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Abstract
Objectives  To provide an up-to-date overview of long-
term trends of liver cancer mortality and evaluate the 
effects attributable to age, period and cohort in Chinese 
population stratified by gender and urban/rural areas.
Methods  Population and liver cancer mortality data were 
obtained based on the Disease Surveillance Points in 
China from 1991 to 2014. To examine the time trends of 
liver cancer mortality by gender in urban and rural areas 
in China, Joinpoint analysis was used to estimate the 
annual per cent change. The intrinsic estimator, a method 
of age-period-cohort analysis to estimate age, period and 
cohort effects simultaneously, was used to analyse the 
underlying mechanisms for liver cancer mortality trends in 
the aforementioned four groups.
Results  We observed a significant decline in liver 
cancer mortality for urban men (average annual per 
cent change (AAPC)=−1.1%, P<0.05) and urban women 
(AAPC=−1.4%, P<0.05), while the liver cancer mortality 
remained stable for rural men (AAPC=−0.1%, P>0.05) and 
rural women (AAPC=−0.9%, P>0.05). Compared with the 
15–19 age group, the liver cancer mortality risk of the 85 
and above age group increased 65 and 42 times for urban 
and rural men, and 102 and 70 times for urban and rural 
women. From the 1990–1994 period to the 2005–2009 
period, the risk increased 56% and 92% for urban and 
rural men, and 30% and 74% for urban and rural women. 
Compared with period and cohort effects, age effects were 
the most influential factor in liver cancer mortality.
Conclusions  As the status of ageing population in China 
gets worse, the burden caused by liver cancer mortality 
could still be a great challenge for China in the future. The 
disparity of liver cancer mortality trends between urban 
and rural residents can be attributed to period effects, 
referring to the unequal medical levels and resources 
between urban and rural areas.

Introduction 
Liver cancer is the sixth most common occur-
ring cancer and the second most common 
cause of death from cancer worldwide.1 
China, accounting for more than 50% of 
the newly diagnosed liver cancer cases and 
deaths in the world, is still facing the great 

challenge of disease burden caused by liver 
cancer.1 

Several studies have shown that the age-stan-
dardised liver cancer mortality in China has 
declined in recent years for both genders.2–4 
The falls in mortality of liver cancer may be 
explained by the improvements in modified 
risk factors, surveillance and treatments. 
Over 90% primary liver cancer cases in China 
are hepatocellular carcinoma.5 The risk 
factors contributing to the development of 
liver cancer include hepatitis B virus (HBV) 
infection, hepatitis C virus (HCV) infection, 
aflatoxins, alcohol drinking and tobacco 
use, among others. HBV accounts for up to 
80% of liver cancer in China.5 6 During the 
past few decades, China has attached great 

Strengths and limitations of this study

►► The population and mortality data used in this study 
derived from Disease Surveillance Points  (DSPs), 
a nationally representative as well as population-
based surveillance system in China.

►► Not just the examination of time trends, age-
period-cohort analysis was also used to distinguish 
the underlying mechanisms of the observed liver 
mortality trends.

►► The DSPs from 1991 to 2014 went through several 
changes, including changes in surveillance points, 
the expanded surveillance population, and the 
methods of mortality data collection, which may 
result in fluctuations in mortality data, and may also 
result in biased estimation of age, period and cohort 
effects.

►► The mortality data in 2013 and 2014 were not 
adjusted by under-reporting rates due to data 
availability, which may result in the underestimation 
of liver cancer mortality rates.

