
Introduction

Liver cancer is one of the most common cancers and poses 
a significant threat to the health of people worldwide. Liver 
cancer ranks sixth in cancer incidence and third in cancer 
mortality1. Approximately 75% of liver cancer cases occur in 
Asia, with China accounting for > 50% of the global burden2,3. 
The incidence of liver cancer has declined in many countries 
over the past few decades, especially in formerly high-burden 

countries in Asia2,4. Nevertheless, the incidence of liver can-
cer is increasing in some formerly low-rate areas, such as the 
United States5. Prevention and control measures for liver can-
cer clearly need to be strengthened.

Several modifiable risk factors have been well-established 
in liver cancer, including infectious factors [hepatitis B virus 
(HBV) and hepatitis C virus (HCV)], behavioral factors, and 
metabolic factors, the distribution of which varies widely 
across the globe6-8. The substantial variation in the disease 
burden of liver cancer in different geographic regions glob-
ally largely stems from the changing etiology of liver can-
cer, transitioning from virus-related liver disease patients to 
patients with non-viral causes, including alcohol- and meta-
bolic dysfunction-related fatty liver diseases7,8. HBV infection 
is the leading cause of liver cancer, and deaths attributable to 
smoking and alcohol consumption are significantly higher in 
males than females9. Furthermore, lifestyle-related factors, 
such as alcohol consumption and obesity, are increasingly 
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becoming prominent causes of liver cancer in Western coun-
tries. Aflatoxin exposure from contaminated food products 
is a significant risk factor for liver cancer in some geographic 
regions. Additionally, non-alcoholic fatty liver disease and 
non-alcoholic steatohepatitis (NASH) have emerged as impor-
tant causes of liver cancer, especially in countries with high 
obesity rates4,10,11.

With continuous changes in relevant risk factors and the 
widespread implementation and active promotion of pri-
mary and secondary prevention over the past few years, 
liver cancer disease burden trends have undergone signif-
icant changes globally. Despite a wealth of evidence rele-
vant to liver cancer epidemiology, there is a lack of research 
comparing the high liver cancer disease burden in China 
and the average global level, which reflects unharmonized 
databases and dispersed information. Moreover, few stud-
ies have focused on both etiologies and risk factors, and the 
impact of weaker risk factors. The current study quantified 
the attributable liver cancer deaths and disability-adjusted 
life years (DALYs) in China and worldwide using detailed 
up-to-date data at the national level. The purpose of the 
study was to provide empirical evidence for understanding 
the current and over time liver cancer burden, as well as the 
liver cancer etiologies and risk factors in China and around 
the world. Furthermore, it can give evidence on achieving 
etiologic prevention and formulating targeted and effective 
liver cancer prevention and control policies globally and 
regionally.

Methods

Data source

The Global Burden of Disease (GBD) 2019, which included 
204 countries and territories, estimated the incidence, 
deaths, and DALYs for 369 diseases and injuries in both 
genders. The general estimation methods for the GBD 2019 
and the approach to estimating the liver cancer disease bur-
den have been detailed in previous studies12,13. Liver cancer 
deaths were proportionally allocated to primary liver can-
cer and extrahepatic primary sites that metastasized to the 
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high fasting plasma glucose). Level 3 included only one risk 
factor (smoking). The analysis primarily focused on evalu-
ating the percentage contribution of the level 2 leading risk 
factors that could be attributed to liver cancer deaths and 
DALYs.

Statistical analysis

First, the global number and age-standardized rates (ASRs) of 
liver cancer deaths and DALYs by SDI and GBD regions were 
extracted. The proportion of liver cancer cases due to the five 
etiology groups included in the GBD and the global and China 
percentages of liver cancer deaths and DALYs due to the five 
etiology groups stratified by age groups and gender were deter-
mined. Next, the global proportion of liver cancer deaths and 
DALYs due to the five etiology groups and second-level risk 
factors based on the SDI and GBD regions was determined. 
Finally, the temporal change in attributable age-standardized 
death and DALY rates from 1990–2019 were analyzed using 
the joinpoint regression model. The average annual percentage 
change (AAPC) was used to quantify the overall time trend. 
An AAPC estimation and 95% CI lower boundary > 0 indi-
cated an increasing trend. In contrast, a decreasing trend was 
noted if the AAPC estimation and 95% CI upper boundary 
were both < 0. Joinpoint regression model analysis was per-
formed using the Joinpoint Regression Program (version 5.0; 
Statistical Research and Applications Branch, National Cancer 
Institute, National Institutes of Health, Bethesda, MD, USA). 
Statistical significance was defined as a two-tailed P  ≤  0.05. 
Statistical analyses were conducted using R studio (version 
4.3.3).

Results

Global liver cancer burden based on the SDI 
and GBD regions

Liver cancer caused 484,577 deaths globally in 2019 with 
an age-standardized death rate (ASDR) of 5.9 per 100,000 
population. The ASDRs for males and females were 8.7 and 3.5 
per 100,000 population, respectively. The number of liver can-
cer deaths in China was 187,700 and the total ASDR (9.4 per 
100,000 population) was significantly higher than the world-
wide ASDR. The number of liver cancer deaths among males 
was 14.6 per 100,000 population (1.7 times the global rate). 
Liver cancer death rates varied across different SDI countries. 

