Advances in Clinical Medicine Ifi/REE2£3E /&, 2026, 16(3), 64-74 Hans XM
Published Online March 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.163763

1990~2021 P E VA F I EBR 5800 AEfE
SR s

FFE, KRF & @2, % £

VERIE R AR, 2B B
P WERRRA S IR R B EAE R A, & S

ks H . 20264E1H27H; R B 20264F2H22H; KA H#: 202642 28H

HE

HE: 4471990~20214ER E 0 HE T IR EFRAE J IR R im K R B &S . ik K
WS EE T GBD 20215047 FEIREUM &4, R A Joinpointa SR THE G TH4E B R AL H 533 (EAPC) &
95%EFXE(C), HEERAFMESADER(SDDIX 3T, £ 20214, REHETHEHRY
15 B 1) JE A5 Y P R 4 88 B HE AL BE T R 5 DALY & 4 51 8 98.55/10 77 (95%Cl: 68.87~122.00) 1
1835.02/1075 (95%Cl: 1286.46~2255.64); 1990~20214EFHEH B E FF &%, EAPCHHIA1.71
(95%CI: 1.28~2.13)M11.77 (95%CI: 1.39~2.15). 20214ERE KZm AKX EEm T 2BRLHSDIHX .
ENBESMTE, BHEREORAHBEERT . NRRRERE, O IIEFRRAEERER A HEHRIE,
B RR A S R _ BB AR (BRI REAPC = 4.92), 1B HEIFR RE150% 2 T F#% BU1-3REAPC=-1.23).
FRHBE R 2B E A, 708 R U EEFE AFE202 15 F R L DALY R NSE T 19904,
BZMBBEERBKTT K. &i0: REFSFRYTGRAERKIAERERRAEE bAES, BEFR
FABSERAZREE, BECATEREI, RREBEERIUEHIGES E & PHE U REAE,

XK ia
IR H, BRI, BRAIE, He ADEENK

Burden of Noncommunicable Diseases
Attributable to Ambient Particulate Matter
Pollution in China, 1990~2021

Wanguo Dong?, Xiaoyu Zhang?, Jian Gao?, Min Yang?*

1Graduate School, Anhui Medical University, Hefei Anhui
2The Second Department of Critical Care Medicine, The Second Affiliated Hospital of Anhui Medical University,
Hefei Anhui

CHERERE

NES| M #HTHE, KBeT, i, 2. 19902021 i E E T ISR TG G A G RO D). IR REE A
J, 2026, 16(3): 64-74. DOI: 10.12677/acm.2026.163763


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.163763
https://doi.org/10.12677/acm.2026.163763
https://www.hanspub.org/

HTE AE

Received: January 27, 2026; accepted: February 22, 2026; published: February 28, 2026

Abstract

Objective: To analyze the burden of noncommunicable diseases attributable to environmental par-
ticulate matter pollution in China from 1990 to 2021 and its changing trends. Methods: Data were
extracted from the GBD 2021 database. The Joinpoint regression model was used to calculate the
estimated annual percentage change (EAPC) and 95% confidence interval (CI), with comparisons
made across global regions with different Socio-Demographic Index (SDI) levels. Results: In 2021,
China’s age-standardized mortality rate and DALY rate attributable to environmental particulate
matter pollution were 98.55/100,000 (95% CI: 68.87~122.00) and 1835.02/100,000 (95% CI:
1286.46~2255.64), respectively. Both metrics showed a significant upward trend from 1990 to
2021, with EAPCs of 1.71 (95% CI: 1.28~2.13) and 1.77 (95% CI: 1.39~2.15), respectively. China’s
disease burden in 2021 exceeded that of most SDI regions globally. In terms of population distribu-
tion, the overall disease burden was higher among males than among females. By disease category,
cardiovascular diseases constituted the primary burden source, with diabetes and kidney diseases
showing the fastest growth (mortality EAPC = 4.92), while chronic respiratory diseases exhibited a
declining trend (mortality EAPC = -1.23). The disease burden increased exponentially with age. The
age-standardized DALY rate and mortality rate for individuals aged 70 and above surpassed those
0f 1990 by 2021, with this advantage widening with increasing age. Conclusion: The burden of non-
communicable diseases associated with particulate matter pollution in China is on the rise, with
significant variations across different populations and diseases. Overall, the burden has reached a
high level globally, necessitating targeted governance and prioritized prevention and control
measures to reduce it in the future.
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1. 5l8

