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ABSTRACT
Objective  To analyse mortality trends of liver diseases in 
China over the past 30 years.
Design  Age-period-cohort analyses were applied to liver 
diseases data obtained from the Chinese Health Statistics 
Annual Report (1987–2001) and the Chinese Health 
Statistics Yearbook (2003–2017).
Setting  General population in mainland China.
Outcomes  Mortality rates and age, period and cohort 
effects on three categories of liver diseases: primary liver 
cancer (PLC), chronic liver disease and cirrhosis (CLD), and 
viral hepatitis (VH).
Results  A total of 13.54 million deaths were attributable 
to liver diseases over the period between 1987 and 2016, 
resulting in an average of 36.15 deaths per 100 000 
population per year. The risk of PLC mortality increased by 
32.69% over the period after controlling for the effects of 
age and birth cohort. By contrast, the risk of CLD mortality 
decreased by 56.64% over the same period. The risk of VH 
mortality decreased first, followed by a resurgence after 
the period of 2002–2006. Similar mortality risk trends 
by age (increasing) and birth cohort (decreasing) were 
observed for PLC and CLD. The year 1952 represented 
a turning point for VH, with people born after 1950 
experiencing a declining risk of VH mortality.
Conclusions  China has achieved great success in 
reducing the mortality of VH and CLD. However, significant 
challenges lie ahead in the efforts to prevent and control 
PLC and the resurgence of VH.

Introduction
The burden of liver diseases has become a 
severe public health concern globally, not 
just in countries with a high prevalence 
of viral hepatitis. Deaths resulting from 
liver diseases in developed nations such as 
the USA and European countries are also 
increasing due to non-viral risk factors such 
as alcohol consumption.1–3 Globally, it was 
estimated that 2.06 million people (28.53 per 
100 000 population) died from liver diseases 
in 2015. This represented a 23.35% increase 
compared with the figure in 2000 and 
accounted for 3.71% of the total deaths in 
2015. Liver diseases became the fifth leading 
cause of death after ischaemic heart disease, 
stroke, lower respiratory tract infection and 

chronic obstructive pulmonary disease.4 As a 
result, the WHO called for global efforts to 
curb the rising threat of liver diseases, with 
a particular focus on strategies to eliminate 
viral hepatitis and interventions to reduce 
related health risk behaviours, such as alcohol 
abuse.5 6

China has suffered the most from the 
burden of liver diseases, with 300 million 
people being affected and 550 000 dying from 
liver diseases in 2015 alone.4 7 The hepatitis 
virus has been a major risk for liver diseases 
in China. But a dramatic decline in hepatitis 
B virus (HBV) infection has been evident 
over the past few decades due to a series of 
interventional strategies, including vaccina-
tions and better medical infection control.8–10 
Compared with 1992, the prevalence of 
hepatitis B surface antigen declined by 46% 
and 52% in 2006 and 2014, respectively.8–10 
However, the risks associated with alcohol use 
and dietary problems are increasing.7 11 The 
annual alcohol consumption per capita in 
China has climbed from 3.3 L in 1987 to 5.74 
L in 2016.12

Various liver diseases, including viral hepa-
titis (VH), primary liver cancer (PLC), and 
chronic liver disease and cirrhosis (CLD), 
are pathologically connected. It is important 
to draw out a comprehensive understanding 

Strengths and limitations of this study

►► This is the first study that jointly analysed and com-
pared the age, period and cohort effects on mortality 
due to VH, PLC and CLD in China.

►► The data covered a long-term period of three de-
cades from 1987 to 2017, during which China had 
experienced huge socioeconomic and health system 
transitions.

►► Only population-level data were used for the analy-
sis, and there was no individual-level clinical infor-
mation included.

