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AbstrACt
Objective To evaluate the trends in disease burden and 
the epidemiological features of liver cancer in China while 
identifying potential strategies to lower the disease burden.
Design Observational study based on the Global Burden 
of Diseases.
Participants Data were publicly available and de-
identified and individuals were not involved.
Measurement and methods To measure the liver cancer 
burden, we extracted data from the Global Health Data 
Exchange using the metrics of prevalence, incidence, 
mortality and disability-adjusted life years (DALYs). 
Joinpoint and negative binomial regressions were applied 
to identify trends and risk factors.
results From 1997 to 2016, the prevalence, incidence, 
mortality and DALYs of liver cancer in China were from 
28.22/100 000 to 60.04/100 000, from 27.33/100 000 to 
41.40/100 000, from 27.40/100 000 to 31.49/100 000 
and from 10 311 308 to 11 539 102, respectively. The 
prevalence, incidence and mortality were increasing, with 
the average annual percent changes (AAPCs) of 4.0% 
(95% CI 3.9% to 4.2%), 2.1% (95% CI 2.0% to 2.2%) and 
0.5% (95% CI 0.2% to 0.9%), respectively. Meanwhile, the 
rate of DALYs was stable with the AAPCs of −0.1% (95% 
CI −0.4% to 0.3%). The mortality-to-incidence ratio of 
liver cancer decreased from 1.00 in 1997 to 0.76 in 2016 
(β=−0.014, p<0.0001). Males (OR: 2.98, 95% CI 2.68 to 
3.30 for prevalence, OR: 2.45, 95% CI 2.21 to 2.71 for 
incidence) and the elderly individuals (OR: 1.57, 95% CI 
1.55 to 1.59 for prevalence, OR: 1.58, 95% CI 1.56 to 1.60 
for incidence) had a higher risk. Hepatitis B accounted for 
the highest proportion of liver cancer cases (55.11%) and 
deaths (54.13%).
Conclusions The disease burden of liver cancer 
continued to increase in China with viral factors as one of 
the leading causes. Strategies such as promoting hepatitis 
B vaccinations, blocking the transmission of hepatitis C 
and reducing alcohol consumption should be prioritised.

IntrODuCtIOn  
Cancer results from interactions between 
genetic risk factors and external agents and is 
one of the leading causes of death worldwide.1 
Liver cancer is the sixth most common cancer 

worldwide2 and the second common cause of 
cancer-related death, and which accounted 
for 788 000 deaths in 2015.1 Hepatocellular 
carcinoma (HCC) is the most common type 
of liver cancer, while intrahepatic cholangio-
carcinoma is a rarer form of the disease.3 A 
wide range of environmental risk factors have 
been associated with liver cancer, such as 
viral factors (hepatitis B and hepatitis C) and 
non-viral factors (alcohol, aflatoxin, non-alco-
holic fatty liver disease, obesity, diabetes and 
smoking).4–8 Reducing exposure to these risk 
factors is the most effective way to minimise 
the risk of developing liver cancer.

Previous studies show that the disease 
burden of liver cancer is increasing and that 
it is not equally distributed throughout the 
population.9 Incidence rates are elevated in 
East and South-East Asia, Africa and Mela-
nesia, with nearly three-quarters of new liver 
cancer cases occurring in regions of low 
or medium development.3 In China, the 
reported averages for the annual incidence 
and mortality of liver cancer between 2003 
and 2007 were approximately 26.68/100 000 
and 25.03/100 000, respectively.10 In 2015, 
China accounted for over half of the world-
wide liver cancer incident cases (446 100 

strengths and limitations of this study

 ► A long-term period (20 years) on the trend of liver 
cancer burden in China was evaluated in this study.

 ► Disease burden trends and the associated risk fac-
tors of liver cancer were quantified to reveal the ex-
tent of the epidemic and suggest potential strategies 
against liver cancer.

 ► The findings might be limited by the fact that the 
data used in this study were secondary estimated 
data rather than the original epidemic or surveil-
lance data.
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cases) and deaths (422 100 cases).11 Historically, liver 
cancer has been the most prevalent malignancy in China.

