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Abstract
AIM: To examine the regional variations in mortality rates
of pancreatic cancer in China.

METHODS: Aggregated mortality data of pancreatic cancer
were extracted from the 1990-1992 national death of all
causes and its mortality survey in China. Age specific and
standardized mortality rates were calculated at both national
and provincial levels with selected characteristics including
sex and residence status.

RESULTS: Mortality of pancreatic cancer ranked the ninth
and accounted for 1.38 percent of the total malignancy
deaths. The crude and age standardized mortality rates of
pancreatic cancer in China in the period of 1990-1992 were
1.48/100 000 and 1.30/100 000, respectively. Substantial
regional variations in mortality rates across China were
observed with adjusted mortality rates ranging from 0.43/
100 000 to 3.70/100 000 with an extremal value of 8.7.
Urban residents had significant higher pancreatic mortality
than rural residents.

CONCLUSION: The findings of this study show different
mortality rates of this disease and highlight the importance
of further investigation on factors, which might contribute
to the observed epidemiological patterns.
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INTRODUCTION
Pancreatic cancer is a relatively common malignant disease in
the world, both its incidence and mortality rate are ranked in
the first ten cancers[1,2]. Especially in recent years, a gradually
increased tendency of the disease has been found[3-6]. About
200 000 new cases of pancreatic cancer are reported worldwide
annually. Despite the overall improvement in cancer diagnosis
and treatment in the past half century, there has been little

change in the survival of pancreatic cancer patients. The
reported worldwide annual incidence  accounts for 2 % of all
malignant tumors  and is associated with about 196 000  deaths
from the disease[7-11]. Though pancreatic cancer is relatively
uncommon in China, but it still accounts for substantial cancer
related deaths because of its dismal survival rate. Thus, the
mortality rate of this disease serves as a mirror for its incidence.
Notwithstanding previous studies in China have shown that
there were significant geographic variations for several cancer
sites, such as liver and esophagus, little is known for pancreatic
cancer[12-14]. As the causes of pancreatic cancer are largely
unknown, epidemiological studies on  regional mortality rate
variations may shed light on seeking possible modifiable
factors associated with this disease.

MATERIALS AND METHODS
Data source
1990-1992 national mortality survey  As China does not have
a centralized vital statistics system and cancer registration,
national level information on disease specific mortality is often
based on periodic national mortality surveys (NMS), the first
of which was initiated in the early 1970s. Its purpose was to
generate nationally representative estimates of mortality due
to various health conditions, such as cancer, heart disease and
stroke. The more recent one was conducted between 1990 and
1992 with the primary focus on malignant tumors, which was
the data source for this study.
     Briefly, the 1990-1992 NMS was a two-stage stratified
probability survey. At the first stage, each of the 22 provinces,
5 autonomous regions, and 3 municipatities directly
administrated cities under the Central Government (Beijing,
Shanghai, and Tianjin) represented one of 30 strata. For the
ease of the presentation, we referred to the 30 strata as “areas”.
The second stratum was formed at county or district level
according to the cancer mortality levels (2-3 levels from low
to high) from the previous survey. Thus, the primary sampling
unit for this survey was county or district (for Beijing, Shanghai
and Tianjin). Overall, the sample size for this survey was
designed to cover 10 % of all deaths or 242 million baseline
person years during the study period. Detailed information can
be found from the National Mortality Survey Manual. With
respect to pancreatic cancer, samples from 8 of the first level
strata did not have sufficient number of cases to generate
meaningful estimates, thus the mortality estimates were only
applicable to 22 of the first level strata. Specifically, the 22
areas were Beijing, Tianjin, Hebei, Shanxi, Neimeng, Liaoning,
Jilin, Heilongjiang, Shanghai, Jiangsu, Anhui, Jiangxi, Fujian,
Henan, Hunan, Hainan, Guangxi, Sichuan, Yunnan, Guizhou,
Gansu, and Ningxia.
Case assessment and baseline population  All death
certificates were retrieved from the local death registration
offices for the sampled counties or districts. Local
neighborhood representatives were also interviewed to further
verify each deceased person for possible misreporting and
discover deaths not reflected at death registration offices.
Causes of deaths obtained from death certificates were checked
with clinical records. When clinical records were missing or
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not available, possible diagnoses were solicited from the medical
professionals who had once treated the case. Each reported
cause of death was further converted into 3-digit ICD-9 codes
and pancreatic cancer was determined for ICD-9 157.  Age-sex
specific population data for each surveyed county or district
were derived from interpolation using the data from the two
most recent censuses conducted in 1982 and 1990.

