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[ Abstract ] Climate change is the great health challenge for human beings in the
21" century. Air pollution is also an important public health problem worldwide. China announced
the climate commitment to achieve carbon peaking by 2030 and carbon neutrality by 2060.
Achieving these goals would not only have far-reaching effects on air pollution control and climate
change, but also improve the population health in China. Air pollution and climate change
epidemiology are important aspects of environmental epidemiology. In this paper, we discuss the
current status and future development of epidemiological research of air pollution and climate
change in the context of achieving carbon peaking and carbon neutrality goals to provide ideas and
suggestions for environmental and health studies in the future.

[ Key words ] Air pollution; Climate change; Carbon peaking;
Epidemiology

Carbon neutrality;

1 50 & A5 Yoot A Bk B i A L T A [R)

195 75 ik AL T o AT 1 gk FRER S A2 1L

NSRS PN TR NG LS 2 PN
RGO 2019 4 42 Bk 1 4
WFFERB 2 05 e Je R BRHE A 20 DU A A FE TG I
PR, B4 AT 32667 J7 i FAET s JLAM , ANid .
NV R ey (ol A IS N Ul R VAR S ST 9

250G Yt N R B A 3 SRRk B RELURF
HR 1T T IR B 2 [Pk AR

& [ 74 2030 45 Fi S AL TR HE Rk 2 0 g
(BRIEIE ), %% 14+ BL 2060 4E Fij 52 B Ak A1 H b
(BB B AR o XU B AR $2 HH  ANUE T T 4%

DOI; 10.3760/cma.j.cn112338-20220824-00732
s HE 2022-08-24 RXHwE TE

SRS XITE, BRI, WA . XU 15 5 T A2 s e AU AL AT A P e 5 R A 0], T R TR A T 2 A
i, 2023, 44(3): 353-359. DOL: 10.3760/cma.j.cn112338-20220824-00732.
Liu C, Chen RJ, Kan HD. Progress and future perspective of epidemiological research of air pollution and climate change

in the context of achieving carbon peaking and carbon neutrality goals[J]. Chin J Epidemiol, 2023, 44(3):353-359. DOI:

10.3760/cma.j.cn112338-20220824-00732.




- 354 - FPARRA T AR 2023 4E3 H S 44 4545 3 18] Chin J Epidemiol, March 2023, Vol. 44, No. 3

o IR AR 0 AR 2 AR TS | S 3R E R AL
HEDE =L 254 REIR S5 H L R A AL 1
A e £ 0t - [ AT Ye BUIR A AR fb #a 3 AE
e KFEm o [RIA, “ Xa” H bR T I3 Y HEL A4
AP |t 3a0h 2 X6 0 3 T A AR 5 =
BRI R RZ . 25 305 P e L m AT
ST IRET A T A B A 3 AR T T IR
FS5EFOCH AT T B . 78 Y/ Bk BARE
SR ARSCRES AN T 25305 e 5 AR fb Ak
{1 BRAG W 52 UE 4l , I % A SR Bk 5 1 ALIE 6 2 3t
B,

2. FRIGYERATINY: . EERR US54
Shy 25 I R DR 2R A B 1 5 i 4% BRAE 5 Ry
S RBOT LAY Ry SRR R AR AE M2 RS A AT T
T B AR T 1928 5005 Y S5 BRA 5% .

(1) 2PERON I FE < 25 R0 Y 2PE RN i 9% &2
2 AT YL ) o 2 1 | S A R R | (R 2
Jri 22 R PR B B8 T Ge kL, LLBS ] 3 371 4347
I 1911 28 SUAT AT A5 7 AR AL R R I N R . 1
w, © A W R 3 E 272 /4N 38 17 5 0% Wl & 4t
2013-2015 AW S /0 B H R BRAET- 50805 , K FH I By
BEIFE] 7 51 50 B F1 Meta 53 #1 , 28 G5 VA T 20 550K
Y1 (PM,,) MR (PM,, ) . B A (NO,) %48
A5 I R RS R RS O IS RN R 2R
GEPARIET (T ARG T 2 E 2 W
TR A VER 2%, 2R 38— 1 B0 S R o B s
TFRe TR Y NO, 5 RAE T % 8k 2 Hho if
58, RIT RIS L) 5 fE RAE T/ 0 2 OCHEK 4R
7 B e kAR 20 00 d0 1 R 5 N &R
210 A AT A 4 SRR R S A e AR
BAGRPE PR T M S50y 5 e RAEBE AR
[ S R] A 9T, 40 PM, 5 PM,,, 2525 S35 e
g A v A2 B R DGR L BLARL(0,) 5 M 4 A B Y O
KT PM, 5 4% 200 IS P 0 1 B R 1) SR I AR
Di S5 ORI 138 SRS 7 i, R 2000-2012 48
452 Medicare &R 5040 , Z 8L T PM,, F1 O, 50 9] 2
(A S AT E 5 QS A N Y SR O . )
TR S BRERER H R R SE K AR 45y 5 A
FE A0 T 23 R0 I A5 2 0 1 B 238 1) fob 3 OC
SRIMT , KR4 S PR RN BT 4 A7 7 B R A 4 S
2y 45 Jm PR 5 i — 2D B EE RN ik B
RIS Z TR T, BeAh, i TR RIBF I Y X 38
A2 S5 Yo ) 2 TR KT AN [ X A AR 114 el 5 354 iz
SIS M BN, v A UK ) % 5 KT8

