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Effect of air pollutants on respiratory disease mortality in Qingyuan City
ZHANG Jiayong, LUO Yandong, GUO Limin
Qingyuan Center for Disease Control and Prevention, Qingyuan, Guangdong 511500, China

Abstract: Objective To analyze the effects of ambient air pollutants including fine particulate matter (PMas), ozone (Os)
and carbon monoxide (CO) on mortality from respiratory diseases in Qingyuan City, Guangdong Province from 2018 to
2022, so as to provide the evidence for optimizing prevention and control strategies for respiratory diseases. Methods
Data on deaths caused by respiratory diseases in Qingyuan City from 2018 to 2022 were collected through the popula-
tion death registration and management system of the Chinese Center for Disease Control and Prevention, and the corre-
sponding data on ambient air pollutants were collected through the China National Environmental Monitoring Center. A
distributed lag non-linear model (DLNM) was established to explore the association between air pollutants and mortality
from respiratory diseases. Attributable fraction (AF) and attributable deaths were calculated to assess the attributable
risks of air pollutants for respiratory disease mortality. Results A total of 17 008 deaths due to respiratory diseases
were rteported in Qingyuan City from 2018 to 2022, with an average annual mortality of 88.63/10°. The median mass
concentrations of PMas, O; and CO were 23.83 (interquartile range, 21.22), 53.00 (interquartile range, 32.82), and
770.83 (interquartile range, 295.29) wg/m’, respectively. The results of DLNM analysis showed that within the lag period
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of 0-7 days, the cumulative RR on respiratory disease mortality generally increased along with the rising concentrations
of PMzs, O; and CO. On the exposure day (lag O day), high concentrations of PMys (155.04 pg/m’) and CO (2 253.12 pg/m’)
were associated with higher mortality risk, with the RR values of 1.520 (95%CI: 1.228-1.904) and 1.891 (95%CI: 1.650-
2.314) respectively. A high O; concentration (148.08 pg/m?) at lag 7 days also led to higher mortality risk, with an RR
value of 1.341 (95%CI: 1.088-1.713). The AF of respiratory disease mortality related to PM,s, Os and CO exposure was
14.522% (95%CI: 4.320%~-24.265%), 8.598% (95%CI: 3.760%—13.351%) and 24.994% (95%CI: 14.903%—34.056%) re-
spectively. The attributable deaths were 2 469 (95%CI: 735-4 128), 1 463 (95%CI: 639-2 270) and 4 250 (95%CI: 2
534-5 793). Conclusions Concentrations of PM,s, Os and CO in Qingyuan City had a non-linear relationship with the

mortality risk of respiratory diseases, which was affected by lag effects. Exposure to the three air pollutants imposed sub-

stantial attributable burdens on respiratory disease mortality. CO contributed the highest burden, followed by PM,s and Os.
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able risk

RATTGEIIN P EOFR RGEBIR KR FIFE T 3
BRI Z— ", 2023 AFE2BRAA 790 JTFHIEET A IH
T RATG Y o FRE R R e, K
TG G A8 RE FE M s ST IR R G BR AE T 1Y
SURRIIRERTS, TR IAR DAL T AL T4 v 45
KAF B R RET, R EE T ORATS G ml Hg in e
RYGPEIRIET NS ), H AR R -0 R B IARZeM:
S IEPERE B W AL T AR A PR,
B s A €8 A SR A ol e s, &
B KGR, ERMARE SRS YRR, AR
W AN B R AR MG, =65 % A1 i i
2018 4F1Y 10.5% 1T+ 2022 4E [ 13.8% ), &4
N RGP = K ARE, PR TR 2, AR
W% K o0 A i Ja AR R A A (distributed lag non—
linear model, DLNM) Z3#7i izt i A 75 4L 9 % 1z
RGUPIRICTREMR, AR 2R G5 By 44 SR
S AR

1 #EREFZE

1.1 FHRR

TH G T I 2R G L T bR 5 T v [l 9 0 it
Bt s R RGN DAL R B BR S, RS
G BERRIE T b I AEE W S0 (https://www.cne-
me.cn), ANFBEDRIETIEIZ g%, Wi H %
BERIET H 55 Be b AT B R AT (5 3R H
LD o
1.2 Fi&k
121 BoRblicdE

IR QB A AR e P Y [ PR o2 (5F
TWEITHR) ) (ICD-10) #ATHIR IS, KRS
P G i J00~J99 . T i v [ 5 1 s 42 i £ 5L
RENORT AR DS ICE MR G 2018 4 1 H

1 H—2022 4 12 7 31 HFIm IR RGHRIT
TORE, AR . WRASLHE LT R RS, i E
IS I G AR R T i T R TS e o k), g
WKLY (PMas) . ATIRABURIY) (PMyo) . —AAbAR
(S0.) . —HFALA (NO.) Fi—% Akl (CO) AYHIm
KT, DN (05) WHEK 8 h FHREEKE,
122 DLNM gt

