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Impact of ambient ozone exposure on death from cardiovascular and cerebrovascular diseases
in Minhang District, Shanghai LIU Jie", HUANG Jun', XU Xiaowen™, ZHEN Lingyan'®, CHEN Linli*®,
YING Shengjie™®, DU Xihao® (1.a. Department of Environmental and Occupational Health b. De-
partment of Information, Shanghai Minhang District Center for Disease Control and Prevention,
Shanghai 201101, China; 2. Department of Epidemiology and Biostatistics, School of Public
Health, Shanghai Jiao Tong University School of Medicine, Shanghai 200032, China)

Abstract:

[Background] Ozone (0s) pollution has gradually become a primary problem of air pollution in
recent years. Conducting epidemiological studies on the correlation between O; concentration
variation and risk of cardiovascular and cerebrovascular diseases can provide reference data for
O, risk assessment and related policy making.

[Objective] To quantitatively evaluate the effects of O; exposure on mortalities of cardiovascular
and cerebrovascular diseases among residents in Minhang District, Shanghai.

[Methods] Data of mortalities of cardiovascular and cerebrovascular diseases, air pollutants, and
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meteorological factors in Minhang District of Shanghai from January 1, 2016 to December 31, 2021 were collected. Associations between
0, concentration and the mortalities due to total cardiovascular and cerebrovascular diseases, coronary heart disease, and stroke were
analyzed by generalized additive models with a quasi Poisson distribution with different lag patterns, such as current day effect (lag0),
single-day lag effects (lagl-lag3), and cumulative lag effects (lag01-lag03). The subgroup analyses of age, sex, and season were conducted.
Furthermore, temperature was divided into low, middle, and high levels based on the 25th percentile (P,s) and the 75th percentile (P,s)
to perform hierarchical analyses. Increased excess risks (ER) of death from target diseases caused by a 10 pg-m~ increase in daily maximum
8 h concentration of O; (05-8 h) and their 95% confidence intervals (Cl) were used to indicate the effects of O,.

The associations between O; and the risks of death from cardiovascular and cerebrovascular diseases were statistically significant
at lag2, lag3, lag02, and lag03 (P < 0.05), with the greatest effect size observed at lag03. The ER values of death from cardiovascular and
cerebrovascular diseases in general population, male residents, and people aged 65 years and older, from coronary heart disease in male
residents, and from stroke in general population increased by 1.02% (95%Cl: 0.36%, 1.69%), 1.40% (95%Cl: 0.47%, 2.34%), 0.87% (95%Cl:
0.19%, 1.55%), 1.96% (95%CI: 0.49%, 3.44%), and 1.02% (95%Cl: 0.07%, 1.98%) for a 10 ug-m~ increase in O,-8 h concentration at lag03,
respectively. During the warm season (from April 1 to September 30), the ER values of death from cardiovascular and cerebrovascular
diseases and coronary heart disease per 10 pg-m™ increase in O, were 1.18% (95%Cl: 0.33%, 3.33%) and 2.69% (95%Cl: 0.39%, 5.03%),
while the O, effect was only statistically significant on cardiovascular and cerebrovascular diseases during the cold season (from October
1 to March 31 next year). At the middle and high temperature levels, the ER values of death from cardiovascular and cerebrovascular dis-
eases increased by 1.63% (95%Cl: 0.32%, 2.96%) and 1.14% (95%Cl: 0.17%, 2.12%) respectively. The two-pollutant models showed similar
results after including other pollutants (carbon monoxide, nitrogen dioxide, sulfur dioxide, fine particulate matter, or inhalable particulate
matter).

Ambient O; pollution may increase the mortality risks of cardiovascular and cerebrovascular diseases, coronary heart dis-
ease, and stroke in Minhang District of Shanghai.

ozone; cardiovascular and cerebrovascular diseases; coronary heart disease; stroke; mortality; time-series analysis
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Table 1 Mortalities of cardiovascular and cerebrovascular dis-
eases, air pollutants, and meteorological factors in Minhang Dis-
trict of Shanghai, 2016-2021

258 (Variable) its =UN 5 FRAIEL =AE
e - (Minimum) ~®  (Median) ~° (Maximum)

HFET- A% (Average daily mortality cases)

(U N & & J% (Cardiovascular and cerebrovascular diseases)

B (male) 5.05+2.44 0 3 5 7 17
1% (Female) 5.08+2.38 0 3 5 7 14
>65% (=65 years)  9.33+3.49 1 7 9 11 26
<65% (<65 years)  0.81+0.94 0 0 1 1 5
S AEf(General

) 10.14#3.68 1 8 10 12 27
population)

