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[ Abstract] Objective To investigate the association between exposure to ambient air pollutants and stroke incidence
among residents of Qingdao city, Shandong province, and to provide evidence for stroke prevention and control.
Methods Data on new cases of stroke reported in Qingdao municipality from 2014 to 2020 were collected from the
National Chronic Disease Surveillance Network Reporting System, together with air pollution monitoring data from the
Qingdao Ecological Environment Monitoring Center and meteorological monitoring data from the Qingdao
Meteorological Observatory for the same period. The distributed Lag nonlinear model (DLNM) was used to analyze the
associations between daily mean concentrations of particulate matter with an aerodynamic diameter of less than 2.5 mum
(PM, 5), particulate matter with an aerodynamic diameter of less than 10 mum (PM,,), carbon monoxide (CO), ozone
(03), sulfur dioxide (SO,), and nitrogen dioxide (NO,) with daily stroke incidence, while controlling for the effects of
potential confounders such as long-term trend and day of the week in Qingdao city. The effects of air pollutants on stroke
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incidence were analyzed using a single-pollutant model. Results A total of 51 120 new cases of stroke were reported in
the city during the period, with an average daily incidence of 19.99 + 15.53. The exposure-response relationship analysis
showed that the risk of stroke incidence increased when ambient PM, 5 concentration was higher than 121.90 pg/m3, CO
concentration was higher than 1.56 pg/m3, but O; concentration was lower than 64.00 pg/m3, while the risk of stroke
incidence showed an up-and-down fluctuating trend when O; concentration was higher than 64.00 pg/m3 (all P<0.05).
The single-pollutant model analysis showed that the sensitive Lag periods for increased risk of stroke incidence were
from Lag day 2 to Lag day 5 for ambient PM, 5 and CO exposure, from Lag day 3 to Lag day 6 for O; exposure, from
Lag day 3 to Lag day 4 for PM,, exposure, and from Lag day 6 for SO, exposure. The relative risk (RR) values for daily
stroke incidence at Lag day 3 were 1.018 (95% confidence interval [95%CI]: 1.005 — 1.031) and 2.027 (95%CI: 1.232 —
3.334) for each 32.01 pg/m3 increase in PM, 5 concentration and for each 52.21 pg/m3 increase in PM,, concentration,
respectively. The RR values for daily stroke incidence at Lag day 4 were 1.155 (95%CI: 1.080 — 1.234) and 1.033 (95%CI:
1.016 — 1.050) for each 53.00 pg/m3 increase in Oz concentration and each 0.39 mg/m3 increase in CO concentration,
respectively. The RR value for daily stroke incidence at Lag day 6 was 1.431 (95%CT: 1.049 — 1.951) for each 14.93 pug/m3
increase in SO, concentration. Sensitivity analysis results showed that changing the degrees of freedom of daily mean
temperature, barometric pressure, and relative humidity to 4, 5, and 6 had little effect on the effect of ambient PM, 5, O;,
CO, PM,y, SO,, and NO, exposure on the risk of daily stroke incidence, indicating that the established models produced
relatively stable results. Conclusion Exposure to ambient PM, 5, PM,,, O3, CO, and SO, has a delayed effect on stroke
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incidence among Qingdao residents.
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Table 1 Mean, minimum, 25th percentile, median, 75th percentile, maximum, and interquartile range of daily average values of
ambient air pollutants and temperature, atmospheric pressure, relative humidity, precipitation, wind speed in Qingdao city

