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Time - series study on the impact of particulate matter components with

different size fractions on circulatory system disease mortality
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Abstract : Objective To investigate the impact of chemical components in multi — size particulate matter on mortality risk from
circulatory system diseases, and to provide evidence for establishing refined air pollution control strategies. Methods Based
on mortality data for circulatory system diseases in Tianjin from 2019 to 2022, integrated with multi — size particulate matter
component profiles and meteorological parameters, a generalized linear regression model based on quasi — Poisson distribution
was constructed to quantitatively assess the differential contributions of particulate matter components across size ranges to
mortality risk. Results  During the study period, 37 416 circulatory system disease deaths were recorded, with a weekly
average mortality of 393. 85 £93. 70 cases. The health effects of particulate matter were most pronounced in the 1. 1 — 2.1 pm
size range, where a | interquartile range (IQR) increase was associated with a 6.83% (95% CI; 1.25% - 12.72% )
elevation in circulatory mortality risk. Component — specific analyses identified chloride ions, potassium, chromium, titanium,
and cadmium as significantly correlated with circulatory mortality. Smaller particle sizes exhibited greater toxicity, with
heightened sensitivity observed in females and individuals over 65 years old. Conclusion  Particulate matter health effects
demonstrate significant size — dependent characteristics, with diminishing particle sizes correlating to increased toxic
complexity. Targeted control strategies are recommended, prioritizing metal components and secondary inorganic ions in
particles below 2. 5um.

Keywords: Particulate matter; Components; Circulatory system diseases; Mortality risk

IR E KR WKLY ( Particulate matter, PM ) V5 4%
BEE&TE BB PR 5 R pa I 2025 42 b Tk S mifb R T i B R R S (B Bk A%
F R He 4% 05 H (NKPMEF202408 ) Vb R A S T A %2 4 2019 4 WEIBC 5%, 42 [ PM, Il PM,, 4F 25 3k B ik
2 Be i _ i .
PHOFBLEVIDLE (T2023811) BRI FLI 53 500 52. 9% Al 67. 9% , PM, v Ji 2

YEE BN AR (1997—) , B - 7652, A9 U7 1) IR0 5 i e . i
BE1EE . 85T E - mail :hdd@ hbu, edu. en MR DA A1 2021 4E48 EAFAE R 250 . AR




IAC TR B2 2F 2025 4F45 52 %455 16 #]  Modern Preventive Medicine, 2025, Vol. 52, NO. 16

- 2933 -

HETT A ,2019—2023 AE[] PM, o PM,,4F 343 35 5]
37 ~ 51 pg/m’ F65 ~ 76 pg/m’, B &M EZE
YARERRAE ™ KSR I5 YR BIIE ™ 05

VEER R GEHG 22 AR 51 3 [ IS 32 90 I {6
Hopgmitn g m & . BEEIESE, K02 5% T Wk
W35 Y2 IO U SE il 26 rh 6 BR 2R S0
FOBET AR M, o 6 1 PR XL, 2 £ 4
fe o PR 22, B A T v LR 1 85 — 1 o R 7
2019 4EFR [E [ PM, 5251 & BB ER 2R S0 8 st
TNERZ G BIE TR 20% 7, R ABORL 1 ¥ e
BN P T A A e T A L

JRAG R 5 176 B 2R G0 5509 1 i R 2% B T 92
WS HE R (R LH A FE MR T I P 35 e T
A5 (SR 49 L 4 DR I s S R A S gl B Ak N 2
SRS O R AL ) 9 B AL B L R G 8 i
AR A TFIE 2 R R T s — ki AR 4 4y
SPMTELE R R AL SR R AR L A
TSt A0S e B 45 SR 2

AR RS R EETT 2019—2022 4F 5 73 B
RIGORE MBI S8R R SR A TR B, f %
Ride 2o 73 [R) B 55 A0 M HE 22, S A2k A 7 A [ R A2
R B UL AN 0T KUK Tk 25 5. F S BSR4
TR XA A P PR AR, B g 0T R
(e B0 s AR S

1 #REHZE

L1 30#kR ARPFEAE T E R U5 T R E T
R ] b PR BE 5 g R - B, RGER 4 2019
AE 11 HZ 2022 4F 12 A 31 H AR K H T 2 B
TR R GLpi 8 H AL TR 0. T AT s 10 AR A K [H] 34
WA 1 PR 23 28 26 + W (ICD — 10) FE47 bR 1 1k 2
o BT LUT RS T BAEE U : (1) HEBR fa A 1A
BRI 5 (2) SR 2 Wit A WA o o 041

