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Abstract

Background Liver cancer is a growing global health issue, with significant geographical disparities in prevalence and
mortality. Understanding these differences is key to developing effective prevention and treatment strategies.

Methods \We analyzed liver cancer trends from 1990 to 2021 across 204 countries using data from the Global Burden
of Disease (GBD) study. We modeled mortality from vital registration data and estimated non-fatal burden using
primary studies, hospital discharges, and claims data. We calculated prevalence, mortality, YLLs, YLDs, and DALYs,
adjusting for age and reporting rates per 100,000 population with 95% Ul.

Findings In 2021, there were 739,299 (673114-821948) cases of liver cancer worldwide. The age-standardized
prevalence rate increased from (7.75 [6.91-8.43] per 100,000 people) in 1990 to (8.68[7.90-9.67] per 100,000 people)
in 2021, while the mortality rate slightly decreased from(4.48 [4.10-4.93] per 100,000 people) to (6.13 [5.58-6.84]
per 100,000 people). High-income North America had the highest prevalence rate, and Southern Latin America had
the lowest. Mongolia had the highest prevalence and mortality rates, while Morocco had the lowest. The total YLDs
attributed to liver cancer nearly tripled from 1990 to 2021, and the age-standardized DALY rate decreased. In the
frontier analysis, countries or regions with higher SDI have greater potential for burden improvement. In the frontier
analysis of SDI and age-standardized liver cancer DALY rates in 2021, countries with higher SDI (> 0.85) and higher
effective differences relative to their level of development include America, Canada, Germany, Netherlands, etc., while
frontier countries with lower SDI (< 0.5) and lower effective differences include Somalia, Papua New Guinea, Yemen,
Lao People’'s Democratic Republic, etc. Countries with larger effective differences include Togo, Gambia, Australia,
Norway, etc.

Conclusion The global burden of liver cancer is decreasing, but the prevalence of liver cancer is increasing, with
significant differences across regions worldwide. These findings can inform health policy and research to address this
global challenge.

Interpretation From 1990 to 2021, the incidence of liver cancer in many regions has increased significantly, which
is expected to impose a huge social and economic burden on governments and health systems in the coming years.
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Our research findings may assist policymakers in devising strategies to combat liver cancer, including educating

professionals to address the burden of this complex disease.
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Introduction

Liver cancer, is quietly spreading across the globe, with
its incidence rate continuously climbing, posing a signifi-
cant challenge in the field of global health [1]. Primary
liver cancer is the sixth most diagnosed cancer globally
and the fourth leading cause of cancer-related deaths.
Histologically, it can be divided into two major catego-
ries: Hepatocellular carcinoma (accounting for 75% of
all liver cancers) and Intrahepatic cholangiocarcinoma
(accounting for 15% of all liver cancers) [2]. Primary liver
cancer typically occurs in patients with liver disease or
cirrhosis [3]. At present, over 90% of HCC cases occur in
the context of chronic liver disease. Cirrhosis caused by
any etiology is the strongest risk factor for HCC (Hepato-
cellular Carcinoma) [4]. The manifestations of liver can-
cer patients are typically characterized by pain in the liver
area, gastrointestinal symptoms, fever, weight loss and
fatigue, bleeding tendencies, lower limb edema, ascites,
and other phenomena. The study underscores the need
for targeted cancer prevention strategies and enhanced
healthcare infrastructure in regions with the highest
burden. The implications of these findings are crucial
for shaping global health policy and directing research
efforts towards addressing the rising challenge of liver
cancer.

In previous studies, it has been found that the inci-
dence of liver cancer and its main causes vary across
different regions and countries. Hepatitis B virus (HBV)
is the primary etiological agent in most parts of Asia
(except Japan), South America, and Africa; Hepatitis
C virus (HCV) is the main cause in Western Europe,
North America, and Japan, while alcohol consumption
is a causal factor in Central and Eastern Europe. Non-
alcoholic steatohepatitis (NASH) is the leading cause in
the “other” category and is a rapidly increasing risk fac-
tor, projected to become the main cause of liver cancer
in high-income regions in the near future [5]. It is worth
noting that the incidence and mortality rates of liver
cancer remain significant public health issues globally.
Although existing studies have covered predictions of
liver cancer incidence and mortality rates [6—8]. statisti-
cal analyses of liver cancer in specific regions [1, 9], anal-
yses of the correlation between liver cancer risk factors
in different areas, as well as reports on the global disease
burden of liver cancer from 1990 to 2019 [10, 11], the lat-
est research reports on the global disease burden for 2021
are still insufficient. In previous research, there has been
a notable absence of data analysis focusing on YLD, YLL,
and DALY. This study leverages the latest Global Burden

of Disease, Injuries, and Risk Factors Study GBD 2021
data to estimate the prevalence, mortality, YLD, YLL, and
DALY for liver cancer. We present the findings on the
burden of liver cancer across 204 countries and territo-
ries from 1990 to 2021.