►► Diagnostic accuracy and misclassification might 
have affected the results.
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of how the changing pattern of risk factors impacts on 
the mortality rates of various liver diseases in China by 
performing a systematic and comparative study. This could 
help to provide some new insights towards effective liver 
diseases control which could hardly be achieved by studies 
focused on a single liver disease or a specific risk factor.13 14 
However, to the best of our knowledge, studies of this type 
are lacking. Herein, using macro-level, population-based 
vital surveillance data, we performed age-period-cohort 
(APC) analyses to decompose the variations in the mortality 
rates of VH, PLC and CLD from 1987 to 2016 by age, 
calendar period and birth cohort.

Methods
We examined the secular trends in mortality resulting 
from various liver diseases in mainland China from 1987 
to 2016 using APC analysis, a method widely used for 
decomposing variations in secular trends of mortality or 
morbidity of diseases by age, period and cohort.3 15 16

​Data source and processing
Year-specific and age-specific death data were extracted 
from the Chinese Health Statistics Annual Report (1987–
2001) and the Chinese Health Statistics Yearbook (2003–
2017). These reports/yearbooks collate data from the 
national death registry system (excluding Hong Kong, 
Macau and Taiwan). They were published officially and 
made available to the general public. Details about the 
reliability and validity of these data have been published 
elsewhere.17 The corresponding information on popula-
tion counts by age groups was estimated using the four 
rounds of population census data in mainland China 
collected in 1982, 1990, 2000 and 2010.18

This study focused on deaths resulting from three broad 
categories of liver diseases: VH, PLC and CLD. They were 
identified through codes 070, 155 and 571 in the Interna-
tional Classification of Diseases (ICD)-9 before 2002, and 
codes B15-19, C22 and K70, 73–74 in ICD-10 from 2002 
onwards.1

Age-specific mortality due to liver diseases was tabu-
lated on a yearly basis, covering 16 age groups (from 5–9, 
10–14, …, to 80–84 years), 6 periods (from 1987–1991, 
1992–1996, …, to 2012–2016) and 21 overlapping birth 
cohorts (from 1903–1911, 1908–1916, …, to 2003–2011). 
The birth cohorts were labelled by the median year in 
each cohort (eg, 1907 for 1903–1911). The 0–4 years age 
group was excluded due to the extremely low incidence 
of deaths from PLC and CLD. The tabulated data were 
truncated at 84 years due to unavailability of age-specific 
mortality data beyond the age of 85 years.

​Statistical analyses
We performed APC analyses, which can determine 
changes in mortality over time after adjustment for the 
effects of age and birth cohort. APC analyses have been 
widely applied in population-based studies across a range 
of disciplines, including but not limited to sociology, 
demography and epidemiology.19 20 The APC analysis 

adopts a general linear equation model, which can be 
expressed as the following:

	﻿‍ log
(

dij
pij

)
= µ+ αi + βj + γk + εij‍�

where ‍dij‍ denotes the number of deaths of liver diseases in 
the ‍i‍th age group and ‍j‍th period; ‍pij‍ represents the number 
of people exposed to the risk in the ‍i‍th age group and ‍j‍th 
period; ‍αi‍ indicates the effect of age; ‍βj‍ indicates the effect 
of period; ‍γk‍ indicates the effect of cohort (k=i+ j−1); ‍µ‍ is the 
intercept or adjusted mean rate; and ﻿‍ε‍ is the random error.

There is a linear dependency between age, period and 
cohort. Independent effects of age, period and cohort 
cannot be estimated without further constraints on the 
coefficients of the three variables. This is referred to as 
the ‘identification problem’ in APC analyses.21 There is 
an ongoing debate about the appropriateness of forcing 
constraints on coefficients (eg, assuming two adjacent 
groups have the same condition) to solve the ‘identification 
problem’.22

Recently, the intrinsic estimator (IE) approach was 
developed in APC analysis, which does not require prior 
knowledge of establishing constraints. The IE approach 
generates an intrinsic estimator, which is unique and is 
only determined by the structure of the observed data. 
It avoids the need to impose constraints on coefficients. 
Previous studies proved that the IE approach can generate 
a stable estimation on the influence of age, period and 
cohort effects in comparison with the approach imposing 
forced constraints on coefficients.22