G RURL ) (Particulate Matter, PM)i5 442 Bk PR B R A 4L APk AR, A 3K9%% 97145 (Global burden of
disease study, GBD)HF i &7, 2021 FA4=EKHE 700 /3 NFIBET AT T PM SR, [ moh 32 2L 858 XU
R —[1]o XKy5 G AR e . Tol A =45 0d #8, Al 2E @ v br b it N MRAE 3R, X 28
1 AR FE 2]

AEAE Y4 799 (Noncommunicable Diseases, NCDs) & 71 [ #05 ffH (UAZ O M i, A7 BB T2 AN E 1) 88%
PLE, HAZANTZEE(65 2 b EZ4E N A 1990 4 5.6%F+ 4 2021 4 14.2%) Fl14E 6 )5 s\ AR5
W), SPARFFLLANE 1] [3]. HEIE & = TG TR, S BOARURTS G K AL TR
K, R CRAAK7 SREBORA SRS 75 R, (AXEG Jez m e, 159 S H4eE G
(BT 75 RGEVEAL[4]-[6]

LA W IT 2 T A B — B B R R 8, =6 PMAHSG NCDs K JHH(30 4F) fidi i e NFE. &
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R AT A, U 45 G AR R 4R 42 N 1 % (Social Indicators of Population, SDI)HLX X} L,
ML REHERT 15[ 1] : T GBD 2021 4 R i BB £dls . AWt 78 B 7E R G40 B 1990~2021 4 [H )T [
TIN5 B AR AR G AR AR a3 R A AR AL, I B R AR HEALAE o % . DALY
# % EAPC Z848hrR, WIAfh I B U0 RO 3,y AR E 20307 AR Gutth g B ia R IR
i 5E R AL IEAK S -

2. ERFSTE
2.1, BERIRIE

GBD 2021 %j#s /i /2 H 55 [ A Bt K 25 fa B Fi8 b AUk F 70 B 6 e (0 vl A 2508 122, FREs 7 1990
FEA 2021 AR 204 ASEZCHIHBIX . 371 Fhpi AT . 288 MHAET R K DA K 88 Hif i R R I A % . BB
TR, %k % 75 i 4 (disability adjusted life year, DALY)% 5505 740 8 R . AHF 70 FE T GBD 2021 i
e, $REUT 1990~2021 AF-F[E A KT PR EERURL 1T Yo 1) Al Gt 55 1 B 1 38 I A7 B R 8 A i 4 S5 5080
GORMIEAT 70T, BFEAFIVEG . & AR et R B b4, ATIETHE T SDI, SDI &1 & — A 4k
RAVER AP IEEIRN, Wi THE . WAKPREEREZ 4R . SDI FHBUETEREE 0 3] 1 2
], fER RS A B R KT . AR3E GBD 2021 WFFUH SDI $dE, 4Bk 204 > S A [X 4 7
NANAER SDEK: & B oy PR,

2.2. GItFESTH

RH R 4.3.2 AT EEE 047, SRA Joinpoint [a1 V245 1 36 T3 B2k AR A AT 43 BE IR, R 52
Ry - R D B ISR E e AR, THER AR A AR AR K A 43 3 (Estimated annual percent change,
EAPC) LAt 1990~2021 e i A8 b i . o, % EAPC & 95%CI /T 0, JUIZe7R5%F R [A] Br A
P U 2RSS, KT 0 MR ETHESS, 25 95%C1 A5 0 MR A A &

3. &R
3.1. FEERTFHEFRD SRR YRR AIER T ESE

1990~2021 4, AERASFEA: 2 N 4B EK T X U R F IR B 0N 75 G (0 FEA% Yt 93 JL A8 Fr it
WIET- R R PR EHIX R, & SDI HiX RIBUNEE N, 1990 FEBFREMILTE )y 47.93
(95%ClI: 31.69, 66.49)/10 5, 2021 4[4 % 15.03 (95%CI: 11.18,19.09)/10 /i, EAPC J4—3.97 (95%Cl: —4.10,
—3.85), AEFTA SDI K FRIEE KX, g SDI HhIX [FIFE 2 P& . S SDI. Hi SDI HlX
FR, i SDI. & SDI JAK SDI HiIX (U AF bR AL FE T 2648 2 B ss . Hodh, WK SDI HulX b7+
FERCONUIE, 1990 fEAEIRUEILIET )y 38.73 (95%CI: 25.74, 54.27)/10 J3, 2021 £4£T+Z 62.36 (95%Cl:
39.10, 86.73)/10 /5, EAPC & 1.91 (95%Cl: 1.64, 2.19), i1 SDI #1[X b FHiE B A 2% . 2019~2021 4
o E SRR PRUEALAE T 200 B _EFH %4, 1990 4E K 69.03 (95%Cl: 32.67, 119.86)/10 /i, 2021 “EF+ % 98.55
(95%Cl: 68.87,122.00)/10 /5, EAPC A 1.71 (95%CI: 1.28, 2.13). 2021 4 E4E A b IET- R B E = T
2021 % SDI i X PR bR IE T 2K, WAk 1. B 1.

