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Abstract

Objective Primary liver cancer is not only one of the most common causes of cancer deaths but also the second most com-
mon cause of premature death worldwide. Understanding the trends in incidence and mortality of primary liver cancer and
its etiologies is crucial for development of effective prevention and mitigation strategies. This study aimed to quantify the
trends in incidence and mortality of primary liver cancer and its etiologies at the global, regional and national levels using
data from Global Burden of Disease (GBD) study.

Method Annual incident cases, deaths, age-standardized incidence rates (ASIRs), and age-standardized mortality rates
(ASMRs) of primary liver cancer and its etiologies, including hepatitis B, hepatitis C, alcohol use, nonalcoholic steatohepa-
titis, and other causes, between 1990 and 2019 were collected from GBD study 2019. Percentage changes in incident cases
and deaths and estimated annual percentage changes (EAPCs) in ASIRs and ASMRs of primary liver cancer and its etiolo-
gies were calculated to quantify their temporal trends. Correlations of EAPC in ASIRs and ASMRs with socio-demographic
index (SDI) and universal health coverage index (UHCI) in 2019 were separately evaluated by Pearson correlation analyses.
Results Globally, the incident cases and deaths of primary liver cancer increased by 43.11% from 373 393 in 1990 to 534
365 in 2019 and 32.68% from 365 213 in 1990 to 484 584 in 2019, respectively. ASIR and ASMR of primary liver cancer
decreased by an average of 2.23% (95% CI 1.83%, 2.63%) and 1.93% (95% CI 1.55%, 2.31%) per year between 1990 and
2019 worldwide, respectively. ASIRs and ASMRs of primary liver cancer varied between regions, with an increasing trend
in ASIR (EAPC=0.91; 95% CI 0.47, 1.35) and a stable trend in ASMR (EAPC=0.42, 95% CI — 0.01, 0.85) of primary
liver cancer in high SDI region between 1990 and 2019. Nearly half (91/204) of the countries suffered an increasing trend
in ASIR of primary liver cancer and more than one-third (71/204) of the countries suffered an increasing trend in ASIRs
of primary liver cancer from all etiologies between 1990 and 2019 worldwide. Positive correlations of EAPC in ASIR and
ASMR of primary liver cancer with SDI and UHCI were observed in nations with SDI > 0.7 or UHCI > 70.

Conclusion Primary liver cancer remains a major public health concern globally, with an increasing trend in the numbers
of incident cases and deaths in the past three decades. We observed an increasing trend in ASIR of primary liver cancer in
nearly half of the countries and an increasing trend in ASIRs of primary liver cancer by etiology in more than one-third of
the countries worldwide. In line with the Sustainable Development Goals, the identification and elimination of risk factors
for primary liver cancer will be required to achieve a sustained reduction in liver cancer burden.

Keywords Primary liver cancer - Hepatitis B - Hepatitis C - Alcohol use - Nonalcoholic steatohepatitis - Global burden of
disease study

Abbreviations

ASIR  Age-standardized incidence rate

ASMR Age-standardized mortality rates

B4 Min Liu CI Confidence interval
liumin@bjmu.edu.cn EAPC  Estimated annual percentage change

1 o . . GBD Global burden of disease
Department of Epidemiology and Biostatistics, School .. .
of Public Health, Peking University, No. 38 Xueyuan Road, HBV Hepatitis B virus

Haidian District, Beijing 100191, China HCV Hepatitis C virus

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s44197-023-00109-0&domain=pdf
http://orcid.org/0000-0002-5059-3743

Journal of Epidemiology and Global Health (2023) 13:344-360

345

NASH Nonalcoholic steatohepatitis
SDI Socio-demographic index

SDG Sustainable development goal
UHCI  Universal health coverage index
Ul Uncertainty interval

WHO  World Health Organization

1 Introduction

Primary liver cancer was the third leading cause of cancer
deaths worldwide in 2020 after lung and colorectum cancer
[1]. In addition, primary liver cancer also ranked as the sec-
ond most common cause of premature death from cancer in
2020 [2]. The exogenous risk factors for primary liver cancer
include chronic infection with hepatitis B virus (HBV) or
hepatitis C virus (HCV), excessive alcohol consumption,
cigarette smoking, liver flukes, aflatoxin-contaminated
foods, and the related conditions of diabetes, obesity, and
non-alcoholic fatty liver disease [3—5]. It was estimated that
approximately 56% of incident cases of primary liver can-
cer were related to chronic HBV infection and 20% were
related to chronic HCV infection in 2012 worldwide [6].
Although chronic HBV and HCV infections constitute the
most important exogenous risk factors for primary liver
cancer, other risk factors for primary liver cancer have also
become prominent, and multiple risk factors may be attrib-
uted to the same cases or deaths [4, 5, 7]. The major risks
of primary liver cancer vary by geographic region, resulting
in marked differences in the burden of primary liver cancer
across regions [8, 9].

Prevention and control for noncommunicable diseases
(including cancers) and combating viral hepatitis as part of
the UN Sustainable Development Goal (SDG) and World
Health Organization (WHO) targets, its strategies and prac-
tices include eliminating viral hepatitis as a public health
threat by 2030, reducing tobacco use and harmful use of
alcohol, and controlling diabetes and obesity [10-12].
Thus, primary liver cancer can be prevented by eliminating
or reducing its modifiable risk factors under the targets of
SDG and WHO for noncommunicable diseases and viral
hepatitis. However, even best-case scenarios of these preven-
tion approaches could be unlikely to reduce the number of
patients with primary liver cancer in the foreseeable future
due to the lag between risk factor exposure and the develop-
ment of liver cancer [9]. In addition, there were marked dis-
parities in the burden of major risk factors for primary liver
cancer and progress to prevent and control noncommunica-
ble diseases and viral hepatitis of the SDG and WHO targets
across the world [8, 13, 14]. For example, the prevalence of
chronic HBV infections varied widely across regions, with
the highest prevalence in Western Pacific region (7.1%) and
the lowest prevalence in Europe (1.1%) in 2019, and many

countries had not met the WHO Global Health Sector Strat-
egy on Viral Hepatitis 2020 interim targets for new cases of
HBYV infection by 2019 [15]. Finally, the major risk factors
for primary liver cancer appear to be in transition, with the
prevalence of HBV and HCV declining and excess body
weight and diabetes increasing in many regions [16]. Thus,
understanding the pattern of incidence and mortality of pri-
mary liver cancer as well as the temporal trends by location
is crucial for the development of effective prevention and
mitigation strategies, and can serve as one of the considera-
tions toward progress on SDG and WHO relating targets to
non-communicable diseases.

To our knowledge, no prior study has provided estimates
for the temporal trends in the incidence and mortality of
primary liver cancer and its specific etiologies at the global,
regional, and national levels. Prior studies analyzing the
burden of primary liver cancer have either focused on a
subset of the most common etiologies, such as HBV and
HCYV infection or alcohol use, single countries or regions,
or single years without temporal trends [7, 9, 17—19]. In this
study, we retrieved detailed data on the global, regional, and
national incidence and mortality of primary liver cancer and
its underlying etiologies from the Global Burden of Disease
(GBD) Study 2019 to determine their trends in the past three
decades and their associations with socioeconomic status at
the national level to provide a more comprehensive perspec-
tive to develop effective prevention and mitigation strategies
worldwide.

2 Methods
2.1 Data Source

We used data on annual incident cases, deaths, age-standard-
ized incidence rates (ASIRs), and age-standardized mortality
rates (ASMRs) of primary liver cancer and its underlying
etiologies from 1990 to 2019 by etiology and location, which
were estimated by GBD using the Bayesian meta-regression
tool DisMod-MR 2.1 [20]. Data were available at the Global
Health Data Exchange (GHDx) query tool from a total of
204 countries and territories, and these were categorized
into 5 regions in terms of socio-demographic index (SDI)
and 21 GBD regions according to geographical contiguity
[21]. In the GBD study, five kinds of underlying etiologies
for primary liver cancer were hepatitis B, hepatitis C, alco-
hol use, nonalcoholic steatohepatitis (NASH), and other
causes, which included remaining etiologies such as liver
flukes, obesity, and aflatoxins. The incident cases and deaths
of primary liver cancer were defined by ICD-10 C22 in the
GBD study [17]. Specific methods of GBD study estimation
for the incidence and mortality of primary liver cancer have
been described elsewhere [9, 17]. Data on SDI values and
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universal health coverage index (UHCI) in 204 countries
and territories in 2019 used in this study were also collected
from the GHDx query tool [16]. The SDI and UHCI values
of 204 countries and terroirs in 2019 are shown in Table S1.