In this study, we used the IE approach to conduct APC 
analyses. We established single-factor (A, P, C) and two-
factor (AP, AC, PC) models, as well as the full APC model. 
The results were presented with relative risk ratios of death 
from liver diseases. The fitness of data to the models was 
assessed using the Akaike’s information criterion (AIC) 
and the Bayesian information criterion (BIC), with a lower 
value indicating a better model fit. We reported the results 
of the models with the lowest AIC and BIC values. We also 
performed subpopulation APC analyses by residency and 
gender (reported in online supplementary file, figures S1–
S3). The analyses were performed using Stata, version 12.0.

​Patient and public involvement
This study is retrospectively based on statistical data 
sources. There was no patient involved in the recruitment 
and conduct of the study.

Results
​Temporal trends
Over the past three decades, the three groups of liver 
diseases (VH, PLC and CLD) resulted in 13.54 million 
deaths in China, representing an average annual crude 
death rate (CDR) of 36.15 per 100 000 population and 
accounting for 5.22% of all deaths during 1987–2016. 
The overall annual CDR of liver diseases remained at a 
relatively stable level despite some fluctuations (figure 1). 
However, the composition of causes of deaths changed 
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Figure 1  Trends of death rates from liver diseases in mainland China, 1987–2016.

significantly over the years. PLC, CLD and VH contrib-
uted 56.16%, 37.36% and 6.48% of deaths from liver 
diseases, respectively, in 1987, compared with 74.18%, 
16.64% and 9.17%, respectively, in 2016. The CDR of VH 
declined before a resurgence from 2004. In contrast, the 
CDR of PLC had been increasing, whereas the CDR of 
CLD had been decreasing.

​APC model results
We report the results of the full APC analyses with the 
IE approach (table  1 and figure  2). The single-factor, 
two-factor and full APC models all indicate that the IE 
approach generated a good imitative effect (online 
supplementary file, table S1).

​Age effect
The lowest mortality risk of VH was found in the 10–14 
years age group. The VH mortality risk increased expo-
nentially with age afterwards, with the rate in the 80–84 
years age group being 31 times that of the 10–14 years 
age group.

Similarly, the mortality risk of PLC and CLD also 
increased with age. A linear correlation between age and 
the mortality risk of PLC and CLD was found in those 
whose age ranged from 15 years to 74 years. The highest 
mortality risk was found in the 80–84 years age group, 
this being 146.99 times greater for PLC and 91.86 times 
greater for CLD than those in the age range of 5–9 years.

​Period effect
The risk of VH mortality declined from 1987–1991 to 
2002–2006, followed by a resurgence from 2007 to 2011. 
It was lowest in 2002–2006, 47.12% that in 1987–1991, 
compared with 59.52% of the figure in 2012–2016.

The risk of PLC mortality increased from 1987 before 
it reached its peak in 2007–2011 (1.33 times that in 

1987–1991) and then declined. The risk of PLC mortality 
dropped by 5.43% in 2012–2016 compared with its level 
in 2007–2011.

The risk of CLD mortality declined significantly from 
2002 to 2006 despite it being relatively stable from 1987 to 
2001. The risk of CLD mortality in 2012–2016 was 56.64% 
that in 1997–2001.

​Cohort effect
The risk of VH mortality increased for those born between 
1907 and 1952 (2.13 times that of the 1907 cohort), after 
which it declined. The drop accelerated from the 1972 
cohort. The risk of VH mortality for those who were born 
in 2007 was 2.33% of those born in 1952.

The mortality risk of PLC and CLD shared a similar 
declining trend overall, but with a slight resurgence in 
the most recent cohort (2007) of the populations. The 
highest risk of PLC mortality occurred in those born in 
1922, this being 35.2 times higher than those born in 
2002. In contrast, the highest risk of CLD mortality was 
found in those born in 1907, this being 22.8 times higher 
than those born in 2002. But the mortality risk increased 
by 12.73% for PLC and 135.34% for CLD for those born 
in 2007 compared with those born in 2002.

