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Short-term effects of air pollution on the year of life lost due to ischemic
stroke and the modifying effects of extreme temperature events in Zibo City
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(1. Department of Biostatistics, School of Public Health, Cheeloo College of Medicine, Shandong University,
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Abstract: Objective To investigate the relationships between short-term exposure to air pollutants and the year of life
lost (YLL) due to ischemic stroke, and test the modifying effects of extreme temperature events. Methods Daily
ischemic stroke mortality data, meteorological data, and air pollution data were collected from January 1, 2015, to
December 31, 2019, in Zibo City. The YLL was calculated using standard life tables. Generalized additive models were
adopted to test the effects of air pollutants on YLL. Subgroup analyses were conducted to identify vulnerable population.
Stratified analyses were conducted to identify the modifying effects of extreme temperature events. Results PM, . at

lag0 and lagO1 were significantly associated with an increase of YLL due to ischemic stroke, and for every 10 wg/m’
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increase in PM, 5 concentration, the increases in YLL due to ischemic stroke were 0.56 (95%CI: 0.05-1.07) and 0.66
(95%CI; 0.06-1.25) , respectively. PM,, at lag4, 1lag01, lag04, and lag05 also showed significant positive associations
with YLL due to ischemic stroke, and for every 10 pg/m’ increase in PM,, concentration, increases in YLL due to
ischemic stroke were 0.40 (95% CI: 0.05-0.75), 0.40 (95%CI. 0.01-0.79), 0.67 (95%CI. 0.12-1.23) and 0.74
(95%CI: 0.13-1.35) , respectively. No significant association was observed between O, and YLL in the overall popu-
lation (P>0.05), however, females and those aged = 65 years were more susceptible to O, , leading to increased YLL
in ischemic stroke patients. The associations of SO,, NO,, and CO with YLL due to ischemic stroke were not statisti-
cally significant ( P>0.05). Furthermore, during cold seasons ( from October to March each year), cold spells may
mask the adverse health effects of PM, . Under a specific cold wave definition, the adverse health effects of PM, ; on
non-cold spell days were greater than on cold spell days, and this difference was statistically significant ( P<0.05).
Conclusion Short-term exposure to PM,, and PM, ; increases the YLL due to ischemic stroke, and the harmful health
effects of PM, ; are higher on non-cold spell days. Women and individuals aged = 65 are more susceptible to O; expo-
sure. Improving air quality helps prevent premature death due to ischemic stroke, particularly by strengthening protection

on non-cold spell days and safeguarding vulnerable populations.

Key words: Ischemic stroke; Year of life lost; Air pollution; Extreme temperature event; Lag effects

Ji A R RS RN T RN I HLAE IRk
AEFARIBET GFAHTE R e v A o e
W UL A Pl R 2 — 2021 4F v R B dole ot 4 i
A LT NER D R A R AR T AU
45% " Fh E it A R ML T SRR K
FhPET ANEGE R et A A AR, AT
SIS R R R T R T Y SR el A v
BMERT- M EZE R EED i, ik
22 DA It P A 2 v R AU T R B AT R E S fa R
AN 45 Ry, T 228 1 BIE 5 X G AT 1 R il VS TR
Z5 . Bl CA 2= E AR RAE (years of life
lost, YLL) YEA 98 B 25 Jm 46 b , i Pl 48 A 8 % []
B 25 AN [RIAFI M R 2ok BB T RBE T B 1
Wi, A B Tk — 20 T i KART5 YT BRAN L T 7
HAGFE IS peAh Ok 2 AT R W BN R
PP (RN, AN S 0 37 1 T A 22 o 2% W 1) 2 [ 5%
MO TR AR Y AR B B W BRI B T 2R
P, FOE K R T 102 32 035 45 (Can i vt i
FEOR) B R AR, B ETAR A B ST
F i I B AR AT G S A i A R A
TORHR BB MR

AMFFE LAILAR A T A s HL X 858 K05
YL R R SR M AR R S YLL A9 OCHK DA K
Uit =R B AB MR ARLONE , IR I ME S5 AHE, LU A Hb
T3 BURN FIER B 581 il A DG i dR 2%

1 #BEFE

FRSRIR
201541 H 1 HE 2019 4 12 A 31 HIisHE

11

A Sfe L 1A A 2 P B T S R IR T LR A 18 BE A
WM ZR A IR B RS, SE T 5 S AR M
SIRZET H W15 [ B RS ek B 5 ok
T E Sz SRR (hitps . // weijing-
rs. github. io/product. html ) , £ & KL % ( PM,, .
PM,;) R4 (0;) ., Z A (SO,) . AR
(NO,) . — %MLk (CO) . ZBIELE T N T fE
A 25 B b TN | T 18 8™ i R AR i AR
B, B BEBF 5T IX 3 A H O PM,, PM,, Fl O, ¥ B 1Y
1 kmx 1 km %% [8] 53 B3 A B B 7 LR g H
SO, .NO, il CO ¥ £ 14 10 kmx 10 km %% [i] 43 5
AR A 1) TRV T A R o S A TR
TER AR R AU P09 ERAS-land %5045
£E (https://cds. climate. copernicus. eu/datasets )"/
R AR S T ERAS IR RO S A Ek
PRI € RS AT G I e s> 87 VA N NS [51
9 0.1°x0.1° G 8080 . @k 3158 L AR 4 T T
DX BT AT HlibAR B ST ) P S (ER B 5 i H RIS G
P B T30 B R X B