from 2014 to 2020
TiH paes X+ Min Pys M Pys Max IOR
NaREE L) PM, 5(pg/m3) 44.01 +31.09 428 23.38 34.96 55.39 273.13 32.01
O;(pg/m*) 99.86 + 37.39 24.12 70.17 96.38 123.17 272.04 53.00
CcO( mg/m?®) 0.77+0.37 0.24 0.52 0.67 0.91 3.23 0.39
PM;o(pg/m3) 81.63 +45.87 10.80 49.83 70.22 102.04 412.46 5221
SO, (pg/m3) 17.89 +15.67 3.33 7.46 13.26 22.39 169.04 14.93
NO,(pg/m3) 32.17 + 1422 421 21.72 29.79 40.21 98.35 18.49
KR HE T(C) 13.79 +9.53 —12.06 5.19 14.81 22.33 31.00 17.14
AP(hPa) 1009.70 +9.25 981.30 1001.80 1 009.80 1017.20 1034.10 15.40
RH(%) 67.85 + 15.34 24.00 56.50 69.40 80.10 98.80 23.60
P(mm) 1.76 £7.31 0.00 0.00 0.00 0.11 144.52 0.11
WS(m/s) 2.88+1.03 0.99 2.14 2.67 3.43 7.93 1.29
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Fig. 1 Daily average values of ambient air PM, 5, O3, CO,

PM,g, SO,, NO, and temperature, atmospheric pressure, relative

humidity, precipitation, wind speed in Qingdao city from 2014 to 2020
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Table 2 Spearman product-moment correlation coefficients among daily average values of ambient air PM, 5, O3, CO, PM,,, SO,,
NO, and temperature, atmospheric pressure, relative humidity, precipitation, wind speed in Qingdao city from 2014 to

2020
T H PM, 5 0, co PM,, S0, NO, T AP RH P WS
PM, 5 1.000
0; 01672 1.000
co 09182  —02952  1.000
PM,, 0.914a  —0.086°  0.827=  1.000
S0, 06265 —0272¢  0.721= 05982  1.000
NO, 0751a —0254a 0819 07582 06572  1.000
T 03952 06522 —0518a —0351a —04482 —04712  1.000
AP 0304a —05772 0426 02792 03802 04802 —08562  1.000
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Table 2 Continued
TiH PM, 5 0, co PM,, S0, NO, T AP RH P ws
RH —0.0632 0.0612  —0.1332 —0.2552 —0.2822 -0.3792 0.397a —0.457a 1.000
P —0.1662 —0.0502  —0.1532 —0.2092  —0.1362 -0.2102 0.154a —0.2462 0.311a 1.000
WS -0.1942  -0.1382  —-0.2202  —-0.1312 —0.1252 -0.3532  —0.2022 0.029 -0.1302 0.147a 1.000
VE:a P <0.05,

23 KAFTEMEFLHTERBEEF HRER
AR E - REXESH(A2) - KM
KESMERE R, AERGEMEFH ST E
BRI 2% v H A R B0k & I il R R e R 22
55 PM, 5« PM o F1 CO IR fHh 28 &2 5 7 22 7
TR A, TR M R TR R S RIS Ak T 0 T A X (E]
B, G5 RN E MK Of RN ih £k 2 56Tt R B4
ZJE# T o bR A, T8 B R B R A
THIK RIS DX R IR A B, 45 R AN B 8 PR K SO, 1
RO 28 R RSP 2% T B 35, (R R T ] fE X 1)

B B8, Al TE IR A B 2 T A K, ETE TR P A v T
AL X 8] B2 1M AR 45 5 NO, HI 208 fh 28 5 3 41 22
WA N B (BT s X B, il A
Wi sE PEHE K o« PM, s« PM . CO. O3 SO, F1 NO, %%
6 TR T5 G 5 I A T R R A R R -
RN F LR WL 2. o, PM, 5 B BRI >
121.90 pg/m®. CO & FEIKJF > 1.56 mg/m’® Il Oy B
7k I < 64.00 pg/m® iR 25 BRI 2
FH#a A, T Oy B 5% WK E > 64.00 pg/m’ i fig 25 o
KR A 2 E R s (3 P<0.05),

PM, 5 O;
3.0
3.0
25 25
= =
2207 20}
15}
15}
1.0+ -
. . . . . 1.0 ; ; ; ; ;
0 50 100 150 200 250 50 100 150 200 250
W (ng/m?) KEE (ng/m?)
CcO PM,
45| 25 ¢
40}
35¢ 20}
=30} m
<ol 215t
20
1.0+
15}
10 N, e
0.5 10 15 20 25 3.0 0 100 200 300 400
WKEZ (mg/m’) W (ug/m’)
SO, NO,
14} 14+
12t
ol 12}
= =
8 L
§ E 1.0
6 L
ar 0.8
2 L
0 50 100 150 20 40 60 80 100
KRIE (ng/m?) W (ng/m?)
i B i 268 RR 1H, BIRSEB 43 N 95%CT: I h i B 2R R ER RR 1 M 1.0.
B2 HFHW2014 —2020 F KRR EYWERAHHIRE RBBMREE - REXR