Discussion
Over the past 30 years, China has achieved great prog-
ress in population health, with life expectancy increasing 
from 68.84 years in 1987 to 76.25 years in 2016.23 But the 
high mortality rate from liver diseases remains a signif-
icant challenge. This study reveals, despite some fluctu-
ations, the overall mortality rates from liver diseases in 
China have been stagnant at a high level. Deaths from 
liver diseases still accounted for 5.72% of all deaths in 
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Figure 2  Exponential coefficients of intrinsic estimator for (A) age, (B) period and (C) cohort effects on mortality due to viral 
hepatitis, primary liver cancer, and chronic liver disease and cirrhosis.

2015. This is significantly higher than in the USA (2.73%), 
England (2.16%), Australia (2.05%) and Japan (3.87%).4 
However, the number of deaths resulting from the various 
liver diseases has changed significantly in China during 
the same period. While similar to the trends observed 
in developed countries,1 15 16 24 CLD mortality rates have 

declined dramatically in China, and PLC mortality rates 
have risen continually over the same period. Further-
more, VH mortality rates started to rise in 2004 after more 
than a decade of decline.

Based on the aforementioned changing profile of 
mortality due to the three main categories of liver 
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diseases, our findings of the APC analyses, which would 
be discussed in the following paragraphs, provided 
important implication for the future efforts to curb liver 
diseases in China and in other parts of the world as well. 
To our knowledge, no previous study has analysed the 
mortality trends of VH and CLD in China using the APC 
model, nor have any studies undertaken a comprehensive 
analysis of the changing profiles of deaths resulting from 
liver diseases. Using an APC model to compare changes 
in the mortality risk of multiple liver diseases can assist 
us to develop a better understanding of the impact of 
liver diseases and enable us to develop appropriate strat-
egies for the prevention and control of liver diseases. 
Our finding regarding age effects on liver diseases might 
be well generalisable outside the population in main-
land China, and the cohort and period effects, although 
largely subject to a China-specific context, might still be 
referential for other countries that have experienced 
similar transitions.

​Mortality due to VH
The changing trend in the CDR of VH is aligned with the 
period effect, reflecting the achievements and challenges 
China has been facing in the prevention and control of 
VH. The decline in the risk of VH mortality from the 
period of 1987–1991 to 2002–2006 is perhaps a reflection 
of the success of vaccination campaigns against hepatitis 
viruses. China licensed the world’s first live attenuated 
liquid hepatitis A virus (HAV) vaccine in 1992. Since the 
same year, the HAV vaccine has been offered in schools 
and universities, as well as to those who were vulnerable 
and had close contact with those infected with HAV.8 25 26 
This coincides with the dramatic drop in VH mortality for 
those born between 1970 and 1974 as this group was the 
cohort who received the vaccination either at school or 
university. Indeed, HAV infections dropped from 55.7 per 
100 000 people in 1991 to less than 5 per 100 000 people 
in 2004.27 Adding to the achievement of the HAV vaccina-
tion, the three-dose HBV vaccine was also introduced in 
1992 and was made accessible to newborn babies, resulting 
in reduced deaths from HBV.27 The impact of vaccination 
was also indicated by the results of cohort effects which 
demonstrate the influences of specific events on specific 
birth cohorts.28 The cohort effects on VH mortality have 
decreased dramatically among those born after the early 
1970s, who were the earliest generations to be vaccinated 
against VH in China.