The updated global action plan from 2013 to 2020 for 
the prevention and control of non-communicable diseases 
issued by the WHO aims to address four major categories 
of disease (cardiovascular disease, diabetes, chronic respi-
ratory disease and cancer), with the goal of achieving a 
25% reduction in premature mortality by 2025.12 Given 
the massive population in China, the availability of study 
sample sites for estimating incidence and mortality was 
limited (308 sites in 2014).11 As a result, comprehensive 
long-term assessments of liver cancer burden among 
larger populations at the national level are required.

To address this need, this study provides an over-
view of the trends in the disease burden of liver cancer 
during the past two decades in China while identifying 
the factors that contribute the most to declining health 
caused by liver cancer. By analysing trends and identifying 
risk factors for liver cancer, we hope to reveal the extent 
of the epidemic and suggest potential strategies to lower 
its disease burden in China.

MethODs
study design
The Global Burden of Disease (GBD) Study 2016 incor-
porated data from a large number of sources to estimate 
mortality, causes of death and illness and risk factors in 
195 countries and territories from 1990 to 2016.13 The 
GBD 2016 used multiple methods to integrate a large 
number of available data sources with the specific epide-
miology of each disease, and the Bayesian meta-regression 
tool DisMod-MR V.2.1 was used as the main method of 
estimation.14 Detailed information about data resources, 
definitions, statistical modelling and efforts to improve 
data quality have been previously reported.14–17

We extracted GBD 2016 data on liver cancer in 
China from 1997 to 2016 using the Global Health Data 
Exchange.13 The variables obtained from these data 
included year, age, gender and cause (hepatitis B, hepa-
titis C, alcohol use and other causes). The incidence, 
prevalence, mortality and disability-adjusted life years 
(DALYs) were used as the primary metrics to assess the 
impacts on health within population. The total number 
of liver cancer cases and rates of each metrics were 
provided by the GBD 2016. Prevalence rate (per 100 000) 
was defined as aggregated cases (including new cases 
and previously diagnosed cases) divided by the popu-
lation size; incidence rate (per 100 000) was defined as 
the number of new cases divided by the population size; 
mortality rate (per 100 000) was defined as the number 
of annual deaths divided by the total population size and 
DALYs were summed by the years of life lost and the years 
of life lived with disability. The age-adjusted rates (ARs) 
for each metric were adjusted to population of China in 
2010.18 The mortality-to-incidence (MI) ratio was used as 
an indicator of disease severity and the efficacy of clinical 
treatment and management.

Patient and public involvement
Patients or public were not involved in the recruitment 
and conduct of this study.

statistical analysis
The average annual percent change (AAPC) and annual 
percent change (APC) were used to evaluate trends in 
disease burden and calculated using the Joinpoint Regres-
sion Program (V.4.5.0.1, June 2017). The values of AAPC 
and APC were calculated as [(Exp(bi) − 1)]×100, where 
bi represents the slope of the period segment. The Z test 
was used to assess whether an AAPC or APC was different 
from zero. The terms ‘increase’ and ‘decrease’ were used 
when the slope (AAPC or APC) of the trend was statis-
tically significant, while ‘stable’ referred to a non-signif-
icant trend. A negative binomial regression model was 
utilised to identify potentially influential factors using 
the SAS V.9.4 software. The OR and its 95% CI were also 
calculated for each factor. Origin 2017 software (MicroCal 
Software, Northampton, Massachusetts, USA) was used to 
draw the figures. The significance level for the hypothesis 
tests was set at 0.05.