7 E TR A PM,, 5 NBEIE T XU B 5% BT 4R
T A IR (R, I TR X S R 20 244
BRZ RO F SR A & BT AR TR (R R A, e vk B DX [R) 7Y
7 18 N G i S AR A T I v B i A Ol o 2
g8 H R R B R @K 2Z 40, R n] 685 R [RIF 7% IX 5k
TS YLy 2 oy 22 5 5 NBEIE B PEA G

BEAk [ e AL A 5 2 B A kO ot 9%
J5 ¥k AR G 1R) 22 AN TR] st [ g ) B A o 3
Sy WS DA 23 AT Y S 2 R 5 (AR R A
(AR BRI, 56 2R W9 e A R T8 s Vs e AR
FAMLED . 40, Li "7 F 2018-2019 4E7E 76 44 #4F
NBEFFEAT T 5 Uk [ 2 #4138 ER BE U7, 38 A4
PM, , % 58 Il 15 iz 18 B RE R D, 2 30 PML i 10 2
55 RORE RN 2 i T S A AR B 0 S A
K AR T R - IR PV, 15 2O IS R G
P g A BB A AL . Wu ZE SRS T
40 24 fi R 2 A I e [ o BE AL 5T, 2010-2011 4F
PEAT T 4 YRGB BRI i, 56 F [ W AR 3R A5 T
PM, K 40 0 1 1) J09 22 /KT, I3 ok A 0 o
Pt AT R BT PM, SR o 4 4 (IR VBE Bh 55 ) 5
RAE VAR N DIREZ A Y SC Bk . Chen 55
T T 7E 34 44 il B AR A R O R 1 R A B
58, WL B[R A2 B (110.24~0.40 wm) 100k 4
JEW R TR S RE BRI SO I R A S T
By 2t E IR AR . Lin 252078 28 44 4L X 18 P
RH ZEHE il s (COPD) AHE Y, &L T 0 bk A ML
B S R AR B 1 A AN BUR 4 41 43 7T 3 T AR C
JR R AR 2 R R A RAE T OK - Lei 55
I 4 992 2 12 Wity £ 1) sl 25 il Ty g W 85 L &
PR | 40 UK ) i 10 3 % 5 il ) R A2 i i A G
IR [ BRI A T 2 H UL (RS dnfb i
ZEXNPRIFFEN B FAS#8 8 (AN AR AEAS 2 (0 B3 i
AR ) A B R A i, BRI T A SRR o A AL, O
LB 25 BE VT B A S 4 A5 0] BRI R F 58X 24T
AR A 2 T 5 M 2

(2) 1 PERN I FE « 25 15 Y AR RN i 5% 2
SR FHRE T T SY L BSR4 205 Y K 7 i
(>3 A )X g r 2 P o I Y 2s 35 YL RS
i 58 A B, T 3 E B A AR 3R 1 A9 J& Huang
S Liang S8 FH v B ) R B8 1000 1l 5792
Ja KU I: BA 371 AT B 25 AR5 e BRI AF 5%, R T
PM, 0 28 5% )0 M B0 i A v e IR
SR B RZ A 5 Li 45 R FH b ] R K 5 B
A3 20082014 4FFl D7 5598 , % B T PM, 52 5%



FPAERA TR A2 & 2023 4E3 45 44 %5 3] Chin J Epidemiol, March 2023, Vol. 44, No. 3 - 355 -

5284 NBE BB T AR OCHK 5 Yin 55 57R] H
T BAF 1990-2005 4F 19 J5 B PEAEAS (I BE T8
FIRE R T PM, K A2 88 2 T 7 AR Z S
BT O AR AL T FI COPD JET- 3, Liu 25
FE v [ 12 R T BA B 50 T N B AR R
2005-2017 4 By B U5 , &30 T KA PM, 1 1 2
2 T A T v R O S T A v A I
PRI 1) 0 DRV o 18 35 1 0 98 AN AN A 28 TS
12 5 T S R A R BRI T v TE R R R A 5
SEIL AT AR A ST o AR EOR SR AR 2
A

(3) T 7% T FUAF 52y e AE 28 A 05 YA T
W SFAREN T N, AL AE [ AR SR ST
REAILXT IR 6 55, o e H AR SR 5T A T IEAG
FiE T IEOR B9 3E DA X AN, Rich %558
1 78 2008 4F b 5T B AR IE 58 iz 35 £ B By B 25
125 24 R LA N KHE BUMR T 7 iz 2l 23 Wi ) fnb 3
B2 S5 Y IR PR SCBUME [ SRS, R S RS
YIRS REAR S 2200 10 A5 (i BRE 4R b il 3 AR 56
Li 5577 2014 4F B 5% 75 4F BRI 5 iz 21y 25 W Rl 41
LT 31 A fd R AUAE N T AR BAKIC seis 3 &
I 0 25 500 1 0% T R v [ AR S 88, i 9 &
PM,, . O, 4% J& 1) REAK AT 8 25 R AR A2 303 1 R e R
FEPR o Xue 557 FFHE [ AR50 56 7735, v [ {gkt
B 5 32 B BRI A MY, VPG T 2013-2017 (%S
S5 GBI AT SR B BEAR A PM, ik B 5 8 IR
FEBE 3% FHBE AR 1) JCHE