Fig. 2 Relative risk (red line) and its 95% confidence interval (grey area) of daily stroke incidence number associated with daily
average concentration of ambient air PM, 5, O3, CO, PM,,, SO,, and NO,: Poisson distributed Lag nonlinear model analysis on
disease surveillance and environment/meteorological monitoring data in Qingdao city from 2014 to 2020
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24 KAFEMAHPRESFHTREF Xm  WE 3 Hi, PM,s BEIREGI S 32.01 pg/m’,
WEFE(R3)  HSPRR A NTER TR, PMys.  PMy BB IR AT 5 52.21 pg/m’, fidi & ' Lag3 d
PM,,. O3 CO F1 SO, BFE 5FH BT ERMZE R AIWH RRAEZN 9 1.018(95%CT = 1.005~1.031).
I IR (1) 5 St 5 M 25 30), PM, s Rl CO %2 2.027(95%CT = 1.232~3.334); O, 5 5 WK £ & 7t
L5 10 2% r g AU v ) B J8 R S 30N Lag2 d~ 1 53.00 pg/m*. CO % #& ¥k £ 4 T+ 7 0.39 mg/m’,
Lag5 d, O; %% 7% 5 i & b k05 KU TH e 1 B et ki 261 Lagd d &0 1 RR B 73 7l 8 1.155(95%CI =
J& W1 Lag3 d~Lag6 d, PM,, % #& 5 i & 1 & % 1.080~1.234).1.033(95%CI=1.016~1.050), SO, &
RIS EI FE H Lag3 d~Lagdd, SO, ie5  BEIRE B THE 14.93 pg/m’, I 2 Hh Lag6 d K )
G 2 v 2995 XU TH 8 1 5 B )5 08 Lag6 d, Bifk RREA 1.431(95%CT=1.049~1.951)
F=3 KASGYIRTRE ST R AN A A0 0 R 55 Y i Bl o fir
Table 3 Lag day-specific relative risk and its 95% confidence interval of daily stroke incidence number associated with daily

average concentration of ambient air PM, 5, O3, CO, PM,,, SO,, and NO,: Poisson distributed Lag nonlinear model
analysis on disease surveillance and environmental/meteorological monitoring data in Qingdao city from 2014 to 2020

K& Lag0d Lagld Lag2 d Lag3 d Lagdd Lag5d Lag6 d Lag7d

W RRME 9sweI  RRIE 9S%CI RR{E 9%CI  RR{E  95%CI  RRMA  9%CI  RR{E  95%CI  RRIE  9WCI  RR{E  9S%CI

PM,s 0994 0.973~1.015 1.004 0.991~1.017 1,013 1.002~1.024 1,018 1.005~1.031 1018 1.005~1.030 1,012 1.002~1.023 1.003 0.991~1.016 0.992 0.973~1.012
PMjy  1.969 0.798~4.855 0931 0451~1.921 1.875 0.960~3.659 2.027 1.232~3334 1697 1.022~2.819 1400 0.872~2247 1.147 0.775~1.698 0.936 0.501~1.750
0, 0.958 0.876~1.047 1005 0.944~1.069 1.064 0.994~1.139 1.129 1.057~1206 1.155 1.080~1.234 1127 1.052~1.208 1.073 1.008~1.142 1011 0.924~1.106
CO 0.981 0.953~1.011 1.001 0.983~1.020 1.018 1.004~1.033 1,030 1.013~1.047 1.033 1.016~1.050 1.027 1.0I13~1.041 1.016 0.999~1.032 1.001 0.975~1.029
S0, 0.977 0.548~1.744 0953 0.609~1.490 0.992 0.682~1.442 1,074 0.779~1480 1.175 0.825~1.673 1294 0.960~1.743 1431 1.049~1951 1586 0.938~2.682
NO, 1.009 0.994~1.025 1006 0.994~1.019 1.003 0.993~1.013 0.999 0.991~1.007 0.996 0.989~1.004 0.993 0.984~1.002 0.99 0.979~1.001 0.986 0.973~1.000