results
The number of liver cancer patients increased from 
349 127 (prevalence: 28.22/100 000, AR: 38.64/100 
000) in 1997 to 814 026 (prevalence: 60.04/100 000, 
AR: 53.18/100 000) in 2016. The number of new cases 
increased from 338 063 (incidence: 27.33/100 000, 
AR: 37.55/100 000) to 561 249 (incidence: 41.40/100 
000, AR: 36.62/100 000). There were 338 904 deaths 
(27.40/100 000, AR: 38.03/100 000) in 1997 and 426 
900 deaths (31.49/100 000, AR: 27.73/100 000) in 
2016. The DALYs also increased from 10 311 308 (rate: 
833.52/100 000, AR: 1104.65/100 000) in 1997 to 11 
539 102 (rate: 851.16/100 000, AR: 759.02/100 000) in 
2016 (figure 1 and online supplementary table 1). There 
were increasing trends from 1997 to 2016 in prevalence 
(AAPC: 4.0%, 95% CI 3.9% to 4.2%), incidence (AAPC: 
2.1%, 95% CI 2.0% to 2.2%) and mortality (AAPC: 0.5%, 
95% CI 0.2% to 0.9%), while the rate of DALYs remained 
stable (AAPC: −0.1%, 95% CI −0.4% to 0.3%). The APC 
increased for prevalence since 2009, for incidence since 
2010, and for mortality and rate of DALYs since 2013 
(table 1 and online supplementary figure 1).

Increasing trends in prevalence, incidence and 
mortality were seen among males. Increasing trends in 
prevalence and incidence were seen among females, 
while a decreasing trend was observed in rate of DALYs 
(AAPC: −0.7%, 95% CI −1.1% to −0.3%). The AAPCs 
in prevalence, incidence, mortality and rate of DALYs 
among males were higher than those among females 
(online supplementary table 1). The male to female ratio 
ranged from 3.05 to 3.98 in prevalence, 2.67 to 3.27 in 
incidence, 2.54 to 2.96 in mortality and 2.93 to 3.44 in 
DALYs during the observation period (figure 2).
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Figure 3 shows the rates of liver cancer among different 
age groups. The prevalence was under 1.00/100 000 for 
individuals aged below 20 and increased rapidly between 
the ages of 40 and 70. The highest prevalence rate was 
observed in those aged 80–84. Similar tendencies were 
observed in incidence and mortality with rates that were 

consistently high among those aged over 90. A higher rate 
of incidence than that of prevalence was also observed 
among those aged over 90. The lowest rate of DALYs was 
over 1500/100 000 among those aged 50–84 which indi-
cates that older individuals experience a heavier disease 
burden from liver cancer.

The MI ratios were consistently high, with the lowest 
ratio of 0.74 occurring in males during 2016. Overall, 
the MI ratio decreased from 1.00 in 1997 to 0.76 in 2016 
(β=−0.014, p<0.0001), with an annual rate of change of 
−1.44%. The annual rates of change in the MI ratio for 
males and females were −1.50% and −1.23%, respectively 
(online supplementary table 2). Additionally, the MI 
ratios showed decreasing trends in both males (β=−0.012, 
p<0.0001) and females (β=−0.014, p<0.0001), but there 
was no significant trend in magnitude in these two groups 
(t=−1.64, p=0.109) (figure 4).

The percentages of liver cancer cases attributed to 
alcohol use, hepatitis B, hepatitis C and other causes were 
approximately 10%, 55%, 8% and 27%, respectively, and 
each of these metrics remained relatively stable during 
this period. Hepatitis B accounted for 55.11% of liver 
cancer cases and 54.13% of liver cancer deaths in China 
and showed a slightly downward trend (online supple-
mentary table 3). Differences in the distributions of live 
cancer causes between age groups were observed. For 
example, the proportions of causes related to alcohol use 
and hepatitis C increased with age (online supplemen-
tary table 4).

Figure 1 Observed and age-adjusted rates (ARs) of liver cancer from 1997 to 2016 in China. (A) The prevalence and ARs 
of liver cancer; (B) the incidence and ARs of liver cancer; (C) the mortality and ARs of liver cancer; (D) the observed and age-
adjusted DALYs and rates of DALYs of liver cancer. DALYs, disability-adjusted life years. 