ANTRD LA BOBURL ) 20 5335 H R IF K22 KRB
R 2O 3 B AL FEURE ) A A B S A P Bk
( Organic Carbon, OC) | JK ¥ ¥4 JC AL B ¥ A T2 1
(Nitrate ,NO,_ ) .48 J0ZE 45 ( Calcium, Ca) 5§ 23 Fp il
g5 e A, A R AT 44 (O, (NO, ) ¥ B2 £ 40 R T
TR T PR A5 A5 I A TR CGR E T
PRI T R Gm, A 48 H AR (C) FA R
JE(%) .
1.2 “%i#F*
L2.1 $fiRtEatr  XFrge il R K05 )
R ZBORER IO A3 L8 [ M (Pos , Prs) ] VIR K B/
B LA S AR v 22 AT fl A Mg it i T 5 RO

RGP FE T NI TR 11 H 5341, Ry O {5k
K WRH] ERIRAR AT A
1.2.2 Seitirik W TAFEDRAR BUR ) £ 40 53 19 3%
H BT i v B2 BTG, FRATT R ) A Jo] 1) X (LA Oy % R R
JE, [RIE DT EC g R (T B0 T ANk, A 5 T I AL
GIATHTT LA AR A PEAG AN [R] R A2 240 Ok ) 2 43
FERRIE 51 RS RGP AL T ANEHY Gk, W]
I, SR AR 25 R 54 o Dk 2 0 5 0 1) 25 1R A
PR BN . BT
LogE(Yi) =BZi + ns(time,df) + ns(temp,df) +ns(rh,
df) (1)

) Y S5 0 JRSE T NG E (YD) M5 i
ARG THASE T N B Zi s o Ja A A [RDRL A 0RE A7) 4%
HAr R EE sns S FHARFES T sRB df 9 AR 5 i
TAIE S I BT S AL JE R B[] 471, B L[] 3
JERE N 3, BRI B0 A b AR 3, et
GERB a5 ARG Ye Wy R B AT SR 3 A, 1T
J2 il HAth 75 e ) T B HL R A AR 24300, DA LA 56
LRI [ U SN 5 U A N 1 o d /A 07 N i T
WKL) X8 B 2R GE i SE T (RS2 i v T A A rhg | A
NO, Fil O, [F] 391 7% 5 Ve B A 1l X35 e W A 700 DDA T
FERERLN o

T i RS AN THEL L RURE M K 2 4k B s 1
1 4~PU 43 v B8 ( Interquartile Range, IQR) X} i #% 1§ ¥
RGP AL T KU, (Excess risk , ER) 22461 73 [E
K H95% EAF XA (95% CI) FKon o A Geit oty
i R ekt 4. 3.3 Wty RAAUNIKR S, 24 P
{E <0. 05 I Z e it i 1k,

2 5% R

2.1 ERARAEOL BESEINE], K g 37 416 4448
HIZW N BIER R iniseT, Hh 5 &4 5
[t 48.81% .51.19% ,65 % LI I~ AR & ek, 51
85.32% ; 4 JE 9 FE T A%k 393. 85 £93.70 A ; 4 Ji]
S35 R IR BE 4y Wk 13,26 £ 10. 14°C il 47. 80 =
12. 72% , 4 J8 O, -3 He FF g 54. 55 £32.80 pg/m’,
B35 NO, YV E N 41.99 £14. 27 pg/m’ , AJakifs
BUBOR 1,5, 8 ~9.0 um i Bk B i ey, B O
PIue e 19. 80 £8.98 wg/m’, WLEE 1,

2.2 REBEZRBESEMHyREFEESH AU
5838 1 R G5 A [RPRLAR R ) £ B3 53 A1 FRAE , 4
7N T BRI o e FL A UKL A o v B A B
RS 53 A R AE, Wk BE A7 % (Median ) 35 Bl A T
11.36 ~18.31 wg/m’ , HH1 5.8 ~9.0 pum BB A
W BEUAE (Median + IQR:18.31 +11. 16 pg/m’) o X



- 2934 -

PRAR T BT 2 2% 2025 446 52 %5 16 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 16