7 LMA (Coronary heart disease)

B4 (Male) 2.0941.52 0 1 2 3 9
L% (Female) 2.30£1.57 0 1 2 3 9
265% (265 years)  4.14+2.19 0 3 4 5 13
<65%(<65years)  0.25+0.51 0 0 0 0 3
BB (General
) 4.40%2.26 0 3 4 6 14
population)
FaJX(Stroke)
B (male) 2.49+1.64 0 1 2 3 10
L% (Female) 2.35¢1.54 0 1 2 3 11
265% (265 years)  4.43+2.23 0 3 4 6 15
<65%(<65years)  0.41+0.64 0 0 0 1 4
S AEf(General
) 4.84+2.36 0 3 5 6 16
population)
TR SEMRE (Concentrations of air pollutants)
05-8 h/(ug:m”~) 95.63+41.32 8 66 88 18 272
PM,o/(ng:m~) 48512752 7 30 42 60 313
PM, o/ (ug-m™) 34.9612329 3 19 28 45 191
SO,/(ug-m™) 8.58£4.50 2 6 7 10 48
NO,/(pg:m™) 37.71+17.65 3 25 35 49 117
CO/(mg:m?) 0.65+0.21 0.3 0.5 0.6 0.7 1.9
1538 (Average
. 18.04+8.63 -6 11 18 35 35
temperature)/°C
BT R E (Relative
73.554¢12.81 28 65 74 83 98

humidity)/%

ZRETR, 0,5 PMy. PM, .« FHEEEIEHERX
(P<0.01),5 NO,. CO MBS EEEHHERX(P<0.01),
HisxM 2z B2 EERX(P<0.01), FIHEES
0,2FHE*,5 PMy,. PM,.. NO,. CO 2 faAtH %
(P<0.01), BXHEES 0, PMy. PM, o NO, RIL AT
MX(P<0.01), FRE 2,
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£ 2 2016—2021 £ EBSHRITEARSRMS
SKRERMEXM
Table 2 Correlations between air pollutants and meteorological
factors in Minhang District of Shanghai from 2016 to 2021

THRE
IT=(Variable) 0,-8h PM;, PM,s; SO, NO, co (Average
temperature)
PMyo 0.15"
PM, 0.08° 0.78
S0, -001 060 061
NO, -021" 060 0.66 050
co -0.10° 061 081 055 067
FRE
(Average 0.26° -0.01" -005 030 -0.17" -0.06"
temperature)/°C
AR
(Relative -0.23" -045 -021" -045 -0.19° -0.09 -0.07

humidity)/%

[ 7E(Note)] *: P<0.01o
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Figure 1 ER and 95%Cl of daily mortalities of cardiovascular and
cerebrovascular diseases associated with a 10 pg-m increase in
0,-8 h concentration using different lag patterns
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LT X PR 93 B 800 1.18%(95%Cl: 0.33%~3.33%) &
2.69%(95%Cl: 0.39%~5.03%), SHXFLT-RMEE X
BX; RFERY, 0,-8 h REEHARE 10 pgrm™, DN MEZE
SRFE TS XUF2IE N 0.96%(95%Cl: 0.11%~1.81%) , S5 1Cx
B FRSET R IR E KB, ¥ ILE 3.

Fo3E AN 0.87%(95%Cl: 0.19%~

a4 s
3 6
g 2 { g s
X X 4
81 R 3
1

-1 0 __{__}_j____ Y S I

- 1 J _1 1 ]

B kegi >65% <65 %
(Male) (Famale) (=65 years) (<65 years)
TR (Sex) F(Age)

—e— |[\BNIM & &S (Cardiovascular and cerebrovascular diseases)
—a— TFiI0\J&(Coronary heart disease)
—a— faJX|(Stroke)

B2 lag03 £ T 0,-8 h RESFAS 10 ug-m > 5liEEFRRE
31 (A) MREEL (B) AB¥E B /O EZFRFE T XEIEM
B ER R H 95%Cl
Figure 2 ER and 95%Cl of daily mortalities of cardiovascular and
cerebrovascular diseases associated with a 10 pg-m™ increase in
0,-8 h concentration by sex (A) and age (B) at lag03

6
5
_ 4 —eo— AN B & JA(Cardiovascular and
03 3 cerebrovascular diseases)
w2 —a— TFI0J&(Coronary heart disease)
z1 } { { —a— dJX|(Stroke)
(0] " [ S Sp S
-1
_2 I
BRE RE
(Warm season) (Cold season)
Z¥5(Season)

Bl 3 lag03 £HTARZET 0,-8 h iRESHS 10 pg-m™>
5lieE B O E&EBIE T XRIE N ER RE 95%CI
Figure 3 ER and 95%Cl of daily mortalities of cardiovascular and
cerebrovascular diseases associated with a 10 pg-m” increase in
0,-8 h concentration by season at lag03

232 SURDEDT lag3 £ETHEHITREDESD
M, EARESRERE, 0, W /O A X IE TR R MR
WA ERE, W OMIME FERE T EMERIELS
HEEN, TF. B8, 0,-8 h iRESHS 10 ugm>,
NI E RS T XL 58 1 1.63%(95%Cl: 0.32%~
2.96%) « 1.14%(95%Cl: 0.17%~2.12%) - EILE 40
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5 RS RMER DI ERER— FILE S,

4
3
— 2 —o— L\IXIME & SH(Cardiovascular and
% 1 cerebrovascular diseases)
@0 rq---tr--=1L- —— 73\ (Coronary heart disease)
g-1 —=— FAJX|(Stroke)
-2
-3
-4

18 s =
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Bl 4 lag03 £HTARRASEN 0;-8 h REEHS
10 pg- m~3 5|24 B ORI BRIt T KIS AT ER RE
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Figure 4 ER and 95%Cl of daily mortalities of cardiovascular and
cerebrovascular diseases associated with a 10 pg-m” increase in
05-8 h concentration by temperature at lag03

lag03 T, IR NUSAMIRBL HHIT R EF L.