Table 1 The trends in liver cancer burden by joinpoint 
regressions

Metric Index Period
Estimate %
(95% CI)

Prevalence APC 1997–2009 2.2 (2.0 to 2.4)*

APC 2009–2016 7.2 (6.9 to 7.6)*

AAPC 1997–2016 4.0 (3.9 to 4.2)*

Incidence APC 1997–2010 1.2 (1.1 to 1.3)*

APC 2010–2016 4.1 (3.8 to 4.3)*

AAPC 1997–2016 2.1 (2.0 to 2.2)*

Mortality APC 1997–2013 0.1 (−0.1 to 0.3)

APC 2013–2016 2.8 (0.6 to 5.1)*

AAPC 1997–2016 0.5 (0.2 to 0.9)*

Rate of DALYs APC 1997–2013 −0.5 (−0.7 to −0.3)*

APC 2013–2016 2.3 (0.0 to 4.7)

AAPC 1997–2016 −0.1 (−0.4 to 0.3)

*P<0.05.
AAPC, average annual percent change; APC, annual percent 
change; DALYs, disability-adjusted life years.
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Since the results of Lagrange multiplier test were 
significant for all metrics (all p<0.0001), negative bino-
mial regressions were applied for the risk factors analysis 
of the scaled dataset (table 2). The male odds for prev-
alence (OR: 2.98, 95% CI 2.68 to 3.30), incidence (OR: 
2.45, 95% CI 2.21 to 2.71), mortality (OR: 2.36, 95% CI 
2.15 to 2.59) and rate of DALYs (OR: 2.46, 95% CI 2.16 
to 2.80) were more than two times higher than those of 
females. The fold change in ORs for every 5-year increase 
in age were 1.57 (95% CI 1.55 to 1.59) for prevalence, 
1.58 (95% CI 1.56 to 1.60) for incidence, 1.57 (95% CI 
1.55 to 1.59) for mortality and 1.42 (95% CI 1.39 to 1.44) 
for rate of DALYs. Hepatitis B and other causes led to a 
higher risk than alcohol use with the ORs ranging from 
2.28 to 5.63 in prevalence, incidence, mortality and rate 
of DALYs (p<0.0001).

DIsCussIOn
the disease burden of liver cancer in China
The number of new cancer cases is expected to exceed 
20 million globally by 2025, compared with 14.1 million 

cases in 2012.3 In China, there were 4 292 000 new cancer 
cases and 2 814 000 cancer deaths estimated in 2015.11 We 
found that the prevalence, incidence, mortality and DALYs 
of liver cancer increased from 1997 to 2016, which indi-
cates an increasing disease burden in China. Additionally, 
higher APCs in all metrics were observed in recent years. 
Similar increasing trends were previously reported from 
2003 to 2007 in China,10 from 1975 to 2012 in the USA,9 
and from 1980 to 2007 in Canada.19 These increasing 
trends might be associated with economic development 
and improvements in the diagnosis, and more exposure 
on risk factors worldwide. The rate of DALYs appeared to 
remain stable, while there was an increase in the absolute 
number of DALYs.

The age-standardised 5-year net survival rate of liver 
cancer was generally low (10%–20%),20 and only 10.1% 
in China.21 Furthermore, there have been few improve-
ments in the survival rate of liver cancer from 1995 to 
2014 in most countries.22 The 5-year relative survival rates 
were 10.7% for those diagnosed at a regional stage and 
2.8% for those diagnosed at a distant stage.23 Due to the 

Figure 2 Disease burden of liver cancer among different gender groups from 1997 to 2016 in China. (A) The differences in 
prevalence between males and females; (B) the differences in incidence between males and females; (C) the differences of 
mortality between males and females; (D) the differences in DALYs between males and females. DALYs, disability-adjusted life 
years.
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difficulties of making an early diagnosis, most patients 
were diagnosed at an advanced stage of the disease.24 
Along with poor survival rates, the MI ratio of liver cancer 
was as high as 0.953 25 indicating that the number of 
deaths were very close to the number of new cases and 
that the disease is difficult to cure. In China, the MI ratios 
were reported to be between 0.91 and 0.97 during 2005–
2009.26 The ratios observed in our study remained high, 
but a decreasing trend was observed. This may due to the 
improvements in medical care. For example, liver trans-
plantation is the optimal for liver cancer. The number of 

liver transplantation increased from 1993 to 2013 (totally 
more than 24 000) in China. Additionally, the 5-year 
survival rate among patients was as high as 80%.27