R1 20192022 AR RFEIEIF RGPAIET- NI TG AT WAL

Table 1  Baseline characteristics of circulatory system disease mortality, meteorological parameters, and pollutant profiles in Tianjin,
2019 -2022
A i xEs R/ME Pas Ps Pas ioN]
BT A
ST 393.85+93.70 175.00 325.00 370.00 455.50 630.00
5 192.25 +28.16 106. 00 173.00 191.00 208.50 263.00
i@ 201.60 +79.39 69.00 147.00 166. 00 251.00 433.00
<65 % 57.83 £12.79 25.00 49.00 56.00 65.50 96.00
>65 % 336.02 +84.79 150. 00 275.00 315.00 396.00 552.00
Bt SEIn
TR (% ) 47.80 +12.72 22.04 38.54 46.39 56.44 79.50
RECC) 13.26 +£10. 14 -5.84 4.22 13.80 22.05 30.46
TSP (pg/m*)
05 54.55 £32.80 11.06 24.86 48.09 81.44 132.84
NO, 41.99 +14.27 17.53 29.17 42.99 53.42 74.36
FRALBE PM HJE (pg/m’)
PMy_o.43 12.57 £5.24 4.62 8.50 11.36 16.58 29.17
PMy 43 -0.65 15.34 £6.99 3.66 10. 44 14.32 20.37 35.96
PM 65 1.1 18.25 +9.87 4.38 9.84 16.38 23.81 47.46
PM, | ., 17.69 +10.77 4.38 10.68 15.20 21.85 67.73
PM, | 5 14.06 +£6.43 4.30 9.70 13.64 17.42 35.86
PM; 5. 47 16.05 £6.94 3.56 11.46 15.18 19.29 38.21
PM, 7.5 15.52 £7.31 4.06 10.21 14.67 18.64 34.60
PMs 5 9.9 19.80 +£8.98 4.58 13.83 18.31 25.00 46.51
PM,g 19 14.37 £7.99 2.43 9.16 12.96 19.52 53.21
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Fig.1 Descriptive analysis of component concentrations in particulate matter with different particle sizes in Tianjin, 2019 —2022

R 2 AFRARBIBURY X RGEBIRICT-HIE (% )

Table 2 Association of mass concentrations of particulate matter with different particle sizes and circulatory system disease mortality (% )
Rt BAHE B Ztk <65 ¥ >65 %

PM, _o.43 1.67( -5.44 ~9.31) -2.09( -7.47 ~3.61) 5.04( -5.27~16.47) -1.82( -8.95~5.88) 2.24( -5.34~10.43)
PMg 43 -0.65 1.06( -5.42~7.97) -2.96( -7.79~2.13) 4.68( -4.80~15.10) 0.69( -5.97~7.83) 4.68( -4.80~15.10)
PMg 65 1.1 4.65( -2.37~12.16) -1.10( -6.33 ~4.41)  9.93( -0.41 ~21.35) 4.21( -2.99~11.94) 4.70( -2.77 ~12.75)
PM; 2, 6.83(1.25 ~12.72)" 0.85( -3.33,5.22)  12.62(4.27~21.63)* -1.82( -8.95~5.88) 7.16(1.18 ~13.48)*
PM, | 53 2.08( -3.57~8.07) -0.62( -4.89~3.85) 4.50( -3.76 ~13.46) 0.68( —-5.08 ~6.78) 2.32(-3.72~8.72)
PM; 5 44 -0.78( -5.76 ~4.48) -1.60( -5.46~2.42) -0.24( -7.37~7.43) -1.15(-6.27~4.26) -0.73( -6.03 ~4.88)
PM, ;5 s -1.68( -6.69 ~3.60) -1.96( -5.89~2.13) -1.41(-8.52~6.25) -2.14(-7.30~3.31) -1.61(-6.94~4.03)
PMs ¢ o -3.00( -8.57~2.91) -2.75( -7.14~1.85) -3.18( -11.04~5.37) —-1.65( -7.51~4.57) -3.23(-9.14~3.06)
PMy .10 -1.77( -7.38 ~4.18) -0.30( -4.74 ~4.34) -3.12( -10.99 ~5.44) 1.25( -4.60 ~7.44) -2.30( -8.25~4.03)

H:a:P<0.05,

R3 OAFERAR BB SR R GBI T B R (275 AR (% )

Table 3  Association of mass concentrations of particulate matter with different particle sizes and circulatory system disease mortality.

(Multi - pollutant model ) (% )

i PM + 0, PM + NO, PM + 0, +NO,

PMy o 43 4.54( -2.61 ~12.22) 1.84( —4.65~8.78) 3.12( -3.67 ~10.39)
PMy 43 0,65 3.61( -2.89 ~10.56) 0.20( —5.69 ~6.46) 1.40( -4.4 ~8.05)
PMp 6511 7.74(0.75 ~15.21)* 2.49( -3.88 ~9.28) 4.48( -2.43 ~11.87)
PM, 2 8.84(3.48 ~14.47)* 4.56( -0.57 ~9.96) 6.38(0.94 ~12.12)®
PM, 33 4.25( -1.35~10.17) 1.82( -3.33~7.25) 2.88( -2.49 ~8.54)
PM; 5 45 0.84( —4.11 ~6.06) ~0.40( —4.99 ~4.41) 0.20( -4.52 ~5.16)
PM, 7 55 0.03( -4.99 ~5.32) -0.92( -5.56 ~3.94) ~0.35( -5.12 ~4.67
PMs g 0 -1.10( -6.74 ~4.87) -2.24( -7.41 ~3.33) -1.64( -6.99 ~4.02)
PMs 610 0.26( —5.40 ~6.26) -1.31( -6.50 ~4.17) -0.59( -5.98 ~5.12)