2.2 SDI

The SDI is a composite indicator of development status
strongly correlated with health outcomes [22]. It is the geo-
metric mean of 0-1 indices of lag distributed income per
capita, average years of schooling for those ages 15 and
older, and total fertility rate under the age of 25. A loca-
tion with an SDI of 0 indicates a theoretical minimum level
of development status relevant to health outcomes, while a
location with an SDI of 1 indicates a theoretical maximum
level [22].

2.3 UHd

The UHCI developed following GBD 2019 is comprised
of 23 indicators drawn across a range of health service
areas and is meant to represent healthcare needs over the
life course [23]. The indicators of UHCI involved either
direct measures of intervention coverage (e.g., antiretrovi-
ral therapy coverage) or outcome-based indicators, such as
mortality-to-incidence ratios, to approximate access to qual-
ity care [24]. The UHCI indicators are reported on a scale
of 0-100 [24].

2.4 Statistical Analysis

We presented the incident cases, deaths, ASIR, and ASMR
of primary liver cancer with 95% uncertainty intervals (Uls)
to quantify the disease burden. We calculated the proportion
of annual incident cases and deaths of primary liver cancer
by etiology, location, and year. The percentage changes in
incident cases and deaths and the estimated annual percent-
age changes (EAPCs) in the ASIR and ASMR with 95%
confidence intervals (CIs) were calculated to reflect the tem-
poral trends in the incidence and mortality of primary liver
cancer. The percentage changes in incident cases and deaths
of primary liver cancer from 1990 to 2019 were calculated

by the equation: Percentage changes =
Incedent cases/Deaths in 2019—Incident cases/Deaths in 1990 x 100%. The

Incident cases/Deaths in 1990
EAPC is a summary and widely used measure of the age-

standardized rate (ASR) tend over a specified time interval.
A regression line was fitted to the natural logarithm of the
rate, i.e., y =+ px +¢, where y =In (ASR) and x =calendar
year. The EAPC was calculated as 100 X (eﬂ — 1D andits 95%
CI was calculated to reflect the temporal trend in ASR. The
EAPC in ASIR and ASMR of primary liver cancer were
calculated by this method. The trend in ASIR and ASMR is
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reflected in EAPC value and its 95% CI.: rate is in an upward
trend when the EAPC and the lower boundary of the 95% CI
are positive; conversely, rate is in a downward trend when
EAPC and the upper boundary of the 95% CI are negative.
Moreover, the correlations of EAPC in ASIR and ASMR of
primary liver cancer with SDI values (2019) and UHCI val-
ues (2019) in 204 countries and territories were evaluated
by Pearson correlation analyses to define the potential fac-
tors affecting EAPC. The polynomial curves were also mod-
elled. All analyses were conducted with SAS 9.4 (SAS Insti-
tute, Inc., Cary, NC) and Origin 2019b. A two-tailed p value
less than 0.05 was considered statistically significant.

2.5 Patient and Public Involvement

Patients and the public were not involved in the design, con-
duct or dissemination of this study.

3 Results

3.1 Global Trends in the Incidence and Mortality
of Primary Liver Cancer and Its Underlying
Etiologies

Globally, the incident cases of primary liver cancer increased
by 43.11% from 373,393 in 1990 to 534,365 in 2019 and the
ASIR of primary liver cancer decreased by an average of
1.93% (95% CI 1.55%, 2.31%) per year between 1990 and
2019 (from 8.98 per 100,000 in 1990 to 6.51 per 100,000
in 2019) (Table 1). The global incident cases of primary
liver cancer by etiology from 1990 to 2019 increased by
10.47% for hepatitis B, 80.68% for hepatitis C, 103.69%
for alcohol use, 105.34% for NASH, and 13.94% for other
causes (Table 1). Among the global incident cases of pri-
mary liver cancer in each year from 1990 to 2019, more than
two-thirds were due to hepatitis B and hepatitis C, and less
than one-third were due to alcohol use, NASH, and other
causes (Fig. 1A). Among the global incident cases of pri-
mary liver cancer between 1990 and 2019, the proportions
of incident cases decreased from 53.06% 1990 to 40.95%
in 2019 for hepatitis B and 6.59% in 1990 to 5.33% in 2019
for other causes, whereas the proportions of incident cases
increased from 22.56% 1990 to 28.49% in 2019 for hepatitis
C, 12.95% in 1990 to 18.43% in 2019 for alcohol use, and
4.47% in 1990 and 6.80% in 2019 for NASH (Fig. 1A). The
highest ASIR of primary liver cancer by etiology between
1990 and 2019 worldwide was hepatitis B, followed by hepa-
titis C and alcohol use (Table 1 and Fig. 1B). The ASIRs of
primary liver cancer due to hepatitis B, hepatitis C, alcohol
use, NASH, and other causes were 2.62 per 100,000, 1.90
per 100,000, 1.19 per 100,000, 0.45 per 100,000, and 0.35
per 100,000 in 2019, respectively (Table 1). The ASIRs of
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Table 1 The incident cases and ASIR of primary liver cancer in 1990 and 2019 and their change trends from 1990 to 2019

Characteristics 1990 2019 1990-2019
Incident cases ASIR per 100,000 Incident cases ASIR per 100,000 Percentage change EAPC in ASIR
No.x 10° (95% UI) No. (95% UI) No.x 10% (95% UI) No. (95% UI) in incident cases  No. (95% CI)
(%)
Overall 373.39 (335.89, 8.98 (8.10,9.97)  534.36 (486.55, 6.51 (5.95,7.16) 43.11 —1.93 (- 231,
415.75) 588.64) — 1.55)
Etiology
Hepatitis B 198.11 (165.91, 4.60 (3.86,5.39)  218.86 (186.49, 2.62(2.24,3.05) 10.47 —3.10 (- 3.66, —
232.20) 254.89) 2.53)
Hepatitis C 84.25 (72.74, 2.19(1.90,2.49)  152.23 (131.58, 1.90 (1.64,2.17) 80.68 —-1.04 (- 1.27, -
96.02) 174.63) 0.81)
Alcohol use 48.34 (38.84, 1.20 (0.96, 1.47)  98.46 (79.03, 1.19 (0.96, 1.45) 103.69 —0.40 (- 0.57, —
59.09) 120.13) 0.22)
NASH 17.70 (14.53, 0.44 (0.36,0.53)  36.34 (29.49, 0.45 (0.37, 0.55) 105.34 -0.51(-0.78, -
21.17) 44.86) 0.23)
Other causes 25.00 (20.96, 0.56 (0.47,0.67)  28.48 (23.57, 0.35(0.29, 0.42) 13.94 —2.42(-2.85, -
29.80) 34.08) 1.99)
SDI region
Low 10.25(9.00, 11.59) 4.08 (3.58,4.63)  20.29 (17.77, 3.69 (3.27,4.11) 97.99 —0.46 (- 0.52, —
22.83) 0.40)
Low-middle 34.72 (31.28, 5.36 (4.85,5.93)  56.30 (51.00, 4.05 (3.67,4.51) 62.17 - 1.59 (- 1.90, -
38.61) 62.61) 1.27)
Middle 166.09 (144.08, 14.73 (12.80, 210.55 (184.18, 8.28 (7.24,9.47) 26.77 —2.98 (- 3.56, —
193.62) 17.04) 242.24) 2.39)
Middle-high 108.73 (95.24, 9.92 (8.73,11.20) 106.88 (94.23, 5.34 (4.70, 6.05) - 1.70 —3.33(-3.89, -
123.11) 121.00) 2.77)
High 53.49 (51.83, 5.27(5.11,5.39)  140.14 (125.50, 7.61 (6.88, 8.36) 161.98 0.91 (0.47, 1.35)
54.71) 154.01)
GBD region
High-income 28.21 (27.217, 13.77 (13.30, 67.95 (58.13, 15.56 (13.46, 140.84 —0.17 (= 0.73,
Asia Pacific 29.08) 14.19) 77.64) 17.74) 0.39)
Central Asia 1.49(1.33,1.66)  3.13(2.79,3.47)  6.11(5.30,7.00)  8.27(7.22,9.41) 309.21 2.78(2.23,3.32)
East Asia 241.53 (204.19, 25.26 (21.46, 217.17 (181.40, 10.43 (8.76, 12.30) — 10.09 —4.60 (-5.39, -
284.76) 29.74) 257.46) 3.80)
South Asia 15.68 (13.21, 2.66 (2.20,3.08)  37.73 (32.78, 2.66 (2.30, 3.05) 140.66 —0.02 (- 0.10,
18.05) 43.28) 0.06)
Southeast Asia 17.31 (15.37, 6.43 (5.69,7.06)  42.80(35.22, 7.07 (5.87, 8.61) 147.29 0.31 (0.25, 0.37)
18.98) 52.13)
Australasia 0.48 (0.46,0.49)  2.05(1.97,2.13) 2.16(1.75,2.67)  4.59(3.72,5.68) 354.16 3.14 (2.87,3.41)
Caribbean 1.56 (1.45,1.66)  5.94(5.52,6.30) 1.63(1.35,1.94)  3.16 (2.63,3.77) 4.17 —2.09(-2.89, -
1.28)
Central Europe ~ 7.70 (7.44,7.90)  5.25(5.06,5.39)  6.91(5.99,7.99) 3.29(2.85,3.81) —10.30 —1.32(-1.68, —
0.95)
Eastern Europe  4.14 (3.97, 4.33) 1.52(1.45,1.59)  9.41(8.20, 10.74) 2.84 (2.46,3.24) 127.26 2.52(2.27,2.78)
Western Europe  20.18 (19.49, 3.55(3.43,3.64)  45.86 (39.84, 5.31 (4.59, 6.12) 127.21 1.37 (1.18, 1.55)
20.70) 52.74)
Andean Latin 1.04 (0.91,1.17)  490(4.31,5.52) 1.74(1.42,2.11)  3.11(2.55,3.78) 67.47 —2.01 (=245, -
America 1.57)
Central Latin 297(2.76,3.12)  3.49(3.24,3.68)  7.99 (6.88,9.27)  3.43(2.96,3.97) 168.89 0.11 (- 0.22, 0.44)
America
Southern Latin 0.72 (0.65, 0.79) 1.56 (1.41,1.71)  1.94(1.52,2.42)  2.33(1.83,2.92) 168.80 2.05(1.81,2.30)
America
Tropical Latin 1.85(1.77, 1.90) 1.97 (1.88,2.04)  5.67(5.34,5.96)  2.36(2.22,2.48) 206.92 1.05 (0.90, 1.20)