Factors associated with liver cancer
The incidence of liver cancer was different between 
males and females except in the youngest age group 
(0–14 years old).3 Previous studies observed sex-related 
disparities in incidence and found rates in males that 
were twofold to threefold higher than those observed in 
females,9 25 28 and this difference was greater in high-inci-
dence regions.6 Males experienced a two-fold or higher 
risk than females across all metrics included in our study, 
and these disparities may be exacerbated by other char-
acteristics. For example, higher positive rates of hepatitis 
B surface antigen (HBsAg) were found in males than in 
females from multiple serological surveys across China, 
and the male to female ratio of HBsAg positive rate 
showed increasing (10.30% vs 7.29% in 197929 and 8.6% 
vs 5.7% in 200630). Males also had higher rates of drinking 
and alcohol consumption than females.31 32 The male to 
female ratio of drinking (61.3% vs 11.6% in 1993 and 
38.3% vs 8.1% in 2006) and alcohol intake (28.0 g/d vs. 
12.9 g/d in 1997 and 33.1 g/d vs. 13.1 g/d in 2006) both 
showed increasing in adults.33 The above evidence could 
strengthen the explanations on the increasing male to 
female ratio among all metrics in this study.

Cancer has a strong relationship with age,3 and the 
highest rates across all metrics were observed among those 

Figure 3 Disease burden of liver cancer among different age groups from 1997 to 2016 in China. (A) The changes in 
prevalence of liver cancer among different age groups; (B) the changes in incidence of liver cancer among different age groups; 
(C) the changes in mortality of liver cancer among different age groups; (D) the changes in rates of DALYs for liver cancer among 
different age groups. DALYs, disability-adjusted life years.

Figure 4 Changes in mortality-to-incidence (MI) ratio of liver 
cancer among different genders from 1997 to 2016 in China.



6 Ding C, et al. BMJ Open 2019;9:e025613. doi:10.1136/bmjopen-2018-025613

Open access 

aged over 60 in our study. This may be attributed to the 
slow progression of the disease as the whole course from 
initiation to the development of clinically detectable liver 
cancer is estimated to take 5–20 years.34 The mean ages of 
diagnosed patients increased from 57.14 to 60.34 in males 
and 61.69 to 66.47 in females from 1989 to 2008.28 Addi-
tionally, the 5-year relative survival rate decreased from 
38.8% among those aged under 45 to only 7.9% among 
those aged over 75.23

In this study, we found that the age-adjusted trends of 
incidence, mortality and rate of DALYs did not showed 
increasing, only the prevalence in the recent years was 
still increasing after age adjustment. Actually, the crude 
rates of prevalence, incidence and mortality presented 
increasing trends. As the rates were adjusted by the popu-
lation of 2010, the trends could be influenced due to the 
significant change of age structure from 1997 to 2016. 
The ageing of the population in China could contribute 
to the increasing disease burden of liver cancer. The 
population of mainland China reached nearly 1.39 billion 
at the end of 2016. And the proportions of those aged 
over 60 and over 65 accounted for 16.7% and 10.8% of 
the population, respectively,35 which is higher than the 
proportions of 11.96% and 8.24% of the WHO world 
standard population.36 Consistent with previous reports, 
our study found that the proportion of those aged over 
60 had risen from 9.5% in 1997 to 16.1% in 2016. Mean-
while, the proportion of those aged below 15 decreased 
from 25.7% to 15.1%.

Chronic infection with the hepatitis B virus (HBV) is 
one of the most important causes of liver cancer world-
wide, especially in regions with highly endemic of HBV.3 
Liver cancer typically develops after 25–30 years of HBV 
infection,37 and individuals with a chronic HBV infec-
tion are 20–100 times more likely to develop liver cancer 
than uninfected individuals.38 In China, the weighted 
HBsAg-positive rate was 7.2%30 which led to China being 
categorised as a high-intermediate HBV endemic area.39 
Though there is a negative trend in the infection rate in 
China,30 the number of HBV infections was still high due 
to the large population. The hepatitis C virus (HCV) can 
infect the immune system and endothelial cells, leading to 
immune dysfunction and chronic dysregulated angiogen-
esis.40 There is a moderate association between HCV infec-
tions and liver cancer (OR: 4.28, 95% CI 3.30 to 5.56).41 
The prevalence of anti-HCV is estimated to be approxi-
mately 1% in China.42 As a result, HCV may have already 
contributed to a large number of liver cancer cases along 
with HBV. In our study, the proportions of viral factors 
(hepatitis B and C) in prevalence, incidence, mortality and 
DALYs were more than 60% and increased with age. The 
presence of these high-risk factors makes liver cancer a 
strong candidate for targeted prevention projects. A prior 
study concluded that the incidence of liver cancer had 
fallen dramatically as a result of promoting dietary inter-
ventions and implementing neonatal HBV vaccinations.43