►► The  age-period-cohort analysis could only remind 
us the underlying mechanisms of observed trends, 
rather than the quantitative assessment of the 
preventions related to liver cancer mortality.
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importance and endeavour to prevent HBV infection 
through the implementation of hepatitis B vaccination 
programme in newborns. The programme had been 
proven to be effective in  reducing the prevalence of 
HBV infection among children.7 Yet the prevalence of 
HBV infection in adults still remained high.7 According 
to estimates, there still exist 93 million HBV carriers in 
China, including 30 million chronic hepatitis B (CHB), 
who are still at high risk for developing cirrhosis and liver 
cancer.8 However, the emergence of antiviral therapy 
since the 1990s and the increase of antiviral usage made 
it possible for patients with CHB to delay the occurence 
of liver cancer.9 Apart from the efforts to control HBV 
infection, the government has also made other signifi-
cant efforts to control other risk factors of liver cancer, 
such as the shift of staple food from maize to rice to avoid 
aflatoxins intake, and the mandatory HCV screening for 
blood donors to control HCV infection. Also, the applica-
tion of ultrasonography combined with serum alpha-feto-
protein (AFP) for screening in high-risk population and 
the development of surgical, locoregional and systematic 
treatments can have an effect on decreasing liver cancer 
mortality. However, the underlying mechanisms of the 
observed time trends remained unclear.

Age-period-cohort (APC) analysis is a useful instrument 
to split the temporal variations into the components of 
age, period and cohort. Thus, we can illuminate the 
underlying mechanisms responsible for the mortality 
trends, and it has already been applied to the liver cancer 
mortality data in the USA, Japan, Korea and Taiwan.10–14 
Period effects reflect a complex set of historical events 
and factors, changing the lives of all individuals at a point 
in time.15 Cohort effects reflect the diverse exposures 
to socioeconomic, behavioural and environmental risk 
factors among different birth cohorts, which experienced 
different historical and social conditions at various stages 
of their life course.15

In China, there exists a significant disparity of liver 
cancer mortality between genders and between urban 
and rural residents, so gender-specific and area-specific 
analyses are critical for viewing trends and associations in 
liver cancer mortality. The aim of this study was to inves-
tigate temporal trends of liver cancer mortality rates by 
gender in urban and rural areas in China from 1991 to 
2014, and potential age, period and cohort effects.

Materials and methods
Data sources
To explore temporal trends of liver cancer mortality 
during the past two decades, we extracted the age, 
gender and  area-specific (urban, rural) mortality rates 
from the series of annual reports of Disease Surveillance 
Points (DSP) system in 1991–2014 in China. DSP, which 
was designed primarily to collect data on births, causes 
of death and the incidence of infectious diseases, was 
established in 1990 and covered a nationally represen-
tative 10 million population from 145 locations through 

multistage stratified cluster sampling.16 In 2004, the system 
was expanded to 161 sites to cover 70 million population 
to adapt to the changes of social stratification and demo-
graphic structure.16–18 The adjusted DSP expanded to 
cover the whole district of a city or county, instead of one 
or two residential district(s) or town(s) at each location. 
In 2013, the system integrated the Ministry of Health vital 
registration system, covering 24% of the national popu-
lation.19 DSP almost stopped working in 2001–2003 due 
to system adjustment, so the mortality data from 1991 to 
2000 and from 2004 to 2014 were used in our study. 

The liver cancer deaths were coded using the Interna-
tional Classification of Diseases Ninth Revision (ICD-9: 
155) from 1991 to 2000 and ICD-10 (C22).

Mortality rate adjustment
Every 3 years in 1991–2000, 2006–2008 and 2009–2011, 
‘capture-mark-recapture’ methods were used to esti-
mate under-reporting, and mortality rates were adjusted 
accordingly.16 20 21 The surveillance data in 2004–2005 
were obtained through the third national retrospective 
sampling survey of death causes and no adjustment by 
under-reporting was done.22 The under-reporting death 
rate in 2012 was not available. We used the under-re-
porting death rate in 2011 as a substitute to adjust the 
surveillance data in 2012 because the surveillance method 
and the population covered by the DSP in 2012 were 
the  same as those in 2011. But the surveillance system 
has undergone tremendous changes in 2013–2014, and 
the under-reporting rates for these 2 years were not avail-
able in this study. Therefore, no adjustment by under-re-
porting was done in 2013 and 2014.