2019~2021 FAERANE] SDI 7KV X U5 KT M BERURLA) 15 G AR Qe o, JLAE IR FRifEqL DALY
I HL X 3 A REAE S5 A AR LSBT 2R 35— 5. &1 SDI X AE I FRifEfL DALY ZF#iR R 2%, 1990 44
988.24 (95%Cl: 672.02, 1350.86)/10 /3, 2021 4F[% % 383.09 (95%Cl: 289.82, 484.07)/10 Ji, EAPC N-3.27
(95%Cl: —3.37, —3.18), "1 SDI X b brviE (L DALY F[ERE S T % . b SDI. 1K SDI 1K SDI
H X AR RS AR UEAL, DALY 2RI 2 FF#a# . d ik SDI #i X FTHE E & ok, 1990 4F 4y 851.10 (95%Cl: 566.69,
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1207.00)/10 73, 2021 4£F+% 1386.35 (95%Cl: 863.53, 1925.01)/10 73, EAPC Jy 1.91 (95%Cl: 1.65, 2.17);
ik SDI 1 [X _ETHIEEE fc /N, 1990 4EN 658.64 (95%CI: 435.61, 927.99)/10 /5, 2021 4y 720.70 (95%Cl:
472.10,1026.53)/10 /i, EAPC Jy 0.62 (95%Cl: 0.27,0.96). 2019~2021 4Frf [F4E btk DALY 2 5 i 3%
TS, 1990 44 1266.07 (95%CI: 604.92, 2191.66)/10 75, 2021 4EF+% 1835.02 (95%CI: 1286.46,
2255.64)/10 /i, EAPC N 1.77 (95%Cl: 1.39, 2.15). 2021 4 [EE#EbrElL DALY & T A SDI K
HBIX, A A BRI B Y i R s i E R 2 —, Wk 1. & 2.

Table 1. Age-standardized mortality rates, DALY rates and their trends of noncommunicable diseases attributable to ambient
particulate matter pollution globally in 1990 and 2021

= 1. 1990 5F 70 2021 FF2TKYAR T L FRANS LAV R IER R FRITENIE TR, DALY REENESE

FRALAET2/10 15 ¥Rtk DALYs Z/10 Ji4E

1990 2021 EAPC 1990 2021 EAPC

o 58.38 5152 0.29 1181.99 1131.92 0.04
(4139, 7458)  (38.02, 62.90) (-0.41t0-0.17) (835.15, 1517.86) (824.33,1371.94)  (~0.16 0 0.08)

B SDI#  47.93 15.03 397 988.24 (672.02, 383.09 327
X (3169, 66.49) (11.18,19.09) (-41t0-3.85)  1350.86) (289.82, 484.07)  (-3.37t0 ~3.18)
i SDI 89.08 61.23 12 1717.00 (1197.36, 1248.19 1.0
HX (6234, 11855) (47.78,74.38) (-141to-1) 220855)  (984.15,1502.41)  (~1.25 to —0.85)
fSDIM 5632 76.85 1.33 1158.85 1594.22 131 (L15 0 1.47)
X (36.95,79.66) (53.20,9359) (L15t0 1.51) (769.26, 1631.23) (1117.82, 1947.57) 31 (115101
H1ik SDI 38.73 62.36 1.91 851.10 1386.35 1.91 (1.65 to 2.17)
Hi X (25.74,5427)  (39.10,86.73) (L64102.19) (566.69, 1207.00) (863.53,1925.01) Lo (1.65102.
fESDIH 2983 33.65 0.8 658.64 720.70
X (1961, 42.07) (2211,47.72) (0.41t01.19) (435.61,927.99) (472.10, 1026.53) ©0-62(0:27100.96)