FE DLNM, MEREE RIS 2 4R 5 KR
TSP G R G PEIET- MR 7, DLNM i@ it
N A XL REL, R quasi—Poisson S A /E Sl i 2
PR, [RIEHE I RIS . LA R H 0 SR
FeAIER . @SR H RIS B ik R . KRS
Yu B R 5| R I R GEpm RN Z 8T E 7 d
DAY 510 ARBIETOR e K FE I T BE o 7 do SR
S5 LU ] B i B TS B 0, il T RE v Dk S R R ot
14 . DLNM A3 log [E (V) ] =a+ch (X,
lag) +ns (Z, v) +ns (time, v) +as.factor (dow) +
as.factor (holiday). H:Hr, Y, % ¢ H WP RS0
WAET-BIEL, o HEEE, X A5 « HIVRSIS Y H
Bk B, Z o4 ¢ H RIS SCEER HA R <5
PeWIHabr, lag i JEHIE, cb (X, lag) K3 NI
PREL, ns R ESRPIFESR AL, time SIS [R)
#, dow (EWIJL) UV AN holiday (TR H ) R LA
R FAR R SR AR DA i AR R () 5, 3
T/ N AR HAE B E B R v 1 B PMas,
0s F1 CO VE AW I E ST i R E& T, PMyo,
SO, Fll NO AF R PR AN ARERL, LAFE I 215 Wiy
IRAAN . BT DLNM 23] SR AR5 8 - S o ith 2 iz
s e - RN ORI, I ARG (relative
risk, RR) FH: 95% EAZ[X[a] (confidence interval,
Cl) PR A5 Y BT it Uk B 5 I R e SE T 1Y
KA



+ 632 - BT EE2: 20264F 6 H 45 38 5561 China Prev Med I, Jun. 2026, Vol. 38, No.6

1.2.3  IHE XU DAL

£ DLNM 73 #7 9 JE 4l |, = B GASPARRINI
R i R o N R L LY R R
SPIRAET- VI RN 4318 (attributable fraction, AF)
FUEFBET-BIE. R 2R (AR R
#a ), B RKATTY W  HR BE A I ER 2.5 H 4R
(Ps) BNFLRTEKT . BIE Ps. 25 50, 75 Al
97.5 /MK (Pso. Pos Fl Poys) R A5G MR
(Pos~Ps) . HEEFEIREE (Po~Pps) R TRV
(Pis~Pys), 20 BT X BOAR R T 32 KO 1) 2R
BN RR H, HEMAN XSRS AF VA EBET- 1%L
A RIFET 51 5=A F X 28 GE PR SE T 05
1.3 “%itoar

K H Excel 2016 B35 BR%HE , R SPSS 21.0
AT o 22 e ORHIR M IE 2543 A ()R FH 35 50+
PR (xts) AR, AR IEZS 73 A 0 R F 0 £
AU EEIEE (M (Qn) | HR; EPETORER HIAH
XA A o R PR AR (R AN R . R R
4.2.1 B DLNM R DLNM #5822 2R
T 1 — U 2 R i — s e — B 6 R R A T A A
DA . #2980 7K1E @=0.05,

2 & R

21 AKRHER

2018—2022 43 7 1T 4 45 WP I 3R G SE Tk
B 17 008 i, “FE¥JHEIET RN 88.63/10 J1, Hir
HEPE 10 955 ], 5 64.41%; ZcE 6 053 i, 5
35.59%. 45 M (Qr) A 81.00 (14.00) %, 2018—
2022 AEVE T R R HE T M (Qr) A
9.00 (5.00) i, [FH PM.s, PMy. SO,, NO,, O;Fll
CO Wik E M (Qr) 4051k 23.83 (21.22), 39.85
(30.59) . 8.04 (3.84) ., 2535 (15.56) . 53.00
(32.82) #1770.83 (295.29) pg/m’,
2.2 KAFEMAFR F LIk IR T8
22,1 PMaos XN R GBI AL T B 520

0~7d e N, PRI RGP IET 1 B
N RR B ERFEE PMys BTt ik B i FHmimn B, UL
Bl 1A, 7EREEYH (WS 0d), PMs B ik 4L
o (155.04 pg/m’) B, BET-REG K, RR{EN
1.520 (95%CI: 1228 ~1.904), VL& 2A, %% T
PMos T B0 IF IR R G892 9 AL T- AF R 14.522%
(95%CI: 4.320% ~ 24.265%) , V3 X %€ 1= 5] £ N
2 469 (95%CI: 735~4 128) 1], Z5E THiwm R
WPE PM.s BRI I RGBT RR H N 1.167

(95%CI: 1.013~1.358) , AF i 2.839% (95%CI:
0.250% ~5.221%) , HHRFET-HI1% R 91 (95%CI:
8~ 168) il & T R AR o 2 v 3 R v 4 Jolt et vk B
PM.s T S0P W 2R 48 95 93 AL T 118 U5 R RURS: TE 48 112
B
222 O3 XM RGP HET - A5