Methods

Data source

The data of liver cancer analyzed in this study are derived
from the GBD 2021, which provides the latest estimates
of epidemiological data on the burden of 371 diseases and
injuries across 21 GBD regions and 204 countries and
territories from 1990 to 2021. All this data is accessible
for free access through the Global Health Data Exchange
(https://ghdx.healthdata.org/gbd-2021/sources) [12].
with detailed information on the data, methodologies,
and statistical modelling available in previous reports
[13]. The GBD study is currently the largest and most
authoritative disease burden research conducted inter-
nationally, providing scientific and transparent evidence
for the allocation of health resources in different coun-
tries around the world [14]. DisMod-MR 2.1 is a Bayesian
meta-regression tool developed for the Global Burden
of Disease (GBD) study, designed to estimate non-fatal
health outcomes using sparse and heterogeneous epide-
miological data. It generates internally consistent esti-
mates of incidence, prevalence, remission, and mortality
rates for various diseases and conditions. The tool is built
on a Bayesian compartmental model framework, solving
differential equations to modulate relationships between
different epidemiological parameters, and uses a negative
binomial rate model to handle overdispersion and zero-
inflation in the data.

DisMod-MR 2.1 is a Bayesian meta-regression tool
developed for the Global Burden of Disease (GBD) study.
It is designed to estimate non-fatal health outcomes using
sparse and heterogeneous epidemiological data. The tool
is particularly useful for generating internally consistent
estimates of incidence, prevalence, remission, and mor-
tality rates for various diseases and conditions.

DisMod-MR 2.1 provides a comprehensive view of
diseases. The tool extracts relevant epidemiological
parameters such as incidence, prevalence, and mortal-
ity from published literature to form a baseline for global
estimates. Household surveys, which typically include
questions about health status, behaviors, and access
to healthcare, provide population-representative data.
Hospital admission data offers insights into the sever-
ity of diseases and the treatments received, while health
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insurance claims data provides detailed information on
the utilization of healthcare services and associated costs.
DisMod-MR 2.1 uses these data to estimate the economic
burden of diseases, including direct medical costs and
indirect costs. Vital registration systems provide accurate
data on deaths and causes of death, and DisMod-MR 2.1
utilizes this data to estimate mortality rates for specific
diseases, which is crucial for understanding the impact
of diseases on population health. By analyzing death cer-
tificates, the tool can identify leading causes of death and
track changes over time. Geospatial data helps to account
for spatial variations in disease burden, and DisMod-MR
2.1 uses geographic information to identify areas with
higher or lower prevalence rates. These data can include
environmental factors, population density, and access to
healthcare facilities. By integrating geospatial data, the
tool can generate more accurate and localized estimates
of disease burden. Time-series data provides information
on how disease burden changes over time, and DisMod-
MR 2.1 uses this data to track trends in incidence, preva-
lence, and mortality rates. These data help to identify
emerging health issues and assess the impact of interven-
tions. By analyzing time-series data, the tool can predict
future disease burden and inform health policy decisions.
The robustness of DisMod-MR 2.1 is validated through
out-of-sample predictive validity, ensuring it provides
the most accurate and reliable estimates [15]. All disease
estimates in the GBD include a 95% UI, which is based
on the 2.5th and 97.5th percentile values of the 500 draws
from the posterior distribution [16].

Statistical analysis

To accurately measure the incidence trends of liver can-
cer, we employ the Age-Standardized Incidence Rate
(ASR) and the Estimated Annual Percentage Change
(EAPC). The age-standardized incidence refers to the
incidence rate adjusted for the effects of age. It’'s impor-
tant to note that the ASR for liver cancer does not
directly represent the actual incidence of depression but
is used to compare the incidence of depression across
different countries, regions, or historical periods within
the same region for easier data comparison. If there is a
significant difference in the age structure of populations
between two regions, comparing incidence rates alone
may not accurately determine whether high incidence
in a certain area is due to age composition differences
or other influencing factors. Therefore, it is necessary to
standardize the incidence rate by age.

The EAPC is a commonly used and significant mea-
sure of the trend in ASR over a specific time period [17].
We perform a linear regression analysis by plotting the
natural logarithm of ASR against the calendar year, rep-
resented by the formula y=a+ px + €, where y denotes
In (ASR) and x represents the calendar year. The EAPC
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is calculated as 100 x (exp(B)-1), and its 95% confi-
dence interval (CI) is derived from this linear regression
model. If the EAPC and the upper limit of its 95% CI are
both less than or equal to 0, we consider the ASR to be
decreasing; if the EAPC and the lower limit of its 95% CI
are both greater than or equal to 0, we consider the ASR
to be increasing; in all other cases, the ASR is considered
stable [18].

