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[Abstract] Objective To analyze trends in the disease burden of chronic respiratory diseases (CRD) attributable to
smoking in China from 1990 to 2021 and to project its development from 2022 to 2035, providing scientific evidence for
optimizing tobacco control strategies and public health decision-making. Methods Using Global Burden of Disease
(GBD) 2021 data, epidemiological data on smoking-attributable CRD were collected for China, Japan, the European
Union, the United States, and the global population from 1990 to 2021. Indicators included years lived with disability
(YLDs), years of life lost (YLLs), and disability-adjusted life years (DALYs), covering individuals aged 30 years and older.
Joinpoint regression models estimated average annual percentage changes (AAPCs), while Bayesian age-period-cohort
(BAPC) models projected future trends. Results  In 2021, smoking-attributable CRD DALY in China reached 10320279
(95% uncertainty interval [UI]: 7806 610-12875089) person-years, with an age-standardized disability-adjusted life years
rate (ASDR) 0f 522.34 (95% UI: 394.50-653.32) per 100 000 person-years. The number of deaths was 566 446 (95% UT: 416 802

* ARG BRI A VR B H (No. A2022461) Rl M4 44 T R 47K TAE S (No. B B2 I3 (2023)1085) ¥ Bl
A {EEH, E-mail: xueaiguo@126.com
R 3: 2026-01-20


http://orcid.org/0009-0005-0863-2015
http://orcid.org/0009-0001-6804-585X
http://orcid.org/0009-0005-0863-2015
http://orcid.org/0009-0001-6804-585X
http://orcid.org/0009-0005-0863-2015
http://orcid.org/0009-0001-6804-585X
http://orcid.org/0009-0005-0863-2015
http://orcid.org/0009-0001-6804-585X
mailto:xueaiguo@126.com
mailto:xueaiguo@126.com

210 PR (BE2E R

5 5745

-720431), with an age-standardized mortality rate (ASMR) of 31.34 (95% UI: 23.10-39.69) per 100000 population. YLLs
and YLDs were 8983486 (95% UI: 6547449-11421727) person-years and 1336793 (95% UI: 981768-1699 656) person-
years, corresponding to age-standardized rates (ASR) of 458.96 (95% UI: 337.53-582.19) per 100000 person-years and
63.38 (95% UL 46.17-80.72) per 100000 person-years, respectively. The disease burden showed significant differences by
gender and age, with higher risks among males and middle-aged and elderly populations. From 1990 to 2021, all burden

indicators in China showed a declining trend, with ASMR and ASDR projected to continue decreasing over the next

decade. Conclusion China has made positive progress in CRD prevention and tobacco control, but challenges such as

population aging require continued attention. Targeted prevention interventions, particularly for high-risk populations,

should be strengthened to reduce disease burden. The experience and challenges documented in China could offer

valuable lessons and policy insights for other countries undergoing similar epidemiological transitions.

[Key words] Smoking Respiratory disease

18P R BB (chronic respiratory diseases,
CRD ) — 2K X0 it 4 R e B i IR 28400 35 10 e
PEBMG, T2 AL G PR ZEVE I . SN S
Y IRIE AU SR I A% o A AR 1 HH A
ARG YRR Z —, CRDZEERIEF N il T K a
FET- S HERREARG o 2T, 2 Wi R P S S i J2 i
H UL BRI CRD, 455 m 29354 NFIAC N, 4 3 I
RS R TOTE A I, BGE CRDEYBETABUIR
BRI A,

CRD T 1Y JLFH o UL IXUR: PR 3R A48 W 4 . — T4
FEWAME G BRI R, MR R A
UL, AR FEL P 0 R0 P BT B A 2 T
T TR, T SR AR K — XU PR 3R 8 ST LA
) FTS)5 5 i, 44 XoF Ul 2 CRDE £ 48 7 A 5 ), A 1
TR E AR S B R