BEAIL X HE R 6 2 28 BRI FH A T BT 9 0 ik o
G, Li 4558 2ok 13 S i 3 B A T T B ATLBU %
B ER , DL gk a8 T 3= 1 PV, K, R B
PM, ¢ i 7 58 55 105 AR A 27 00 el AR AT e il - T
AR BRI R TR A G, DT R TR 5 | A
AN R R 2 R B W AE LB ML o Liu 450 3 2%
44 Z AR LB IEAT T 3 WAEE R Rl 7 WO PR S5
WYIREAS , 2R F 608 1 a8 A 2 X0k ) K SF- 1
110, W9 & Bl Ak 5 128 SnT I st JLEE )
IR IhEE O A H B2 hRe IR R R TR It
AL S ARG B ML T S 2 T AEVE A . Shi
SEUY I T R BEHLAS SUBFSE , PTAT TR P12 X B
TG IURE ) 25 TG Y B0 UGS fa R 25, % PR 3 i
BT DL S G O R A R B R A TIRE
RAAR I, TR S 1 ) 11 B A s AT Y flt B
fEFE AR T BB AT AT . Lin &8 i #1 55
65 44 fat B WAE AT R BEHLXUE % I8 56, 2003 bl

MU, 76 240 A A el AT RE B T 1S
25 0 BRI 9Tk B £ b Fe A o] B S BRI R
JE EEINL P FZ DRGSR AL I A 28 N 43 A IO S5 A
KB A Wb A T HEDT PM, 38 1 Ao e i 1, 42
TN T AR 2T £ 780 IR R b 78 79 o i A5 i B i
%5 o Wang %7 FE 22 24 Z i H W BEALZE LWF5E
A O, 5% 58 1] 10 25 R A0 A8 S P o Y g A
Febn, HLA5 MU DR KT A 5. BEMLYE
IR 0 7 TS 2% o) R PR SR DBy b LA At AR R
AN R R BT 545 R BT 5 AL BEAL 424t n]
{HEIBFTEIESE "

(4)“ XU BAR T 828 505 e 5 A o - 78
MR AR SN, Wl SCEE XU H b, R
ALY B AR 2 L I AN [R) S AR A S 4
PEARBERE , I [ i) 2% s AT Yl sl A i 2 ) AT
(e B ) 52 i), n 75 R A B TN 5T, Al AN [
S M4 T 2 KI5 Y300 o Cheng 255 % 3% 5
2015-2060 4F-fifk Al H b 19 25 S5 AR %A% (r/
T ARHE RS 5 BEISE A E sTmkoR i, DL S A H
P42 ) BEAT T B AT B R R 2 i R
ity B G Je s i BOR v] LATE 2030 4F5E A% 35 wg/m’ )
PM, A3 B AR S IR IR 06 | (H S AR R0 25 Tk Ak
2251 2060 4F , 52 10 pg/m’ BYAEYIE H AR T 25
PR R B PRI AR A ER 1.5 CHER 4% . Zhang
T T R 2060 478 H AN B ARAS [ R AR
PRI R AR RL 25 43 M, W5 2 LA rh FD Bl s ) £
W8S AH Y T ad 25 S~104F I B B A 3 K, & S T
AR RRUR PRS2 B 0 T R R S HE R AR B A%

BEAN, RSB Rk B bR, JCIE R U R AR
T E AR 1 23 TG GR DL A A 15 2 i3t |, PR R ok
B 25 05 Yt 5 IO O T IV B 25 A5 T5 e T gt
FREAN o AR 22 AT ST UE B I, Ok ) s
1G5 NFEBET O L I SR 45 R 2
[F1] 11 2 5 5 7 6 R I 2 2 B 1 19 I (3 (5500 o
BN, Liu 5055 & 3, AL T WHO Fil £ 22 [H 5
()28 ST AR FEBR M2 T, PM, Fl PM, J6 31 2
AR RS T A AE Sk 2 ) fid B 1% 5 Di S R H
423 Medicare P& (R B0 | 7EMAIR MR B2 35 LK, 45
KT KW PM, 885 E R T/ 35 OCHk .
WHO £ 2021 4 11 A M54 T e s Ui e Te e
W IR o323 305 Yk BE I AR (0 — 25 A
XARTR T ASRAF G 0 I R B IR JEE DX ] A 45
15 YL SRR R RNV KR .

e, Bt 25 S s, M R R SRR



© 356 - AR AT AR 2023 4E3 A A 44 4555 3 1) Chin J Epidemiol, March 2023, Vol. 44, No. 3

3% PR 220t B 1) A8 T A ™ i, AR R I B o A
RESGY SRR TR B, Lee 5L
£ T w5 [E 2008-2014 4F (19 fir Sk 98 2012 A (] 18]
ST R, BT R ) R R A M Sk R
W) R A7 2 B A2 HAE . Rahman %578 58
FE I A e SN B9 T UKL 25 S0 Y 5 4 i 5
T[] R R AFERET R A, 2 B & 3 ]
T TR I RN 25 3 R T s AT Y A ity s e B —
T TR R FE T AU, B 7 2 iR A
I iR A A 3 P IR AR S DG R IR
523505 L A2 BAEH . de Sario 25 il it £k &
PR, 25 575 Y AV G A5 E TR 3 X P 0% 22 4 fidt P
[ B AE S AT R VR, AR R AR T 5t
L HORFE mIR R A WD ARREH R
15 PR R E RIS AR . A W™ HbR T 5t F
JEE AR5 R SRR H R BAEH S IR A
WFSEEREE 5 (BRI 1 E 2 — 3R

