40 < igE - CEATIER S (R D) 2026 4F 5 18 4 4 1 1]

]

1990—2021 4=+ [F JiE B 2 BT 208 2R IR gL fr
HUH R T FH R i

a0, RmAL, EAER, 2%, Kmy (REElsE X OER HANFE, L 201800)

E: BE 4081 1990—2021 4F  [E Ji [ 4B & 9% 7 (hepatitis B virus, HBV) J&&
Yy BBk T HE B AR A T N L 2 2050 4E R & TR FAE . FoiE R 2021 4E 28k
S5 7L FHAF 5T ( global burden of disease 2021, GBD 2021 ) %t#i, XF 1990 4F i1 2021 4F
Hh [ JE B HBV @Gy i U8 i FE T2 R A 5 8 ¢ A 4F ( disability adjusted life year,
DALY ) #2450 . YERIBEAT 020, SR JoinPoint [A] U AU 4557 4 A8 4k 1 43
It (average annual percent change, AAPC) M H: 95%CI, 43 HF 1990—2021 4F 5] |
SER A EIRE 2 NI F8 5L (social demographic index, SDI) }i[X HBV JEL Fr U
i T HH ARt a3, R A DL i HT 4R s -Asf #89-BA 31 ( Bayesian age-period-cohort analysis,
BAPC ) #8I F ] 2022—2050 4F & [¥ & [ HBV &Y fir T 988 i AR AL S8 T R ARk
DALY % & JRita%, &R L EE R HBV BYL i SUTE BRI FE T- M 1990 41
6.53/10 J1 T R#EZ 2021 4F 1 4.83/10 J7, HH FRE T 26.03%. btk DALY # M 1990 4F
[ 220.05/10 J7 FREZ 2021 4514 155.81/10 J1, FFET 29.19%. AFRAWER 2047 .
N, =15~ <50 B R ABME DALY X FERERT = 50~< 743 K = 75 %
AHE (30.85% LK 29.89% L 0.17% ), Zotbrfb DALY TR B R F 5 1 (41.92%
kb 25.59% ). #aHI T & B, 1990—2021 4T [ HBV 2 YL FF SO SARBR L FET- R
BAE TR 0.97% (95%CI: —1.19%~-0.75%, P < 0.001), 2BRFpILIET ZRZEAE T
0.65% (95%CI: -0.80%~—-0.49%,P < 0.001 ), "5 SDI i XiZ4E T & 0.65% ( 95%CI
-0.90%~-0.39%, P < 0.001 ), [FIFRELSAPRIL DALY R4 T 1.22% (95%CI:
- 1.48%~=0.97%, P <<0.001), T 4 Bk #5 f& DALY % & 4F T [% 0.94% (95%CI:
- 1.10%~- 0.78%, P < 0.001 ), "7 SDI HiIXnfk DALY HZ4E F % 1.01% (95%CI:
- 1.28%~-0.72%, P < 0.001 ), FiMzERExR, 2022—2050 4F3% F & R HBV B4 fr
U IFRLIET R G4 TR 2.86% (95%CI: —2.91%~-2.82%, P < 0.001), #nfk
DALY 24 54FE T I 3.02% (95%CI: —3.08%~-2.97%, P < 0.001), Zit F&[E HBV
TR T S I T PRI R R B, A5 o HBV YL i Wi Fvayr, AN MR-
Prgi g, Bl IR E T S R R

KW T, O, PR PORHE; @ e

Disease burden and trend prediction of liver cancer induced by hepatitis B virus infection
among Chinese residents, 1990—2021

Yu Xiaoyan, Zhang Lihang, Wang Jiayan, Wang Yifei, Xiao Lifang (Department of
Gastroenterology, Jiading District Central Hospital, Shanghai 201800, China)