America
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Table 1 (continued)

Characteristics 1990 2019 1990-2019
Incident cases ASIR per 100,000 Incident cases ASIR per 100,000 Percentage change EAPC in ASIR
No.x10% (95% UI) No. (95% UI) No.x10% (95% UI) No. (95% UI) in incident cases ~ No. (95% CI)
(%)
North Africaand 10.73 (9.45, 12.00) 6.08 (5.28,6.81)  27.55 (22.11, 6.29 (5.13,7.71) 156.62 0.49 (0.32, 0.67)
Middle East 33.84)
High-income 7.53(7.28,7.70) 2.20 (2.14,2.25)  31.01 (25.71, 5.18 (4.28, 6.18) 311.64 2.99 (2.79, 3.20)
North America 36.96)
Oceania 0.11 (0.10, 0.13) 3.65 (3.08,4.25)  0.23 (0.20, 0.28) 3.28 (2.77,3.89) 106.30 —-0.22 (- 0.28, -
0.16)
Central Sub- 0.69 (0.56, 0.83) 2.63 (2.20, 3.08) 1.36 (1.08, 1.71) 2.30 (1.84,2.86) 98.73 —0.61 (- 0.68, —
Saharan Africa 0.53)
Eastern Sub- 2.44 (1.99, 3.03) 2.93(2.44,3.70)  5.44 (4.46,6.71) 3.13 (2.60, 3.81) 122.59 —0.03 (- 0.15,
Saharan Africa 0.10)
Southern Sub- 1.91(1.34,3.15) 6.47 (4.52,10.72) 4.02 (3.58, 4.52) 6.77 (6.07,7.61) 110.47 —0.43 (- 1.00,
Saharan Africa 0.14)
Western Sub- 5.11 (4.33,5.96) 5.45(4.60,6.32) 9.71(8.16,11.42) 493 (4.19,5.72) 89.84 —0.47 (- 0.54, —
Saharan Africa 0.39)

ASIR age-standardized incidence rate; CI confidence interval; GBD Global Burden of Disease; NASH nonalcoholic steatohepatitis; SDI socio-

demographic index; UI uncertainty interval
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Fig. 1 Global proportions of primary liver cancer incident cases by
etiology and ASIRs of primary liver cancer by etiology between
1990 and 2019. A Global proportions of primary liver cancer inci-

primary liver cancer due to hepatitis B, hepatitis C, alco-
hol use, NASH, and other causes decreased by an average
of 3.10% (95% CI 2.53%, 3.66%), 1.04% (95% CI 0.81%,
1.27%), 0.40% (95% CI 0.22%, 0.57%), 0.51% (95% CI
0.23%, 0.78%), and 2.42% (95% CI1 1.99%, 2.85%) per year
between 1990 and 2019, respectively (Table 1 and Fig. 1B).

The global deaths of primary liver cancer increased by
32.68% from 365 213 in 1990 to 484 584 in 2019 and the
ASMR of primary liver cancer decreased by an average
of 2.23% (95% CI1 1.83%, 2.63%) between 1990 and 2019
worldwide (Table 2). The global deaths of primary liver
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cancer by etiology from 1990 to 2019 increased by 0.76%
for hepatitis B, 67.50% for hepatitis C, 89.60% for alco-
hol use, 95.10% for NASH, and 3.91% for other causes
(Table 2). In each year from 1990 to 2019, the deaths of
primary liver cancer due to hepatitis B and hepatitis C
accounted for more than two-thirds of global primary
liver cancer deaths, and deaths of primary liver cancer
due to alcohol use, NASH, and other causes accounted for
less than one-third of global primary liver cancer deaths
(Fig. 2A). Similar to the changes in the proportions of inci-
dent cases of primary liver cancer by etiology from 1990
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Table 2 The deaths and ASMR of primary liver cancer in 1990 and 2019 and their change trends from 1990 to 2019

Characteristics 1990 2019 1990-2019
Deaths ASMR per Deaths ASMR per 100,000 Percentage EAPC in ASMR
No.x 10* (95% UI) 100,000 No.x 10° (95% UI) No. (95% UI) change in deaths No. (95% CI)
No. (95% UI) (%)
Overall 365.21 (329.97, 8.93 (8.09, 9.90) 484.58 (444.09, 5.95 (5.44, 6.44) 32.68 —2.23(—2.63, —
405.77) 525.80) 1.83)
Etiology
Hepatitis B 190.29 (162.33, 447 (3.82,5.22) 191.74 (161.86, 2.31(1.95, 2.69) 0.76 —3.46 (- 4.04, —
222.45) 223.73) 2.87)
Hepatitis C 84.67 (73.80, 2.25(1.97,2.54) 141.81 (121.79, 1.78 (1.53,2.04) 67.50 - 1.35 (- 1.60, —
96.59) 161.83) 1.10)
Alcohol use 47.86 (38.59, 1.20 (0.97, 1.46) 90.74 (73.35, 1.10 (0.89, 1.33) 89.60 —0.68 (- 0.88, —
58.61) 109.40) 0.48)
NASH 17.80 (14.65, 0.46 (0.38, 0.55) 34.73 (28.39, 0.43 (0.35, 0.53) 95.10 -0.74 (- 1.03, -
21.51) 43.18) 0.44)
Other causes 24.60 (20.58, 0.55 (0.46, 0.66) 25.56 (21.23, 0.32 (0.27,0.38) 391 —2.74 (- 3.20, —
29.47) 30.49) 2.29)
SDI region
Low 10.56 (9.24, 11.90) 4.37 (3.80, 4.97) 20.76 (18.22, 3.93(3.49, 4.38) 96.50 —0.47 (- 0.54, —
23.33) 0.40)
Low-middle 34.78 (31.45, 5.57 (5.05, 6.13) 57.24 (52.13, 4.23 (3.86, 4.68) 64.58 —1.55(-1.86, —
38.18) 63.45) 1.24)
Middle 163.81 (142.72, 15.00 (13.15, 196.96 (172.83, 7.92 (6.97, 8.93) 20.24 —3.16 (= 3.73, —
189.46) 17.26) 223.21) 2.58)
Middle-high 107.83 (94.48, 9.96 (8.75,11.27)  97.19 (87.23, 4.83 (4.34,5.38) —9.87 —3.69(—4.25, -
122.72) 108.11) 3.13)
High 48.13 (46.47, 4.69 (4.54, 4.81) 112.24 (102.49, 5.89(5.44,6.21) 133.20 0.42 (- 0.01, 0.85)
49.30) 118.74)
GBD region
High-income Asia 23.59 (22.76, 11.62 (11.18, 49.68 (43.78, 10.78 (9.77, 11.53)  110.62 —0.86 (- 1.49, —
Pacific 24.37) 12.00) 53.50) 0.22)
Central Asia 1.51 (1.35, 1.66) 3.24(2.89, 3.58) 6.19 (5.39, 7.08) 8.72 (7.63, 9.88) 310.70 2.93(2.39,3.47)
East Asia 237.01 (202.34, 25.52 (21.98, 193.86 (163.85, 9.39(7.98,11.03) —18.20 —-4.98 (=577, —
279.89) 29.94) 228.76) 4.18)
South Asia 15.85 (13.38, 2.82(2.33,3.27) 38.65 (33.52, 2.81(2.43,3.24) 143.79 —0.06 (- 0.17,
18.09) 44.56) 0.04)
Southeast Asia 17.57 (15.68, 6.76 (6.03, 7.45) 42.86 (35.33, 7.33 (6.08, 8.79) 143.90 0.28 (0.20, 0.36)
19.28) 51.52)
Australasia 0.46 (0.44, 0.48) 1.98 (1.90, 2.06) 2.01(1.83,2.17) 4.12 (3.80, 4.46) 332.62 2.88 (2.66, 3.10)
Caribbean 1.64 (1.52, 1.74) 6.29 (5.85, 6.68) 1.69 (1.42,2.01) 3.29(2.76, 3.89) 3.58 -2.16(-3.01, -
1.31)
Central Europe 8.11 (7.83, 8.32) 5.60 (5.38,5.75) 7.20 (6.22, 8.33) 3.36 (2.90, 3.90) —-11.24 —1.49 (- 1.89, —
1.09)
Eastern Europe 4.22 (4.06, 4.41) 1.55(1.49, 1.62) 9.68 (8.51,11.12)  2.87 (2.51,3.29) 129.05 2.52(2.26,2.78)
Western Europe  19.88 (19.16, 3.43 (3.31,3.52) 40.30 (37.22, 4.41 (4.10, 4.68) 102.67 0.80 (0.65, 0.95)
20.42) 42.88)
Andean Latin 1.07 (0.95, 1.21) 5.23 (4.60, 5.87) 1.84 (1.51,2.23) 3.34(2.73, 4.03) 71.18 - 1.94 (=239, -
America 1.49)
Central Latin 3.07 (2.86, 3.23) 3.74 (3.46, 3.94) 8.42 (7.36, 9.75) 3.65 (3.18,4.22) 173.76 0.04 (- 0.29, 0.37)
America
Southern Latin 0.76 (0.68, 0.83) 1.65(1.49, 1.81) 2.03 (1.90, 2.15) 2.41 (2.26,2.56) 168.33 2.00(1.77,2.24)
America
Tropical Latin 1.88 (1.80, 1.95) 2.09 (1.99, 2.17) 5.94 (5.54, 6.24) 2.50(2.32,2.62) 215.17 1.06 (0.91, 1.22)