MRS, R B 0, X514 O M E A S
IBA. 65 & K LA E ABHOIN I E AR FE - 2RI R
MABE. FIE 30

2.5

2.0

1.

w

1.0

ER(95%Cl)

0.5

o

0,  0,;#50, O4#PM,, O;+PM,, 0,+NO, O4+CO
52 (Pollutants)

—e— L\IXIME Y& SH(Cardiovascular and cerebrovascular diseases)

—a— 510\ (Coronary heart disease)

—— tAJX|(Stroke)

5 lag03 £MHEHTISRIMER P 0,-8 h KESHS
10 pg-m~* 3|24 B ORI BERHFE T KIS INAY ER KRE
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Figure 5 ER and its 95%Cl of daily mortalities of cardiovascular
and cerebrovascular diseases associated with a 10 pug-m~> increase
in 05-8 h concentration in two-pollutant models at lag03

%3 lag03 £FHTARABISLEMIEE F 0,-8 h REFAHS 10 pg- m° 3SR LR M E KRBT KL
11089 ER R H 95%ClI
Table 3 ER and its 95%Cl of daily mortalities of cardiovascular and cerebrovascular diseases associated with a 10 pug-m~ increase in
0,-8 h concentration in two-pollutant models of different populations at lag03

7 LM (Coronary heart disease)

B4 (Male) 1.94(0.48~3.42)" 1.88(0.41~3.36)"
Z % (Female) -0.19(-1.54~1.17) -0.14(-1.50~1.24)
265% (265 years) 0.65(-0.38~1.68) 0.65(-0.38~1.69)
<65% (<65 years) 3.35(-0.68~7.53) 3.23(-0.81~7.44)
7 X(Stroke)
B (Male) 0.83(-0.49~2.16) 0.78(-0.54~2.12)
Z % (Female) 1.22(-0.09~2.56) 1.21(-0.11~2.55)
>65% (265 years) 0.85(-0.14~1.84) 0.82(-0.17~1.82)
<65% (<65 years) 2.78(-0.42~6.10) 2.68(-0.54~6.01)

1.94(0.48~3.43)"
-0.19(-1.55~1.19)
0.66(-0.37~1.70)
3.15(-0.87~7.34)

0.80(-0.52~2.13)
1.25(-0.08~2.58)
0.84(-0.14~1.84)
2.72(-0.51~6.05)

1.94(0.48~3.42)°
0.20(-1.56~1.17)
0.64(-0.38~1.68)

3.19(-0.83~7.37)

0.81(-0.50~2.15)
1.23(-0.08~2.56)
0.85(-0.14~1.84)

2.72(-0.50~6.05)

5348 (Group) 0,-8 h+50, 0,-8 h+PM, 5 0,-8 h+PM,, 0,-8 h+NO, 0,-8 h+CO
(U3 N & &9 (Cardiovascular and cerebrovascular diseases)
B4 (Male) 1.40(0.47~2.34)" 1.36(0.43~2.31)" 1.39(0.46~2.34)" 1.39(0.46~2.33)" 1.38(0.45~2.32)°
Z % (Female) 0.64(-0.27~1.55) 0.66(-0.24~1.58) 0.65(-0.26~1.56) 0.63(-0.27~1.54) 0.63(-0.27~1.54)
265% (=65 years) 0.87(0.19~1.55)" 0.87(0.18~1.55)" 0.88(0.19~1.56)" 0.87(0.19~1.55)" 0.87(0.18~1.54)"
<65% (<65 years) 2.46(-0.11~4.86) 2.40(-0.05~4.82) 2.40(-0.05~4.81) 2.40(-0.05~4.80) 2.43(-0.08~4.83)

1.91(0.45~3.39)"
0.19(-1.55~1.18)
0.63(-0.39~1.67)

3.33(-0.71~7.53)

0.81(-0.51~2.14)
1.21(-0.10~1.83)
0.83(-0.15~1.83)

2.73(-0.48~6.06)

[ 7 (Note)]*: P<0.05,
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0.31%~0.73%) « 0.35%( 0~0.71%) “*** {FFE13k5 2015—
2017 . EE ™ 2014—2020 FEiFEHAY 1.62%(95%Cl:
0.38%~2.88%) . 1.80%(95%Cl: 0.95%~2.65%)" ', 7k
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SR ZBIFENF—E, %A 0, EEXN AR OMME
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