Abstract: Objective To analyze the changes in the disease burden of liver cancer induced by
hepatitis B virus (HBV) infection among Chinese residents from 1990 to 2021, and project
its development trends up to 2050. Methods Data were extracted from the global burden
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of disease 2021 (GBD 2021) study. Stratified analysis by age and gender was conducted to
assess the mortality rate and disability adjusted life year (DALY) of liver cancer induced
by HBV infection among Chinese residents in 1990 and 2021. The Joinpoint regression
model was applied to calculate the average annual percent change (AAPC) and its 95%CI to
analyze the temporal trends of disease burden of HBV-related liver cancer in China, globally,
and across regions with different sociodemographic index (SDI) levels from 1990 to 2021.
Furthermore, the Bayesian age-period-cohort (BAPC) model was employed to project the
trends of age-standardized mortality rate and age-standardized DALY rate of HBV-induced
liver cancer among Chinese residents from 2022 to 2050. Results The age-standardized
mortality rate of HBV-related liver cancer in Chinese residents fell from 6.53 to 4.83 per
100 000 population between 1990 and 2021 (a 26.03% reduction), while the age-standardized
DALY rate declined by 29.19% from 220.05 to 155.81 per 100 000 population over the same
period. Age and gender stratified analysis indicated that the decline in age-standardized
DALY rate was significantly more prominent in the younger population aged 15 to 49 years
than in those aged 50 to 74 years and those aged 75 years and older (30.85% vs. 29.89% vs.
0.17%). The reduction of age-standardized DALY rate was greater in females than in males
(41.92% vs. 25.59%). Trend analysis revealed that the overall age-standardized mortality
rate of HBV-induced liver cancer in China decreased by 0.97% annually from 1990 to 2021
(95%CI: — 1.19%~- 0.75%, P < 0.001). The global age-standardized mortality rate of HBV-
related liver cancer decreased by 0.65% per year over the same period (95%CI: — 0.80%~
= 0.49%, P < 0.001), while the rate in medium-high SDI regions declined by 0.65% annually
(95%CI: = 0.90%~- 0.39%, P < 0.001). Over the same period, the age-standardized
DALY rate decreased by 1.22% annually in China (95%CI: — 1.48%~—0.97%, P << 0.001),
0.94% globally (95%CI: — 1.10%~-0.78%, P << 0.001) and 1.01% in medium-high SDI
regions (95%CI: — 1.28%~— 0.72%, P < 0.001). Projection results indicated that the age-
standardized mortality rate of HBV-related liver cancer among Chinese residents will decrease
by 2.86% per year during 2022—2050 (95%CI: —2.91%~- 2.82%, P < 0.001), and the
age-standardized DALY rate will decline by 3.02% annually over the same forecasting period
(95%CI: — 3.08%~-2.97%, P < 0.001). Conclusion Despite the downward trend in the
growth rate of the disease burden of HBV-related liver cancer in China, efforts to strengthen
HBYV infection prevention and treatment still need to be scaled up, so as to further reduce the
disease burden of liver cancer and support China’s high-quality population development.

Keywords: Hepatitis B virus; Liver cancer; Disease burden; Trend analysis; Trend forecasting
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HABEER X, AMUT TR & Rt
T8, W RE MHFEAE, 4R TR EST
TIRATEC, PETHEEAE SRfERR K, RS RRE
o R AR SRR 2 — B

e RIS T, A S T — 2 K
R, (A EZ RRYE. S8R %P e — %
B TR /N B D8, ez b E R B A
7 [l N HBV Jak 4% i 25 e 2 T fH R 48 4 1 2L
TR M7, X LIRS o 418 41 AR b 4 34 0% 52 i [A]
£ 7, 4 Bk P 71 41 ( global burden of disease,
GBD) e —FhBUs B )3z 12 09 00 1 0