However, the period effects on VH mortality have 
been increasing again from 2002 to 2006 onwards after 
reaching the bottom and have reached the same level of 
the early 1990s in 2012–2016. The emerging challenges 
in VH prevention and control, which have already caused 
a resurgence in VH mortality, are mainly due to the 
increasing epidemic of hepatitis E virus (HEV) and hepa-
titis C virus (HCV) in more recent years. Regarding HEV, 
although the number of reported deaths resulting from 
HBV remained largely unchanged since 2007, accounting 
for nearly 80% of all VH deaths in China,1 4 27 29 the 

incidence and mortality rate of HEV rose, overtaking 
those of HAV in 2011 and 2004, respectively.26 27 30 It is 
anticipated that the availability of the HEV vaccine may 
eventually curb the rising epidemic of HEV.10 Regarding 
HCV, it has attracted growing concerns in recent years. 
Effective vaccines for HCV are still not available. The 
number of reported HCV cases in China exceeded 20 000 
in 2012, nearly 10 times the cases reported in 2003.29 The 
number of reported deaths resulting from HCV in 2013 
was almost double that in 2004.27

​Mortality due to CLD
A dramatic decline in the risk of CLD mortality is evident 
after the period of 2002–2006, in contrast to the resur-
gence in the risk of VH mortality. Like lessons from other 
countries, the declining trends in CLD mortality usually 
occur in countries with a better healthcare system, espe-
cially the existence of universal health coverage.24 It is 
also plausible to infer that this decrease in CLD mortality 
is likely to be attributed to China’s health system strength-
ening in recent decades. Because, in China, 67.49% of 
patients who died from CLD in 2013 were infected by 
hepatitis viruses,31 and statistical evidence showed the 
behavioural risk of CLD, including alcohol consump-
tion, has continued to increase in the past few decades 
in China.12

The current Chinese health system started to take 
shape in 2003, when the central government decided 
to introduce universal health insurance coverage for 
all citizens. The new rural cooperative medical scheme 
and urban resident basic medical scheme subsidised 
by the government were introduced in 2003 and 2007, 
respectively. Along with the urban employee-based basic 
medical scheme, social health insurance covers almost 
every citizen, enhancing the accessibility and affordability 
of medical services significantly32 (see online supple-
mentary figure S1). In 2005, the national guidelines for 
chronic HBV antiviral therapy were released in China to 
promote early detection and treatment of chronic HBV 
infections.33 In 2009, the essential public health services 
package was introduced to all community health services, 
ensuring equal access to public health services, including 
those related to the prevention and control of VH.

Our supplementary analysis further supported above 
speculation by showing rural residents, who are gener-
ally more disadvantaged and hence might benefit more 
from the enhanced health system, have experienced a 
more pronounced decline in the risk of CLD mortality 
compared with urban residents (see online supplemen-
tary figure S2).

​Mortality due to PLC
PLC and CLD share similar risk factors. This is evident in 
this study given that the effects of age and birth cohort 
on the mortality risk of PLC and CLD have followed very 
similar trends over the past 30 years. However, unlike 
CLD, the risk of PLC mortality increased throughout the 
study except for the most recent decline after the period 

https://dx.doi.org/10.1136/bmjopen-2019-029793
https://dx.doi.org/10.1136/bmjopen-2019-029793
https://dx.doi.org/10.1136/bmjopen-2019-029793
https://dx.doi.org/10.1136/bmjopen-2019-029793
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of 2007–2011, which is consistent with another APC study 
undertaken in China using another data set (Disease 
Surveillance Points data of Chinese Center for Disease 
Control and Prevention) for the period from 1991 to 
2014.33

The difference in period effects between PLC and 
CLD might be due to PLC being one of the cancers 
that are difficult to detect at an early stage, which leads 
to poor prognosis. This may jeopardise the effects of 
improved healthcare systems on PLC mortality as argued 
by researchers in the USA.1 Meanwhile, the increase in 
chronic hepatitis virus infections and alcohol consump-
tion in China may shed some light on the difficulties in 
containing PLC mortality. In some European countries 
such as the UK, alcohol use has become the main risk of 
deaths from liver diseases.2 3 To explore the role of alcohol 
consumption on deaths from PLC and CLD in China, we 
performed APC analyses by gender (see online supple-
mentary figure S3–S4). Because men consume much 
more alcohol than women, 33 times more in China,11 it is 
reasonable to assume a great gender disparity in both PLC 
and CLD mortality could be attributed to difference in 
alcohol consumption between genders.34 Future studies 
would be needed to further test this hypothesis in China.