Joinpoint analysis
Age-specific numbers of liver cancer deaths and popula-
tion by eighteen 5-year interval age groups were calcu-
lated. Age-standardised mortality rates (ASMRs) were 
calculated using the 2010 national census population as 
the standard. Temporal trends in liver cancer mortality 
rates from 1991 to 2014 were examined by applying 
Joinpoint models to the log-transformed ASMRs.23 The 
models were constrained to a maximum of three Join-
points, making sure the results are believable. The esti-
mated annual percentage change (EAPC) and average 
annual per  cent change (AAPC) were used to depict 
the trends, and the Z test was used to assess whether the 
EAPC or AAPC was statistically different from zero at 
alpha=0.05.

APC model
Ages were truncated and divided into fifteen 5-year groups 
(15–19, 20–24,…, 80–84, 85–). The young age groups, less 
than 15, were excluded because the liver cancer mortali-
ties at these ages were pretty low. Years of death were evenly 
categorised into five 5-year calendar periods (1990–1994, 
1995–1999, 2000–2004, 2005–2009, 2010–2014). Since 
the data of liver cancer mortality in 1990, 2001, 2002 and 
2003 were not available, the remaining years’ surveillance 
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data will be used to calculate the corresponding period’s 
average mortality rates. For example, the surveillance 
data from 1991 to 1994 were used to calculate the average 
mortality rate in the  1990–1994  period. By subtracting 
age from the period, nineteen 10-year overlapping birth 
cohorts were obtained. In order to solve the overlapping 
problem, midpoints of each birth cohort band were 
selected to yield 19 new groups (1905, 1910, 1915…1990, 
1995).

The conventional APC model can be essentially written 
in linear regression form as the following:

	 log
(
Eij

)
= log

(
Dij
Pij

)
= µ + αi + βj + γk + εij� (1)

In this model, Eij denotes the expected death rate of 
the i-th age group in the j-th year (k-th birth cohort); Dij 
denotes the expected number of deaths and is assumed 
to be distributed as a Poisson variate; Pij denotes the 
number of population at risk; µ denotes the intercept 
or adjusted mean; αi denotes the effect of the i-th age 
group (i=1,……,a); βj denotes the effect of the j-th year 
(j=1,……,p); and γk denotes the effect of k-th birth cohort 
(k=1,……,c), where c=a+p-1.24

Considering a challenging problem of the linear 
dependency of age, period and  cohort (cohort=period 
– age or C=P–A) in APC analysis, we first estimated the 
reduced factor models (ie, A, AP and AC effects models). 
Then, we selected the intrinsic estimator (IE) model for 
full APC model analysis, which can yield stable estimates 
of disease trend by age, period and cohort, without being 
influenced by the prior assumptions.25 At last, good-
ness-of-fit statistics were calculated, and Akaike’s infor-
mation criteria and Bayesian information criteria were 
used to select the best-fitting models for four groups of 
liver cancer mortality data. The IE models produced 
coefficients of the effects of age, period and cohort. The 
exponential of the coefficients is the relative risk (RR) 
of a particular age, period or birth cohort relative to the 
reference category, and the reference group is defined as 
the mean effect of all ages, periods or cohorts combined 
correspondingly.

Statistical analyses were performed using Joinpoint 
regression program V.4.2.0.2  (June 2015) for Joinpoint 
analysis, SAS V.9.3 for goodness of fit of APC model assess-
ment and STATA V.12.0 for the APC model using the IE 
method.26

Results
Temporal trends
Table 1 shows the results of the Joinpoint regression anal-
ysis. During the whole time period from 1991 to 2014, 
the liver cancer mortality showed a significant decline in 
the urban area for both genders while it remained stable 
in the rural area. First increasing and then decreasing 
mortality trends were observed in all four groups. 
However, the turning point in rural men was 3 years later 
than the urban. For the increasing segment, the rate 
for rural men appeared to increase faster than for urban 
men. For the decreasing segment, the rate for rural men 
declined more sharply than for urban men. An identical 
situation existed in women, except that the mortality for 
urban women rose insignificantly. Even though the rural 
residents showed a faster declining trend in recent years, 
the mortality rate was still much higher in rural areas than 
in urban areas (see online supplementary table S1).