Ay

42 - ipFE -

ik, HEG%IE T 2R T8hs, ks
HOFETR, 5k F7 i 4F ((disability adjusted
life years, DALY ) 55, fE#% 4w Hoim b b fz ey
s 76 N HP A S B B pHA L B AR R B ok
U5 F AR B R DA T2 5145 F 52 BT (Institute
for Health Metrics and Evaluation, IHME ) & ff I
GBD 2021 %4, GBD 2021 5% LA KU PFA e 4
( comparative risk assessment framework, CRA ), X
87 FER I ZR . 371 i RS A th Ak 743
JEA 0T, JEE M AR AR 1Y, GBD 2021
H L 8 000 242k H 150 24 E R RHAHE1ET
A, 328 A AR IE AR W B T A B Y
HERRME AT —ZE DRI A0 R 2 T AR S ) AUk
B AR MY H R SR A A 0 32 AR T
RN ES PR R N (o & S p S B W e (v PS [ A R U I
I PO ST 42 1) s A AR DR I 2 i A R 49 A R A s R
ITAEMERRG, Had . AR B LR
FATECX T T, ARHFEE I B 1990—
2021 AE A G, X REAE HBV B PIr 8- i e
I B PH RS TR V0 BT SO AR R R A A T A EL T
IR SR SR e e R i A AR 8 . SR
B RARAE
1 #RIEFHE

1 BFERBRATE  AOFFTIRI GBD 2021 Hi 2
DU &g : O I, EBRBRE 2
(26 10 EBITA ) (1ICD-10) Zift >k c22"; @fE
B % HBV By, OHLIX. FREA. AHIAKX.
BHEET MR AATELX, R ER MO RFE S AT 5 5L
('social demographic index, SDI) #ilX (&, H&.
o Pk, KD @D 1990—2021 45 D4
. =15%, a5 %—HnZ;, O Bk,
VAT TRBURFRTAMEEE: FET S HET %R
(/10 77 ), DALY $i 2k NAF%. #l DALY % (/10 73 )
DL R A BRBRE N 1 31 AR S AR AL SE T R A0
W bRiL DALY . GBD 048 5 2 R JF L,
VAR AN FHERD B ST, 3 40 808 7T 725 M
( https://vizhub.healthdata.org/gbd-results/ ) 3K HX, JF
HEIEE iRk, HE THME U5iBH, 2 — ko
B T 5 S A PR B AL SR R
1.2 %&um G s dgAr  MFET R = BB T 8 Y 4 F
PINFEL. DALY $59505 T 3504 5B e 5 7w A7 1) 40
&, AFERIEHTE B ik (years of life lost,
YLL ) FPR 5 R A 5% B 4F 2L (years lived with
disability, YLD ), 4F#PFrifEfLR (age-standardized
rate, ASR) ilid B {ETERFEA T A FE RIS 24544
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THBRAEIE 22 SRR G52, B IR AS R A ESE
THECE AT He . SDI J& GBD 314l M X % J
KA, HEBERE T Spr EEK U,
1.3 2B HF % GBD KA XS BEAL 5 32
THEREE MG N Z P B BR A, 8 s s
BB AT B 2 R K 5 BEAE T S fR RUR: 1Y) 2
FKOE AT g, A3 ABE A 43 E (population
attributable fraction, PAF) " X FfaHZE j, nf
il FH LR S XU ) — A 2, R i a
PEG s, M5 g FAEDY ¢ vh PROZ GRS 2 51 i 95
955 o 1Y) PAF .

ji:lRR g (¥) P (¥)dx—RR, (TMREL )

PAF, =
(x)dx

Joasgt

J‘x:/RRjoasg (X) P.

Herb, RR AHXSERKE B 5 x S 2§ K-F-; TMREL
AP/ NAGS: B 75 KF- (theoretical minimum risk
exposure level ); u Fll [ 535k 2% 82 K FH) I FBR;
P NEGRAG . 18R SR T 5% fE R 1
PAF HH7fe, 5 dizH & g 1