America
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Table 2 (continued)

Characteristics 1990 2019 1990-2019
Deaths ASMR per Deaths ASMR per 100,000 Percentage EAPC in ASMR
No.x10% (95% UI) 100,000 No.x10%(95% UI) No. (95% UI) change in deaths No. (95% CI)
No. (95% UI) (%)
North Africaand 10.91 (9.58, 12.23) 6.39 (5.55,7.19) 26.43 (21.21, 6.20 (5.06, 7.62) 142.20 0.25 (0.10, 0.40)
Middle East 32.61)
High-income 7.07 (6.78, 7.25) 2.03 (1.95,2.07) 26.48 (23.64, 4.29 (3.83, 4.68) 274.32 2.66 (2.51,2.81)
North America 28.91)
Oceania 0.11 (0.09, 0.13) 3.85(3.25,4.47) 0.23 (0.19, 0.28) 3.46 (2.93,4.09) 106.99 -0.22 (- 0.29, -
0.16)
Central Sub-Saha- 0.72 (0.60, 0.85) 2.85(2.43,3.29) 1.39 (1.11, 1.75) 2.47(1.99, 3.07) 94.59 —0.64 (-0.71, -
ran Africa 0.57)
Eastern Sub- 2.54 (2.08, 3.15) 3.15 (2.63, 3.99) 5.68 (4.68, 6.92) 3.41(2.85,4.15) 123.76 0.08 (— 0.05, 0.22)
Saharan Africa
Southern Sub- 1.91(1.35,3.14) 6.74 (4.71,11.07) 4.04 (3.62, 4.54) 7.05(6.31,7.91) 111.14 —0.43 (- 1.04,
Saharan Africa 0.19)
Western Sub- 5.31 (4.55,6.17) 5.81(4.99, 6.76) 9.97 (8.36, 11.56)  5.29 (4.48, 6.04) 87.85 —0.44 (- 0.52, —
Saharan Africa 0.35)

ASMR age-standardized mortality rate; CI confidence interval, EAPC estimated annual percentage changes; GBD Global Burden of Disease;
NASH nonalcoholic steatohepatitis; SDI socio-demographic index; Ul uncertainty interval
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to 2019, a decreased proportion of deaths due to hepatitis
B and other causes but an increased proportion of deaths
due to hepatitis C, alcohol use, and NASH among all
deaths of primary liver cancer were observed in this period
(Fig. 1B). In 2019, the deaths of primary liver cancer due
to hepatitis B, hepatitis C, alcohol use, NASH, and other
causes accounted for 39.57%, 29.26%, 18.73%, 7.17%,
and 5.27% of the global deaths, respectively (Fig. 2A).
The ASMR of primary liver cancer due to hepatitis B was
the highest among all etiologies of primary liver cancer
worldwide between 1990 and 2019, followed by hepatitis
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C and alcohol use (Fig. 2B). The ASMRs of primary liver
cancer due to hepatitis B, hepatitis C, alcohol use, NASH,
and other causes were 2.31 per 100,000, 1.78 per 100,000,
1.10 per 100,000, 0.43 per 100,000, and 0.23 per 100,000
in 2019, respectively (Table 2). The ASMRs of primary
liver cancer due to hepatitis B, hepatitis C, alcohol use,
NASH, and other causes decreased by an average of 3.46%
(95% C12.87%, 4.04%), 1.35% (95% CI1 1.10%, 1.60%),
0.68% (95% CI1 0.48%, 0.88%), 0.74% (95% CI1 0.44%,
1.03%), and 2.74% (95% CI 2.29%, 3.20%), respectively
(Table 2 and Fig. 2B).
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3.2 Regional Trends in the Incidence and Mortality
of Primary Liver Cancer and Its Underlying
Etiologies

The incident cases of primary liver cancer by SDI region
decreased by 1.70% in middle-high SDI region but increased
by 97.99%, 62.17%, 26.77%, and 161.98% in low, low-
middle, middle- and high SDI regions from 1990 to 2019,
respectively (Table 1). The ASIR of primary liver cancer
decreased in low (EAPC=-— 0.46;95% CI — 0.52, — 0.40),
low-middle (EAPC=- 1.59;95% CI — 1.90, — 1.27), mid-
dle (EAPC=-2.98; 95% CI — 3.56, — 2.39), and middle-
high (EAPC =-3.33;95% CI — 3.89, — 2.77) SDI regions,
but increased in high SDI region by an average of 0.91%
(95% C10.47%, 1.35%) between 1990 and 2019 (Table 1). In
low, low-middle, middle, and middle-high SDI regions, hep-
atitis B was the major etiology for the incident cases of pri-
mary liver cancer in 1990 and 2019, accounting for 37.63%,
42.28%, 52.38%, and 45.59% of the incident cases of all
etiologies in these regions in 2019, respectively (Fig. 3A and
B). Hepatitis C was the major etiology for the incident cases
of primary liver cancer in high SDI region in 1990 and 2019,
accounting for 44.21% of the incident cases of all etiologies
in 2019 (Fig. 3A and B).

The incident cases of primary liver cancers by GBD
region decreased in Central Europe (10.30%) and East Asia

1990

(10.09%), but increased in more than 90% (19/21) of the
regions, with the largest increase in Australasia (354.16%),
followed by High-income North America (311.64%) and
Central Asia (309.21%) (Table 1). High-income Asia
Pacific suffered the severest threat of primary liver cancer
in 2019 (ASIR: 15.56 per 100,000), followed by East Asia
(ASIR: 10.43 per 100,000) and Central Asia (ASIR: 8.27
per 100,000). The ASIR of primary liver cancer increased in
more than two-fifths (9/21) of GBD regions, with the largest
increase in Australasia (EAPC=3.14; 95% CI 2.87, 3.41),
followed by High-income North America (EAPC=2.99;
95% CI 2.79, 3.20) and Central Asia (EAPC=2.78; 95%
CI2.23, 3.32) (Table 1). The major etiology for the incident
cases of primary liver cancer varied considerably across
GBD regions (Fig. 3A and B). The major etiology for the
incident cases of primary liver cancer varied considerably
across GBD regions, with hepatitis B as the major etiol-
ogy in East Asia, South Asia, Southeast Asia, Andean Latin
America, Oceania, Eastern Sub-Saharan Africa, Southern
Sub-Saharan Africa, and Western Sub-Saharan Africa, and
hepatitis C as the major etiology in High-income North
America, Central Asia, Western Europe, Central Latin
America, Tropical Latin America, North Africa and Mid-
dle East, High-income Asia Pacific, and Central Sub-Saha-
ran Africa in 1990 and 2019 (Fig. 3A and B). In 2019, the
incident cases of primary liver cancer due to hepatitis B