E:a:P<0.05,
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0-0.43p m 0.43-0.65 . m 0.65-1.1pm
Variable ER (95% CI) p.value Variable ER (95% CI) p.value Variable ER (95% Cl) p.value
E ] ——— 16.00 (7.87, 24.76) <0.01 e 7 14.33 (4.89, 24.62) <0.01 El 1 10.47 (3.41, 18.02) <0.01
% H 8.14 (3.56, 12.93) <0.01 E:l 1 ——=— 11.26 (5.15, 17.72) <0.01 E } —— 9.29(2.04,17.05) 0.01
& == 5.66(1.91,9.55)  <0.01 TTERBR i 7.34(2.85,12.03) <0.01 % i 7.35(1.06, 14.03) 0.02
- T 4.76 (-1.45, 11.36) 0.14 I : 6.92 (-0.36, 14.73) 0.07 & } _— 6.60 (2.66, 10.69) <0.01
# == 4.43(0.60,842) 003 £ | — 6.19(1.29, 11.32) 0.01 @R | — 6.13(1.65, 10.82) 0.01
TEEEBE —— 4.39 (-0.40,9.42)  0.08 @ | —— 5.77 (1.55,10.16) 0.01 @ 4————  528(0.75,11.69) 0.09
#%® ——— 3.92(-1.85,10.04) 0.19 % ———————  4.84(-164,11.75) 0.15 TR —_— 4.84 (-0.60, 10.58) 0.09
RS T 2.92(-2.13,8.23) 0.27 £ | —— 4.65(1.36,8.04) 0.01 B ————————  4.29(-2.92,12.04) 0.25
bl H— 249(-0.83,592) 0.15 Eie) e 4.56 (-1.32, 10.81) 0.14 % —_— 3.07 (-3.73, 10.34) 0.39
] B 245(-1.74,6.82) 0.26 2 B — 3.48 (-3.41, 10.86) 0.33 =3 —_— 2.70(-3.98,9.86) 0.44
IR S 2.27(-4.04,8.99) 049 B — 2,96 (:0.11,6.13) 0.06 -3 e 2.67 (-4.33,10.19) 0.47
" e — 1.85(-2.33,6.21) 0.39 THERIR —_— 2.73(-3.62,9.50) 0.41 THESIR —_—— 1.72(-3.51,7.23) 0.53
WER 1.59(-2.60,5.96) 046 & _— 263 (-1.55,6.98) 0.22 ] —— 1,66 (-2.27,5.75) 042
el = 155(-3.83,7.23) 0.58 B _— 246 (-2.14,7.28) 0.3 B —_— 1.21(-3.19,5.80) 0.6
& = 1.06(-4.34,6.76)  0.71 1R : 1.90 (-3.75,7.89) 0.52 iR B 1.20(-3.93,6.61) 0.65
L2l b 0.63(-0.46,1.73) _0.26 WER 1.08 (-3.41,5.78) 0.64 @A — 0.80 (-0.47,2.09) 0.22
s - B9 289, 8.9) 109 @ - 064 (-0.40,1.68) 0.23 ' — 0.46 (:3.48,4.56) 0.82
il —— =0.03 (:2.59, 2.59)._0.98 i3 —de—— 0.58 (-2.88,4.17) 0.75 & e r— 0.11(-2.87,3.18) 0.94
b2 e -0.26(-1.22,0.72) 0.61 & — 0.11(-2.47,2.75)  0.94 WEE  —— 0.05 (-4.38, 4.70)  0.98
il = -0.74 (-4.92,3.62) 0.74 &= —= -0.70 (-3.12, 1.78) 0.58 & S -0.04 (-2.48, 2.47) 0.98
t’? = =1A09I(2:69}10742)K0id6 W e T -0.78 (-6.56, 5.37) 0.8 5 =l 220 (-5.20, 0.89) 0.16
A ~ -1.16 (-4.73, 2.55) 0.54 =3 — -1.17 (-3.37,1.08) 0.31 @ ——— 228 (-5.92,1.51) 024
B e 0 -181(586,243) 04 " — -1.33 (-5.57,3.09) 055 8 _— 313 (:6.29,0.13) 0.06
= ¢ ; 2 = = 4 s 1 1% 5 0 5 10 15
Excess Risk (ER) Excess Risk (ER) Evcass ISk (ER]
1.1-2.1pm 21-33pm 3.3-4.7pm
Variable ER (95% CI) p.value Variable ER (95% CI) p.value Variable ER (95% CI) p.value
- ] 9.28(3.93, 14.90) <0.01 = 1 7.84 (3.77, 12.07) <0.01 3 I 549 (1.31,9.85) 0.01
=1 H 7.69 (3.23, 12.34) <0.01 & | — 5.86 (1.97,9.90) <0.01 & —— 1.67 (-2.17,5.66) 0.4
e i 6.80 (1.58, 12.28) 0.01 TTERBE —— 4.01(-0.33,8.54) 0.07 21 —_— 0.97 (-5.51,7.89) 0.78
TTEBR | —— 6.04 (2.31,9.90) <0.01 THESIR | — 3.94 (0.83,7.14) 0.01 A — 0.86 (-0.44,2.16) 0.2
" = 4.72(1.02,855) 0.01 e == 3.13(-2.60,9.20) 0.29 ) —— -0.10 (-4.48, 4.48) 0.96
# | —— 4.62(1.56,7.77) <0.01 $RAR —— 3.06 (-0.41, 6.65) 0.09 JTER —r— -0.18 (-4.58, 4.43) 0.94
& ————————— 437(-385,1329) 0.31 & [—— 2.84(0.13,5.62) 0.04 TEAHR - -0.29 (-1.85, 1.28) 0.71
H e e — 3.71(-3.08, 10.97) 0.29 " —_— 2.40 (-2.67,7.74) 0.36 THERIR — -0.31 (-1.73, 1.13) 0.67
THERIR —_—— 3.58(0.48,6.78) 0.03 TERIR == 1.25 (-0.28,2.81) 0.11 & —— -0.39 (-2.75, 2.02) 0.75
$RIR — 3.31(-0.32,7.06) 0.08 o) — 0.90 (-0.41,2.22) 0.18 & —_— -0.40 (-3.13, 2.41) 0.78
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Fig.2 Association of component concentrations in particulate matter with different particle sizes and circulatory system disease mortality