Alcoholic beverages have previously been char-
acterised as ‘carcinogenic to humans’.44 In 2010, Ta
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alcohol-attributable cancers were estimated to be respon-
sible for 337 400 deaths worldwide, predominantly among 
men. Liver cancer was the largest contributor to alco-
hol-attributable cancer deaths (responsible for 23.9%) 
and the DALYs lost (responsible for 24.7%).3 The mecha-
nism by which alcohol consumption increases the risk of 
HCC is primarily through the development of cirrhosis.5 6 
A meta-analysis suggested a moderately detrimental role 
of alcohol consumption on liver cancer risk,7 while heavy 
alcohol consumption of >80 g/d of ethanol for at least 5 
years increased the risk of HCC by nearly fivefold.45 Our 
study showed that the percentages of alcohol consump-
tion as a cause of liver cancer in terms of prevalence, 
incidence, mortality and DALYs were greater than 10%. 
The per capita alcohol consumption (>15 years of age) 
rose from less than 2 L in 1981 to approximately 6.7 L in 
2010, and will reach 8.3 L in 2025.46 Collectively, alcohol 
consumption in China has increased over the past few 
decades leading to an increase in the risk of liver cancer.

Prevention and control of liver cancer
Approximately one-third of cancer deaths can be 
attributed to the five leading behavioural and dietary 
risks: high body mass index, low fruit and vegetable 
intake, lack of physical activity, tobacco use and alcohol 
use.1 Since there are no standard and effective screening 
methods available for liver cancer,47 prevention is the 
most effective way for controlling the disease.2 A previous 
study concluded that implementing HBV vaccination, 
controlling HCV transmission and reducing alcohol 
intake could avoid more than 90% of worldwide liver 
cancer cases.48 Hepatitis B immunisation to reduce the 
risk of liver cancer was also recommended by the WHO.12 
China had established an immunisation plan for hepa-
titis B in 1992 and has partnered with the Global Alliance 
on Vaccine and Immunisation since 2002.49 Strategies 
to address the other well-established risk factors such as 
promoting widespread public education, interrupting 
mother-to-infant transmission, monitoring of blood 
donors and blood products, improving the proportions 
of the age structure and implementing annual surveil-
lance should be prioritised as well.42

lIMItAtIOns
Although the GBD 2016 provides the most comprehensive 
and consistent data for assessments of global descriptive 
epidemiology, the general limitations of the GBD approach 
have been described.13–17 Descriptive results may differ 
from reports by local raw data, especially for estimates that 
depended on sophisticated statistical modelling to address 
sparse and inconsistent data. Meanwhile, data collection 
and model selection may cause errors, and which may be 
addressed in future iterations by the GBD study. Addition-
ally, our study does not include estimates of the subnational 
(provincial or regional) or other potential factors (economic 
status, non-alcoholic fatty liver disease, obesity and smoking). 
Analysis on birth-cohort effects and others were not involved. 

Better primary data from a national wide-coverage observa-
tional study or cancer registry on liver cancer burden are 
needed in the future.

COnClusIOns
China has made great efforts to shed its status as a 
‘leader in liver diseases’ and achieved improvements in 
prevention, diagnosis, management and therapy for liver 
diseases in past decades. Despite these improvements, 
there remains a heavy disease burden that will increase 
if no effective interventions are implemented. Males and 
the elderly people exhibited the greatest, and overall, 
viral factors were the predominant causes of liver cancer. 
Despite a great deal of progress, the limitations of avail-
able therapies mean that prevention is the most effective 
approach to combat deadly liver cancer.
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