3. SARARACIRA T S AR AT TR 7 ¥ T
B o S, ORISR YU 32 B A AR A I A 8
PRI 2% e 28 1 X A £t R ™ A L i ) 2 1 52
A B B ) ST T2 4 7E 2022 4F 2 H
RAG T AR S UL i 5 (R Ak
2022 FEMR IE AN ME S ) , &R Go A4 PR AG T
AR g N R XU o 24l 4G
(T S o> YNNI D E= 2 N9 L IE T R B AR NG 2
BRI A TR FIREm . IER ARk IL T
AR A BRI A HbL DX R T I A A28 AR ) ) L, 2
AR A, Vo N T (] Ao R i v R A AR S
RAKEARAT TN EE, 254k A S (g Rty ok 58K
Pelik , % Nt 2 (R g A K A AR
P R S MBI, 20T 5 SEL B T R B00 R 2 i e
ARZST A FELE SR AT ST, A SRR R
R 5 T A TR 5T

(1) FLL1E FLB T ZE < i TP 5 0 T
PR A iy e A 3, DL RN 11 2 i Ak [
TN AR, PR R A — 1 B R B A ey R XL
o O KEMFFEMGEE TR M S KA
A %ot N HRE AR BRE 1 5 ), 810 4, Guo S5 38 3 — 01 &2
HUCBIFSE R B, PR AR R R RS AR R i i
TR, I HA I A 7 A0 b A5 b DX B X HA0R
B B 7 B R BURR . Yin AT R — 3 [ 272 4>
WA s, AR S BUR R TR i 7%, Ho
O PR e RGP AR | i AR
o IR I 25 S0 950 AT COPD 1 B8 T XU 1 ik 25 448

e Lei S5“7E 3 [ 272 AN i 7 e 1 9E ) 5301
JRUBSE s [R] P RIS, £ LA T 2 Fh 93 s ORI
JE BT A, FERIXT AT 2800 AE 10~15 d
KB, P AESE F 28 d., e Ah, SRkt
L T A BN ()l DX — M B el AR | 3 B A
ek 5 7 S O e 1 R IRURS: AN 25 20 A9
Gasparrini %3l o — 701 4Bk 384 AT T 5% & B,
F e il AR T 15 B AR T B HH I 5 T i
SRR BT, IR G A AR SE T R A
H™H . Chen TR 272 T W98 T 385
TV T T AR B0 T XURS: ATLEER B A T % PRAE
4 [ AKOF B SR AIXURSE R B 7 22.8 °C, A 14.3% A
FAMET AT A N TR B A I T R ity 5
T 149 U BRXUR: 43591 K 1.14% F110.63% , 3 HL A [ T
JEE T X s AR TP R 3T 3R A DR 3R 2k T
T AT KBS 2B VE F o Jiang %5 7E R [
324 AT TR T — I 5 38 S 9T, R BRI B
YT AT T R SO WIURE BB 1) 22 95 XU, 5 LA o I
ek (A R 7 A A A X 35 A B o Guo S5 7E 42
Bk 372 AT OB IE K B, TR AR Sk (A H ARG
e R PR AE 2 ) 5 AET 0 Rk S A H I — R
JEE NS A5 YL W AR B AT, I HAEAS [ X 3
S BN AFTE 25 5% o SEER G S 98 B0 o2
AT YR T Y 25 RN O R, FLE A AR
T DR AR S R N AT S g S R R
— IR Z s KEEAS B AR DG 5E
BRIAE K2 5 AT A8 Mk 45 Ja il DG e
FEZA SR AR WAL YL B o A W 0 1%
S v L . BN TE R RA SN S K
ARt I3 Y SR AR L S A R S 4R
AR — A T I A X A SRR R IR A A e
FE A BRI FE P A4 B X, 2R 75 A A% 48 X UM
PR R M A BT H 1960 4F LK, 38R e
WSO R A 1 I A RE 3N T 37% , 8L
WAL R AR A R I RN T 14% . [FIRT,
4 [ 161 P 40 A R s e SRR 3R T A A 2 K
FIFFLEIA I 1E 2017 4F , 2 4FE I B B i B R i R
IKE] 183.8/10 J7, AR p 3 Fr A ik 5] 1.8/10 71 5 5
1990 4F ] b , 5 & 0 AE 2017 4F () &0 R8I 1
57485 iR EE A AT AR RN T 4.7 £ o BRE AL
Gb A PP A R UG i 5 A AR AR A
5, Bl BEgE R A SORE T 1~2 °CLh
] B 7 b DX (R AL R T B 3G 39%~140%
MG I B R LR A AR R R AL S IR REK



FPAERA TR A2 & 2023 4E3 45 44 %5 3] Chin J Epidemiol, March 2023, Vol. 44, No. 3 - 357 -