By calculating the gap between the actual Disability-
Adjusted Life Years (DALY) rates and the frontier val-
ues for each nation or region, we arrive at what we term
the “effective difference,” reflecting the absolute distance
from the health frontier. This metric serves as a bench-
mark to identify unrealized health potential at various
stages of development and emphasizes the potential for
optimization in policymaking and resource allocation
to alleviate the burden of disease. Furthermore, by com-
paring the performance of different countries at similar
Socio-demographic Index (SDI) levels, we can learn from
the invaluable experiences of those at the forefront of
health, informing the development of more effective and
targeted disease prevention and control policies.

Frontier analysis

Frontier analysis constructs optimal boundary values to
determine the best health indicators (such as the lowest
age-standardized disease burden) that can be achieved
at different levels of the Socio-demographic Index (SDI).
The specific steps are as follows:

Selection of analysis method

The Free Disposal Hull (FDH) method combined with
Data Envelopment Analysis (DEA) is employed to draw
a non-linear frontier. The FDH method is a non-para-
metric approach that allows for the relaxation of convex-
ity assumptions when defining the production possibility
set, thereby providing more flexibility in handling data.

Data processing

Data from the Global Burden of Disease (GBD) database
is utilized, and 500 bootstrap samples are used to calcu-
late the average liver cancer Disability-Adjusted Life Year
(DALY) rate for each SDI value. The bootstrap method
effectively assesses data uncertainty and variability [19].

Smoothing of the frontier

Local polynomial regression (LOESS) is used to smooth
the frontier, with a polynomial degree of 1 and a span of
0.2. LOESS is a non-parametric regression technique that
can adapt to complex non-linear relationships and reduce
noise through locally weighted regression. When drawing
the frontier, countries with super-efficiency are excluded
to avoid the impact of outliers on the results [20].
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Generation of the frontier boundary
The smooth frontier boundary is generated through the
above steps, representing the best health indicator levels
that can be achieved at different SDI levels. Points on the
frontier boundary indicate the theoretically achievable
optimal health performance under given SDI conditions
[21].

All statistical analyses in this study were conducted
with precision using R software.

Results

Global level

Between 1990 and 2021, the number of patients with liver
cancer increased from 345,912 (95% UI 299826-376632)
to over 739,299 (673114—821948), and the global age-
standardized prevalence rate of liver cancer increased
from (7.75 [6.91-8.43] per 100,000 people) in 1990to
(8.68[7.90-9.67] per 100,000 people) in 2021. The global
map of age-standardized prevalence rates of liver cancer
and the percentage change in age-standardized preva-
lence rates at the national level are shown in the follow-
ing (Fig. 1). In all years from 1990 to 2021, the number
of prevalent cases and the age-standardized prevalence
rate of liver cancer were significantly higher in males
than in females (Fig. 2). Overall, in 2021, there were
nearly 218,700 (195,400-241,400) prevalent cases among
females (29.59%) and nearly 520,500 (463,900-600,500)
among males (70.41%). In 2021, the age-standardized
prevalence rate for males was (127.6 [114.2-146.8] per
100,000 people), and for females it was (49.5 [44.3—54.5]
per 100,000 people). The peak age-standardized preva-
lence rate of liver cancer for both males and females
occurred in the 85-89 age group (Fig. 3).

Age and sex patterns
From 1990 to 2021, the total number of liver cancer-
related deaths increased from 23,000 (20,000-27,000) to
483,800 (440,400-540,100) (Fig. 4). Despite the increase,
the global age-standardized mortality rate decreased
from (5.86 [5.37-6.45] per 100,000 people) in 1990 to
(5.64 [5.12—6.29] per 100,000 people) in 2021, a rate that
corresponds to a 3.75% (3.19-4.31) decrease in the age-
standardized mortality rate over the study period. In
2021, the highest number of liver cancer deaths for both
men and women occurred in the 65-69 age group, with
the highest age-specific mortality rate for men in the
90-94 age group and for women in the age group above
95 years old. Liver cancer incidence (4.66[2.58—6.01] per
100,000 people) and patient numbers (30674[17025—
39605]) are higher in children under the age of 5 com-
pared to other adolescent age groups.

The total YLDs attributed to liver cancer almost dou-
bled over the study period, increasing from 58,600 (UI
41,900-78,600) in 1990 to 126,500 (89,500-167,800) in
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2021. However, the age-standardized YLD rate did not
exhibit the same steep increase, from (1.38 UI [ 0.98—
1.85] per 100,000 people) in 1990 to (1.47 [1.04-1.95
per] 100,000 people) in 2021. In 2021, the number of
YLDs peaked in the 60—64 age group (80,000 [56,000—
106,000]), and then declined in older age groups.