14 gt SR SE E E R ERE T T &
f) JoinPoint [m] 5 % {F ( fRAS 5.2.0) 7155 1990—
2021 4F i [E JE [ HBV 8 BT 35 299 £ 40 1 °F-
Y AL H 4 e (average annual percent change,
AAPC) Jz H 95%CI. AAPC > 0 3 /& 15 5 & 4F
o, <0 XKRBAERRMR, #7 95%CI 7 0 W] 3%
AL SRR (RS B X ). 2k H Monte
Carlo ‘& # ¥ % ( permutation test, 5000 IX & % )
XF JoinPoint 15 B #4740 5 U0 BE PEH, P << 0.05 &
ANERILG W T IO R BR 25 FAHOCR
H Durbin-Watson £ 35, & FH D1 i 3y 4 - 34-BA
41| ( Bayesian age-period-cohort analysis, BAPC )
TIXS 2022—2050 4F H [ i [ HBV Bt B B
IFREIE T R FIARAL DALY PEATHI . BAPC 1
T3 o B /R REESERE R P (Markov Chain Monte
Carlo, MCMC ) B3EALTHAERS | s 5 R0 A 51 2500
I 9 o3 A o SN i FH N R SR IR T GBD H M
( https://ghdx.healthdata.org/record/ihme-data/global-
population-forecasts-2017-2100 ), AFIFLA R FH
Gelman-Rubin & it (WEbRIE < 1.05), J5 5T
M PAA (0.05~0.95 Fm G RAIF ). 95%CT 7 7
P, srbridad R1EF (43.1 ML) T iy BAPC
AR INLA A58,

2 R

2.1 #E L FRE R R HBV B Y BT SO 5 B
BE T BN 1990 4E 11 61 415 491 38 i = 2021 4E (1)
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100 194 451], HrP B M 1990 4E1 51 524 {48 fin %2
2021 419 85 065 f4i]; Stk DALY £0M\ 1990 419
2236077.35 4E 38 hi0 & 2021 4E # 3 148 552.81 4F, H:
o B DA 1990 4E 19 1900 759.03 4F 14 il 2 2021 4E 1K)
2733 383.00 4F; WM HBV &Y T SUIF R SE T 50R
125 1 DALY 503 L) 50~54 % N E g, ZoPk HBV
TG T SR AET- BRI 1) DALY 4L 65~69 %2
AR B PR HBV B T BURE DALY #67E 50~
54 % . 60~64 % i1 90~94 % A IE(H, I HBV &
Ye B 2 AT DALY L) 65~69 % N Eig, WL 1,
FEE R HBV B EUHEIFREAET M 1990 4
Y 6.53/10 J7 F F% % 2021 411 4.83/10 J1', T F& i

cipE. B

FEN 26.03%. Hrfk DALY &40\ 1990 4Ef4 220.05/
10 77 FIEE 2021 4E 19 155.81/10 J1, R IEIEEE N
29.19%, W 1. FR 2R, 15~ <50 19
AR ONHE BN TR R T A AR S A
2021 4F, ZAFIY4 DALY R 1990 419 1.92/10 71
&% 1.32/10 J7, F [ 31.25%, #5 1k DALY %
T M 1990 4Ff4 93.77/10 T3 T [ % 64.84/10 Ji, T
K 30.85%. M5l 4> BT 25 SR B, Lo bk g T
TR R F B, L ERRIESE T A DALY %
4% 51 A 1990 4E 1 2.18/10 J7 1 68.3710 71 F [ &
2021 4FAY 1.40/10 J3 F139.71/10 J3, 435 F [ 35.78%
F141.92%, W2,
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F1 1990—2021 F£HEFER HBV BEEMBAFEMRUIETERARL DALY % (/1077 )