0~7 d WM, W RGEIRIE T I BRI
N RR {EEARFEE Os B B i TH i b7, ULE
1B, FEir)a 7 d, Os ek EH R (148.08 pwg/m’)
B, FET-RXUSECKR, RRAER 1.341 (95%CI: 1.088 ~
1.713), WK 2B, ZEET O; Ir s my ik 2R 5o 6 5t
T AF } 8.598% (95%CI. 3.760% ~13.351%) , 1
HAET- I 1 463 (95%CI: 639 ~2 270) i, %2
TSR EE Os T EUW IR RGBT RR
fE} 1.240 (95%CI: 1.052~1.459), AF 5 5.260%
(95%CI: 1.274% ~8.757%) , VHFILT-HI 5N 445
(95%CI: 107 ~741) 5i]; Z&5E T HAR0 & e Fas
e TRV E O JIT SN W 3R Ge s SE T A U PRI XURS: g
GitE .
223 CO XFIPIN RGEPRIET 1 5L

0~7d Wi 5N, PP R GEPIRAE T 1Y RSN
RR {HSARE CO Bk B mFHmnm B, LA 1C,
EREFENMH (0d), CO FRRER R (2 253.12 pe/
m) W, ZET- KB K, RRAEN 1.891 (95%CI:
1.650~2.314), UL 2C, ZF& T CO FrEum g &
Gi YR AE T AF N 24.994% (95%CI: 14.903% ~
34.056%) , HFFET- %A 4 250 (95%CI: 2 534 ~
5793) B ZEETEACTEWE | AR
WP CO FrEuF il R G RWIET RR (557
I 1.355 (95%CI: 1.150 ~1.622) . 1.451 (95%ClI:
1.236 ~1.687) F1 1.511 (95%CI: 1.262~1.778); AF
Oy Wk 5.246%  (95%CI: 3.091% ~7.190%) .
13.009% (95%CI: 7.608% ~17.950%) F1 4.051%
(95%CI: 1.881% ~5.955%) , VA K FET= 55053 ] Ky
170 (95%CI: 100 ~233) . 1 078 (95%CI: 631 ~
1 488) #1140 (95%CI: 65~206) 1,

3 i #

AW R BN, 2018—2022 4ETH T PMss.
0; Fl CO Ji ik & 5 0PI R GE PR AL T U 2 AE 4R
HRFR, HZMERNgm, 5HAMEER " —
. 78 3 FRAIGRYIR, CO W) AF 8k, HFEE
TR s PMas. O 1Y AF FEXTEHUR, VABET M
BT



TP 2026456 45 38 #4561 China Prev Med J, Jun. 2026, Vol. 38, No.6 © 633 -
A B s C
6 20f
st 4
157
4 o 3; o /
2 3 / = £ 10
2,
77// . - 5l /
1B=— — 1 -
0 : : : 0 ‘ : ) 0= ‘ : ‘
50 100 150 50 100 150 50 100 150

PM,sJit iR/ (pug/m®)

O:Jii R/ (pg/m’)

CO BT E/ (pg/m®)

120182022 4FFILTT PMas. OaFl1 CO XM R GEHAGIE T XUR R 119 R AR
Figure 1 Cumulative effects of PMas, Os and CO on respiratory disease mortality risk in Qingyuan City from 2018 to 2022

Mg/ln %)

PM.s 22 5% 5 PP R e S8 T AU 522 751t — S g
IEAHSE, IHERES AT as R s, 14.522% I R
GACT AT H AT PMos 2 85 o A H AR Wow
13.8% FFETZIH AT PMas, A IF 2R 48590 LAl
e o FREMAZET M ABSE RIAESE T IEAHC
KAR, HEITGYIACTRENT AT i 2l 55 i oy .
FORHLH S PM.s LA R A 5 K
Gekite (<25 pm) MHHERKIEEEHGEET, Rl
W B 1) 22 3405 I S A T 00 I T 2 35 I WG I 40 o e
A A AN SEORD A E SN T B 5 R, P
A 5] & R e BT 1 S5 AN R T A RN
ATV HERCRRAE , B TSR P . KR A HE
A B MR SR B VA B S G R B, IR AR
PG RATIET X AR . LB AMEPENT I 2R 500 0%
B LA R

O 7% 8 XTI 22 G505 FE T 5% M) S5 LA/ 28800
— BRI O % 58 1T 3G NI R S AR T
KBS, 8.598% BYWFIY R G 4LT- I IH H F 05 %
B, HAN e 2R b AR A . —Tidk T4
96 X H g R, O Bk g a7
10 pg/m?®, WU R GEHRIET RGN 0.76% "', HEL

/Lg/,,]j)
B 2 2018—2022 4FHFIL T PMas, Al COXRSIFIL RGEHIRIET AR MR ) 22 e — i — B R 2R
Figure 2 Exposure-lag-response relationship of PMas, O3 and CO on respiratory disease mortality risk in Qingyuan City from 2018 to 2022
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