3 \Tj_ \/P:

WFIE R , AN [RDRLAR FURL ) 20 3 XG5 3 SE 0
FET AU A AR AR RN, | FERE VR8O AR A2 U
ANTITSE R, P A0 B A2 2%, TR B -5 A DKL) L 2
TR A (e A < s (At ) B kAL~ W i g
TIETHA 5%, IXSE 2 73 i i M v A 75 e S A
FRYEE SN, IO o B SR R,
3.3 wm DU RS BORURLY) 5 i S 60 R G LT
FAAEIE [ OCHR (HALAE 11 ~ 2.1 pom AR BT A 2
MIGETT2A ok . AN, BIFST RS T 2 5 SO0 2 3% 1Y) 5
JEPE Lk x AR AU ) 2 i S ELAEURRE K nT e

!

A2 AR S DS T A 9 5 T AR A 3
a2 FAR ST 65 L AR R L AS B 5%
AL EER , 0 5 B I L L S A e, PR
XHFURE ) 5% §% SR HURE, X 15 45 T A BT 5 45 38 A
2 SEEAEBFST RS L, PV, B ER VR B 51 & 101G
HRGIT R AAAE2Z 7D XA I T AT 5L IX
SR PR AR R [, A ) 3 X ) 240 SORE ) 58 88 R 4
FIVRE AR AE TR R 22 57 oAb, BF5E 7 1 A0
REAS IR R 1] BB S 304 SR 0 25 5, AR BFGR 2640 W
R R TR E SR A IR AR PR bR , X 8
PRI W] R R T Gei 2 8 LA

215 YL WIS L ST S B0, SO W A BR 2R G e



IRACTR B B 27 2025 4757 52 455 16 #]  Modern Preventive Medicine, 2025, Vol. 52, NO. 16

- 2937 -

FET RS MR 5 PR S PR IR RS8O0, B G T O I,
KPPV (R G, 5 LA NO, s[RI 5 A NO, +
O I, PM RN AELFE AR, i — 45 2R 5 BUA O 777 18 22
ST BRI, TS Yl 2 T A A SR, Rk
I 2t — AR T URL A -5 b 75 e Wy A7 I X 17
W RGBIRIETHI R