12 FHi&

1.2.1  YLL %¥f&

I B A 21 2 bR i 5 % (https: //
www. who. int/data/gho/data/indicators/indicator-de-
tails/ GHO/ gho-ghe-life-tables-by-country ) , i #f It
TAc g 3 e i e i A v B0 T 3 ) A I R O R T B
YLL, #F5e#iEZE H YLL Sy [a)— K B A S i 25 ik
HASBET S YLL PR
1.2.2 M it B2 e

e itk & =1 H R A S, PIARBIFSE
FRAE ATERIF ST 0 B0 DL R AR B R i, W TE 2



86 TSP N <

e (E % W 63 % 2 1

SR AR H IR/ NT ST R H YRR 10,
7.5 8¢ 5 B, Hardest 2 3 5k 4 d, 53l 44
4 P10_2d P10_3 d . P10_4d P7.5_2d . P7.5_3d,
P7.5_4d.P5.2d.P5_3d f1P5_4d, #yRE X RNE
HRE RT3 FOF I B 2R A58 90.92.5 5%
95 ANk, B2 3 4d, /a4 P90_2 d,
P90_3d . P90_4d. . P92.5_2d.P92.5_3d.P92.5_4d,
P95_2d . P95_3d fl1P95_4d,
1.3 Sit=EaE

KT SO R 5T R0 Y Ji 1A 2 58 0 ik
M2 B2 YLL isein . BEAEAF ST 278 YLL
IR M BT AR A IE 25 4045 0, TR e AR AR 58 2R FH IE 25
SHAAE A YLL /53 A e, >R B H i 5 5L A
(lagn, n=0,1,2---,5) FIERGHEARL (lagOn, n=
1,2...5) I RKATG GO B il P i 26 v 8 YLL /9
WERRLN ™ RN

E(YLL,) = a+Bxpollutant(lagn or lagOn)

+ns( temp07,3) +ns(rh07,3)
+ns( doy,3) +year+holiday+dow

Hi  YLL, B %5 + X YLL; pollutant ( lagn
or lagOn) 18 & A [a] it J5 BT A 19 6 AP KR53 9
Z—, i, lagl FoR¥fE 1d R IGEY,
lag01 Fm BRGNS 1 d RIS, B I0ETS
LR R ns () S H AR 7 FE SRR EL
temp07 1 th07 435 & /n RFAF G 7 d V-2
JEE RO R B I A 2R 57 5 B SR R BB R
W, F R R E R 37, doy W—AEHR
B, BUENE M 1 % 365 5% 366, I A SR
BE S BRBI A W0, [ B 312 year
REET Ay, LR K W # . dow F1 holiday
43 90 27 5 o) AR B L ARONE AR B 5 Y PR 5 8
Arg MR S AT SOk AR ORI T AR OB IE 4
VB E AR A

A CO B 1 mg/m’ 8 HEZE S5 444
BEAAN 10 we/m’ B L1 i A B YLL A9 28 fk
{H S 95% CI K VEAl AT Y W 4 30 2% 588 % e 1l
P& YLL 520,

B oE AR PG AR (=65 % . <65 ) Pl

(5 o) mH AT A 53 B, Mok, Reakse B IR
PR 8 T Wil B A B AT 50 2, T4 2 43 5
THEZR R X R KA TS G X il 1l % 1 4 J 38 YLL
BN, % E %] PM,, .PM,,.SO, . NO, .CO 5 4L Hl
FEWN Z L KA T ZE (BR4E 10 H B3 ),
O, TG FIR Z 3L M B A TR (RFE 4+ HE9
) AW FEAE VS 7253 Hr FEW %6 PM, 5 . PM,, .
SO, \NO, ,CO W& i &L I , 75 B2 2= 43 i IR XT O,
MBI . >R H Z A 56 >k H W7 A [] 53 2 A AS [)
LA Z 18] 1Y 250 Al T (B 1Y 25 S o A ge it
%:\S([zz] 5
:81_182

./SE?+SE;

B, B, 43 RIS FEA ] 43 J2 BN [R] 2. 2H K=
15 QWA TR ; SE, 1 SE, 2Bl 3os B, 18, 1)
PRUfEIR2E

R R 431 OG0T, Geitset iyl
SIS 6 | K 58K % R 0.05, 78 i PORHIR M IE 25
I3 A R xxs TR AR IES 5340 TP A 3R OR
K H Spearman FRAH oA & A6 KA 4 W5 Sl
PR AT R YLL Z AR

7=

2 #F R

2.1 2015 £ ZF 2019 FHEE B HER LR ZE B 2

# YLL IS ETE=ER

AF 5 1 ) 366 18 T e A4 g A< rp SR T 995 4] 10 799
i, H¥) YLL A (57.19£31.97) 4F, [RlAK <95 Y
W B 1 L5 49.60 we/m’ (PM, ;) ,99.35
pg/m’ (PM,,) . 98.98 pg/m’ (0,) . 34.65 pg/m’
(S0,) .40.32 pg/m*(NO,) . 1.40 mg/m*(CO) , [l
A H YR R (13.51£10.44)C, H ¥ AH XS JE K
58.13%+17.24% , TE 9 FhIEM & L, FEM A K AL
4354 131,95 .70 .93 58 .37 .60.38 .24 d, 7£ 9 Ff
PR E ST, PO B KRB 0 137,108 ,85,97
72.51.65 .47 34d, WFE1,

12015 4R 2 2019 AR P TR MU PE AR 2 AR YLL FIPR AR B 5 fld v b

Table 1 Summary characteristics of daily YLL due to ischaemic stroke and environmental variables in Zibo City from 2015 to 2019
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Figure 4 Associations between short-exposure to air pollution and YLL due to ischaemic stroke across genders( "P<0.05 vs. male
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Figure 5 Modifying effects of extreme tempreature events on the relationship between air pollutants at lag 0 and YLL due to ischae-
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