2019

i

Low SDI region 4 I [

Low-middle SDI region I I
Middle SDT region { [

High-middle SDI region 4 [ [

=

1ligh SDI region 4 | |

i

High-income North America - | | I

Central Asia [ [ [

East Asiaq I |

Hln

South Asia [ [ |

Southcast Asia o [

Australasia 4 I [ [

Caribbean | | 1

/i

Central Furope [ I

Eastern Europe { I I

Western Furope { | [

Andean Latin America { ]| [

] [ [

Central Latin America 4 ] I

Southern Latin Amcrica | ] |

‘I'opical 1.atin America 4 | | [

nilln

North Alrica and Middle Easl 4 I [ ]

ITigh-income Asia Pacific [ [

Ltiology of primary cancer

Oceania 4 [ [

[ tIcpatitis B

Central Sub-Saharan Alrica [ I

[7] Hepatitis ¢

Tastern Sub-Saharan Atrica | | | |

[ Alcohol use

Southern Sub-Saharan Africa I | [

[ ] NASH

|| 8|

Weslern Sub-Saharan Alrica | - [

[ Other causes

0 20 40 60 80

=
=1

Percentage (%)

40 60 30

Percentage (%)

o
[
>

Fig.3 Contribution of hepatitis B, hepatitis C, alcohol use, NASH and other causes to absolute incident cases of primary liver cancer by region
in 1990 and 2019. Note: NASH nonalcoholic steatohepatitis, SDI socio-demographic index

@ Springer



352

Journal of Epidemiology and Global Health (2023) 13:344-360

accounted for 63.78%, 33.28%, 40.04%, 42.67%, 53.79%,
30.26%, 38.83%, and 47.52% of the incident cases of all
etiologies in East Asia, South Asia, Southeast Asia, Andean
Latin America, Oceania, Eastern Sub-Saharan Africa,
Southern Sub-Saharan Africa, and Western Sub-Saharan
Africa, respectively (Fig. 3B). The incident cases of pri-
mary liver cancer due to hepatitis C accounted for 35.44%,
31.00%, 41.32%, 38.78%, 39.14%, 47.02%, 54.63%, and
39.72% of the incident cases of all etiologies in High-income
North America, Central Asia, Western Europe, Central Latin
America, Tropical Latin America, North Africa and Middle
East, High-income Asia Pacific, and Central Sub-Saharan
Africa in 2019, respectively (Fig. 3B). In Southern Latin
America, the major etiology of the incident cases of primary
liver cancer was alcohol use in 1990 and hepatitis C in 2019,
accounting for 33.16% and 35.10% of incident cases of all
etiologies, respectively (Fig. 3A and B). Alcohol use was the
major etiology of incident cases of primary liver cancer in
Australasia, Caribbean, Central Europe and Eastern Europe
in 1990 and 2019, accounting for 39.10%, 34.94%, 43.23%,
and 37.79% of the incident cases of all etiologies in these
regions in 2019, respectively (Fig. 3A and B). The propor-
tion of incident cases of primary liver cancer due to NASH
increased from 1990 to 2019 in several GBD regions and
exceeded 10% in 2019, such as Eastern Sub-Saharan Africa,
Australasia, and South Asia (Fig. 3A and B). The trends in

1990

incident cases and ASIRs of primary liver cancer by etiology
varied considerably across regions between 1990 and 2019,
including SDI and GBD regions (Tables S2-S6).

Across the 5 SDI regions, the deaths of primary liver
cancer decreased in middle-high SDI region (9.87%) from
1990 to 2019, but increased in low, low-middle, middle, and
high SDI regions in this period, with increases of 96.50%,
64.58%, 20.24%, and 133.20%, respectively (Table 2).
The ASMR of primary liver cancer decreased by an aver-
age of 0.47% (95% CI: 0.40%, 0.54%), 1.55% (95% CI:
1.24%, 1.86%), 3.16% (95% CI: 2.58%, 3.73%), and 3.69%
(95% CI: 3.13%, 4.25%), but was stable in high SDI region
(EAPC=0.42, 95% CI — 0.01, 0.85) (Table 2). The major
cause of deaths from primary liver cancer in 1990 and 2019
was hepatitis B in low, low-middle, middle, and middle-
high SDI regions, accounting for 37.05%, 28.46%, 25.43%,
and 52.28% of death of all etiologies in 2019, respectively,
whereas hepatitis C was the major cause of deaths from pri-
mary liver cancer in high SDI region, accounting for 56.28%
of deaths of all etiologies in 2019 (Fig. 4A and B).

Across 21 SDI regions, the deaths of primary liver cancer
decreased in Central Europe (25.65%), East Asia (14.11%),
and Caribbean (2.09%) from 1990 to 2019, but increased in
the remaining 18 GBD regions, with the largest increase in
Australasia (282.73%), followed by Central Asia (282.60%)
and High-income North America (258.34%) in this period
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(Table 2). Among all GBD regions, the largest ASMR of pri-
mary liver cancer was observed in High-income Asia Pacific
(ASMR: 10.78 per 100,000 in 2019), followed by East
Asia (ASMR: 9.39 per 100,000 in 2019) and Central Asia
(ASMR: 8.27 per 100,000 in 2019) (Table 2). The ASMR of
primary liver cancer increased in 9 GBD regions, with the
largest increase in Central Asia (EAPC=2.93; 95% CI 2.39,
3.47), followed by Australasia (EAPC =2.88; 95% CI 2.66,
3.10) and High-income North America (EAPC=2.66; 95%
CI 2.51, 2.81) (Table 2). Similar to the major etiology for
the incident cases of primary liver cancer, the major etiol-
ogy for the deaths of primary liver cancer was also hepatitis
B or hepatitis C in more than four-fifths (17/21) of GBD
regions in 1990 and 2019, such as GBD regions in Asia,
Latin America, and Sub-Saharan Africa (Fig. 4A and B). In
Australasia, Caribbean, Central Europe and Eastern Europe,
alcohol use was the major cause of primary liver cancer
deaths in 1990 and 2019, accounting for 38.14%, 35.07%,
42.94%, and 37.63% of the deaths of all etiologies in these
regions in 2019, respectively (Fig. 4A and B). Similar to the
trends in incident cases and ASIRs of primary liver cancer
by etiology, the trends in deaths and ASMRs also varied
considerably across regions between 1990 and 2019, includ-
ing SDI and GBD regions (Tables S7T-S11).

3.3 National Trends in the Incidence and Mortality
of Primary Liver Cancer and Its Underlying
Etiologies

Among 204 countries and territories, the absolute number
of incident cases of primary liver cancer in China (210,462)
accounted for 39.39% of the global incident cases (534,364)
in 2019 (Table S12). The country with the most pronounced
increase in the incident cases of primary liver cancer was Cabo
Verde (1840.57%) followed by Uzbekistan (1073.50%), and
Poland had the most pronounced decrease in the incident cases
of primary liver cancer (Table S12 and Fig. 5A). The ASIR
of primary liver cancer varied considerably across the world,
with the largest ASIR in Mongolia (105.22 per 100,000), fol-
lowed by Gambia (38.21 per 100,000) and Guinea (32.17 per
100,000) in 2019 (Table S12 and Fig. 5B). Mongolia was also
the country suffering the largest burden of primary liver cancer
by etiology, with the highest ASIR of primary liver cancer
by etiology in 2019 (Tables S13-S17 and Figs. S1-S5). The
ASIR of primary liver cancer was deemed to be in a decreasing
trend in 89 countries or territories, with the largest decrease in
Saint Kitts and Nevis (EAPC=-4.70;95% CI — 5.77, — 3.62)
(Table S12 and Fig. 5C). The ASIR of primary liver cancer
was deemed to be in an increasing trend in 91 countries or ter-
ritories, with the largest increase in Armenia (EAPC=9.46;
95% C17.92, 11.02) and Uzbekistan (EAPC=9.05; 95% CI
7.82, 10.28) (Table S12 and Fig. 5C). The ASIR of primary
liver cancer remained stable in 24 countries or territories,

such as Djibouti, Nigeria, and Botswana (Table S12). Across
204 countries and territories, the trends in incident cases and
ASIRs of primary liver cancer by etiology varied considerably
between 1990 and 2019 (Tables S13—S17 and Figs. S1-S5).
An increasing trend in ASIRs of primary liver cancer by
etiology between 1990 and 2019 was observed in 71 coun-
tries and territories, such as Armenia, Australia, Canada, and
the United States of America (USA) (Tables S13-S17 and
Figs. S1-S5). The ASIRs of primary liver cancer by etiology
between 1990 and 2019 were deemed to be in a decreasing
trend in 54 countries and territories, such as Poland, China,
Belize, and Dominica (Tables S13-S17 and Figs. S1-S5). The
ASIR of primary liver cancer by etiology remained stable in
Jamaica and Kenya (Tables S13-S17 and Figs. S1-S5). Differ-
ent trends in ASIRs of primary liver cancer by etiology were
observed in the remaining 77 countries and territories, such
as Malaysia, Pakistan, Qatar, and Thailand (Tables S13-S17
and Figs. S1-S5).