VB AE P I R B UM G, FR [ ZEBUE R A b
XA — IR 2R B, H A G R 155k 5 0 H e
Tk | S AV ek R B A B 2 B A AR IE A OGS
M5 22, SRR Ak 2252 i) N\ S A% Y i gt B XL
W, 3 3k SR BB 7 it A A e 55 1 e A 2 I %o = i
ALK AT R 2 —
(2) AR RA A ASAL T 1 SN A 9T A f s
AR T AR s AT (RAGIR FE380) 1 1 A %%
SER TR A L X ) SRR . ©A R
M7 AR SRS 5 T AR R R 5 AR
P B DGR 76 2510 WUk " H AR 50 R AH GRS A
TR S . N, Gasparrini 2577 38 i — 1
451 /3T ) TIN5 A R, 7E Ak i HE RIS = T
SAEAEACXT NBFIE T 520 233 A0 in, HLZs
FEAS ] 1 X TR 20 AT AR 22 5, U B AR AR 3
Rz 2% 55 Hb DX N RS2 e B Ry )™ o, — U
G T AT RN ARk IR E AR OCHE T
SRS : 7F 1.5 CTHEAS 5T, R 18T A bt
B 4 T T I T R AR RORE DG R R PE TR A
19862005 4 f¥) 32.1/100 J7 ¥ Jin 51| 48.8/100 J3 ~
67.1/100 J7 ; M #E 2.0 CHRIE 5 T, BAEHAHOCH
BAET R L 1.5 CTHR IG5 R 2 2.7 THIAES, 5
— Ty 4= [ B RIS s, E S HERCR ST, 2
A AL T NG N 2010 414 1.9% 34 Jin £ 2030 4
[ 2.4% L K 2090 419 5.5% % . SR, KA AE S5
WIRIFGY 25 32 B B i FR bR A8 1k LN BRI
FE5 R Az (AN 1 22 k) 7% 5% I G FR AfERR A2
B A 22 AN PR e, T — 20 58 LIRS
TR IR) L, LA ZR A5 B A o 1) 17 S U 4 P
4. g5 R RS RS R, BETE
205 PR AE AA TR SE AU E IR TET
FERTT WS X SR 58 A A AE S i L (H
50 SRTE A RS Y R R S R RAE T A AR
B Th i I RES & AR Wb 5 P el AR 1) 3k
W, A AR At 38 o YR B A iy R AR S T
A AR A Y 2 I ) 4 b X A B A 52
Mo o Horb, 23 005 YL A T 2 78 S RO B9 7 T
R AL A R 2E W T T WS 45 )Ry A X )
B ;M 25007 B 9 19 7 i e B B, 5 A T MR R
T BAS B TG e 1 5 a2 BRI 55 R T T 52 R ML ERAIL I
R MBORITAL S0 THLSs R Y RIS
P AE A 2t DA RG2S %) B M 1k AR v 5 R AR Ak
TATIR AN I — 2 56 38 FNVE SEFEZRAE 48T, MY
(OE® USSP UN (I Eisan b A IS VAL &

2 R R U A 0 12 47 458 DN 3R A U AR AT 5
RSO, DA T g 0 A 5 52 (3t R i 5 AN [ <Ak A2 Ak
FEAR LR AR B AR AR B A 52 | 23 <5
5 AL A 5 B AR P A U 7 A AT ST
UEAN AR LE R IR AT — SO RN R 5% R A TV 2« A
el N 3R J7 T 22 OCTE A Ah A s g U A
NHRERI IR RZ R, T8 A B8 N2 s e BN
IR SR TE , F — P Lrid Ty ) N 41 5 S8 2
BRI A 2R 114 (i BR8N 5 A A R4 Jy T Tl , = 2
T AT Y M AR AR AR AU T R AR L A
RS B AR 23 PRES =) , T A9 M BRI5E R 300 T
18V AR E YRR S AL R R B A
SIS A HEBE | R Ok I3 M 58 2 BF Ik 3
e,

OB B B B 25 28 S5 P AT o R
AR TAT IR AR AR A TR A PLIE APk Ak, ARk
i I8 2 ST YRR AR Y 25 5 5T, L [RRT
G TP N R BRI . R BERSR  S 5 7
BT TR AR S T A -

(1) B 222 B3 S B B AR T 5 AU
AR B BT T, 28 5 R AT 1 A
J R 5 IR A SRR S AR AT AR A A
PR TR, RIS R B8 A N 15 Wi AR R
Pezh KRR Y i 25 AR PR, 25 e
B PR SEEOR T-BE, SN TS Y e B2 IR A
TEARFRG T WY AT AL , Sy 28 5 Qe A T o
T R IR A 7 412 1AL Ry i A0 A1 7 SR

(2 NI IO 290 A At BRE DXL DA < AR
Z IS F I, AR Bk AR B 3 T i PAMe 55 7
FAAEZE S TR AE AR 5T Rl Rl A
THEPE N RE ) BOER T, Jim 2 T AR AR A A B
S5 5 [T, A ] AF 8 A 31 R XN TR 19 22 e 0
SRR 2 S AT AEAN R, D AR A A7 T3
MBI RIS ) 5, 5 () Fof 2% B A AR I 1 14 A
R, ABEHA TR TR T8 X

)RR Z YRS JR 5 2 PO T 2 i S %
Z IR PR 20X AR 2% R G0 i AR A e 1 i
R T, A [7] M DX % 2% 5 7 O R A7 AR R 22
St BT, ARRAY 2 TG AN TR AL IRA T
W A e 2 A B, RIS N - R i - A8
T RE-BM - LT B BR A Bk 25 M 2 R FE 25 )=y , 45
ECSEREE L7/ RIS SENE PN 1 e Sy B2

(4) w7 U B s b ol 2R S AN O



358

Ak o e

UL

2023 43 A5 44 55 3 W] Chin J Epidemiol, March 2023, Vol. 44, No. 3

R AARE R BRIE G S5 4l L A
s R A FREE I R LA, IR A0 ORI R A
BL, LA 2% 15 e (U ERI5E A 20 s 410900
FEANEA LA ) , HXP A B = A 1 18 3 v T
FEOIETE s BLAD , R TEAE T K 3R 52 2 e 0o fi
FREF R , (SIS B — (1 2 B ol L 1 5
W CTCE AR R . PRI, iR 57 DA fi
Wi o T B ER A PR A T ik W O 4 R I
R KRR AT, R R F AR T i Bk
] S B 0 15 5 H bR g A2, DACTAT B R 8 0 4
THT 3T 3 R B o

IR AR 71 g e

P RMRAER R SSHERTSE SRR SRR S 4
BF eI s RO 1 SO B BF ST AT PR I
R BFFERT eSO BFIEAR T AT BER 293

(1

(2]

[3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

2 % X #t

Gu JS, Shi Y, Zhu YE et al. Ambient air pollution and
cause-specific risk of hospital admission in China: a
nationwide time-series study[]]. PLoS Med, 2020, 17(8):
€1003188.D0I:10.1371/journal.pmed.1003188.