Statistical analysis
Both crude and age-sex adjusted mortality rates were calculated
both at provincial and national levels. In order to make the
estimates comparable to reported mortality data from other
populations, two standard populations were used: the 1980
Chinese population and the world standard population. The
extremal quotient (EQ) was used to quantify regional variation[15].
The EQ is the ratio of the mortality from area with the highest
level relative to the area with the lowest level. Age standardised
mortality rates from each individual area (defined by resident
status) were derived and compared with the corresponding
national mean and median using the 1990-1992 NMS. In
addition to assessing differences in mortality rate among areas
and national levels, we  also juxtaposed pancreatic cancer with
other leading cancers, such as lung and breast cancers in terms
of their relative ranking.

RESULTS
In total, pancreatic cancer deaths were identified from the 181
primary sampling units (counties or districts), among which
54 and 127 were considered as urban and rural respectively.
      Table 1 displays the crude and standardized mortality rates
of pancreatic cancer. As shown in this table, the crude and
Chinese population adjusted mortality rates were 1.29 and
1.08 per 100 000 person-year during the study period.

Table 1  Selected indices derived from pancreatic cancer
mortality (1/100 000) in China, 1990-1992

     Crude rate     ASMR1       ASMR2      Mortality proportion
            to all cancer death (%)

Total          1.48     1.30            1.74 1.38
Male          1.65     1.52            2.03 1.25
Female          1.29     1.08            1.46 1.62

ASMR: Age adjusted mortality rate, 1=the Chinese population
in 1980, 2=world population.

     Table 2 compares the mortality of pancreatic cancer with
other leading cancers in terms of standardized rates, mortality
proportion, and relative ranking. Overall, the mortality of

pancreatic cancer ranked the 9th and accounted for 1.38 % of
total cancer deaths after colon cancer.
      While pancreatic cancer could occur at any age, its mortality
varied greatly among different age groups. The mortality
remained low and did not increase until age 45, there was a
steep increase in both males and females from age 45 to age
75 before it reached a plateau around  75. There seemed to be
a mortality drop in males after age 75. Pancreatic cancer
mortality rates were apparently higher in males than in females,
with the ratio 1.4:1.
      Regional comparisons (Table 3) suggested that a substantial
variation in pancreatic cancer mortality across the 22 regions
and standardized mortality rates varied from the lowest
0.47/100 000 person-year in Hunan Province to the highest
3.73/100 000 person year in Shanghai with an extremal quotient
of 8.76. Using the national average level as a standard, eight
provinces had a rate higher than average and they were
Shanghai, Tianjin, Liaoning, Heilongjiang, Jiangsu, Jilin,
Beijing, and Ningxia. However, there was little variation in
terms of mortality, sex ratios varying between 1.07 and 2.3,
most of the values were around 1.5.

Table 3  Distribution of pancreatic cancer mortality in 22
provinces, cities, and autonomous regions in 1990-1992

      Males     Females       Total M/F
Regions

CR ASR CR ASR CR ASR ratio

Hunan 0.57 0.54 0.36 0.32 0.47 0.43 1.69
Guangxi 0.73 0.73 0.40 0.36 0.58 0.55 2.03
Hainan 0.86 0.76 0.47 0.48 0.67 0.65 1.58
Gansu 0.85 0.87 0.46 0.49 0.66 0.69 1.78
Guizhou 0.97 0.99 0.52 0.51 0.75 0.76 1.94
Jiangxi 0.89 0.92 0.62 0.62 0.76 0.78 1.48
Henan 0.99 0.98 0.68 0.60 0.84 0.78 1.63
Sichuan 1.07 0.99 0.76 0.63 0.92 0.79 1.57
Fujian 1.32 1.36 0.69 0.60 1.01 0.96 2.27
Neimenggu 1.72 1.16 0.84 0.81 1.31 0.99 1.43
Shanxi 1.34 1.21 1.02 0.89 1.19 1.04 1.36
Yunnan 1.38 1.24 0.99 0.87 1.19 1.05 1.43
Hebei 1.49 1.37 0.95 0.81 1.23 1.08 1.69
Anhui 1.50 1.44 1.20 0.96 1.36 1.20 1.50
Ningxia 1.85 1.68 1.17 1.06 1.52 1.38 1.58
Beijing 3.21 2.28 1.97 1.25 2.59 1.75 1.82
Jilin 2.07 1.98 1.80 1.85 1.94 1.91 1.07
Jiangsu 3.29 2.62 3.29 2.20 3.29 2.40 1.19
Heilongjiang 2.52 2.57 2.26 2.38 2.40 2.47 1.08
Liaoning 3.71 3.16 2.76 2.38 3.24 2.78 1.33
Tianjin 5.68 3.80 4.53 2.91 5.10 3.34 1.31
Shanghai 7.55 4.22 6.87 3.26 7.21 3.70 1.29