For the deaths of primary liver cancer among 204 coun-
tries and territories in 2019, China had the largest deaths of
primary liver cancer (187,700), which accounted for 38.73%
of the global deaths in 2019 (Table S18). The country with
the most pronounced increase in the deaths of primary liver
cancer was Cabo Verde (1786.75%) followed by Uzbekistan
(1075.97%), and Poland had the most pronounced decrease in
the deaths of primary liver cancer (Table S18 and Fig. 6A).
Across 204 countries and territories, Mongolia (115.23 per
100,000) had the largest ASMR of primary liver cancer in
2019, followed by Gambia (39.51 per 100,000) and Guinea
(34.05 per 100,000) in 2019 (Table S18 and Fig. 6B). Mon-
golia also suffered the highest ASMR of primary liver cancer
by etiology in 2019 (Tables S19-S23 and Figs. S6-S10). The
ASMR of primary liver cancer was deemed to be in a decreas-
ing trend in 91 countries or territories, with the largest decrease
in China (EAPC=- 5.60; 95% CI — 5.8, — 4.24) (Table S18
and Fig. 6C). The ASMR of primary liver cancer was deemed
to be in an increasing trend in 79 countries or territories, with
the largest increase in Armenia (EAPC=9.56; 95% CI 7.95,
11.20) and Uzbekistan (EAPC=9.10; 95% CI 7.95, 10.27)
(Table S18 and Fig. 6C). The ASMR of primary liver cancer
remained stable in 34 countries or territories, such as Israel,
United Arab Emirates, and Kenya (Table S18). Similar to the
trends in incident cases and ASIRs of primary liver cancer by
etiology at the national level, the trends in deaths and ASMRs
of primary liver cancer by etiology varied considerably in 204
countries and territories (Tables S19-S23 and Figs. S6-S10).

3.4 Associations of SDI and UHCI with EAPC in ASIR
and ASMR of Primary Liver Cancer and Its
Underlying Etiologies

We found a significant positive correlation of SDI in 2019
with EAPC in ASIR (p=0.31, p=0.004) and EAPC in
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ASMR (p=0.26, p=0.015) of primary liver cancer in the
countries and territories with an SDI value > 0.7, and a non-
significant correlation in the countries and territories with
an SDI value <0.7 (Fig. 7A and C). A significant positive
correlation of UHCI in 2019 with EAPC in ASIR (p=0.49,
p<0.001) and EAPC in ASMR (p=0.47, p<0.001) of
primary liver cancer was observed in the countries and
territories with a UHCI value > 70, while there was a non-
significant correlation in the countries and territories with
a UHCI <70 (Fig. 7B and D). Similar to the correlations
of SDI and UHCI in 2019 with ASIR and ASMR of pri-
mary liver cancer, a positive correlation of SDI and UHCI
in 2019 with ASIR and ASMR of primary liver cancer by
etiology was observed in the countries and territories with
an SDI value > 0.7 or a UHCI value > 70, respectively (Figs.
S11-S15).

4 Discussion

This study used data from the GBD study 2019 to com-
prehensively assess the landscape and long-term trends in
the incidence and mortality of primary liver cancer and
its underlying etiologies, including hepatitis B, hepatitis
C, alcohol use, NASH, and other causes, as well as the
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associations of the trends in incidence and mortality with
socioeconomic status at the national level. We found an
increasing trend in both the incident cases and deaths of
primary liver cancer and its underlying etiologies and a
decreasing trend in both ASIR and ASMR of primary liver
cancer and its underlying etiologies worldwide between
1990 and 2019. The dominant etiology of the global inci-
dent cases and deaths of primary liver cancer was hepatitis
B, followed by hepatitis C, alcohol use, NASH, and other
causes in 1990 and 2019. However, the largest increase in
the percentage change in global incident cases and deaths
of primary liver cancer by etiology from 1990 to 2019 was
primary liver cancer due to NASH, followed by alcohol
use, hepatitis C, other causes, and hepatitis B. We found
that the temporal trends in the incidence and mortality of
primary liver cancer and its underlying etiologies varied
considerably between regions and countries. For example,
high SDI region had both the largest increase in the percent-
age change in incident cases and deaths of primary liver
cancer and suffered an increasing trend in ASIR and a sta-
ble trend in ASMR of primary liver cancer between 1990
and 2019. More than two-fifths of GBD regions suffered an
increase in both ASIR and ASMR of primary live cancer
between 1990 and 2019, with the largest increase in ASIR
in Australasia and the largest increase in ASMR in Central
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Asia. Notably, we found a positive correlation of EAPC in
ASIRs and ASMRs of primary liver cancer with SDI values
and UHCI values in countries or territories with a high SDI
value (>0.7) or a high UHCI value (>70).

This study found an increase of 43.11% for the abso-
lute numbers of incident cases and 32.68% for the abso-
lute numbers of deaths of primary liver cancer from 1990
to 2019 worldwide. The increased trends in incident cases
and deaths of primary liver cancer could be mainly driven
by both aging and growth of the population worldwide [7,
25-27]. We found that both the incident cases and deaths
of primary liver cancer related to hepatitis C, alcohol use,
and NASH increased markedly from 1990 to 2019, lead-
ing to an increase in their proportions in the global incident
cases and deaths of primary liver cancer, respectively. How-
ever, the global predominant cause of primary liver cancer
remained hepatitis B, accounting for 40.95% of the inci-
dent cases and 39.57% of deaths of primary liver cancer in
2019. Hepatitis C was the second leading cause of primary
liver cancer after hepatitis B, accounting for 28.49% of the
incident cases and 29.26% of deaths of primary liver can-
cer in 2019. Thus, although the relevance of nonviral risk
factors such as alcohol use and NASH is becoming more
important for the burden of primary liver cancer, elimina-
tion of viral hepatitis remains the key strategy for primary
prevention of primary liver cancer globally. Effective strat-
egies for blocking the transmission of hepatitis B include
infant vaccination, screening of blood donations, and safer
sex practices [28, 29]. The WHO reported that the coverage
for the third dose of hepatitis B vaccine reached 85% by
the end of 2019, up from only 30% in 2000; the coverage
rate of the timely birth dose of hepatitis B vaccine in 2019
was 43%; and the blood donations screened with quality
assurance accounted for 97% of all donations in 2015 [29].
Currently, a cure for chronic HCV infection can be achieved
with direct-acting antivirals, but there is no effective vac-
cine against hepatitis C [30, 31]. The effective measures for
HCYV control include screening of transfusions, prevention
of mother-to-child transmission, provision of clean needles,
and infection control in health care facilities [32]. In this
study, we found a decreasing trend in both ASIR and ASMR
of primary liver cancer between 1990 and 2019, as well as a
decreasing trend in all ASIRs and ASMRs of primary liver
cancer by etiology worldwide. The decreased trend in ASIR
of primary liver cancer was contributed by advances in the
prevention and control of its risk factors, such hepatitis B
and hepatitis C [13, 14]. Due to the implementation of HBV
interventions, such as vaccination, testing, and treatment, the
chronic HBV prevalence was 4.1% in 2019 worldwide, with
a 31.3% decrease from 6.0% in 1990 [13]. The global age-
standardized prevalence rate of HCV infection decreased
by an average of 0.67% per year between 1990 and 2019
[14]. In addition to the reduction in the incidence of primary

liver cancer, advances in the early detection and effective
treatment of primary liver cancer globally during the past
decades also possibly contributed to the decreasing trend in
ASMR of primary liver cancer [33].