69.03 98.55 171 1266.07 1835.02

|

H (3267, 119.86) (68.87, 122.00) (1.28102.13) (604.92, 2191.66) (128646, 2255.64) L'/ (1-39102.15)
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Figure 1. Trends in age-standardized mortality rates of noncommunicable diseases attributable to ambient particulate matter
pollution globally, 1990~2021
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Figure 2. Trends in age-standardized DALY rates of noncommunicable diseases attributable to ambient particulate matter
pollution globally, 1990~2021
2.1990~2021 FF 2 KR T IR FALANS R IEE LM R R ERIREN DALY RIE(HEH
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Figure 3. EAPC of specific noncommunicable diseases attributable to ambient particulate matter pollution by
sex in China, 1990~2021
3.1990~2021 £F A E A [E) 14 A Y3 E F IR BRI A5 A0 & MR R4 R % EAPC

1990~2021 41 [E VA 5 T PR ORI T e (1) &% FR A% GetE i i, o0 U003 A& 53 oA o e B 48
HE I, HAERBPMEIET R, DALY RI¥EE G M. 18HIFR R S0m & HAabm) . Fi,
PRI 22 S RPN — BUMEARAE, T VETE % AR YoM i 2O AR bR AL FE T . DALY R m T &tk
ANTRIE B - 500 S 4H 1Y) EAPC 52 23, WH IR AN e 2 s 40 B THe DRIt e, LR bRvfE b BE T
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K EAPC &kl 4.92 (Lt 4.84, 51t 4.97), FidAriEfk DALY 2 EAPC & /474 5.89 (% 1k 6.00. Ji1t
5.77), B R2PGE ETHE . B IEIFIR RS R ME— EAPC AMRIE, SRS TRES, TRz
HEALSET R EAPC A N-1.23, (&PE-1.44. F1E-1.09); FE#dbrrEfk DALY % EAPC &k N-1.14 (&
PE-1.02, 51-1.21). g 2R, H Aot EAREE Y, SR FRHELIET 3 EAPC SN 4.11
(Lt 456, Bt 3.91), EWbriEfL DALY & EAPC Ak N 3.77 (& 1E 4.25. 5% 3.60), WM 3~5.
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Figure 4. 2021 stacked bar chart of age-standardized mortality rates by different diseases for males and females in China

B 4. 2021 FpE B LA RERERITEN R T RERELE

2500

2000

500 - l
0 -

@ DMERR AR
GRS

a
g
s

Ez1)
B
DES

ETREWDALYSE (§+HHAE)

Figure 5. 2021 stacked bar chart of age-standardized Daly rates for different diseases by males and females in China
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Figure 6. Comparative bar chart of age-standardized mortality rates by age group in China, 1990 and 2021
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Figure 7. Comparative bar chart of age-standardized DALY rates by age group in China, 1990 and 2021
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o ] U5 B SR ORE TS G R AR QA O S 4E (U T 2R DALY ) BRI H W8 (R AR (OB MR
HBEFRIG K BB E T3 AT R, H BTSSR, EEETE 60 H LS. TEIRFE
B, AT IREEROR TS Gt AR G B AR T B RAIK: 7E 65 5 & 69 % [X[H], 2021 fESET:HBE AT
1990 4. #EAN 70 ZLAG, 2021 FFEFERIET- IRk 1990 4. 85 % DL F S AFRS A LT AE
2021 FH R I RIER s, Hd “95 % R UL E” AR R s, T 1990 [ HAKE, LK
6. TEFIFRUEIL DALY 27T, HBEEE AR G A0 T3 i fE — 2, FAURAERRE 5 H e A b 4
FRERAR/KT, HH 50 SFERHEIFIEEE LI, FFE SR ARk 25 mK . 1990 455 2021 AN
R BN ARG B AAAE B Rk, £E 70 5 DUR I ANBE T (Rpdil /& 50~69 % 1) 2 AR I 1), 2021 21
R AR HEAL DALY ZAHE T 1990 44 BT NFEERET; 76 70 & R UL BRI NEEH, 2021 AR 1) R bR itk
1 DALY F il 1990 4F, HBEFR G, PIE R ZIRIZHRCR, 78 “95 & KU B i H A 3%
B, 2021 FHIFERARAEIL DALY 83 5T 1990 E 1K, WK 7.