The total number of YLLs attributable to liver can-
cer was 7,495,000 (6,838,200-8,227,900) in 1990 and
increased to 12,761,100 (11,560,500-14,332,200) in
2021. Over time, the age-standardized rate of YLLs for
both sexes decreased, from (171.46 [156.33—188.74]
per 100,000 people) in 1990 to (147.81[133.88-165.78]
per 100,000 people) in 2021, for males and females
combined. In 2021, the 65-69 age group had the high-
est number of YLLs (17,137 [15,642-18,997]), and
similarly, the highest number of YLDs was also in the
65-69 age group (18,056.69 [UI 12,830.66—23,811.01])
(Fig. 5). In the age group<5 years old, the number of
YLLs (26.90[20.96—34.06] per 100,000 people) and YLDs
(0.30[0.18-0.46]), as well as the age-standardized inci-
dence of YLDs (2015.95[1247.07-3079.96]) and YLLs
(177091.50[138010.24-224177.61), are higher than those
in other adolescent age groups.

The age-standardized rate of DALYs per 100,000 people
decreased from 172.85 (157.83-190.16) in 1990 to 149.28
(135.23-167.48) in 2021. The total DALYs caused by liver
cancer increased between1990(7.53 million [6.89-8.29
million]) and 2021 (12.88 million [11.67—-14.47] million).
In 2021, 99.01% of the total DALYs caused by liver cancer
were due to YLL, and 0.99% were due to YLD.

Regional level
In 2021, among all super-regions, the high-income super-
region had the highest age-standardized incidence rate
(18.73 [17.69-19.76] per 100,000 population). Addition-
ally, from 1990 to 2021, this region experienced the high-
est increase in age-standardized incidence rates. From
1990 to 2021, there was a significant decrease in age-
standardized mortality rates in East Asia, South Asia,
and Oceania (19.65%) (Fig. 6). In the high-income super-
region, the total number of deaths caused by liver can-
cer increased from 59,929 (56,184 -63,224) in 1990 to
121,117 (109,452 -128,436) in 2021. The Latin America
and Caribbean region had the fewest deaths among all
super-regions, with 15,055 (13,882-16,175) deaths in
2021(Table 1). The number of female deaths was 6,916
(6,250-7,491), and the number of male deaths was 8,138
(7,469-8,811). This super-region also had the lowest age-
standardized mortality rate among all GBD super-regions
in 2021 (2.45 [2.26—-2.64] per 100,000 people) (Fig. 6).
High-income Asia pacific was the region with the
highest age-standardized prevalence rate for both
sexes between 1990(26.40[24.27-28.29]) and 2021
(25.26[22.43-27.91]) per 100000 population for both



Jiang et al. BMC Public Health (2025) 25:931 Page 5 of 21

120°W 60°W 0° 60°E 120°E

Percentage change in Age-standardized [J] <4 [] 20 [ | 2-4 [] 6-¢ [ 10~12
Prevalence rate (per 100000 population),
both sexes, 1990-2021 B 42 [] o2 [] 4 [ s~10

120°W 60°W 0° 60°E 120°E

Age-standardized Prevalence [J] o~2 [ ] 46 [ | 8~10 [ 12~14
rate (per 100000 population),

both sexes, 2021 . 2~4 |:| 6~8 - 10~12 - 14+

Fig. 1 Percentage change in age-standardized prevalence rate (per 100000 population) of liver cancer, both sexes, for 204 countries and territories,
1990-2021
Age-standardized prevalence rate (per 100 000 population) of liver cancer, both sexes, for 2024 countries and territories, 2021



Jiang et al. BMC Public Health (2025) 25:931

Page 6 of 21

L 25
600 000 1 g
o
@
Q
5
'20 ‘3:
2
g - Number
€ 400 000- < Female
Z | .
o 15 L . Male
(&) (e}
= (0]
= et
g % Rate
E L _108 Female
:g ~a i I I 8 = Male
| i E
200 000 IIIIHI 3
i N
l l I I l I l I o
L &
: 5
=
=
1990 2000 2010 2020

Year

Fig. 2 Trends from 1990 to 2021 in number and age-standardized prevalence rates of liver cancer at the global level
Error bars indicate the 95% Ul for prevalent cases. Shading indicates the 95% Ul for the age-standardized prevalence rate

sexes combined (Fig. 7). In 2021, Southern Latin Amer-
ica had the lowest age-standardized incidence rate (1.99
[1.79-2.19] per 100,000 people), followed by Tropical
Latin America and the Caribbean regions.