In line with previous studies [7, 9, 17], we found that
the most common etiology for primary liver cancer varied
between regions. Across 5 SDI regions, the predominant
etiology for primary liver cancer both in 1990 and 2019
was hepatitis B in low, low-middle, middle, and middle-
high SDI regions, but hepatitis C in high SDI region. Across
21 GBD regions, the predominant etiology of primary liver
cancer in 2019 was hepatitis B in East Asia, South Asia,
Southeast Asia, Andean Latin America, Oceania, Eastern
Sub-Saharan Africa, Southern Sub-Saharan Africa, and
Western Sub-Saharan Africa; hepatitis C in High-income
North America, Central Asia, Western Europe, Central Latin
America, Tropical Latin America, Southern Latin America,
North Africa and Middle East, High-income Asia Pacific,
and Central Sub-Saharan Africa; and alcohol use in Aus-
tralasia, Caribbean, Central Europe, and Eastern Europe.
The disparities in the major etiology of primary liver cancer
from region to region largely reflected a heterogeneous pat-
tern in risk factor exposures across the world [4, 8, 12-14,
34]. For example, the regions with hepatitis B as the etiol-
ogy for primary liver cancer were usually regions with high
levels of HBV infection, such as East Asia, South Asia, and
Southeast Asia [13, 35]. Thus, elimination of viral hepatitis
remains the key strategy for reducing the burden of primary
liver cancer at the regional level, especially in the predomi-
nant etiology of hepatitis B or hepatitis C. In addition to the
efforts to eliminate viral hepatitis, additional nonviral causes
of primary liver cancer must also be incorporated into plan-
ning for primary liver cancer control in various regions. For
example, in 2019, alcohol use was associated with more than
35% of the incident cases in Europe and Australasia, and
NASH was associated with more than 10% of the incident
cases of primary liver cancer in several regions such as East-
ern Sub-Saharan Africa and Australasia, yet cost-effective
policies exist to reduce consumption in the population [36].

The current study found an increasing trend in ASIR
of primary liver cancer between 1990 and 2019 in nearly
half (91/204) of the countries and territories included in the
GBD study. More than one-third (71/204) of the countries
and territories included in the GBD study also suffered an
increasing trend in ASIRs of primary liver cancer by etiol-
ogy, such as the USA, Australia, and Canada. In addition, a
significant positive correlation was detected between SDI/
UHCI in 2019 and EAPC in ASIR of primary liver can-
cer among the countries or territories with an SDI>0.7 or
UHCI>70. The main explanation could be that increasing
age could be directly correlated with liver cancer incidence
in most populations worldwide [37]. Furthermore, migra-
tion has likely influenced the incidence of primary liver
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cancer among ethnic minorities in Western countries, as
observed in the USA, Australia, and Canada, where the high-
est incidence was among migrants from high-risk countries
[38—41]. We also found a decreasing trend in ASIRs of pri-
mary liver cancer by etiology in more than a quarter of the
countries and territories included in the GBD study, such as
Poland, China, and Belize. The favorable decreasing trends
in ASIRs of primary liver cancer by etiology in these coun-
tries reflected the achievements in the prevention and control
for the related risk factors, such as viral hepatitis, alcohol
use, and metabolic conditions (including obesity, diabetes,
and non-alcoholic fatty liver disease). For example, China
has changed from a highly endemic area into an intermediate
endemic area for HBV infection based on remarkable pro-
gress in HBV prevention and control and critical progress in
hepatitis B treatment [42—44]. Despite the ASIRs of primary
liver cancer and its etiologies significantly declining in the
past three decades, China had the largest numbers of incident
cases and deaths of primary liver cancer in 2019 across the
world. Recently, one study predicted that while the impact
of HBV and HCV elimination efforts is only beginning to
be reflected in the burden of primary liver cancer today, the
increasing prevalence of other risk factors might drive future
changes in incidence of primary liver cancer [7]. To reduce
the burden of primary liver cancer, control efforts for its
causes should be prioritized at the national level. In addi-
tion, public health officials must prepare for an increase in
demand for resources to manage the care of patients with
primary liver cancer throughout the cancer pathway.

This current study comprehensively assessed the global
landscape and long-term trends in the incidence and mor-
tality of primary liver cancer and its underlying etiologies
as well as the associations of the trends in incidence and
mortality with socioeconomic status at the national level
over the past three decades. However, several limitations
should be noted. First, the availability of data and the qual-
ity of available data limited the accuracy and robustness of
the estimates of the incidence and mortality of primary liver
cancer and its etiologies in the modeling [9], which might
bias when national surveillance and population-based stud-
ies were lacking. Second, EAPC in ASIRs and ASMRs as
well as relative change in the incident cases and deaths of
primary liver cancer and its etiologies were used to assess
its long-term trends from 1990 to 2019, which might mask
the recent short-term trends that reflected the effectiveness
of the recent prevention interventions.

In summary, primary liver cancer remains a major public
health concern globally. Although the trend in ASIR and
ASMR of primary liver cancer decreased between 1990 and
2019, both the trend in the numbers of incident cases and
deaths increased from 1990 to 2019. In addition, the trends
in ASIR and ASMRs of primary liver cancer and its eti-
ologies varied between regions and countries. In high SDI

@ Springer

region, there was an increasing trend in ASIR and a stable
trend in ASMR of primary liver cancer in the past three
decades. There was an increasing trend in ASIR of primary
liver cancer in nearly half of the countries and an increasing
trend in ASIRs of primary liver cancer by etiology in more
than one-third of the countries worldwide. In line with the
SDGs, the identification and elimination of risk factors for
primary liver cancer will be required to achieve a sustained
reduction in liver cancer burden.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s44197-023-00109-0.

Acknowledgements We appreciate the works by the Global Burden of
Disease study 2019 collaborators.

Author Contributions GYC and ML searched the literature, designed
the study, analyzed the data, interpreted the results, and drafted the
manuscript. JL and ML conceived the study, designed the study, super-
vised the study, interpreted the results, and revised the manuscript. All
authors approved the final version of the manuscript.

Funding This work was supported by the National Key Research
and Development Program of China (Grant No. 2021ZD0114104,
2021ZD0114101, 2021ZD0114105) and National Natural Science
Foundation of China (Grant No. 71934002, 71874003).

Data Availability The data are available from an open access database,
the GHDx query tool (https://vizhub.healthdata.org/gbd-results/).

Declarations

Conflict of interest The authors declare that they have no conflict of
interests.

Ethical Approval and Consent to Participate The study does not involve
any ethical problem and data collection was completed in accordance
with the ethical regulations.

Consent for Publication All the authors have agreed to publish this
manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide
for 36 Cancers in 185 Countries. CA. 2021;71(3):209-49.


https://doi.org/10.1007/s44197-023-00109-0
https://vizhub.healthdata.org/gbd-results/
http://creativecommons.org/licenses/by/4.0/

Journal of Epidemiology and Global Health (2023) 13:344-360

359

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. Ferlay, M. Ervik, F. Lam, M. Colombet, L. Mery, M. Pifieros,
et al. Global cancer observatory: cancer today. International
Agency for Research on Cancer, Lyon, France (2021). Available
from https://gco.iarc.fr/today/home. [cited 10 July 2022].
Thomas London W, Petrick JL, McGlynn KA. Liver cancer. In:
Thun M, Linet MS, Cerhan JR, Haiman CA, Schottenfeld D, edi-
tors. Cancer Epidemiology and Prevention. 4th ed. Oxford Uni-
versity Press; 2018. p. 635-60.

Chuang SC, La Vecchia C, Boffetta P. Liver cancer: descriptive
epidemiology and risk factors other than HBV and HCV infection.
Cancer Lett. 2009;286(1):9-14.

McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepato-
cellular carcinoma. Hepatology. 2021;73:4—13.
Maucort-Boulch D, de Martel C, Franceschi S, Plummer M.
Fraction and incidence of liver cancer attributable to hepatitis
B and C viruses worldwide. Int J Cancer. 2018;142(12):2471-7.
Rumgay H, Arnold M, Ferlay J, et al. Global burden of pri-
mary liver cancer in 2020 and predictions to 2040. J Hepatol.
2022;77:1598.

Global Burden of 87 risk factors in 204 countries and ter-
ritories, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet (London, England).
2020;396(10258):1223-49.

Akinyemiju T, Abera S, Ahmed M, et al. The Burden of Pri-
mary Liver Cancer and Underlying Etiologies From 1990 to
2015 at the Global, Regional, and National Level: Results
From the Global Burden of Disease Study 2015. JAMA Oncol.
2017;3(12):1683-91.

UN Department of Economic and Social Affairs. United Nations
Sustainable Development Goals. Goal 3: ensure healthy lives
and promote well-being for all at all ages. Available from
https://www.un.org/sustainabledevelopment/health/. [cited 10
July 2022].

World Health Organization. Global action plan for the preven-
tion and control of noncommunicable diseases 2013-2020.
2013. Available from https://www.who.int/publications/i/item/
9789241506236. [cited 30 Sep 2022].

Global Hepatitis Report 2017. Geneva: World Health Organiza-
tion; 2017. Available from: http://www.who.int/hepatitis/publi
cations/global-hepatitis-report2017/en/ [cited 30 Sep 202s].
Global, regional, and national burden of hepatitis B, 1990-2019:
a systematic analysis for the Global Burden of Disease Study
2019. Lancet Gastroenterol Hepatol. 2022;7(9):796-829.