The risk of PLC mortality declined slightly after 
the period of 2007–2011, which was also observed in a 
previous study.33 Although we cannot assume that this is 
a permanent change, there are signs it is trending in a 
positive direction. Recent studies have revealed declining 
chronic infections of the hepatitis virus in the Chinese 
population.35 36 The new developments in HCV therapy 
and advancements in the medical treatment of PLC bring 
hope that the prognosis of PLC will be improved.37

This study has several limitations. The data for this 
study were derived from statistical reports, not from indi-
vidual clinical records. We were unable to further track 
the specific causes of deaths in the analyses. It is not clear 
what percentage of patients who died from PLC and 
CLD were infected with hepatitis viruses. However, we 
were able to reveal the overall trend of the mortality rate 
from liver diseases. The two sources of data are reliable, 
representative and authoritative. We explored the roles 
of different risk factors on the APC effects. However, we 
were not able to consider diet risk factors and obesity due 
to the unavailability of data. Some studies predict that 
obesity will gradually replace hepatitis virus infections as 
the main driver of CLD and PLC morbidity and mortality 
in China and the world in the future.1 7

Another potential limitation we have to acknowledge 
is that the possible bias induced by changes in the diag-
nostic accuracy of the cause of death from liver diseases 
over time and across urban and rural areas is inevitable 
in our long-term trends analysis, as we were looking into 
trends over nearly three decades, during which period 
China had made impressive economic and social devel-
opment and its health system has experienced dramatic 
improvements. Chinese residents’ use of healthcare and 
the quality of care had largely enhanced. Alongside this 

trend, the diagnostic accuracy had improved, particularly 
for rural residents. Thereby, caution should be taken in 
the interpretation of our results, with a consideration of 
the direction of this potential bias. A possible misclassi-
fication might have occurred between PLC and CLD in 
the context of insufficient knowledge and perception 
about the spectrum of disease and diagnosis of liver 
cancer among clinicians and limited capability to make 
accurate diagnosis in health facilities. This possible inac-
curacy in diagnoses would have been more severe in rural 
areas and have both declined in rural and urban popu-
lation over the study period; therefore, it might have 
led to an overestimation of the increasing trend in PLC 
mortality and the decreasing trend in CLD mortality and 
their period effects. Nonetheless, the changing pattern 
of PLC and CLD revealed in the current study is in line 
with global trends and consistent with previous reports 
from China.24 38 The mortality data we used in the current 
work are from China’s national mortality surveillance 
system for death registration and mortality surveillance, 
which is a well-developed national system with the highest 
level of credibility in the country, and yield accurate esti-
mates of the proportion of deaths due to specific causes.39 
Although we were not able to rule out or estimate the size 
of this possible misclassification, we think the bias would 
unlikely affect our conclusion.

In conclusion, the period changes in the mortality risk 
of VH, CLD and PLC point to the historical achievements 
and challenges China has faced and will continue to face. 
Successful vaccination campaigns against HAV and HBV 
that began in the early 1990s have led to a decade of 
decline in VH mortality; however, a more recent resur-
gence in VH mortality has been observed, which alerts 
the rising epidemics of other types of VH infections in 
China. While CLD mortality has been declining since 
the late 1980s, perhaps due to the improved accessibility 
of healthcare and medical advancement, the increased 
risk of PLC mortality remains. The substantial gender 
differences in both period and cohort effects on CLD 
and PLC mortality have revealed that behavioural risk 
factors have played a major role. Our findings speak to 
the urgency and policymakers’ imperative double duty 
to reduce liver disease burden in China—to prevent 
new VH infections, with a focus on HAV and HBV and 
on HCV and HEV, and to intervene lifestyle-related risk 
factors in the population, with a specific focus on alco-
holic drinking.
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