Descriptive analysis
Figure 1 shows the age-specific mortality rates in different 
periods among Chinese population stratified by gender 
and areas, respectively. For each time period, the liver 
cancer mortality was low and rather stable at early ages 
both in men and women, then kept an exponential growth 
in mid-life, and at last decelerated or levelled off at older 
ages. The rapid growth started almost 10 years earlier in 
men than in women. Taking the time trends into consid-
eration, it was obvious that the curves of age-specific 
mortality rates were quite similar and almost overlapped 
in different periods before 50 years old, and then started 
to disperse in old ages. The non-parallelism among age 
patterns by time period in liver cancer mortality rates 
among four groups suggested the existence of cohort 
effects.

Table 1  Trends in liver cancer mortality rates (age-standardised to 2010 national census population) by gender and areas in 
China, 1991–2014

Gender Area AAPC

Trend 1 Trend 2

Period EAPC Period EAPC

Male

Urban −1.1* 1991–2007 0.58* 2007–2014 −4.98*

Rural −0.1 1991–2010 2.19* 2010–2014 −10.47*

Female

Urban −1.4* 1991–2007 0.21 2007–2014 −5.11*

Rural −0.9 1991–2009 1.64* 2009–2014 −9.39*

*Significantly different from zero (P<0.05).
AAPC, average annual per cent change; EAPC, estimated annual percentage change. 

https://dx.doi.org/10.1136/bmjopen-2017-020490
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Figure 1  Age-specific rates of liver cancer mortality in Chinese population stratified by gender and areas by time period, 
1990–2014.

Figure 2  Age-specific rates of liver cancer mortality in Chinese population stratified by gender and areas by birth cohort, 
1990–2014.
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Figure 2 presents the age-specific mortality rates of liver 
cancer across birth cohorts. For the same age group, the 
mortality rates showed an increasing trend in early birth 
cohorts while a decreasing trend in recent birth cohorts. 
Further analysis showed that the decreasing trend arose 
earlier in the urban birth cohorts than in the rural birth 
cohorts. The non-parallelism among age patterns by birth 
cohort indicated the existence of period effects under-
lying the data.

APC analysis
The comparison of model fit suggested that the full APC 
models using IE estimation fit the data best for the four 
groups of Chinese population (table  2). The effects of 
age, period and cohort are shown in figure 3.

Age effect
For both genders, the risk of liver cancer mortality 
increased with age, especially for women. The age effect 
essentially showed an ‘S’ shape for men and a ‘J’ shape 
for women. Compared with the mean effect of all ages, 
the liver cancer mortality risk was quite low for the young 
people and kept increasing in middle life, while in old 
age it  turned out to be continually going up in women 
and levelling off in men. For urban and rural men, the 
risk of liver cancer mortality in the 85 and above age 

group was about 65 (
(
e1.247−e−2.939

)
e−2.939 ≈ 65) times and 42 

(
(
e0.961−e−2.803

)
e−2.803 ≈ 42) times higher than that of the 15–19 

age group for urban and rural men, respectively. When 
it came to urban and rural women, it was about 102 

(
(
e1.803−e−2.831

)
e−2.831 ≈ 102) and 70 (

(
e1.514−e−2.749

)
e−2.749 ≈ 70) times 

higher compared with the 15–19 age group for urban and 
rural women.