Table 2  Age-standardized mortality rates and proportion of major malignant cancers in China

      Males    Females   Total
Type of tumor

ASR         P(%)            Rank  ASR       P (%)           Rank           ASR    P (%)            Rank

Stomach 30.78        25.10     1 14.52       21.80   1           22.51    23.93 1
Liver 25.73        21.42     2   9.55       14.00   3           17.75    18.74 2
Esophagus 20.22        16.45     4 10.32       15.50   2           15.15    16.11 4
Lung 21.68        17.73     3   9.03       13.46   4           15.23    16.18 3
Rectum   3.60          2.94     5   2.55         3.80   7             3.06      3.29 5
Leukemia   3.46          2.67     6   2.86         3.70   8             3.16      3.04 6
Breast   2.93         4.24   6
Brain& nervous system   2.01          1.63     7   1.48         2.02   9             1.74      1.77 7
Cervix     -              -     -   3.16         4.62   5                  -          -
Colon   1.49          1.21     9   1.19         1.80 10             1.34      1.43 8
Pancreas   1.52          1.25     8   1.08         1.62 11             1.30      1.38 9
Total             122.35      100.00 67.61     100.00           94.58  100.00



derived from the survey, thus the case assessment method
could not be compared with clinical diagnosis. Second, since
this survey did not collect life style information (such as smoking
and diet) for the deceased subjects, we were restricted from
further exploring the impact of potential risk factors on this
condition. Lastly, only aggregated data were available to the
authors, we were unable to calculate the variances for the
estimated mortality rates. As a result, we could only provide
point estimates without 95 % confidence intervals.

Figure 2  World pancreatic cancer mortality in different coun-
tries (male).

Figure 3  World pancreatic cancer mortality in different coun-
tries (female).

      In conclusion, we have demonstrated a substantial variation
in pancreatic cancer mortality rates across the Mainland China.
The results reported in this study beg for answers to the
observed differences. As pancreatic cancer is a fast growing
disease associated with high fatality, more in-depth
epidemiological studies on identifying modifiable risk factors
are warranted.
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     These comparisons further indicated that urban residents
had a significant higher mortality than their rural counterparts.
These differences existed in both males and females (Table 4,
Figure1) across age groups.

Figure 1  Comparison of age-specific mortality of pancreatic
cancer between urban and rural areas, 1990-1992

Table 4  Comparison of pancreatic cancer mortality between
urban and rural areas in China, 1990-1992

Region Sex           CR  ASR

Total Urban           2.83   2.27
Rural           1.05   0.95
U/R ratio           2.67   2.39

Male Urban           3.16   2.68
Rural           1.17   1.11
U/R ratio           2.70   2.41

Female Urban           2.47 21.89
Rural           0.92   0.80
U/R ratio           2.68   2.36

DISCUSSION
In this study, we described some epidemiological characteristics
of pancreatic cancer using the most recent Chinese mortality
survey data. Compared with  other previous studies in China,
the age standardized mortality rates from this study appeared
to be higher than those reported  previously. This may suggest
that the mortality rate of pancreatic cancer is increasing.
     Ecological studies[16-24]  found as shown in Figures 2-3 that
the mortality of pancreatic cancer seemed to be correlated with
the level of economic development. Developed countries, such
as Japan and the United States[25-29]  had a higher pancreatic
cancer mortality than that of less developed countries, such as
some African countries[30-33]. China is a big country with
unbalanced economic development and diverse lifestyles. The
economic developmental gaps between urban and rural areas
seen in China are greater than those in the developed countries.
Findings from this study suggest substantial regional variations
in the mortality rates of pancreatic cancer and in general,
economically more developed regions have higher mortality
rates than that of less developed regions. For example, Beijing,
Shanghai, and Tianjin shared the 3 highest mortality rates.
Thus, results from this study are in accord with previous
observations.
      The use of a population based national representative sample
in the present study was unique in its reliability. Also, in this
study most  death certificates were crossly validated and
consequently the reported causes of death were more
believable. Furthermore, as all studied areas used uniform
standards, the mortality rate estimates across areas had a good
comparability. However, there were also limitations associated
with this study. First, all information used in this study was
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