2.5 HBMSN(R4) BURMESITERER, T SO, M NO, 25 5 & i1 Ji R A b & KUK 9%
AP FIRH 1df 2N 4. 5.6 IS4 PM, 5. O3 CO.PM . B BUSAA I SE MR I B, AL 25 BN AG 5E o

x4 HUENES
Table 4 Relative risk and its 95% confidence interval of daily stroke incidence number associated with daily average concentration
of ambient air PM, 5, O3, CO, PM,, SO,, and NO, by 4, 5, and 6 degrees of freedom of daily average temperature,
atmospheric pressure, and relative humidity: Poisson distributed Lag nonlinear model analysis on disease surveillance and
environmental/meteorological monitoring data in Qingdao city from 2014 to 2020

df
4 5 6
KRG
RR1H 95%CI RR1H 95%CI RR1H 95%CI

PM, 5 1.019 1.006~1.032 1.019 1.006~1.032 1.019 1.006~1.032

05 1.152 1.078~1.231 1.152 1.078~1.232 1.150 1.076~1.230

CO 1.035 1.018~1.052 1.036 1.019~1.053 1.035 1.018~1.052
PM;, 1.962 1.193~3.227 1.981 1.202~3.267 1.998 1.214~3.291

SO, 1.425 1.045~1.941 1.431 1.050~1.950 1.429 1.048~1.948
NO, 1.009 0.994~1.025 1.009 0.993~1.025 1.007 0.992~1.023

3 3 @ FEH 25, H b PM,o. PM,s. SO, NO, #1 CO ¥

BEEVITE A A, BB AR A 2T AR AR, i
ABEIL, F5 85T 2014 —2020 4F COL 03 SOy o i b5 A 7 o 3 — 46 5 b5 5 2 220 1 B 4 2 20
HINO, PR IGIA F AT TEIRE i 50— 8, 387 178 A [ 245 6 % R 711 <
KPR, T PM, 5 A1 PM g BOPSACF S IRTF 35 gt SRR I 5 s 424 3 «
] 5% 3R B8 2 AR AR v KPR, Heh PV, — IGUER X eI 26 AN 3T R 28 SCRIT R
PM, 5. CO. O3 FINO, “FERAERF AR, SO, F B, 4 WIABURLY 6 JE T i 2 1 ol o 4k o 2 o 1
PRCF s TAE R WP, EI TR TR RB %R, H PM, s Rl PM,, 757 5 B % 3d J5 ik 3
PR KRB RER, EF BN, EERRS K E RS, PM,ys fl PM, o 5 3 1 47.5 pg/m® A
BWILL O3 N E, KFRSIGRIUL PM o PMyss 76,9 ng/m®, H I 1 i 46 i 4 B O\ %2 50 48 i
SO, NO, F1 CO &N+, K75 4 HA W 51 1.0% A1 0.8%!"3). 5 iR i 70 45 - — 85, AHE 7T B
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i PMy s W BE R i, Jo BRI i 24w R s A I
B 24 PM, s WK > 121.90 pg/m? I, i 26 o 295 X
B ETHE(P<0.05), 11 PM;, M RFE -
PR RTG53, BRI 52.01 pg/m?
B, i 2R ) R 99 UG . 7E Lag3 d~Lagd d R I
BT — M T e X85 15 AL R R
L A58 168 /)N (1) JURL 4 B0 B B0 HE T 280 . Bk 5 ) 5
F—52Y, Chen L 5P BT 4 [ 5 5B B (kM
P10 26 H N B A 43 BT & L, Lagl d i PM, 5 Al
PM, % 72 ¥k A5 T 5 10 png/m?®, i 14 v 25 v
N B KBS 43 3] 388 0 0.7%C95%CT = 0.0%~ 1.4%) Fll
0.5%C95%CI = 0.1%~0.9%) .