Period effect
The RR increased for the period from 1990–1994 to 
2005–2009 in each group of the stratified Chinese popu-
lation by gender and area, then an obvious decline 
from 2005–2009 to 2010–2014. However, there existed 
great differences between urban and rural residents 
for both genders. From the increasing segments, the 
curves of the RR showed a relatively mild increasing 
trend for urban residents, compared with the rural 
residents. To be specific, compared with 1990–1994, 
the liver cancer mortality risk had increased by 56% 

(
(
e0.197−e−0.247

)
e−0.247 ≈ 0.560) and 92% (

(
e0.285−e−0.366

)
e−0.366 ≈ 0.919

) for urban and rural men in 2005–2009. For urban and 

rural women, it was 30% (
(
e0.135−e−0.125

)
e−0.125 ≈ 0.297) and 74% 

Table 2  Goodness-of-fit statistics for APC models of liver cancer mortality rates in Chinese population by gender and areas

Gender Areas Model df Deviance AIC BIC

Male

Urban

A 60 1506.89 2080.53 2115.2935

AP 56 270.76 852.40 896.43

AC 42 495.37 1105.01 1181.49

APC 39 84.94 9.34 −83.44

Rural

A 60 3073.02 3724.61 3759.38

AP 56 590.02 1249.61 1293.64

AC 42 1855.70 2543.29 2619.77

APC 39 156.77 11.33 −11.61

Female

Urban

A 60 665.48 1160.04 1194.80

AP 56 217.57 720.13 764.16

AC 42 164.75 695.31 771.78

APC 39 63.22 8.00 −105.16

Rural

A 60 1807.10 2382.52 2417.28

AP 56 426.75 1010.17 1054.20

AC 42 783.05 1394.47 1470.95

APC 39 64.58 9.09 −103.80

AIC, Akaike’s information criteria; APC, age-period-cohort; BIC, Bayesian information criteria. 
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(
(
e0.239−e−0.312

)
e−0.312 ≈ 0.736), respectively. Subsequently, in 

2010–2014, the liver cancer mortality risk has decreased 

by 10% for urban men (
(
e0.197−e0.089

)
e0.197 ≈ 0.103) and 11% 

for rural men (
(
e0.285−e0.174

)
e0.285 ≈ 0.106), as well as 12% 

(
(
e0.135−e−0.013

)
e0.135 ≈ 0.115) and 18% (

(
e0.239−e0.014

)
e0.239 ≈ 0.175) 

for urban and rural women, compared with 2005–2009.

Cohort effect
The curves of cohort effects all showed an overall down-
trend and almost overlapped between urban and rural 
residents for both genders. For urban and rural men, 
the most notable peak occurred in 1905 and 1920 
birth cohort, respectively. For urban and rural women, 
the peak occurred in 1925 and 1920 birth cohort. The 
mortality risk fluctuated from 1905 birth cohort to 1925 
birth cohort and then kept decreasing. Compared with 
the earliest birth cohort, the liver cancer mortality risks 
for the youngest birth cohorts had declined by 95% 

(
(
e1.075−e−2.000

)
e1.075 ≈ 0.954) and 91% (

(
e0.764−e−1.611

)
e0.764 ≈ 0.907) 

for urban and rural men, and 90% (
(
e0.887−e−1.419

)
e0.887 ≈ 0.900

) and 90% (
(
e0.851−e−1.444

)
e0.851 ≈ 0.899) for urban and rural 

women, respectively. Although the peak mortality risks 

for different groups varied, the curves converged after-
wards for all groups.

Discussions
In this study, we found that the age-standardised liver 
cancer mortality in China has declined in recent years in 
the Joinpoint analysis. The declining trends emerged 2 
or 3 years earlier for urban residents than for rural resi-
dents for women and men, respectively. Then, APC anal-
ysis gave us a better understanding of the age, period and 
cohort effects on the time trends we observed.

Age effects were the most influential factor in liver 
cancer mortality. The mortality risk kept growing all 
the way up with age. As the status of ageing population 
in China gets worse, the burden caused by liver cancer 
mortality would still be a great challenge for China in the 
future. Zhao et al27 had also shown that the ageing popu-
lation played an important role in the time trends of liver 
cancer mortality in China.