WA, o TR R IR AT S B, AT AR
VRS SR BRYE . e, RSOk A H L L £
B, AN ] G ) A A i D R 2, S s AU
AR BRI ZS IR SMEEYE . FEUK, AT 2 T 1 (8] 2 51
et SR R A UL 2% 8 e B M ARG, R
% BRI PR AR BR K MU A A 2 2 TE I R A TR A%
PERT, XA AR S AR IRIE ST R . RS
(] RUE SR R, (B SR 1 TR R UL ot ) v A R 8l A7)
AT G — fEBRBLE SR AL TR A . R BIESE
Hh e BRI T e 1A o Af ) 2 S AR , TR e a BA
BB SEUESE A% % 5 2 0 A A RSO

Zi LA AP B IR ARG T 2R - 24
3 I 2 B R RSOV AR R, SRBN T AR GE B — AR o)
BT SRS BIR , 5 i AT ) A BRE DR DA 5 245 5 KA 2
S L T, A AT O P AL A R i G e
G B AR B TRk G o R, BESE TR 1A
TIURL) v SRS T AR B DR S A R TR U PM,,
ETREANALE PM, SRR SRR, s X T
b B 5 308 D AR AR ) R Y
FlEpRAER AT A £ 1%

S E 3k

[1] Clean Air Asia. China Air 2024 . Executive Summary [ EB/OL].
[2025 - 07 - 07 ]. https://cleanairasia. org/our — resources/
publications/ china — air — 2024 — air — pollution — prevention — and
— control — progress — chinese.

(2] KEEATAEZSIRSG 5. 2023 4F K EETH AR SRR R AL A i [ EB/

QL]. [2025 - 07 - 07 ]. https://sthj. tj. gov. cn/ZWGK4828/
ZFXXGK8438/FDZDGK27/TJXX158/202407/120240704
6668325. html.
TianjinMunicipal Ecology and Environment Bureau. Bulletin on the
ecological environment status of Tianjin in 2023[ EB/QL]. [2025
—-07 =07 ]. https://sthj. tj. gov. cn/ZWGK4828/ZFXXGK8438/
FDZDGK27/TJXX158/202407/120240704 _ 6668325. html. ( In
Chinese)

(3] EZO MO, i E O e S 5 S S 4. hE
O LA R 5 Al A 2023 MERE[ T ] I B FR 44,2024 ,39
(7) :625 - 660.
National Center for Cardiovascular Diseases, The Writing
Committee of the Report on Cardiovascular Health and Diseases in
China. Report on cardiovascular health and diseases in China
2023 an updated summary [ J ]. Chinese Circulation Journal,
2024, 39(7) : 625 -660. (In Chinese).

[4]  Liang FC, Liu FC, Huang KY, et al. Long — Term exposure to fine

particulate matter and cardiovascular disease in China[ J]. Journal

(5]

[10]

[11]

[15]

[16]

[17]

of the American College of Cardiology, 2020, 75(7) . 707 -717.
Wei YG, Feng YJ, Danesh yazdi M, et al. Exposure — response
associations between chronic exposure to fine particulate matter and
risks of hospital admission for major cardiovascular diseases:
population based cohort study[ J]. BMJ, 2024, 384 . €076939.
Institute for Health Metrics and Evaluation. GBD compare data
visualization 2019[ EB/OL]. [2025 - 07 —07]. https://vizhub.
healthdata. org/ghd — compare/.

i, 57 448, MG, 45, 1990 4R 5 2019 4F rp [ U9 A % 4b
PM, s B85 (0.0 LB TR 04T [T ] i ER PR 243, 2021, 36
(5):488 —493.

He M, Qi JL, Yin P, et al. Analysis of the burden of cardiovascular
disease attributed to outdoor PM, 5 exposure in China in 1990 and
2019[J]. Chinese Circulation Journal, 2021, 36(5) : 488 —493.
(In Chinese)

Wei J, Li Z, Chen X, et al. Separating daily 1 km PM, s
mnorganic chemical composition in China since 2000 via deep
learning integrating ground, satellite, and model data [ J].
Environmental Science & Technology, 2023, 57 (46) . 18282 -
18295.

Sun HY, Chen X, Huang WZ, et al. Association between long —
term exposure to PM, s inorganic chemical compositions and
cardiopulmonary mortality; A 22 — year cohort study in northern
China[ J ].
Source, 2024, 2(8) : 530 —540.

Tian YH, Ma YDA, Wu JH, et al. Ambient PM, 5 chemical
composition and cardiovascular disease hospitalizations in China
[J]. Environmental Science & Technology, 2024, 58(37) ; 16327
-16335.

Environmental Health; a Global Access Science

Yang J, Zhou MG, Li MM, et al. Fine particulate matter
constituents and cause — specific mortality in China: A nationwide
modelling study [ J .
105927.