4. ¥1ig

AT GBD 2021 ¥ E, R T 1990~2021 4 r [ A P T 3R 458 B0k 75 s 1) AA% Ytk g
I S AR TE AR R B NI R AT SR, N A BRI R A EE A R i R [ 20307 R VE Hb AR A
TEERATRT S O R R IR, REME KRR ERRE LTS DALY R EE LTS
HWEAPC 735108 1.71. 1.77), 2021 /KO Tk 5 SDI (X, HAETER] . R Ko 2K 5] EAEE
W 22 57, X —RFAE -5 A BRAN R R R /K 1 DX 1) Fr P A R B A 1, ™ BB 7 BRI I B Bk

ABRAN[A] SDI HbIX ) 6 $H 7848 52 I BH R A 20 : v SDI L DX A8 (8 77 A% 1A AR 358 5 42 44 it (A e A ok
B TAHEBORME R E) A BT IREE 7R R R A RAB R IR MR T, SEIL T Ry Gepl DG A% e
PRI 7 AH (35 S AR (R IR P AL JE T2 EAPC = -3.97), X 50E4: GBD W5t i e N [ R B i e i
AL IS5 AW B o T SDI S A SDI M X IR Tl Ak #ERE J5 . ABEIAERRE ISR, fudHE BT
iy, JeH IS SDI M IX _ETHIEE B v R H (EAPC = 1.91).

T EEA R SDI M X i — AR RFLE AR E K, HORRHEIE T 2 ER R EEE . A5 Ge2
Fe S HORE, 1990~2021 AF3R [ Tk Ak 53k v A b4k, BRVRTHFE LB BON . VB ERA B RIER K,
SEOAEBR TS G A B TREKE, RIS “ R« “BRR I FEBOEA S K 15
IR IE, (B3 BRI 55 5% RS AT R 3 v s T 4H 4] [7]. Sk RS, N DL FE kRS ik, 65 %
S UL ESEAE N A EE A 1990 47 1) 5.6% Tt 22 2021 4F (1) 14.2%, 178 4F NFEAE N FEAL Gt 5 i) iy fa 44k
B R — DR T 15 YA e B (8] MAt, BEIT/AKTPIASIRTHEK T B H L IGHE, 15
AR HEAL DALY FSEFAHIRFAE LA/ B, X 54 ER K SDI 1 X 5740 b 1) 32 B IR BN R 3571 S
R, AH A BRSO R, Sk S Qe B 5N L G5 R IR XU s 7 [9]

B PES R AR Yt S P P 38 B T ok, X — 2 AR S A Y e Hh B IR R — B,
b5 AR 22 TR 53 ORI A7 i R ST AT 45 R AR AF[10]. B ERE T 400, B 5 N F M. ligk. T
A4 AR, ORI S R A B T, HOE VRO PGP AR AR TS SR AT
B, X UER RS ORI YA R AR TN, T IR I IR R R SRE SR SR K B B 4
[11]. AAEENLHIRA , o MEMER R vT s i F A% R - B IR o508 L5 P R T B s R A 15 (19
PR, 1 SV Z X — ORI, SRS G 5y B B, X AR T O] DS PR O I
96 4 28 ) T () BPELAR B T R R R [12] o

I M AHBE AR R E T, 70 B R UL ERAE AR 2021 SFEFERARAELAE TR A DALY R
1990 4F, X—ILGE “RRBRBEHN” 5 FERM AR LA KL R[13]. 2 AFEO M)
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RE. SIEDNRE R E TR, XPBURIAS R rmt 2 PR G, HZEIFmiE . BRI SR, (5 4
T 55 BRI U AR T KU K E T e RN, 1990~2021 A =+ #A1A], Z4E N KR E T8
B e, B K45 ds B W BRMERGEEH B, MR BRI IEK T EE AR SR ], 3
— LR TR AR EA KR [14] . EASERZ, 70 % LU ABECCIH 2 50~69 %) fdH AT i T B ERE
F, XA RE S IR BN R RGNS MR YO B K DL S AR iR BRI B O, B
BT 15 ey PRI i i[RI FH 27 AR BRI

O M IRAE N B LR 1 B A P, L AZ O WL ) A B 3 58 Jar 47 ] 5 35 i 6 5 sk N I
PEIR, @75 FIE AR A T U P R ThRE . (Rt AR TR SE i B A2, A S L . F O A
o, X AL DR B RAT R A R BT FOUE L, 5 AR AT PO U 5 TR 8 e B E 1 4 R SR
[15] [16].