Among the 21 global regions, the high-income Asia Pacific 
area had the highest ASDR (10.8 per 100,000 population), 
followed by East Asia (9.4 per 100,000 population); Southern 
Latin America reported the lowest ASDR (2.4 per 100,000 
population; Table 1).

The global liver cancer DALYs was approximately 12.5 
million, with an age-standardized DALYs rate (ASDALYs) of 
151.1 per 100,000 population in 2019. The ADALYs rate in 
China was 264.3 per 100,000 population. Males in China had 
a higher liver cancer burden than East Asia, whereas females 
had a lower liver cancer burden. The middle SDI countries 
exhibited the highest overall DALYs and ASDALYs for liver 
cancer, followed by the high and high-middle SDI countries. 
Asia, especially East (263.4 per 100,000 population), Central 
(213.5 per 100,000 population), and Southeast Asia (177.5 per 
100,000 population), bore the brunt of the liver cancer burden; 
the high-income Asia Pacific area (238.6 per 100,000 popula-
tion) was second only to East Asia (Table 1).

Global and China liver cancer deaths and 
DALYs by gender, age, and etiology

Globally, deaths and DALY rates increased as age advanced, 
indicating a significant liver cancer burden. Global male deaths 
reached a peak at 65–69 years of age. The disparity between 
male and female deaths was apparent with males exhibiting 
higher liver cancer deaths and DALYs rates in all age groups, 
and the deaths among females in older age groups increased. 
The trends in China death rates aligned with the global pattern 
with a pronounced increase in the older age group. The global 
ASR for DALYs in 2019 peaked in the 75–79 year age group 
for both males and females and peaked earlier in China for 
males and females in the 65–69 and 70–74 year age groups, 
respectively (Figure 1).

The distribution of liver cancer etiology varied significantly 
with age and gender. HBV was a leading cause of liver cancer 
across all age groups and was particularly pronounced in males 
worldwide and in China. Globally, the proportion of liver can-
cer cases caused by HCV was higher across all age groups 
compared to China and females had a higher burden of HCV 
infection than males. Notably, the contribution of alcohol use, 
NASH, and other liver cancer etiologies increased with age. 
HBV remained a dominant cause of liver cancer in China. 
The proportional impact of HCV, alcohol use, and NASH var-
ied across different age groups, with a notable increase in the 
contribution of NASH in older age groups, especially among 
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females (Figure 2); the proportional causes of DALYs were 
similar (Figure S1).

Attributable liver cancer deaths and DALYs 
worldwide

HBV and HCV were major contributors to liver cancer world-
wide with the impact varying significantly across regions. 
Globally, HBV predominated in most regions, whereas in 
high SDI countries, HCV accounted for the highest propor-
tion of causes. Liver cancer due to alcohol use represented 
a more pronounced proportion in high SDI countries than 
other countries. In East Asia and Oceania, the proportion of 
liver cancer cases attributable to HBV was significantly higher 
compared to other etiologies. In contrast, liver cancer due to 
HCV had a higher proportion, especially in the high-income 
Asia Pacific area. When stratified by gender, HBV and HCV 
were identified as the leading causes of liver cancer deaths for 
males and females in 2019, respectively. Alcohol use was gen-
erally higher among males than females, whereas the prev-
alence of NASH was generally higher in females than males 
(Figure 3).

Globally, alcohol use ranked as the predominant risk fac-
tor for liver cancer since the estimation included the etiology, 
followed by tobacco use. Tobacco use had the highest attrib-
utable fraction among risk factors in China. These risk fac-
tors revealed a complex interplay with the SDI and regions. 
Tobacco use, high BMI, and drug use were significant contrib-
utors to liver cancer in regions with a higher SDI. In Central 
Europe, the proportional alcohol use burden significantly 
surpassed other risk factors for liver cancer irrespective of 
gender. In Australia and high-income North America, high 
BMI and high fasting plasma glucose as metabolic factors, 
and drug use exhibited a higher proportion of risk compared 
to other regions (Figure 3); DALYs had similar proportions 
(Figure S2).

Trends of attributable liver cancer deaths and 
DALYs worldwide

Liver cancer deaths due to various etiologies declined 
worldwide (AAPC = −1.4) and in China (AAPC = −3.4) in 
both genders from 1990–2019. Liver cancer deaths attrib-
uted to all risk factors were also on a downward trend 
worldwide (AAPC = −0.7) and in China (AAPC = −2.8). 
Globally, metabolic factors had an increased (AAPC = 0.8) Re
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regions were largely consistent with changes in high BMI, 
while changes in high blood fasting glucose had a significant 
upward trend in Central Asia and Australia (Figure  4 and 
Table S2).

Discussion

Liver cancer remains a significant global health concern with 
a substantial disease burden, especially in Asia and China. 
According to the GBD 2019 database, the liver cancer bur-
den in China was much higher than the global average and 
the peak age occurred earlier in males and females. There 
were significant disparities in the liver cancer burden attrib-
utable to various causes and risk factors in different regions 
globally. The overall liver cancer burden due to multiple causes 

generally declined in China and worldwide with a more pro-
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and females with the burden in males rising earlier and reach-
ing peak values. The characterization of age-specific attribut-
able liver cancer burden reflects the multifactorial nature of 
liver cancer risk factors over the lifespan, and was likely influ-
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