AT EE T A 3k PR 11 H A5 (Global Burden of
Disease, GBD) 20218415, R EE1Ti1990-202 14F H [ Il A6
JFE(CRDIWFET: | i RAET 11 4F (years of life lost,
YLLs) . V5% E474F (years lived with disability, YLDs) . 1
5R IR # F5 4 (disability-adjusted life years, DALYs) &2 4F
3 #r i AL 2% (age-standardised rates, ASR), 3% FH D1 i1
A% - HH - BA %1 (Bayesian age-period-cohort, BAPC) #1%
T 2022-20354F a3, i — 2L TR0 HAE )2 T (1 1)
S AARHRRE, RN 556 A BREE A 2 BRIEAT T L,
R E AR BRI S 8 DR S IR IR

1 #REFE

1.1 HERRE

A BIF 5 FIF W A BT £ CRD 6 5 80308 44 5% H GBD
202 VB PR , 1228500 126 T 26 37 1RP 6 A8 71 IXURR: IR K%,
HA A8 e vk 5] FrE™ . M 5C%0)E i GBDIE
5T A1 BAKE T DisMod-MR 2. 1BERIZAERS | P51, 440 1 [
KA GG, AU SR T TF R T

Disease burden

Disability-adjusted life years

1.2 @ERiERSREEX

TEAWFFE T, WM A g R sl Al R Al AT B =X
BRI R i, DA KR A AT ART I Al o, A4 B R T
B LT KR DL AR R R
2, VOE SRR T ORI U IS5 S BN ER
PR ARBFSEIIRR“CRD™KHE GBD 2021 = 5 Hk 4
X, BARAE: © PR ZE RN ; @ il G — 04
Gy Ry Bl AR A T 2 il R At A il ) 5 B) 1 i 5
@) [ J5 M B R 45 1505 5 B JLAAR M P I R e g
R WRTIEE T 1990-20214F [ E . H AR, BRI, 21
T & BR B K- (global level, 5 GBD 202152041 [E R Al
Hu XN FIACT-34 5 BT B 455 ) AR i Bl CRDE B, 2
FEHET-. YLLs. YLDsLA X DALYs, #i3 130% LA AR
[RIAE WS B AR [RIPE S . GBDASE v Y FF A Al HHE L B
95% AN RE T X [] (uncertainty interval, UT), 12X [ 4K #ii
JE 953, XA SR T1 0000 SR B IS5
WE52.5597.5H S i EITAEAS Y . GBDBFSE BT
AN CAEARSCSCHR AT 1T iz AR
13 FIHFERE

GBD R H Z AU 43 #E 7L (mediated percentage
attribution ) X [F]— 4% & (1) 55 5 22 85 EA 7 IH R A3 E, A O
25 DU JH PR 43 02 FIAS 85 100 %, AR BIF 58 X 42 IR
“smoking-CRD” XU -Z5 % o AT BR A AR A4 25
Xt WA I B CRD G40 23-# B9 521, >R FH ASROR AL AN ]
T3 S | B DX DL R ) 2 [ W AR P 3 CRD A7 $H 7

. BAKME, @idJoinpoint [ IHFE A& ASR H 2R

XS H PHAER R, BRI R IBE X HIn(ASR) = a+Px
e, PEMIEETA100x(exp(B) — DAl T4 A2 1L
43 H (average annual percentage change, AAPC) J H:
95%E {5 [X [A] (confidence interval, CI)"?, X FBAPC, Jf
SERET (4.4.2) PR MR ENLE FTIT L (INLA) A2
PEAT I B I St or b 5 R 2 il B TER AR
HSE I, P<0.05 225 A Gei e E Lo



/NESE: 1990-202 145 i [ WA B 4k PR 2 e S48 0 B -5 70

211

2.1 2021F 1 E R MEFECRD513E

ZERUWARL, 20214F, o = PRI H BT B CRD AL 3
DALYs 10320279(95%UTI: 7806 610 ~ 12 875089) A4F, 4F
B hREIL DALY s (age-standardized disability-adjusted
life years rate, ASDR) #522.34(95%UI: 394.50 ~
653.32)/10 75 N5 FET- NBH566 446(95%UI: 416 802 ~
720 431) ], AR ELSE T2 % (age-standardized

mortality rate, ASMR) 431.34(95%UI:

23.10 ~39.69)/

1007 Ao TR, W4 F B CRD Y YLLs FIY LD s 43 51 A
8983 486(95%Ul: 6547 449 ~ 11421727) NHF-F11336793
(95%UT: 981768 ~ 1699 656) AA4F, X i i) ASR> 51 A
458.96(95%UI: 337.53 ~ 582.19) /1075 A4EF163.38

(95%UT: 46.17 ~ 80.72) /1007 N4F

2.2 1990-20214 i [E IR XE Fr B CRD Y A [E] 1L #E T

SEWILZET. B, 1990-20214F[a], HhE P A S 2
HICRDAET- ABLZEAEAS K, 20214F 4 19904F 19 1.044%, {5
HASMREFFZE TR, AAPCH —2.220(95%CI:
—2.279, —2.161) . [Ai, CRD#EALAYDALY s ASDR i
E %, AAPCH —37.973(95%CI: —38.783, —37.162)
Hirp, YLLs B8 B s /b, YLDs IS A F7F, (H %1y
ASRYJ R %, AAPCAII N —36.374(95%Cl: —37.472,
—35.275) F1—0.529(95%CI: —0.546, —0.513), YLLsP#&
K FYLDs.
2.3 1990-20215F HE R AT B CRDER B ER S
512 RS

ZERIFRL, K2, TE19904FFI120214F, BHAE LTI
FAR I B i CRD A HH B it R ASRI B 2 F ok
20214F, 5 2o ME DR W AR 530 CRD £ HH BE AR I 422 | T

R 1 19905 520215 F E R AT B CRDF 3 K Joinpoint 5347 45 R
Table 1 Burden of smoking-attributable CRD and joinpoint analysis results in China, 1990 and 2021

Burden -
WO g iratification Group
metric

1990

2021

Cases or person-years (95% UI)

ASR/per 100000 (95% UI)

Cases or person-years (95% UI) - ASR/per 100000 (95% UI)

1990-2021
AAPC (95% CI)

Deaths Sex Both 543651 (442036, 652386)
Female 107097 (70841, 148727)
Male 436554 (356 885, 526 385)
Age 30-49 yr. 11453 (8913, 14464)
50-69yr. 158940 (125831,196179)
S70yr. 375265 (294529, 472565)
YLLs Sex Both 10785997 (8745988, 13053 333)
Female 1820071 (1203337,2522226)
Male 8965927 (7219776, 10931 862)
Age  3049yr. 538461 (417611, 670812)
50-69 yr. 4543798 (3572701, 4605343)
=70yr. 5690728 (4489088, 6100556)
YLDs Sex Both 649167 (467704, 848868)
Female 161481 (108265, 225258)
Male 487686 (356135, 633333)
Age 30-49yr. 109909 (67151, 160667)
50-69yr. 321911 (231620, 428426)
=70yr. 216341 (150529, 286936)
DALYs Sex Both 11435165 (9276 282, 13748 860)
Female 1981552 (1326924,2702501)
Male 9453613 (7684711, 11416672)
Age 30-49yr. 548369 (501210, 817251)
50-69 yr. 4455709 (3846023,4986154)
=70yr. 5915088 (4618617, 6978360)

97.10 (77.16, 116.15)
38,65 (25.48, 54.27)

188.05 (154.54, 223.62)

423(3.30,5.35)

106.22 (83.62, 130.90)
1342.82 (1051.51, 1651.75)
157147 (1277.50, 1887.69)

549.61 (367.69, 763.90)
2936.96 (2414.04, 3521.44)

196.87 (153.28, 248.80)
3003.40 (235835, 3707.76)

17697.13 (13961.64, 21658.66)
78.70 (56.63, 102.21)
40.92 (2733, 56.84)
119.22 (87.99, 153.02)
38,62 (24.00, 56.14)

211.69 (152.34, 281.79)

594,60 (41056, 794.39)
1650.17 (1330.25, 1969.26)

590.52 (397.30, 809.88)
305619 (2518.64, 3651.98)

23548 (182.35, 295.99)
3215.00 (254139, 3954.14)