1 PRI AN B BIE0 5 HEAE AT B AR Gt i BT B IR (BE T % EAPC =4.92), X —ia# iR 1R
RFE SRR MR WA B . &5, BoREE MRATHR SER K, PM25 AUZIFIR R S|
B, RIS T, B E R A B A A SR PR 5, TR S RS 5 Rl
2%, T T B B HCPURRE AR AR 5 o LU, AERER I B A SIS YR 7R E R U RN [17]
[18] A 2 = A 4F (] AR BRERAT 2 M N BN ) B P AL T ) Jk 458, R N AL A T4 AR %%
FEIRZS, PM2.5 BIMRNGE— 0 T8OK 13X — SRR S, INTd 18 R 1) 5 A8 R e [19] [20]. B2 N B
FE, I BRI — ORI TR B T HER B IV F o B PR 0 AR PR ™ E ) RRE 2 —
KR EE T PM2.5 Al i i 5 3 B2 350405 R0 B /INBR I 80 77 2 24048, T 82 0 i) I 0 Th e 1) 308 (R,
B R 995 S ) v LB PR T ) 55 T AUARS IR IR 8 K IS PR B /1, A3 “PM2.5-8 IR - 180 B 7 1X—3k
Ip3 B A% I i R 3 A B [21] [22] . K, PRGBS B — R I B 15 A PARL 24 R kR, iR
T E LS 2R AU R PR R A T TR S

18 11 P 2R 805 A2 ME— 22 T B S oM R (FE TS % EAPC = —1.23), X —&5 R 5 EHHEE
et PR R GBI RGNS T 3 S DL S S0 G BE X WP I TE B R DA ¢, 5 GBD
2021 A=ERMSVERFIN RGP0 AH R B RSB A — 3, SERE R A 3 AT TR A RO S I B TS
YA I

(EAFIRANIRIT IR, R 1990~2021 4F (8] A [ A PR T IR B R0 075 G 19 JEA% Je v e 4 xt i di 2 1
FHE#A, HXIFABRESREEERRL, M2 “AN0 - H8” SREENER. v, ANOZB12EH
A AR AL O IRB) 1) o ARWFFLELIR, FEAE YRR AR T Ze pl A s R B T, 1 O e
PR T 50 5 B E R RO o X R N I M AR ST, 75 RO IR B 76 R PR 1 57 B0 AU GR IR
AR PRI I LR, SR T N R R K B R, NS E R RS K omk 1
AHIE R, XK, B S NOEKAE - CRE EES T CRATRT FBERAORIME LR, B
MR MR, AR AN D ZEER, AR L O 2Efasd. B, mxsamiR, KK
FVEER SRS T B — “ORHE” [m) “IENCE AL AR, E s E A AR RS D, DRI N 45
2R IR .

WEARAFAERE A RIRYE. E5k, GBD ¥ 5 i i AR AL HE S, 3043 B0H 3 T ) 424 1t
LR L0 43 O s b [X ()R8 A 7908 2 s s ARG A B, 7T B 3 BUR B AR PP AE R R i 225 IR,
AR FRAANNEACERIRE . 28, BESEERE R, LRSS IRERR TS G 1) 28 HAE F X%
AR s FRR, BRER VPR T XK, REBEBLREE . SR REZE RS MARE R
P, TR REUREE SRR A B Ja, WP T AR Y R Je S, AR BRI R

=

DOI: 10.12677/acm.2026.163763 72 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.163763

HHE %

(U AN ) S 2R o 2 R 5 SN PR ) () B AR AR A R AT A 50 o0 A, LARS V1 31 5 L P o 4 L A

Zx I, 1990~2021 4= H [H U5 PR T PR SRR 095 B ) AEAE Ge ke il R B3 FHEY, HARE R
MNBERIZR R ZE R, Ul TR EKF . RRFESHEAE . BRI, hRTEEES5E
i ] AE BT, A TR LIRS T, e ERrbE SDI X PREE e BRI [H 75 %

HE&mHE
EXBRRFE 4 (s 82072134); ZHIAHMEZMARE 4 (9T : 2023zhyx-C64).