The Western Sub-Saharan Africa region had the highest
age-standardized death rate in 2021 (9.37 [95% UI 7.84—
10.98] per 100 000 population), followed by High-income
Asia Pacific (9.19 [8.11-10.20] per 100 000 population).
During the study period, Australasia (163.44%) and high-
income North America (112.68%) experienced significant
increases in age-standardized mortality rates. (Fig. 8).
The age-standardized mortality rate in High-income Asia
Pacific declined sharply (decreased by 40.44% from 1990
to 2021). Southern Latin America had the lowest age-
standardized mortality rate among regions in 2021 (1.82
[1.64-2.00] per 100,000 people), followed by the Carib-
bean (1.89 [1.64—2.16] per 100,000 people) (Fig. 8).

Burden of liver cancer by SDI

Higher SDI was associated with higher age-standardized
prevalence rates of liver cancer, with values that were
higher than the global rate in the two highest SDI quin-
tiles, and lower than the global rate in the three lowest
SDI quintiles (Fig. 9).

National level

In 2021, the age-standardized incidence rate of liver can-
cer in China and India, the two most populous countries,
was (13.28 [95% UI 10.74 to 16.41] per 100,000 people)
and (3.16 [2.78 to 3.56] per 100,000 people), respectively.
The age-standardized incidence rate of liver cancer was
highest in Mongolia (76.56 [58.82 to 97.89] per 100,000
people), followed by the Republic of Korea (38.16 [31.50
to 46.61] per 100,000 people). At the national level, the
greatest change in the age-standardized incidence rate
of liver cancer between 1990 and 2021 occurred in the
United Kingdom, where the rate increased by 296.53%,
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Fig. 4 Trends from 1990 to 2021 in number and age-standardized death rates of liver cancer at the global level

followed by Australia, where the rate increased by
280.39%. The country with the largest decrease was Mau-
ritius, with a decrease of 82.06% in its standardized inci-
dence rate, followed by Kuwait with a decrease of 72.06%.
In 1990, the age-standardized incidence rate of liver can-
cer in the United Kingdom was (2.86 [2.78 to 2.92] per
100,000 people), and by 2021, it had increased to (11.35
[10.81 to 11.78] per 100,000 people). In 1990, the age-
standardized incidence rate of liver cancer in Maurita-
nia was (4.47 [4.24 to 4.72] per 100,000 people), and by
2021, it had decreased to (0.80 [0.73 to 0.85] per 100,000
people).

In 2021, Mongolia had the highest age-standardized
mortality rate (80.89 [62.08 to 102.56] per 100,000 peo-
ple), while Morocco had the lowest (0.53 [0.38 to 0.68]
per 100,000 people). At the national level, Poland experi-
enced the largest increase in age-standardized mortality
rate during the study period, rising from 1990(0.63 [0.59
to 0.68] per 100,000 population) to 2021(1.79 [1.62 to
1.96] per 100,000 population) — an increase of 183.02%.
Mauritius saw the largest decrease in age-standardized
mortality rate during the study period, with a drop of
83.94%. South Korea’s age-standardized mortality rate
decreased from 1990 (4.41 [4.18 to 4.67] per 100,000
people) to 2021 (0.70 [0.65 to 0.75] per 100,000 people)
(Fig. 10).

Frontier analysis

The unrealized health gains from 1990 to 2021 across
countries or regions with different levels of development
are illustrated in the figure. As societal and demographic
development occurs, the effective differences have gen-
erally widened, indicating that countries or regions with
higher SDI have greater potential for burden improve-
ment (Fig. 11).

Frontier analysis based on SDI and age-standardized
liver cancer DALY rates in 2021. Boundaries are delin-
eated with solid black lines; countries and regions are
represented by points. The top 15 countries with the larg-
est effective differences (the greatest gap between liver
cancer DALYs and the boundary) are marked in black;
frontier countries with lower SDI (< 0.5) and lower effec-
tive differences are marked in blue (e.g., Somalia, Papua
New Guinea, Yemen, Lao People’s Democratic Repub-
lic), and countries and regions with higher SDI (>0.85)
and higher effective differences relative to their level of
development are marked in red (e.g., America, Canada,
Germany, Netherlands). Red points indicate an increase
in age-standardized liver cancer DALY rates from 1990 to
2021; blue points indicate a decrease in age-standardized
liver cancer DALY rates from 1990 to 2021 (Fig. 12).

Between 1990 and 2021, the global burden of liver can-
cer increased significantly, with the number of cases ris-
ing from 345,912 to 739,299 and the age-standardized
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prevalence rate increasing from 7.75 to 8.68 per 100,000.
Despite a slight decrease in the global age-standardized
mortality rate, the total number of deaths increased from
23,000 to 483,800. The total YLDs nearly doubled, and the
total YLLs increased significantly, although the age-stan-
dardized rates of YLLs and DALYs decreased. Regionally,
the high-income super-region had the highest incidence
rate, while Southern Latin America had the lowest. Mon-
golia had the highest mortality rate, and Morocco had the
lowest. The effective differences in health gains widened,
indicating greater potential for burden improvement in
countries with higher SDI.