Chen ], Hoek G. Long-term exposure to PM and all-cause
and cause-specific mortality: a systematic review and
meta-analysis[]]. Environ Int, 2020, 143: 105974. DOI:
10.1016/j.envint.2020.105974.

Shah ASV, Lee KK, McAllister DA, et al. Short term
exposure to air pollution and stroke: systematic review
and meta-analysis[J]]. BM], 2015, 350: h1295. DOI: 10.
1136/bmj.h1295.

GBD 2019 Risk Factors Collaborators. Global burden of 87
risk factors in 204 countries and territories, 1990-2019:a
systematic analysis for the Global Burden of Disease
Study 2019[]J]. Lancet, 2020, 396(10258):1223-1249. DOI:
10.1016/s0140-6736(20)30752-2.

Chen R], Yin P, Meng X, et al. Fine particulate air pollution
and daily mortality. A nationwide analysis in 272 Chinese
cities[J]. Am ] Respir Crit Care Med, 2017, 196(1): 73-81.
DOI:10.1164/rccm.201609-18620C.

Chen R], Yin P, Meng X, et al. Associations between coarse
particulate matter air pollution and cause-specific
mortality: a nationwide analysis in 272 Chinese cities[]].
Environ Health Perspect, 2019, 127(1): 017008. DOI:
10.1289/ehp2711.

Chen RJ, Yin P, Meng X, et al. Associations between
ambient nitrogen dioxide and daily cause-specific
mortality: evidence from 272 Chinese cities[]].
Epidemiology, 2018, 29(4): 482-489. DOI: 10.1097 /ede.
0000000000000829.

Liu C, Chen RJ, Sera F et al. Ambient particulate air
pollution and daily mortality in 652 cities[J]. N Engl ]
Med, 2019, 381(8): 705-715. DOI: 10.1056/
NEJMo0al817364.

Liu C, Cai ], Chen R], et al. Coarse particulate air pollution
and daily mortality: a global study in 205 cities[]]. Am ]
Respir Crit Care Med, 2022, 206(8): 999-1007. DOI:
10.1164/rccm.202111-26570C.

Meng X, Liu C, Chen R]J, et al. Short term associations of
ambient nitrogen dioxide with daily total, cardiovascular,
and respiratory mortality: multilocation analysis in
398 cities[J]. BMJ, 2021, 372: n534. DOI: 10.1136/bmj.
n534.

Tian YH, Liu H, Zhao ZL, et al. Association between
ambient air pollution and daily hospital admissions for

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ischemic stroke: a nationwide time-series analysis[]].
PLoS Med, 2018, 15(10):e1002668. DO1:10.1371 /journal.
pmed.1002668.

Tian YH, Wu YQ, Liu H, et al. The impact of ambient ozone
pollution on pneumonia:a nationwide time-series analysis
[J]]. Environ Int, 2020, 136: 105498. DOI: 10.1016/j.
envint.2020.105498.

Tian YH, Liu H, Wu YQ, et al. Association between ambient
fine particulate pollution and hospital admissions for
cause specific cardiovascular disease:time series study in
184 major Chinese cities[]]. BMJ, 2019, 367:16572. DOI:
10.1136/bm;j.16572.

Di Q Dai LZ, Wang Y, et al. Association of short-term
exposure to air pollution with mortality in older adults[J].
JAMA, 2017, 318(24): 2446-2456. DOI: 10.1001/jama.
2017.17923.

Achilleos S, Kioumourtzoglou MA, Wu CD, et al. Acute
effects of fine particulate matter constituents on
mortality: A systematic review and meta-regression
analysis[J]. Environ Int, 2017, 109:89-100. DOI:10.1016/j.
envint.2017.09.010.

Wang WD, Liu C, Ying ZK, et al. Particulate air pollution
and ischemic stroke hospitalization: How the associations
vary by constituents in Shanghai, China[J]. Sci Total
Environ, 2019, 695: 133780. DOI: 10.1016/j. scitotenv.
2019.133780.

Li TT, Fang JL, Tang S, et al. PM, ; exposure associated with
microbiota gut-brain axis: Multi-omics mechanistic
implications from the BAPE study[]J]. Innovation, 2022,
3(2):100213.D0I:10.1016/j.xinn.2022.100213.

Wu SW, Yang D, Pan L, et al. Chemical constituents and
sources of ambient particulate air pollution and
biomarkers of endothelial function in a panel of healthy
adults in Beijing, China[J]. Sci Total Environ, 2016,
560-561:141-149. D01:10.1016/j.scitotenv.2016.03.228.
Wu SW, Yang D, Wei HY, et al. Association of chemical
constituents and pollution sources of ambient fine
particulate air pollution and biomarkers of oxidative
stress associated with atherosclerosis: a panel study
among young adults in Beijing, China[J]. Chemosphere,
2015, 135:347-353. DOI: 10.1016/j. chemosphere. 2015.
04.096.