SE

[1] Brauer, M., Roth, G.A,, Aravkin, A.Y., Zheng, P., Abate, K.H., Abate, Y.H., et al. (2024) Global Burden and Strength
of Evidence for 88 Risk Factors in 204 Countries and 811 Subnational Locations, 1990-2021: A Systematic Analysis for
the Global Burden of Disease Study 2021. The Lancet, 403, 2162-2203.
https://doi.org/10.1016/s0140-6736(24)00933-4

[2] Burnett, R., Chen, H., Szyszkowicz, M., Fann, N., Hubbell, B., Pope, C.A., et al. (2018) Global Estimates of Mortality
Associated with Long-Term Exposure to Outdoor Fine Particulate Matter. Proceedings of the National Academy of Sci-
ences of the United States of America, 115, 9592-9597. https://doi.org/10.1073/pnas.1803222115

[3] Liu, H., Yin, P., Qi, J. and Zhou, M. (2024) Burden of Non-Communicable Diseases in China and Its Provinces, 1990-
2021: Results from the Global Burden of Disease Study 2021. Chinese Medical Journal, 137, 2325-2333.
https://doi.org/10.1097/cm9.0000000000003270

[4] Yu,T.,lJiang, Y., Chen, R, Yin, P., Luo, H., Zhou, M., et al. (2025) National and Provincial Burden of Disease Attribut-
able to Fine Particulate Matter Air Pollution in China, 1990-2021: An Analysis of Data from the Global Burden of
Disease Study 2021. The Lancet Planetary Health, 9, e174-e185. https://doi.org/10.1016/s2542-5196(25)00024-5

[5] Ali, M.A., Huang, Z., Bilal, M., et al. (2023) Long-Term PMzs Pollution over China: Identification of PM2s Pollution
Hotspots and Source Contributions. Science of the Total Environment, 893, Article ID: 164871.

[6] ik, mrEdr, E4EE. BRITREGES AR —RE KT KTBERIERE ] Gt 7L, 2021, 38(9): 60-
74.

[71 . BEANKRA TR PM2s [J]. ZESZ5F, 2024, 40(2): 9-12.

[8] Zhu, A., Kan, H., Shi, X., Zeng, Y. and Ji, J.S. (2024) Black Carbon Air Pollution and Incident Mortality among the
Advance-Aged Adults in China: A Prospective Cohort Study. The Journals of Gerontology, Series A: Biological Sciences
and Medical Sciences, 80, glae302. https://doi.org/10.1093/gerona/glae302

[9] Meng, X., Zhou, Y., Shi, S., Wang, S., Zaid, M., Zhang, H., et al. (2026) Mortality and Long-Term Exposure to Source-
Specific PM2s: Evidence from a National Cohort Study in China. The Lancet Planetary Health, 10, Article ID: 101400.
https://doi.org/10.1016/j.lanplh.2025.101400

[10] Brunekreef, B., Strak, M., Chen, J., et al. (2021) Mortality and Morbidity Effects of Long-Term Exposure to Low-Level
PMzs, BC, NO2, and Os: An Analysis of European Cohorts in the ELAPSE Project. Res Rep Health Eff Inst, No. 208, 1-
127.

[11] Ji, W, Li, L., Cheng, Y., Yuan, Y., Zhao, Y., Wang, K., et al. (2025) Air Pollution, Lifestyle, and Cardiovascular Disease
Risk in Northwestern China: A Cohort Study of over 5.8 Million Participants. Environment International, 199, Article
ID: 109459. https://doi.org/10.1016/j.envint.2025.109459

[12] Levy, M.V., Fandl, H.K,, Hijmans, J.G., Stockelman, K.A., Ruzzene, S.T., Reiakvam, W.R., et al. (2025) Effect of 174-
Estradiol on Endothelial Cell Expression of Inflammation-Related MicroRNA. MicroRNA, 14, 3-8.
https://doi.org/10.2174/0122115366320085240716180112

[13] 5KOCUE, VEAA, 43, 5. 1990-2021 4 o [ M G AR B TUE 2 AT A T[], Aol 2% &, 2025, 29(1):
74-81.

[14] Meng, K., Chen, X., Chen, Z. and Xu, J. (2025) Burden of Chronic Obstructive Pulmonary Disease in Adults Aged 70
Years and Older, 1990-2021: Findings from the Global Burden of Disease Study 2021. PLOS ONE, 20, e0316135.
https://doi.org/10.1371/journal.pone.0316135

[15] Henning, R.J. (2024) Particulate Matter Air Pollution Is a Significant Risk Factor for Cardiovascular Disease. Current
Problems in Cardiology, 49, Article ID: 102094. https://doi.org/10.1016/j.cpcardiol.2023.102094