Discussion
In this study, we employed standardized methods to
describe the burden of liver cancer at the global, super-
regional, regional, and national levels. We report that
currently, there are approximately 520,500 women and
nearly 218,700 men worldwide suffering from liver can-
cer, with the number of cases on the rise. This is signifi-
cant in the global context of treating liver cancer, as it has
substantial implications for healthcare delivery systems
and economies, given that the standard of care for these
diseases, especially organ transplantation, is exceedingly
costly [22].

China has the highest number of liver cancer patients
in the world, and in 2021, nearly one-third of liver cancer

patients lived in China, followed by Japan, indicating that
the majority of liver cancer patients are concentrated
in the Asian region. Similarly, in 2021, the country with
the highest age-standardized incidence rate in the world
was Mongolia, followed by South Korea, both of which
are Asian countries. Previous reports indicated that
China accounted for about half of the world’s liver cancer
patients, but this proportion has decreased to one-third
in the current study, suggesting that effective preven-
tion and treatment measures have been implemented in
China [9]. In addition to the Asian region, many coun-
tries in Africa also have higher incidence rates than
Europe and America. However, the incidence rate of liver
cancer in Europe and the United States is also gradually
increasing [23, 24].

We have also observed a clear trend in liver cancer
mortality rates from the lowest to the highest quin-
tile of the SDI, with higher incidence rates in countries
with a higher SDI. This pattern has been retained over
time, indicating that the burden of liver cancer remains
relatively high in countries with a higher Development
Index, such as the United Kingdom, the United States,
Canada, and Australia. Many studies suggest that this
correlation may indicate the presence of common envi-
ronmental pressures in these regions [25, 26, 27], which
are significant risk factors for liver cancer. For instance,
some studies have reported that a high Western diet
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Fig. 7 Age-standardized prevalence rate of liver cancer globally and for 21 GBD regions by SDI, 1990-2021

pattern increases the incidence of liver cancer by 24% [5],
and the intake of fruits, grains, tea, and dietary fiber is
significantly associated with liver cancer. Similarly, con-
trolling smoking, alcohol consumption, and drug use
contributes to the decline in liver cancer-related mortal-
ity in most SDI regions [28, 29]. Although this study did
not assess the role of potential risk factors in liver cancer
incidence, these risk factors may include urbanization, a
cleaner environment [8, 30]. diets low in fiber and high in
meat, and chronic infections such as hepatitis B and C, all
of which are risk factors for liver cancer.

The diagnosis and treatment of liver cancer exhibit
significant regional disparities, which may stem from
the uneven distribution of medical resources, the vary-
ing capabilities of healthcare systems, and the financial
status of patients. In countries with higher incomes, the

survival rates of liver cancer patients have seen a notable
improvement due to ongoing advancements in medi-
cal technology and the relative abundance of healthcare
resources. However, in low-income and middle-income
countries, the limited availability of medical resources
often leads to greater challenges in the early detection
and effective treatment of liver cancer.

Additionally, we have observed that in the pediatric age
groups, the under-5 age group exhibits higher numbers
of liver cancer patients, as well as higher age-standard-
ized incidence rates YLDs and YLLs due to the disease,
compared to other pediatric age groups. This indicates
that the disease burden of liver cancer is relatively heavier
at this age, necessitating special attention and the imple-
mentation of appropriate preventive and treatment mea-
sures. Although liver tumors are rare in children, they are
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Fig. 8 Age-standardized death rate of liver cancer globally and for 21 GBD regions by SDI, 1990-2021
The expected age-standardized death rate in 2021 based solely on SDI is represented by the black line. For each region, points from left to right depict

estimates from each year from 1990 to 2021

relatively common in children with certain specific risk
factors, thus warranting increased vigilance and, in some
cases, screening [31].

In areas with higher SDI, the higher incidence of liver
cancer may indicate that individuals with higher socio-
economic status are at greater risk of developing liver
cancer, possibly due to their lifestyle, dietary habits, or
other health-related behaviors. Therefore, it may be nec-
essary to strengthen health education and regular health
check-ups among these populations to facilitate early
detection and treatment of liver cancer. At the same time,
the high diagnosis rate of liver cancer in these areas may
also be related to the abundance of medical resources,
such as easier access to advanced diagnostic tools and

medical services, which helps to improve the early diag-
nosis rate of liver cancer. This difference reflects the
inequality in the distribution of medical resources and
the disparities in access to health services between differ-
ent socioeconomic groups.