AW L5 R E IR, SO, % 7% Lago d W 5F &
T R BRI 25 o R s A7 TR IE A R 6 &R, X 5 [F 4
% U 78 45 A AR — 520 2T, ot T AR T
W& NEAT ) — B 5T R B, SO, F W # i 5
ST A A B KU T A OG, FLUR B R
10 pg/m® , Lag2 d {43 B R FF 7 3.39%C95%CT =
1.63%~5.18%) 1201, TEARMEFLH, O F1 CO #FEI 5
00 2 R R IR ARG . S P LR R R
TR KW, 05 fl CO 2 FE IR ERTH R 0.42 mg/m’
A1 73.0 pg/m?, 24 F Sl i P4 i 2% A K95 16 RR 5 5>
1124 1.008(95%CI = 1.005~1.010) F1 1.004(95%CI =
1.000~1.007), 54 Fi g REA—. (HEHATR
T O3 A1 CO X Fili 25 w9 52 1Al () BIF 70 465 SR AN
— B8, R — TR 7T 45 B R CO i A
R I AR 8 45 T 2 R U, i o A A 12
YL VE %8 FE & T 0 70 285 S R 7 O 5% i 26
5 B SR R BRAE 60~ 69 % 4FE I 4H N .

A, A4S RIS B8 NO, BESHF LT
J TR 2 v R TG . A DR, A — e A G
T o F I A 0 A % 5 R T TR TE T R AL
g5, 1, Chen G 2% i F Cox JXUBG ALY H5 1tk
I A R 5 23 505 B Ok R I 7L R I NO, 5 6k
I 26 R R AR R RITE G T S P R
JiR T 1 — TR 5T 78 3% B A0 B R T NO, S A
R AR R TG S 2 R D PE R, {HLL 2R 48 B T T AT
FE 48 e H T 7R NO, Xof Jili 35 r R 955 A7 E 5 i B2 5
Hb—TZN N 68 J SR 2525 M 45 R TR 7R, NO,
B TH R 10 pg/m®, W 45 o R 9% SR 1 HR A4 1.002
(95%CI = 1.000~ 1.003)P7 ., t B, b Fio 222 S5 1y L [
Al RS2 A B AL A BT SR I 9 G AR R S B AR
EECTE o3 N RS Y E DN E e
AT RE 2 ()RR JL/NBT B 22 LR, AT 38 Bl A TS G
Yy 2 &5 J 3 50 (AR Ay, AT 5 6 300 P K TS
W) B #5510 25 R R TG Y 3 A R

2% E TR, PM, 5. O5. CO. PM,, HII SO, % &
X T B AR R R0 AR S RN . D PRI

09 25 R R 6 S IRk S BE AN AR 2 (R A S,
A b BT RO ATS Yein B, A B> I AR BT
M AR K G xR 2 o R0 ) 28
S (BB T AL — N RRTE. & %, &
WEFE AT & A2 38 IR 85 00 oh o0 R RT5 B H
P B BEAE DA B B A T R A AMROK T
ERRARG R B R, A REMR IR I SE B iR
WL, SR RE AR R 22 R, AT AU ET
HEAR KT M0 AN 2 MR AR B R RT5 Re 5 &
O 25 R 2 T SR &R, T REAAAEAE SR
R, HERA i NRERFIEHEAT 20 J2 20 M s BRI, ASHTT
FOAR B 55 Far RO A mF R0 R Ok AR HL A XS A
R WUHE B ER . CRAT N B s Bl 5 LA AR
S dR e, AHIETUAE A0 A R R SR UK
T S0 A T X 4 T R G, T AR S
A 58 T BRI IS B R 1 AT Bl 2 6 BF 9T 45
RPHE— R . B, 25 S BB T AT iR
52 IR BORHZ R 5098 S 2R R AR A E AT
JZ 53 M LA A HE 7T 45 R0 LLSSIE -
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