Period effects reflect a complex set of historical events 
and factors that change the lives of all individuals at 
a point in time. In terms of liver cancer mortality, the 
period effects indicated the changes in survival rate and 
incidence. However, there is  still no effective treatment 

Figure 3  The exponential coefficients of intrinsic estimator with 95% CIs for age, period and birth cohorts for liver cancer 
mortality in Chinese population stratified by gender (male on the left and female on the right) and area. RR, relative risk.
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and survivorship was still poor for liver cancer in China.28 
Thus, the trends of period effects were mainly affected 
by the incidence. Since the  1990s, the application of 
AFP combined with ultrasound has improved the early 
detection of liver cancer,29 and since 2005, when China 
published the first CHB prevention guidelines, the usage 
of antiviral therapy for CHB began increasing and  the 
antiviral therapy had been proven effective in  delaying 
the  occurrence of liver cancer.9 Therefore, the period 
effects showed first an  increasing and then decreasing 
trend. Even though the aforementioned four groups 
of Chinese population all showed first an  increasing 
and then decreasing trend, the liver cancer mortality 
risk increased more for rural residents than that for the 
urban  residents, for both genders. The disparity may 
be related to the unequal medical levels and resources 
between urban and rural areas. It has been reported that 
the 5 years observed and also the relative survival rates in 
urban residents were over two times higher than that of 
rural residents for both genders.28

The existence of cohort effect reflects the diverse expo-
sures to socioeconomic, behavioural and environmental 
risk factors among different birth cohorts, which experi-
enced different historical and social conditions at various 
stages of their life course.15 According to the result of 
APC analysis, the cohort effects were quite similar in the 
four groups of Chinese population, which may indicate 
that the urban and rural residents shared some similar 
exposures in early lifetime and that the aetiology for liver 
cancer was quite similar. The exposures related to liver 
cancer in China mainly referred to HBV, HCV and afla-
toxins. The HBV vaccination should play an important 
role in decreasing the liver cancer mortality risk in birth 
cohorts after 1990. Although we have observed lower 
mortality risk in birth cohorts after 1990, the mortality 
risk actually had already declined since 1920 birth cohort 
in four groups, which reflected that some other factors, 
other than HBV vaccination, may have made a contri-
bution to the decline of cohort effects. APC analysis of 
HCC mortality in Taiwan had also found that the cohort 
effects had declined before the application of HBV vacci-
nation, which may have a relationship with the removal of 
aflatoxin.14 Aflatoxin is also a major risk factor of liver 
cancer in China, and China has taken effective measures 
to remove the intake of aflatoxins in diet, especially in 
high endemic areas.30 Except the aflatoxins, the overall 
medical standard has significantly improved gradu-
ally, and cohorts born later had better chance of access 
to a better medical healthcare. For instance, the appli-
cation of disposable syringe in the  1980s could reduce 
the hospital-acquired hepatitis virus infection, and the 
mandatory HBV and HCV screening for blood donors 
can also enhance the safety of blood transfusion. There-
fore, cohorts born later had less chance of being exposed 
to food contaminated by aflatoxins and less possibility 
of acquiring HBV or HCV through medical care.

Compared with period and cohort effects, age effects 
were the most influential factor in liver cancer mortality. 

As the status of ageing population in China gets worse, 
the burden caused by liver cancer mortality could still 
be a great challenge in the future. The disparity of 
liver cancer mortality trends between urban and rural 
residents can be attributed to period effects, mainly 
referring to the unequal medical levels and resources 
between urban and rural areas. It is essential to improve 
the medical level and medical resources in rural areas, 
such as a higher reimbursement of antivirus treatment 
for patients with CHB, the implementation of annual 
liver cancer surveillance as well as the upgrade of treat-
ment quality in rural areas.
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