Our report indicates an increase in age-standardized
prevalence of liver cancer in regions that previously had
lower incidence rates, including East and South Asia,
Oceania, and sub-Saharan Africa. A combination of fac-
tors, such as improvements in socioeconomic status in
emerging industrialized nations, changes in diet and
other lifestyle factors, advancements in sanitary condi-
tions, alterations in microbiota, and environmental fac-
tors, may contribute to an elevated risk of developing
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liver cancer. Behavioral and environmental factors are
likely playing an increasingly significant role in the pro-
gression of liver cancer. Various factors that can increase
the risk of liver cancer include smoking, lifestyle choices,
dietary habits, intestinal infections, and air pollution.
With the continuous improvement of the healthcare
system, we have not only expanded the application range
of diagnostic tools but also enhanced the awareness of
patients and healthcare providers, which contributes to
an increased diagnostic rate [32]. In regions where the
incidence of liver cancer was previously low, the cur-
rent upward trend in incidence poses new challenges to
healthcare providers and policymakers, requiring them
to thoughtfully plan and adjust existing healthcare strat-
egies. Nearly three-quarters of the population about
3-5 billion people live in developing countries. Nearly
2.7 billion people live in India and China. In the context
of a vast population base, the number of people affected
by diseases naturally increases, and the number of liver

cancer patients is no exception. Even if the mortality rate
declines, the rise in disability rates could have a severe
socio-economic impact on developing countries in the
coming years. This impact may intensify the pressure on
these countries in terms of medical resource allocation,
disease prevention, and treatment strategies, thereby
posing challenges to public health systems. Especially
in low- and middle-income countries, limited medical
resources may make the diagnosis and treatment of liver
cancer more difficult, which not only affects the qual-
ity of life of patients but also increases the overall bur-
den on society. Therefore, strengthening the prevention
of liver cancer, early diagnosis and treatment, and rais-
ing public awareness of healthy lifestyles are crucial for
mitigating the socio-economic impacts of liver cancer in
the future. It is worth noting that the economic impact of
liver cancer is not limited to its burden on the healthcare
system. A study report from the United States estimates
that, in the relevant calculations, a loss of annual income
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Fig. 10 Age-standardized DALYs rates from liver cancer by SDI for 195 countries and territories in 2021
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of 94.4 billion US dollars is related to cancer mortality
[33]. Therefore, liver cancer poses an increasing burden
not only on the healthcare system but also on the entire
economy.

We report that from 1990 to 2021, there has been a
decline in age-specific mortality rates at the global and
regional levels. The general decline in mortality rates may
reflect an increase in the survival rates of liver cancer
patients, thanks to the combined effects of various fac-
tors. The widespread use of immunomodulators, the early
introduction of biologic agents, continuous improve-
ments in surgical techniques, and the growing awareness
of the importance of early detection and treatment of
liver cancer have all played a positive role in increasing
patients’ chances of survival. These advancements have
not only reduced the mortality rate of liver cancer but
also improved patients’ quality of life, although they may
be accompanied by a relative increase in disability rates.
In the coming years, these changes may have a profound

impact on the healthcare systems and socio-economic
landscapes of developing countries [34, 35].

In countries with lower SDI, the incidence of liver
cancer is relatively lower, which may imply that the
age-standardized mortality rates are also lower in these
areas. However, this lower reported mortality could also
be due to the poor quality of death registration systems
in these countries, leading to underreporting of liver
cancer-related deaths. Moreover, the medical technol-
ogy and diagnostic capabilities in countries with low
SDI may be limited, which could result in a lower detec-
tion rate of liver cancer, thereby affecting the reporting
of liver cancer cases. In these regions, the underreport-
ing of incidence and mortality rates of liver cancer may
be partly due to insufficient detection of liver cancer-
related deaths. Therefore, improving medical technology
and diagnostic capabilities in these countries, as well as
enhancing death registration systems, is crucial for more
accurately assessing the disease burden of liver cancer.
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Although the fatal burden of liver cancer has decreased,
the non-fatal health burden continues to rise. liver cancer
severely impacts patients’ lives across physical, psycho-
logical, familial, and social dimensions. Consequently, the
secondary effects of liver cancer can be observed through
the increased incidence of anxiety, depression, and other
emotional issues. These emotional problems not only
affect patients’ mental health but can also impact their
treatment adherence and quality of life. Therefore, for
liver cancer patients, providing comprehensive support,
including psychological and social assistance, is crucial.
A study from 2023 has indicated that patients with liver
cancer often bear a significant disease burden, and they
experience notable levels of anxiety and depression after

liver resection surgery. However, the Global Burden of
Disease (GBD) disability weights only consider the spe-
cific symptoms of liver cancer, not the social stigma,
depression, anxiety, and other inflammatory conditions
that may accompany the disease. This suggests that while
the fatal burden of liver cancer has seen a decline, the
non-fatal burden, including the psychological and social
impacts, continues to increase. It is important to recog-
nize and address these aspects of the disease to provide
comprehensive care for patients [36].