Chen RJ], Zhao ZH, Sun QH, et al. Size-fractionated
particulate air pollution and circulating biomarkers of
inflammation, coagulation, and vasoconstriction in a
panel of young adults[J]. Epidemiology, 2015, 26(3):
328-336.D0I:10.1097 /ede.0000000000000273.

Liu C, Cai ], Qiao LP, et al. The acute effects of fine
particulate matter constituents on blood inflammation
and coagulation[J]. Environ Sci Technol, 2017, 51(14):
8128-8137.D0I1:10.1021 /acs.est.7b00312.

Lei ], Yang T, Huang SJ, et al. Hourly concentrations of fine
and coarse particulate matter and dynamic pulmonary
function measurements among 4 992 adult asthmatic
patients in 25 Chinese cities[]J]. Environ Int, 2022, 158:
106942.D0I1:10.1016/j.envint.2021.106942.

Huang KY, Liang FC, Yang XL, et al. Long term exposure to
ambient fine particulate matter and incidence of stroke:
prospective cohort study from the China-PAR project[]].
BM]J, 2019, 367:16720. DOI1:10.1136 /bm;j.16720.

Huang KY, Yang XL, Liang FC, et al. Long-term exposure to
fine particulate matter and hypertension incidence in
China[]]. Hypertension, 2019, 73(6): 1195-1201. DOI:
10.1161/hypertensionaha.119.12666.

Liang FC, Liu FC, Huang KY, et al. Long-term exposure to
fine particulate matter and cardiovascular disease in
China[J]. ] Am Coll Cardiol, 2020, 75(7): 707-717. DOI:
10.1016/j.jacc.2019.12.031.

Li TT, Zhang Y, Wang ]N, et al. All-cause mortality risk
associated with long-term exposure to ambient PM, . in
China:a cohort study[]]. Lancet Public Health, 2018, 3(10):
e470-477.D01:10.1016/s2468-2667(18)30144-0.

Yin P, Brauer M, Cohen A, et al. Long-term fine particulate



FPAERA TR A2 & 2023 4E3 45 44 %5 3] Chin J Epidemiol, March 2023, Vol. 44, No. 3 . 359

[28]

[29]

(30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

matter exposure and nonaccidental and cause-specific
mortality in a large national cohort of Chinese men[J].
Environ Health Perspect, 2017, 125(11): 117002. DOI:
10.1289/ehp1673.

Liu C, Chan KH, Lv ], et al. Long-term exposure to ambient
fine particulate matter and incidence of major
cardiovascular diseases:a prospective study of 0.5 million
adults in China[J]. Environ Sci Technol, 2022, 56(18):
13200-13211. D0I:10.1021 /acs.est.2c03084.

Rich DQ, Kipen HM, Huang W, et al. Association between
changes in air pollution levels during the Beijing
Olympics and biomarkers of inflammation and
thrombosis in healthy young adults[]]. JAMA, 2012,
307(19):2068-2078.D0I:10.1001 /jama.2012.3488.

Li HC, Zhou L, Wang CC, et al. Associations between air
quality changes and biomarkers of systemic inflammation
during the 2014 Nanjing Youth Olympics: a
quasi-experimental study[J]]. Am ] Epidemiol, 2017,
185(12):1290-1296. DOI1:10.1093 /aje/kww209.

Xue T, Zhu T, Peng W, et al. Clean air actions in China, PM,
exposure, and household medical expenditures: a
quasi-experimental study[]J]. PLoS Med, 2021, 18(1):
€1003480. DOI:10.1371/journal.pmed.1003480.

Li HC, Cai ], Chen R], et al. Particulate matter exposure
and stress hormone levels: a randomized, double-blind,
crossover trial of air purification[]]. Circulation, 2017,
136(7):618-627.D0I1:10.1161 /circulationaha.116.026796.
Liu S, Huang QY, Wu Y, et al. Metabolic linkages between
indoor negative air ions, particulate matter and
cardiorespiratory function: a randomized, double-blind
crossover study among children[J]. Environ Int, 2020,
138:105663.D01:10.1016/j.envint.2020.105663.

Shi J], Lin Z], Chen R], et al. Cardiovascular benefits of
wearing particulate-filtering respirators: a randomized
crossover trial[]]. Environ Health Perspect, 2017, 125(2):
175-180.D01:10.1289 /ehp73.

Lin Z], Chen RJ, Jiang YX, et al. Cardiovascular benefits of
fish-oil supplementation against fine particulate air
pollution in China[J]. ] Am Coll Cardiol, 2019, 73(16):
2076-2085.D0I:10.1016/j.jacc.2018.12.093.

Wang CP, Lin JY, Niu Y, et al. Impact of ozone exposure on
heart rate wvariability and stress hormones: a
randomized-crossover study[]]. ] Hazard Mater, 2022,
421:126750.D0I:10.1016/j.jhazmat.2021.126750.

fEE R, BT =¥ B0 b W ik .
F45 e B —— DA e BT 58 o (9 )], N H 5 2295, 2022
(2):1-25.D0I1:10.3969/j.issn.1000-4149.2021.00.070.

Ren GQ, Wang YD, Zhou YB. Methods, applications and
prospects of causal inference in scientific research: a
study of individual health research[]]. Popul Econom,
2022(2): 1-25. DOI: 10.3969/j. issn. 1000-4149.2021.
00.070.

Cheng ], Tong D, Zhang Q, et al. Pathways of China's PM,
air quality 2015-2060 in the context of carbon neutrality
[J]. Natl Sci Rev, 2021, 8(12):nwab078. DOI1:10.1093 /nsr/
nwab078.