Jiang YX, Zhu XL, Shen Y, et al. Mechanistic insights into
cardiovascular effects of ultrafine particle exposure; A longitudinal
panel study[ J]. Environment International, 2024, 187 108714.
Chen Y, Chen RJ, Chen Y, et al. The prospective effects of long
— term exposure to ambient PM, 5 and constituents on mortality in

rural East Chinal[ J]. Chemosphere, 2021, 280 130740.
Liang RM, Chen RJ, Yin P, et al. Associations of long — term

Environment International, 2020, 143.

exposure to fine particulate matter and its constituents with
cardiovascular mortality; A prospective cohort study in China[J].
Environment International, 2022, 162 107156.

Lin X, Cai M, Tan K, et al. Ambient particulate matter and in —
hospital case fatality of acute myocardial infarction: a multi —
province cross — sectional study in China[ J]. Ecotoxicology and
Environmental Safety, 2023, 268 115731.

Wang H, Yin P, Fan WH, et al.

withShort — Term exposure to particulate matter in China; estimating

Mortality risk associated

error and implication [ J]. Environmental Science & Technology,
2021, 55(2): 1110 - 1121.

Stafoggia M, Oftedal B, Chen J, et al. Long — term exposure to low
ambient air pollution concentrations and mortality among 28 million
People: results from seven large European cohorts within the
ELAPSE project[ J]. The Lancet. Planetary Health, 2022, 6(1) ;
€9 —el8.

(F#:% 2993 ®)



IRACTR B B 27 2025 4757 52 455 16 #]  Modern Preventive Medicine, 2025, Vol. 52, NO. 16

- 2993 -

[20]

[21]

WL P EE AT N R S B R B R E R
AR BEoER R, 2018,31(20) - 118 - 120.

Tan Z, Luo BM, Gu YT, et al. Analysis of adverse events of
medical safety in a branch hospital of a third grade a hospital in
Guangzhou city[ J]. Medical Information, 2018, 31(20): 118 -
120. (In Chinese)

R KERT, EE L E B LA R IR R E B
AR S R[], hE BE B L2021 ,41(4) .52 - 55, 59.

Dong XF, Qian Y, Wang XH, et al. Conception and prospect of
the construction of hospital safety adverse event management system

[J]. Chinese Hospital Management, 2021, 41(4): 52 —55, 59.

[22]

[23]

(In Chinese)

Zhu L, Reychav I, Mchaney R, et al. Combined SNA and LDA
events [ J ]. The
International Journal of Risk & Safety in Medicine, 2019, 30(3) :
129 - 153.

SR, R 58, X, 4 JRIEI PR YT 22 4 (O B S0 KRB 43
Bt B R FE [ J] . v [ B2 g 4 2, 2020,40(8) :29 - 32.

Zhang YL, Ma GQ, Zhao J, et al. Analysis of big data and strategy

methods to understand adverse medical

research on medical safety (adverse) events in China[ J]. Chinese
Hospital Management, 2020, 40(8): 29 —32. (In Chinese)
%5 B 8 :2025-01-10

(L35 2937 )

[18]

[24]

[25]

[26]

[27]

[28]

Li W, Tian AX, Shi Y, et al. Associations of long — term fine
particulate matter exposure with all — cause and cause - specific
mortality ; results from the China HEART project[ J]. The Lancet
Regional Health. Western Pacific, 2023, 41 . 100908.

Chen C, Zhu PF, Lan L, et al. Short — term exposures to PM,
and cause — specific mortality of cardiovascularhealth in China[ J].
Environmental Research, 2018, 161 188 - 194.

LiJ, Tang W, Li S, et al. Ambient PM, 5 and its components
associated with 10 — year atherosclerotic cardiovascular disease risk
in Chinese adults [ J]. Ecotoxicology and Environmental Safety.
2023, 263.:115371.

Moreno — Rios AL, Tejeda — Benitez LP, Bustillo — Lecompte CF.
Sources, characteristics, toxicity, and control of ultrafine particles:
an overview[ J]. Geoscience Frontiers, 2022, 13(1); 101147.
Kwon HS, Ryu MH, Carlsten C. Ulirafine particles; unique
physicochemical properties relevant to health and disease [ J ].
Experimental & Molecular Medicine, 2020, 52(3) . 318 —328.
XU, 20 , R , S5 22 A5 AT AU ) Xk A f B 522 i) )
R[], LR B~ ,2020,32(4) ;347 - 352.

Liu J, Ying SJ, Chen L, et al. Advances in research of effects of
ambient ultrafine particles on human health[ J]. Shanghai Journal
of Preventive Medicine, 2020, 32(4) : 347 —=352. (In Chinese)
Rajagopalan S, Landrigan PJ. Pollution and the heart[ J]. New
England Journal of Medicine, 2021, 385(20) ; 1881 - 1892.

