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ABSTRACT Obijective: To analyze the temporal evolution pattern of the disease burden of liver cancer in
China from 1990 to 2021, to construct a disease burden prediction system, to simulate the evolution trend
of the disease spectrum up to 2050, and to identify core pathogenic factor clusters through an attribution risk
analysis model, and to provide the evidence-based support for the formulation of public health policies.
Methods: Based on the Global Burden of Disease Study 2021 (GBD 2021) database, the trends in the
incidence, mortality, and disability-adjusted life years (DALYs) of liver cancer in China from 1990 to 2021
were systematically analyzed; the Bayesian age-period-cohort (BAPC) model was used to predict the
evolution trajectory up to 2050; the main attributable risk factors were evaluated, including smoking,
alcohol abuse, high body mass index (BMI), high fasting plasma glucose, and drug use. Results: From
1990 to 2021, the age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR) , and
age-standardized disability-adjusted life years rate (ASDR) of liver cancer in China showed decreasing
trends, with the estimated annual percentage change (EAPC) showing decreasing trends (—0. 28, —0. 76,
and —0.82), respectively, and the decrease was greater in females than in males; during the same period,
the absolute number of cases, deaths, and total DALYSs of liver cancer continued to increase. In 2021, the
main attributable factors were smoking (13.71%) , alcohol use (11.49% ), and metabolic abnormalities
(high BMI was 7.40% and high fasting plasma glucose was 2. 01% ) ; the attribution patterns were different
among different age and sex groups; the impact of smoking on liver cancer deaths in males was significantly
higher than that in females; the burden of alcohol abuse and drug use was concentrated in the 70— 74 years
old age group; the peak risk exposure of high BMI shifted forward to the 45—49 years old age group; while
the risk aggregation of high fasting plasma glucose was significantly delayed to the advanced age group of
80— 84 years old. The BAPC model predicted that the ASIR, ASMR, and ASDR of liver cancer in China
would continue to decrease by 2050. Conclusion: Although the standardized burden of liver cancer in
China shows a decreasing trend, its absolute number is still increasing; the main attributable risk factors,
including smoking, alcohol abuse, and metabolic abnormalities (high BMI and high fasting plasma
glucose) , show differential distributions among different age and sex groups. This suggests that future
prevention and control strategies for liver cancer should focus on the multi-dimensional management of
behavioral and metabolic risk factors, and implement precise preventive measures combined with the sex
and age differences of the liver cancer patients.
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Fig. 1 Trends in burden of liver cancer in China divided by gender from 1990 to 2021

A: Trends in ASIR; B: Trends in ASMR; C: Trends in ASDR.
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Tab.1 Numbers of incidence, and death, and DALYSs of liver cancer in China

Year Average population Male Female
1990
Incident number (95 % UI) 96 434.35 70 209.13 26 225.22
(80970.60,113 768.66) (56 752.31,85 768.18) (20 940.93,31 755.09)
Death number (95 % UI) 94 937.12 68 304.01 26 633.11
(79 884.26,111 526.73) (55234.66,83 128.05) (21 349.83,32 258.36)
DALYSs (95%UI) 3294 864.31 2462 152.37 832 711.95

ASIR (95%UT)
ASMR (95%UT)
ASDR (95%UI)
2021
Incident number (95 % UI)

Death number (95%UI)

DALYs (95%UI)

ASIR (9524U1)
ASMR (95%UT)

(2763 028.96,3 879 589.00)
10.58 (8.94,12.43)
10.75(9.12,12.61)

334.52(281.08,393.14)

196 636.59
(158 273.06,243 557.68)
172 068.40
(139 621.29,212 495.94)
4890 023.03
(3905 088.56,6 124 599.16)
9.52(7.72,11.78)
8.35(6.80,10.29)

(2000 446.20,3 012 118.78)
15.06 (12.20,18.24)
15.19 (12.32,18.36)

483.97 (392.36,591.53)

143 788.16
(108 926.76,193 830.93)
122 462.95
(93115.19, 164 815.76)
3702 092.84
(2 805 346.91,4 985 653.81)
14.34(10.93,19.18)
12.40(9.46,16.55)

(666 724.75,1 010 057.79)
6.04 (4.82,7.28)
6.33(5.08,7.64)

177.47 (142.84,214.58)

52 848.43
(41 045.47,67 025.70)
49 605.44
(38616.99,62 668.34)
1187 930.19
(924 052.88,1 513 173.25)
4.89(3.82,6.18)
4.57 (3.57,5.76)

ASDR (95%UI)

1990—2021
Percentage Change in Incident Cases (%)
Percentage Change in Death Cases (%)
Percentage Change in DALYs (%)
EAPC in ASIR (95%CI)
EAPC in ASMR (95%CI)
EAPC in ASDR (95%CI)

239.91(191.98,299.37)

103.91 (52.37,168.23)
81.24 (36.07,137.11)
48.41(10.75,96.81)
—0.28 (—0.42,—0.13)
—0.76 (—0.92,—0.61)
—1.16 (—1.34,—0.98)

368.19 (279.67,490.95) 111.91 (87.16,141.96)
104.80 (43.93,183.39)
79.29(26.19,149.31)
50.36 (5.05,108.19)
—0.10(—0.25,0.05)
—0.63(—0.80,—0.46)
—0.98(—1.17,—0.79)

101.52 (48.49,181.03)
86.25 (37.23,159.58)
42.66 (3.96,99.91)
—0.55(—0.70,—0.39)
—0.89 (—1.05,—0.73)
—1.51(—1.68,—1.34)
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Fig. 2 Burden of liver cancer in China in 2021 divided by gender and age
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Fig.4 Proportions of attributable risk factors for liver cancer death and DALY in China in 2021
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Fig. 5 Percentages of contribution of major risk factors to liver cancer dealth in China in 2021 among different age
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Fig. 6 Trends in percentages of contribution of attributable risk factors to liver cancer in China from 1990 to 2021
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Tab.2 Percentages of contribution of major risk factors to liver cancer dealth and DALY in China in 2021

#F2 2021EFENRREZEXNFEMEBIETAM DALY HRIRE X

(n/%)

Indicator Smoking Alcohol use Drug use BMI High fasting plasma glucos
Deaths
Total (95%UI) 13.71(4.78,21.75) 11.49(9.39,14.18) 11.94(8.62,15.75) 7.40(2.97,12.48) 2.01(0.22,4.06)
Male (95% UT) 18.29(6.64,29.42) 11.15(8.84,14.23) 10.14(7.76,12.62) 6.65(2.68,11.13) 1.50(0.17,3.06)
Female (95% UI) 2.52(0.77,4.55) 12.32(10.35,14.62)  16.36(10.11,24.08) 9.21(3.69,15.68) 3.28(0.36,6.58)
DALYs
Total (95% UT) 14.49(5.06,23.18) 11.09(8.76,14.02) 10.53(7.81,13.58) 7.74(3.11,13.18) 1.70(0.18,3.44)
Male (95% UI) 18.42(6.67,29.56) 10.62(7.95,14.13) 8.54(6.72,10.47) 7.09(2.86,12.00) 1.26(0.14,2.60)
Female (95% U1 2.36(0.71,4.24) 12.56(10.59,15.02)  16.66(10.43,24.03) 9.75(3.90,16.90) 3.05(0.34,6.22)
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A, B: Trends in age-standardized incidence rate of liver cancer; C, D: Trends in age-standardized mortality rate of liver cancer;
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