Zhang SH, An KX, Li ], et al. Incorporating health
co-benefits into technology pathways to achieve China's
2060 carbon neutrality goal:a modelling study[]]. Lancet
Planet Health, 2021, 5(11): e808-817. DOI: 10.1016/
s2542-5196(21)00252-7.

Di Q Wang Y, Zanobetti A, et al. Air pollution and
mortality in the medicare population[]]. N Engl ] Med,
2017,376(26):2513-2522. D0I1:10.1056 /NEJM0a1702747.
WHO. WHO global air quality guidelines: particulate
matter (PM,, and PM, ), ozone, nitrogen dioxide, sulfur
dioxide and carbon  monoxide[EB/OL].  (2021)
[2022-08-20].https://www.who.int/publications/i/item/
9789240034228.

Lee H, Myung W, Cheong HK, et al. Ambient air pollution
exposure and risk of migraine:synergistic effect with high
temperature[]]. Environ Int, 2018, 121(Pt 1): 383-391.
DOI:10.1016/j.envint.2018.09.022.

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Rahman M, McConnell R, Schlaerth H, et al. The effects of
coexposure to extremes of heat and particulate air
pollution on mortality in California: implications for
climate change[J]. Am ] Respir Crit Care Med, 2022,
206(9):1117-1127.D01:10.1164 /rccm.202204-06570C.
de Sario M, Katsouyanni K, Michelozzi P. Climate change,
extreme weather events, air pollution and respiratory
health in Europe[J]. Eur Respir ], 2013, 42(3): 826-843.
DO0I1:10.1183/09031936.00074712.

IPCC. The IPCC 6™ assessment report[R]. Geneva:IPCC.
Guo YM, Gasparrini A, Armstrong BG, et al. Heat wave and
mortality: a multicountry, multicommunity study[]].
Environ Health Perspect, 2017, 125(8): 087006. DOI:
10.1289/ehp1026.

Yin P, Chen R], Wang L], et al. The added effects of
heatwaves on cause-specific mortality: a nationwide
analysis in 272 Chinese cities[]]. Environ Int, 2018,
121(Pt 1):898-905. D0I1:10.1016/j.envint.2018.10.016.
Lei ], Chen RJ, Yin P, et al. Association between cold spells
and mortality risk and burden: a nationwide study in
China[J]. Environ Health Perspect, 2022, 130(2):027006.
DOI:10.1289/ehp9284.

Gasparrini A, Guo YM, Hashizume M, et al. Mortality risk
attributable to high and low ambient temperature: a
multicountry observational study[]]. Lancet, 2015, 386
(9991):369-375.D01:10.1016/s0140-6736(14)62114-0.
Chen RJ], Yin P, Wang LJ, et al. Association between
ambient temperature and mortality risk and burden:time
series study in 272 main Chinese cities[]]. BM], 2018, 363:
k4306.D0I1:10.1136/bmj.k4306.

Jiang YX, Hu JL, Peng L, et al. Non-optimum temperature
increases risk and burden of acute myocardial infarction
onset: A nationwide case-crossover study at hourly level
in 324 Chinese cities[]J]. eClinicalMedicine, 2022, 50:
101501. DOI1:10.1016/j.eclinm.2022.101501.

Guo YM, Gasparrini A, Armstrong BG, et al. Temperature
variability and mortality: a multi-country study[]].
Environ Health Perspect, 2016, 124(10):1554-1559. DOI:
10.1289/ehp149.

Cai WJ, Zhang C, Suen HP, et al. The 2020 China report of
the Lancet Countdown on health and climate changel[]].
Lancet Public Health, 2021, 6(1): e64-81. DOI: 10.1016/
$2468-2667(20)30256-5.

Du YD, Wang XW, Yang XF, et al. Impacts of climate change
on human health and adaptation strategies in south China
[J]]. Adv Clim Change Res, 2013, 4(4): 208-214. DOI:
10.3724/SPJ.1248.2013.208.

Xiao H, Tian HY, Gao LD, et al. Animal reservoir, natural
and socioeconomic variations and the transmission of
hemorrhagic fever with renal syndrome in Chenzhou,
China, 2006-2010[]J]. PLoS Negl Trop Dis, 2014, 8(1):
€2615.D0I1:10.1371/journal.pntd.0002615.

Bai L, Morton LC, Liu QY. Climate change and
mosquito-borne diseases in China: a review([]]. Global
Health, 2013, 9(1):10. D01:10.1186/1744-8603-9-10.
Gasparrini A, Guo YM, Sera F, et al. Projections of
temperature-related excess mortality under climate
change scenarios[]]. Lancet Planet Health, 2017, 1(9):
€360-367.D0I:10.1016/s2542-5196(17)30156-0.

Wang Y], Wang AQ, Zhai JQ, et al. Tens of thousands
additional deaths annually in cities of China between
1.5 °C and 2.0 ‘C warming[]]. Nat Commun, 2019, 10(1):
3376.D01:10.1038/s41467-019-11283-w.

Yang J, Zhou MG, Ren ZP, et al. Projecting heat-related
excess mortality under climate change scenarios in China
[J]l. Nat Commun, 2021, 12(1): 1039. DOI: 10.1038/
s41467-021-21305-1.

Petkova EP, Ebi KL, Culp D, et al. Climate change and
health on the U.S. gulf coast: public health adaptation is
needed to address future risks[J]. Int ] Environ Res Public
Health, 2015, 12(8): 9342-9356. DOI: 10.3390/ijerph
120809342.