Although there is no clear research report indicating a
direct correlation between gender and the incidence of
liver cancer, past research reports and this study show
that the incidence and number of male patients with liver
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cancer are both higher than those of females [37]. The
differences in biological, social, and economic exposures
between males and females may account for this dispar-
ity. Similarly, reported that in China many liver cancer-
related deaths can be attributed to four risk factors:
smoking (20%), drug use (13.6%), alcohol consumption
(11.7%), and high body mass index (10.1%) [38]. These
high-risk factors are often more prevalent in males than
in females, which may also be one of the reasons for the
higher incidence and mortality rates in males. Some stud-
ies have indicated that there is a connection between the
gut microbiota and liver cancer, a connection that may
be associated with differences among various ethnicities
and genders. However, the complex pathophysiological
mechanisms behind this link are not yet fully understood

and require further exploration through extensive data
and experimental research. Additionally, the diversity
and composition of the gut microbiota may vary among
different genders and age groups, and these differences
could be related to changes in the risk of liver cancer.
Therefore, delving deeper into the relationship between
the gut microbiota and liver cancer is of significant
importance for early diagnosis and treatment [39, 40].
The natural course of liver cancer is characterized by
high mortality rates and low survival rates. However, due
to the persistently high incidence of the disease, the num-
ber of people affected has continued to grow annually
from 1990 to 2021. Although there has been a decline in
incidence rates in some middle and high-income regions,
the rates in low-income areas are increasing year by
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year, with a projected continued increase in the future.
The rise in incidence rates, coupled with an increase in
rates in areas that historically had low incidence, will
have significant impacts on health and the economy.
Our research findings may assist health service planners
and policymakers in justifying and prioritizing resource
allocation to address the growing number of liver can-
cer patients. This study will encourage health planners
to develop cost-effective and simple community-based
interventions for primary health care professionals to
implement. This is necessary because liver cancer can
persist for many years, with a possibility of recurrence,
and the aging population is on the rise. The study under-
scores the need for targeted cancer prevention strategies
and enhanced healthcare infrastructure in regions with
the highest burden.

Although this study provides valuable insights into the
global burden of liver cancer, it also has some limitations.
In terms of data quality and availability, there is a lack
of data on liver cancer incidence and mortality in some
countries and regions, especially in low-income and con-
flict-affected areas, which may lead to inaccurate burden
estimates. The quality and completeness of data from dif-
ferent sources vary, and there may be reporting biases.
Methodologically, the statistical models used involve
several assumptions that may affect the robustness of the
estimates, and the analysis is limited to a specific time
range, making it difficult to extrapolate future trends.
Regarding population representativeness, the study may
not fully represent all subpopulations, especially in areas
with limited data. The scope of risk factor analysis is
limited, and correlation does not imply causation. Geo-
graphically and socioeconomically, there are significant
regional differences in the burden of liver cancer, and
the Socio-Demographic Index (SDI) as a proxy for devel-
opment may oversimplify complex factors. In terms of
diagnostic and treatment practices, there are significant
differences in diagnostic criteria and the availability and
quality of treatments across countries, which affect the
accuracy of the results. Future research needs to improve
data collection, refine modeling techniques, and conduct
more detailed risk factor analyses to enhance the accu-
racy and applicability of the findings and provide more
effective information for liver cancer prevention and
treatment.

Conclusion

This study provides a comprehensive analysis of the
global, regional, and national burden of liver cancer from
1990 to 2021, utilizing data from the Global Burden of
Disease (GBD) study. The findings reveal a significant
increase in the number of liver cancer cases and a rising
burden, particularly in regions with higher Socio-demo-
graphic Index (SDI) values. Despite a slight decrease in
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the global age-standardized mortality rate, the overall
burden of liver cancer continues to grow, posing sub-
stantial challenges to healthcare systems and economies
worldwide.

The study highlights significant regional disparities
in liver cancer incidence and mortality, with the high-
est burden observed in high-income North America and
the lowest in Southern Latin America. Notably, Mongo-
lia had the highest prevalence and mortality rates, while
Morocco had the lowest. The increasing trend in liver
cancer cases in regions with previously lower incidence
rates, such as East and South Asia, Oceania, and sub-
Saharan Africa, underscores the need for targeted pre-
vention and treatment strategies.

The research also underscores the importance of
understanding the underlying risk factors and the poten-
tial for health gains in regions with higher SDI. The find-
ings suggest that countries with higher SDI have greater
potential for burden improvement, indicating the need
for enhanced healthcare infrastructure and resource
allocation to address the growing number of liver cancer
patients.

In conclusion, the global burden of liver cancer is
increasing, with stark regional differences. These find-
ings can inform health policy and research to address this
global challenge. Future efforts should focus on improv-
ing data collection, refining modeling techniques, and
conducting more detailed risk factor analyses to enhance
the accuracy and applicability of the findings. This will
help in developing more effective strategies for liver can-
cer prevention and treatment, ultimately reducing the
socio-economic impact of this disease.
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