B A ARt =& (95%CI) A7t DALY & (95%CI ) i A ARt =& (95%CI) A7t DALY & (95%CI )
1990 4 6.53 (5.42~7.76) 220.05 (181.34~260.91) 2006 4 5.66 (4.98~6.27) 181.37 (162.03~199.73 )
1991 4 6.46 (5.31~7.68) 217.43 (179.90~260.61) 2007 4 5.62 (4.94~6.41) 180.16 (159.42~204.39 )
1992 4 6.40 (5.41~7.64) 216.21 (183.00~257.53 ) 2008 4 573 (5.11~6.42) 183.14 (163.99~204.51)
1993 4 639 (5.44~7.45) 215.94 (184.74~251.50) 2009 5.68 (5.00~6.44 ) 179.97 (158.73~204.00 )
1994 4 6.41 (5.57~7.40) 216.58 (188.41~249.21) 2010 4 5.61 (4.93~6.42) 176.09 (155.15~201.79 )
1995 4 6.48 (5.68~7.38) 218.98 (191.15~251.12) 2011 4 5.42 (4.76~6.14) 170.57 (150.76~193.95 )
1996 4 6.53 (5.76~7.47) 220.45 (194.72~250.48 ) 2012 4 534 (4.66~6.19) 168.33 (146.92~193.86 )
1997 4 6.57 (5.72~7.50) 221.47 (195.13~250.52) 2013 4 5.46 (4.78~6.28) 170.98 (149.31~197.09)
1998 4 6.69 (5.88~7.64) 224.24 (196.86~255.26 ) 2014 4 5.63 (4.76~6.53) 176.30 (150.45~203.70 )
1999 4 6.82 (5.91~7.76) 227.59 (198.12~258.26 ) 2015 4 5.60 (4.73~6.54) 176.80 ( 149.13~206.76 )
2000 4 6.99 (6.09~8.02) 231.50 (202.38~264.04) 2016 4 5.46 (4.49~6.48) 173.38 (143.65~205.48 )
2001 4 6.93 (6.04~7.82) 228.63 (199.61~257.08) 2017 4 539 (4.40~6.58) 171.12 (137.44~208.93 )
2002 4 6.70 (5.82~7.54) 218.26 (190.13~245.68 ) 2018 4 531 (4.22~6.68) 168.98 (134.23~211.42)
2003 4 6.34 (5.52~7.17) 203.54 (179.00~230.24 ) 2019 4 5.18 (4.03~6.66) 166.00 (129.20~214.24 )
2004 4 6.01 (5.35~6.72) 192.46 (171.90~215.16 ) 2020 4 495 (3.89~6.26) 159.52 (123.40~202.14 )
2005 4 5.82 (521~6.45) 185.96 (166.14~205.70 ) 2021 4 483 (3.76~6.19) 155.81 (121.32~201.99)

x2 1990—2021 EREFEHFER P EER HBV BT E TR ER 138
e S TR AR
A 1990 2021 4 T A F 1990 4 2021 4 Lok 1990 4 2021 4 %4l &
(7) (7)) (%) (107%) (/10 %) (%) (noz)  (/107) (%)
R

=15~ <50 % 221 226 226 3.32 3.41 2.71 1.92 1.32 -31.25
=50~<74 % 3.47 6.18 78.10 20.13 1425 -2921 3.70 2.61 -29.46
=75 % 0.44 1.57 256.82 2353 23.74 0.89 0.86 0.88 2.33

PR

Bk 5.15 8.51 65.24 8.49 11.68 37.57 10.96 8.48 -22.63
ek 0.99 1.51 52.53 1.74 2.18 25.29 2.18 1.40 -35.78
&3t 6.14 10.02 63.19 522 7.04 34.87 6.53 483 -26.03

DALY DALY % A7t DALY %
A 1990 2021 4 TACF 1990 4 2021 4 A F 1990 4 2021 4 T F
(ZAHF)  (FAF) (%) (1107 ) (1107 ) (%) (/107 ) (/1107 ) (%)
3

=15~ <50 % 111.50 110.14 -1.22 167.20 166.05 -0.69 93.77 64.84 -30.85
=50~<74 % 104.32 183.08 75.50 604.69 422.02 -30.21 109.86 77.02 -29.89
=75 % 6.42 21.19 230.24 342.96 321.07 -6.38 11.60 11.58 -0.17

MR

Bk 190.08 273.34 43.80 313.22 375.41 19.86 365.38 271.87 -25.59
bk 33.53 41.52 2381 58.87 59.78 1.55 68.37 39.71 -41.92
Aeit 223.61 314.86 40.81 190.07 221.30 16.43 220.05 155.81 -29.19

5 MRk DALY % 4E T B 1.04% (P < 0.001),
L VEFR AL DALY R ZAF T [ 1.87% (P < 0.001 ),
UL 2, JoinPoint #& 71 81 & 8 B P-4 v, FrAk 3t
TR (R, B, «tt) Kbrfk DALY % (&
. BH. of) BERR P <0.001; 5%2HHH
5 Durbin-Watson 4t i1 &= 7F 1.85~2.09, T & H
K.