Gao K, Chen X, Li XY, et al. Susceptibility of patients with
chronic obstructive pulmonary disease to heart rate difference
associated with the short — term exposure to metals in ambient fine
particles: A panel study in Beijing, China[J]. Science China. Life
Sciences, 2022, 65(2) : 387 —397.

Yang X, Wang T, Xia M, et al. Abundance and origin of fine
particulate chloride in continental China[ J]. Science of the Total
Environment, 2018, 624 . 1041 - 1051.

Bell ML, Son JY, Peng RD, et al. Ambient PM, 5 and risk of
hospital admissions; do risks differ for men and women? [ J].
Epidemiology, 2015, 26(4) : 575 -579.

Liao M, Braunstein Z, Rao X. Sex differences in particulate air
pollution related cardiovascular diseases: a review of human and
animal evidence[ J]. The Science of the Total Environment, 2023,
884 . 163803.

Jiang YX, Du CY, Chen RJ, et al. Differential effects of fine
particulate matter constituents on acute coronary syndrome onset
[J]. Nature Communications, 2024, 15(1) ; 10848.

Chen RJ, JiangYX, Hu JL, et al. Hourly air pollutants and acute
coronary syndrome onset in 1.29 million patients| J]. Circulation,
2022, 145(24) . 1749 - 1760.

Ji W, 258, I, 45 2013 - 2020 4F iSRG S EE S

2.5 pm B0 ) 30 2R R - BRI PR AR ST B AR T XU
AT, BRI, 2024 ,39(12) 1547 - 1554.

Fang B, Li Q, Jin S, et al. Risk assessment of excess circulatory
disease mortality attributed to short — term exposure to particulate
matter with aerodynamic diameter <2.5 pm in Shanghai, 2013 -
2020[ J]. Disease Surveillance, 2024, 39(12) ; 1547 —1554. (In
Chinese)

XUAR, 45 B, FLR, 5. M TR PM, 5 5 s RIEIR R G
AT IAH DG T] . BB S5 HL BE 47,2021 ,38(7) ;740 - 746.
Liu L, Wei HY, Wang BY, et al
atmospheric PM and residents ’
Zhengzhou [ ] ].
Medicine, 2021, 38(7) ; 740 —746. (In Chinese)
Pan ZW, Gong TY,
cardiovascular disease[ J].
1160 - 1178.

Chowdhury R, Ramond A, O’ keeffe LM, et al. Environmental

toxic metal

Correlations  between
circulatory disease deaths in

Journal of Environmental and Occupational

Liang P.
Circulation Research, 2024, 134(9) :

Heavy metal exposure and

risk of cardiovascular disease:

BMJ, 2018, 362.

contaminants and
systematic review and meta — analysis [ J].
k3310.

B3 AR, 2 nn A, A SET RN A T PM, 5 75 YL e
AEBKRMRHTT]. BRI RL,2020,41 (10) :4355 - 4363.

Xiao ZM, Xu H, Li LW, et al.
apportionment of PM, 5 based on the online observation in Tianjin
[J]. Environmental Science, 2020, 41 (10): 4355 —4363. (In
Chinese)

Liu X, Tian Y, Xue Q, et al. Contributors to reductions of PM,

Characterization and source

— bound heavy metal concentrations and health risks in a Chinese
megacity during 2013, 2016 and 2019: anadvanced method to
quantify source — specific risks from various directions [ J].
Environmental Research. 2023, 218 114989.
TRSCEE AL AR 2019—2020 4F IR TR PM, s 15 3 5 E R
A LA 0 B8 T 2800 B4 B ) 7 87 43 BT [0 1. S Y 1 By 2 27,
2023,30(8) :908 —912.
Zhang W], Lei LJ. Time series analysis on the effect between
atmospheric PM, 5 pollution and deaths from cardiovascular diseases
among residents in Yangquan City, 2019 - 2020 [ J]. Practical
Preventive Medicine, 2023, 30(8) : 908 —912. (In Chinese)
Li YX, Lu B, Wei J, et al. Short — term exposure to ambient fine
particulate matter constituents and myocardial infarction mortality
[J]. Chemosphere, 2024, 364 . 143101.
Ma X, Duan H, Zhang, H, et al. Short — term effects of PM, ,
PM, 5, and PM, s constituents on myocardial infarction mortality in
Qingdao, China; a time - stratified case — crossover analysis[ J].
Atmospheric Environment, 2023, 294 119478.

I #5 H . 2025-04-15



