

On the other hand, the incidence of colorectal cancer
increased among males and the incidence of pancreatic
cancer increased among females. Likewise, the incidences
of breast, ovarian, kidney, prostate, and brain cancers all
increased. Thus, it appears that the incidences of cancer
types frequently diagnosed in developed countries are
increasing in Tianjin, and the incidences of cancers fre-
quently diagnosed in developing countries are decreasing.
It is apparent that, during the 20-year study period, the
decrease exceeded the increase in the overall cancer
incidence.

The changing pattern in the overall cancer incidence is
consistent with our current understanding of cancer etio-
logical factors [26-28]. For example, populations in
developing countries are prone to cancers in which infec-
tious agents and associated non-malignant diseases play a
significant etiologic role. These include cancers of the
stomach, uterus, cervix, liver, and possibly esophagus. The
changes in the cancer distribution in Tianjin also parallel
the economic and social metamorphosis occurring during
the corresponding decades. For example, economic growth
and increases in personal income have led to improvements
in people’s living conditions. The number of kitchen ven-
tilators per family increased considerably in Tianjin, which
greatly improved the indoor environment. Increases in the
use of refrigerators have led to substantial reductions in
the consumption of smoked, salted, and pickled food
and increases in the fresh food intake among Tianjin resi-
dents. These changes may account for the decreases in
the incidence of esophageal, stomach, and liver cancers.
Noticeable improvements in public sanitation and personal
hygiene, paticularly regular gynecological examinations in
females, have likely contributed to the dramatic decline in
the incidence of uterine cancer. The universal vaccination
for HBV has likely led to the decrease in the liver cancer
incidence as well.

Recent rapid growth in the economy in China has
resulted in dramatic changes in the dietary habits of Tianjin
residents. Data from Tianjin Statistical Bureau [29] show
that between 1985 and 2000, the average annual con-
sumption of cereal and vegetables decreased among
residents and the consumption of fruits, animal products,
and plant oils increased. The proportion of carbohydrates in
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the total energy intake decreased from 69% to 53%, and the
proportion of fat in the total intake increased from 19% to
33%. These changes in nutrient and energy intake may
explain the changes in the incidences of cancers of certain
sites [30-33]. For example, the increase in colorectal,
breast, and pancreatic cancer may be attributable to the rise
in the consumption of animal products and dietary fat.
A decline in physical activities may also have contributed
to the increase in the overall cancer incidence. Although
the economic development liberated urban residents from
labor-intensive work and made them less dependent on
walking and bicycling for transportation, the decrease in
physical activities coupled with an increase in nutrient and
energy intake have resulted in overweight problems. This is
shown by the increase in the proportions of overweight and
obese adults among Chinese from 6% and 0.6%, respec-
tively, in 1982 to 18.5% and 2.2%, respectively, in 1997
[34]. Tt is well known that overweight is a risk factor for
several cancers, including kidney, breast, colorectal, and
ovarian cancers [35-38].

Cigarette smoking is a major risk factor for many can-
cers, especially lung cancer. As we previously reported, the
average number of cigarettes smoked in Tianjin has stea-
dily decreased since 1986, a decline that might explain the
decrease in the lung cancer incidence seen in late 1990s
[39], although the latent period of the effect may be even
longer.

We should also point out that there are potential limi-
tations in our study. The accuracy of observed incidence
rates may be influenced by several factors including the
completeness of registration, changes in disease classifi-
cation, and advances in diagnostic technology. Whereas it
is difficult to document the completeness of the registration
by the Tianjin Cancer Registry, missing registration should
not be a major problem because there has been a legal
reporting requirement for all cancer cases in Tianjin.
Changes in the coding system from ICD to ICD-O may
have resulted in loss of specificity in some reported cases,
but the number of cases involved is very low. Advance in
diagnostic technology is perhaps a single most important
variable in the study because better diagnostic technology
leads to more early detection of cancer thus may increase
the number of cancer cases over the study period.

China has undergone and is continuing to undergo tre-
mendous changes in living conditions and lifestyle,
especially the large cities. The modernization and west-
ernization of lifestyle among Chinese appear to have both
positive and negative effects on individual health. Our
analyses of the cancer incidence in Tianjin showed that the
early stage of modernization in China has actually had
beneficial effects in terms of reducing the overall age-
adjusted cancer incidence. Because there is now an
alarming increasing trend in the incidence of several cancer
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types, more noticeable in developed countries, it is likely
that China will have an increase in the overall cancer
incidence in the coming decades, when the early decrease
in cancers such as uterine cancer reaches its limit. As a
matter of fact, the incidence of uterine and esophageal
cancers is already quite low, leaving very little room for a
further decline. On the other hand, the incidences of breast,
ovarian, kidney, and prostate cancers are still going up. In
addition to an increase in the incidences in cancers that are
more prevalent in developed countries, we also observed an
increasing trend in cancers in the younger age group (0-
44 years old) among both males and females. This is an
alarming finding that suggests that a future increase in the
overall cancer incidence in Tianjin may be more likely to
occur soon. Therefore, a comprehensive and timely survey
of the cancer incidence in Tianjin is necessary to further
monitor such an increasing trend that may lead to the
development and implementation of an effective primary
prevention program.
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