22 PE HBV & & HITFHE AR T d2eh T
oo A B B R, 1990—2021 4E 3k [E HBV
TR Y Fr 25O g R AR AL FE TS B A T [ 0.97%
(P <<0.001), HrABHARMEIET HRBEE TR 0.82%
(P <0.001), PR Lt - FZ4FE T 1.37%
(P <0.001), [H, F&E HBV EYLFr 8T Bk
Frfk DALY SZ4E T % 1.22% (P < 0.001), H
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CRE . 45

A — B 1990 —20214F, AAPC (95%CI): —0.82% (-0.15%, —0.58%), P < 0.001
14.00 — 4k 1990—20214E, AAPC (95%CI): -1.37% (-1.56%, —1.18%), P <0.001
= A3 1990 —20214E, AAPC (95%CI): —-0.97% (-1.19%, -0.75%), P <0.001
12.00 1
= 10001
=
S 8.00
il
6.00 1
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B — B 1990—20214E, AAPC (95%CI): -1.04% (-1.29%, —0.80% ), P < 0.001
450.001 —— 2Pk 1990—20214E, AAPC (95%CI): -1.87% (-2.11%, -1.62%), P <0.001
w— 3t 1990 —20214E, AAPC (95%CI): -1.22% (-1.48%, -0.97%), P < 0.001
400.00+
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5 300.001
3 250001
5 200004 o N—
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&
100.00+
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0 P o e o P P P [P o g e AR P P 8 TP [ e P
DDA DDA DN O OO O OO OO OO ™ rmi rd red vef red ed v v = N
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2 1990—2021 £HERER HBV BELF BT EIRE L T-FE KR DALY ET{LiEH

23 Y E 5 23 R FSDI# X & A i 42 3k
B 1990—2021 4%, 4R AR L JE T° % & AF K k%
0.65% (P < 0.001), M, w5 SDI X BAET
B 0.65% (P << 0.001 ), [FlH4BkFrfk DALY 20
BAE T 0.94% (P < 0.001), Hr, s SDI
X Rk DALY R Z4E R 1.01% (P < 0.001), UL
Kl 3. JoinPoint B AL GV, kb
SDI Hii X (R ALAE T A R AL B 4 A 35 P (B 53 5]
27 0.012, 0.008) FIbRfk DALY 3171 & ol
¥ PAE 4T 510 0.012 A1 0.008; 5% 25 A A K 56 G
Goih a3 o 2021 4F, @ SDI M X HBV Jgk 4
JIF U AR AL PE TR Ny 2.50/10 J7, A RRF3
2.09/10 J7, ¥RFhE, s SDI M X fRfk DALY
RN 80.79/10 J7, 2ERF-HIH 65.36/10 77, #IET
. L3R 3.

2.4 2022—2050 4 + H & K HBV Ff 8 I & % 7 i
F2Fam T 2022—2050 4F, e E R HBV &
P AR IE T S ARk DALY R 2T
s, PTPRIEIET - EAE TR 2.86% (95%CI:
-2.91%~-2.82%, P <0.001), #5%ft DALY * 4}
AR 3.02%( 95%CI: - 3.08%~—2.97%,P < 0.001 ),
T E] 2050 45, 3 [ E R HBV B YL fr 20U 98 1Y
FrAk 28 T2 R B T & 2.63/10 J1 (95%CI: 0~
11.54/10 77 ), #rfk DALY 24 K% %2 64.32/10 71
(95%CI: 0~294.76/10 Ji ), UL & 4. BAPC i
RIS AL EEVEM H, ARfESE T FFR{E DALY R
) Gelman-Rubin & 71 £ 43 5 7 1.01, 1.02, ¥ <
1.05, RIS R AF; J5 K P {E 5> 5~ 0.32
F10.28 ( HI7E 0.05~0.95); 95%CI 7 55 K43 Bl Ky
94.2% F1 93.5%.
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