Jing W, Liu J, Liu M. Global Trends and Regional Differences
in Hepatitis C Virus Infection Prevalence and Implications
for Prevention—Worldwide, 1990-2017. China CDC Weekly.
2020;2(30):564-9.

Sheena BS, Hiebert L, Han H, et al. Global, regional, and
national burden of hepatitis B, 1990-2019: a systematic analysis
for the Global Burden of Disease Study 2019. Lancet Gastroen-
terol Hepatol. 2022;7(9):796-829.

Marengo A, Rosso C, Bugianesi E. Liver Cancer: Connec-
tions with Obesity, Fatty Liver, and Cirrhosis. Annu Rev Med.
2016;67:103-17.

Liu Z, Jiang Y, Yuan H, et al. The trends in incidence of pri-
mary liver cancer caused by specific etiologies: Results from
the Global Burden of Disease Study 2016 and implications for
liver cancer prevention. J Hepatol. 2019;70(4):674-83.

Islami F, Ward EM, Sung H, et al. Annual Report to the Nation
on the Status of Cancer, Part 1: National Cancer Statistics. J
Natl Cancer Inst. 2021;113(12):1648-69.

Xing QQ, Li JM, Dong X, et al. Socioeconomics and attrib-
utable etiology of primary liver cancer, 1990-2019. World J
Gastroenterol. 2022;28(21):2361-82.

Global burden of 369 diseases and injuries in 204 countries
and territories, 1990-2019: a systematic analysis for the Global

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Burden of Disease Study 2019. Lancet (London, England).
2020;396(10258):1204-22.

Global Health Data Exchange. Available from: http://ghdx.healt
hdata.org/. [cited 1 July 2022].

Global Burden of Disease Collaborative Network. Global Bur-
den of Disease Study 2019 (GBD 2019) Socio-Demographic
Index (SDI) 1950-2019. Seattle, United States of America:
Institute for Health Metrics and Evaluation (IHME), 2020.
https://doi.org/10.6069/D8QB-JK35.

Global Burden of Disease Collaborative Network. Global Bur-
den of Disease Study 2019 (GBD 2019) UHC Effective Cover-
age Index 1990-2019. Seattle, United States of America: Insti-
tute for Health Metrics and Evaluation (IHME), 2020. https://
doi.org/10.6069/GT4K-3B35.

Measuring universal health coverage based on an index of
effective coverage of health services in 204 countries and
territories, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet (London, England).
2020;396(10258):1250-1284.

Omran AR. The epidemiologic transition. A theory of the epi-
demiology of population change. Milbank Memorial Fund Q.
1971;49(4):509-38.

Fitzmaurice C, Allen C, Barber RM, et al. Global, Regional,
and National Cancer Incidence, Mortality, Years of Life Lost,
Years Lived With Disability, and Disability-Adjusted Life-
years for 32 Cancer Groups, 1990 to 2015: A Systematic Anal-
ysis for the Global Burden of Disease Study. JAMA Oncol.
2017;3(4):524-48.

Kocarnik JM, Compton K, Dean FE, et al. Cancer Incidence,
Mortality, Years of Life Lost, Years Lived With Disability, and
Disability-Adjusted Life Years for 29 Cancer Groups From 2010
to 2019: A Systematic Analysis for the Global Burden of Dis-
ease Study 2019. JAMA Oncol. 2022;8(3):420-44.

World Orgnization Health. Hepatitis B. Available from https://
www.who.int/en/news-room/fact-sheets/detail/hepatitis-b [cited
30 Sep 2022].

WHO. Global progress report on HIV, viral hepatitis and sexu-
ally transmitted infections, 2021. 2021; https://www.who.int/
publications/i/item/9789240027077. Accessed 30 Sep 2022.
World Orgnization Health. Hepatitis C. Available from https://
www.who.int/news-room/fact-sheets/detail/hepatitis-c [cited 30
Sep 2022].

Bailey JR, Barnes E, Cox AL. Approaches, progress, and chal-
lenges to hepatitis C vaccine development. Gastroenterology.
2019;156(2):418-30.

Lanini S, Easterbrook PJ, Zumla A, Ippolito G. Hepatitis C:
global epidemiology and strategies for control. Clin Microbiol
Infect. 2016;22(10):833-8.

Vogel A, Meyer T, Sapisochin G, Salem R, Saborowski A.
Hepatocellular carcinoma. Lancet. 2022;400(10360):1345-62.
Global prevalence and genotype distribution of hepatitis C
virus infection in 2015: a modelling study. Lancet Gastroenterol
Hepatol. 2017;2(3):161-76.

Cao G, Jing W, Liu J, Liu M. Countdown on hepatitis B elimi-
nation by 2030: the global burden of liver disease related to
hepatitis B and association with socioeconomic status. Hepatol
Int. 2022;16(6):1282-1296.

World Health Organization. Tackling NCDs: best buys and other
recommended interventions for the prevention and control of
noncommunicable diseases. Geneva, Switzerland. 2017. Avail-
able from https://www.who.int/publications/i/item/WHO-NMH-
NVI-17.9. [cited 10 July 2022].

McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of
hepatocellular carcinoma. Hepatology (Baltimore, Md).
2021;73(Suppl 1):4-13.

@ Springer


https://gco.iarc.fr/today/home
https://www.un.org/sustainabledevelopment/health/
https://www.who.int/publications/i/item/9789241506236
https://www.who.int/publications/i/item/9789241506236
http://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
http://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
http://ghdx.healthdata.org/
http://ghdx.healthdata.org/
https://doi.org/10.6069/D8QB-JK35
https://doi.org/10.6069/GT4K-3B35
https://doi.org/10.6069/GT4K-3B35
https://www.who.int/en/news-room/fact-sheets/detail/hepatitis-b
https://www.who.int/en/news-room/fact-sheets/detail/hepatitis-b
https://www.who.int/publications/i/item/9789240027077
https://www.who.int/publications/i/item/9789240027077
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/publications/i/item/WHO-NMH-NVI-17.9
https://www.who.int/publications/i/item/WHO-NMH-NVI-17.9

360

Journal of Epidemiology and Global Health (2023) 13:344-360

38.

39.

40.

41.

Pinheiro PS, Callahan KE, Jones PD, et al. Liver cancer: A
leading cause of cancer death in the United States and the
role of the 1945-1965 birth cohort by ethnicity. JHEP Rep.
2019;1(3):162-9.

Yu XQ, Feletto E, Smith MA, Yuill S, Baade PD. Cancer Inci-
dence in Migrants in Australia: Patterns of Three Infection-
Related Cancers. Cancer Epidemiol Biomarkers Prevention.
2022;31(7):1394-401.

McDermott S, Desmeules M, Lewis R, et al. Cancer inci-
dence among Canadian immigrants, 1980-1998: results
from a national cohort study. J Immigr Minor Health.
2011;13(1):15-26.

Arnold M, Razum O, Coebergh JW. Cancer risk diversity in
non-western migrants to Europe: An overview of the literature.
Eur J Cancer (Oxford, England: 1990). 2010;46(14):2647-59.

@ Springer

42.

43.

44.

Cao G, Liu J, Liu M. Trends in mortality of liver disease
due to hepatitis B in China from 1990 to 2019: findings
from the Global Burden of Disease Study. Chinese Med J.
2022;135:2049.

Liu J, Liang W, Jing W, Liu M. Countdown to 2030: elimi-
nating hepatitis B disease, China. Bull World Health Organ.
2019;97(3):230-8.

Wang FS, Fan JG, Zhang Z, Gao B, Wang HY. The global burden
of liver disease: the major impact of China. Hepatology (Balti-
more, MD). 2014;60(6):2099-108.



	Global, Regional, and National Trends in Incidence and Mortality of Primary Liver Cancer and Its Underlying Etiologies from 1990 to 2019: Results from the Global Burden of Disease Study 2019
	Abstract
	Objective 
	Method 
	Results 
	Conclusion 

	1 Introduction
	2 Methods
	2.1 Data Source
	2.2 SDI
	2.3 UHCI
	2.4 Statistical Analysis
	2.5 Patient and Public Involvement

	3 Results
	3.1 Global Trends in the Incidence and Mortality of Primary Liver Cancer and Its Underlying Etiologies
	3.2 Regional Trends in the Incidence and Mortality of Primary Liver Cancer and Its Underlying Etiologies
	3.3 National Trends in the Incidence and Mortality of Primary Liver Cancer and Its Underlying Etiologies
	3.4 Associations of SDI and UHCI with EAPC in ASIR and ASMR of Primary Liver Cancer and Its Underlying Etiologies

	4 Discussion
	Anchor 20
	Acknowledgements 
	References