[16] Ding,R.,Huang, L., Yan, K., Sun, Z. and Duan, J. (2024) New Insight into Air Pollution-Related Cardiovascular Disease:
An Adverse Outcome Pathway Framework of PM2.s-Associated Vascular Calcification. Cardiovascular Research, 120,

DOI: 10.12677/acm.2026.163763 73 Il R 125 23k i


https://doi.org/10.12677/acm.2026.163763
https://doi.org/10.1016/s0140-6736(24)00933-4
https://doi.org/10.1073/pnas.1803222115
https://doi.org/10.1097/cm9.0000000000003270
https://doi.org/10.1016/s2542-5196(25)00024-5
https://doi.org/10.1093/gerona/glae302
https://doi.org/10.1016/j.lanplh.2025.101400
https://doi.org/10.1016/j.envint.2025.109459
https://doi.org/10.2174/0122115366320085240716180112
https://doi.org/10.1371/journal.pone.0316135
https://doi.org/10.1016/j.cpcardiol.2023.102094

HHE %

[17]

(18]

[19]

[20]

[21]

[22]

699-707. https://doi.org/10.1093/cvr/cvae082

Haberzettl, P., O’Toole, T.E., Bhatnagar, A. and Conklin, D.J. (2016) Exposure to Fine Particulate Air Pollution Causes
Vascular Insulin Resistance by Inducing Pulmonary Oxidative Stress. Environmental Health Perspectives, 124, 1830-
1839. https://doi.org/10.1289/ehp212

Cai, C,, Zhu, S., Qin, M., Li, X,, Feng, C., Yu, B., et al. (2024) Long-Term Exposure to PM2s Chemical Constituents
and Diabesity: Evidence from a Multi-Center Cohort Study in China. The Lancet Regional Health—Western Pacific, 47,
Article ID: 101100. https://doi.org/10.1016/j.lanwpc.2024.101100

Chen, K., Shen, Z., Gu, W., Lyu, Z., Qi, X., Mu, Y., et al. (2023) Prevalence of Obesity and Associated Complications
in China: A Cross-Sectional, Real-World Study in 15.8 Million Adults. Diabetes, Obesity and Metabolism, 25, 3390-
3399. https://doi.org/10.1111/dom.15238

Chen, Y., Peng, Q., Yang, Y., Zheng, S., Wang, Y. and Lu, W. (2019) The Prevalence and Increasing Trends of Over-
weight, General Obesity, and Abdominal Obesity among Chinese Adults: A Repeated Cross-Sectional Study. BMC Pub-
lic Health, 19, Article No. 1293. https://doi.org/10.1186/s12889-019-7633-0

Kwon, S., Sim, H., Ko, A, Lee, W., Kim, H., Han, S.H., et al. (2025) Long-Term Impact of PM2.s Exposure on Diabetic
Kidney Disease Patients Considering Time-Dependent Medication Adjustment. Clinical Kidney Journal, 18, sfaf216.
https://doi.org/10.1093/ckj/sfaf216

Ran, J., Yang, A., Sun, S, Han, L., Li, J., Guo, F., et al. (2020) Long-Term Exposure to Ambient Fine Particulate Matter
and Mortality from Renal Failure: A Retrospective Cohort Study in Hong Kong, China. American Journal of Epidemi-
ology, 189, 602-612. https://doi.org/10.1093/aje/kwz282

DOI: 10.12677/acm.2026.163763 74 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.163763
https://doi.org/10.1093/cvr/cvae082
https://doi.org/10.1289/ehp212
https://doi.org/10.1016/j.lanwpc.2024.101100
https://doi.org/10.1111/dom.15238
https://doi.org/10.1186/s12889-019-7633-0
https://doi.org/10.1093/ckj/sfaf216
https://doi.org/10.1093/aje/kwz282

	1990~2021中国归因于环境颗粒物污染的非传染性疾病负担
	摘  要
	关键词
	Burden of Noncommunicable Diseases Attributable to Ambient Particulate Matter Pollution in China, 1990~2021
	Abstract
	Keywords
	1. 引言
	2. 资料和方法
	2.1. 资料来源
	2.2. 统计学分析

	3. 结果
	3.1. 中国归因于环境颗粒物污染的非传染性疾病负担及变化趋势
	3.2. 1990~2021年中国不同性别归因于环境颗粒物污染的各非传染性疾病负担及变化趋势
	3.3. 1990~2021年中国不同年龄段归因于环境颗粒物污染的非传染性疾病负担

	4. 讨论
	基金项目
	参考文献