18291.73 (14432.70, 22392.32)

566446 (416802, 720431)

71119 (42471, 113993)

495327 (361436, 628793)
4077 (2816, 5436)

85952 (60513, 113893)
6018748 (4720523, 7126 569)
8983486 (6547449, 11421727)
1004744 (627161, 1580198)
7978742 (5846558, 10169063)

188325 (130017, 251 103)

2387417 (1678785,3168952)

31.34/(23.10,39.69)
7.07 (4.17,11.24)
68.57 (50.38, 86.12)
0.89 (062, 1.19)
2257 (15.85,29.92)
467.16 (345.40, 595.26)
458.96 (33753, 582.19)

95.49 (59.07, 152.16)

950.19 (693.28, 1205.24)

41.75 (28.82, 55.66)

629.39 (441.55, 835.43)

—2220(—2.279, —2.161)"
—1.037 (—1.062, —1.011)"
—3.923 (—4.008, —3.838)
—0.012 (—0.013, —0.012)"
—0.732 (—0.748, —0.716)"
—15.555 (—15.971, —15.139)
—36.374 (—37.472, —35.275)°
—14.805 (—15.083, —14.527)°
—65.473 (—66.706, —64.241)’
—0.567 (—0.582, —0.553)"

—20315(—20.777, —19.852)"

6018748 (4720523,7126569) 5907.61 (4358.86, 7564.05) —195.848 (—200.445, —191.251)°

1336793 (981768, 1699656)
292060 (185935, 411953)
1044733 (790150, 1323 658)
118657 (75741, 171723)
601793 (426253, 795436)
623363 (431367, 840140)
10320279 (7806610, 12875089)

1296804 (841586, 1923625)

9023475 (6708953, 11292486) 1053.77 (780.98, 1311.39)

308981 (217846, 302695)

2989210 (2225944, 3829101)

63.38 (46.17, 80.72)

2659 (16.78, 37.64)
103.59 (78.07, 130.03)

2693 (16.92, 38.78)
158.51 (112.69, 209.45)
529.42 (369.55, 708.63)
522.34 (394.50, 653.32)

122.07 (78.04, 180.94)

68.68 (48.33,89.71)

787.90 (586.06, 1009.55)

—0.529 (—0.546, —0.513)"
—0.475 (—0.485, —0.465)
—0.570 (—0.606, —0.533)"
—0.068 (—0.069, —0.066)"
—1.273(=1309, —1.237)°
—4.358 (—4491, —4.225)"
—37.973 (—38.783, —37.162)’
—15.278 (—15.560, —14.997)"
—66.037 (—67.282, —64.792)°
—0.633 (—0.648, —0.618)"

—21.583 (—22.065, —21.102)"

7024656 (5244471,8142033)  6437.03 (4830.41,8106.82) —199.480 (—204.239, —194.722)’

ASR: age-standardized rate; AAPC: average annual percentage change; UL uncertainty interval; YLLs: years of life lost; YLDs: years lived with disability; DALYs: disability-adjusted life years. " P <

0.05.
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Fig 1 Trends in the burden of smoking-attributable CRD in China, 1990-2021
ASMR: age-standardized mortality rate; YLLs: years of life lost; YLDs: years lived with disability; DALYs: disability-adjusted life years; ASDR: age-standardized
disability-adjusted life years rate; ASR: age-standardized rate. A, Number of deaths and ASMR; B, DALYs and ASDR; C, YLLs and YLDs, age-standardized YLLs rates and

age-standardized YLDs rates. Bar graphs show the number of cases; line graphs show age-standardized rates; shading indicates 95% uncertainty intervals.
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Fig 2 Burden of CRD attributable to smoking among different age and gender groups in China, 2021
ASMR: age-standardized mortality rate; YLLs: years of life lost; YLDs: years lived with disability; DALYs: disability-adjusted life years; ASDR: age-standardized
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ASDR. Bar graphs show the number of cases; line graphs show age-standardized rates; shading indicates 95% uncertainty intervals.
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ASMR: age-standardized mortality rate; ASDR: age-standardized disability-adjusted life years rate.
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