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[ ZFE]BM THITEEET 20182022 4% i AR X B KW A & 3L ¢ A 89 20, A %l € 48 i 8y T
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1H—20225 12 A3 HE ETERMFEFREAHREURTETRPRARL T LI IAEZEKEBLH, BL X
A8 A A AL (GAM) 4 & 2 A i 5 4F & M4 AL (DLNM) 4 AT 4R 3 R il o B R 3 30— KU i B3 B A,
FAAEMRN. FRPNEFTAERFTEZASNMUAZHRA. 5R F 5T 2018—2022 F Rt
EMFEFET 236300, AP mMEME+ 12269 fl, Srin e F 113610, mETHHRREERME
FRTZ AR R EAMNDF &, R KL T RS E(MMT) % 85 C. DLNM 4474 & B, % 3% & i
X E R A 3T AR R Y H (lag0 d) 34 & ok, 7 & B AU A & 5 & (cumRR) 1E 4 1.328(95%CI=1.136 ~
1.553), HFZ 3 lag2d FEZ R L 4T F E X (P>0.05); BGMEXN ERBZEF T NGk m 24 85 H,
7 lag6 d 3k 2 & A, cumRR 18 4 1.031(95%CI=1.013 ~ 1.049) . TA 54 F B, Bk ZiExt & T 4H E R M
22 5 5T R BT 40 A AR AL B DA lag0 d BIARRL oA, E o B4 B R cumRR 18 [1.389(95%CI=1.149 ~ 1.679) ]
& T LB R cumRR H [1.263(95%CI=1.027 ~ 1.553) ], <60 # /& & cumRR 18 [1.166(95%CI=0.844 ~ 1.611) ] 1k F=>
60 % & K cumRR 1 [1.373(95%CI=1.158 ~ 1.630) ], H i1 ¥ % Z= 5 & % cumRR 1& [1.316(95%CI=1.090 ~ 1.589)]
& T ok o B ZE B B cumRR 18 [1.305(95%CI=1.059 ~ 1.601) ]; #% 3% 1% 38 it B 14 & K lag5 d # cumRR 14 [1.033
(95%CI=1.013 ~1.054)] & T &4 & K lag7d # cumRR 18 [1.032(95%CI=1.004 ~ 1.060) ], <60 ¥ /& K lag5d ¥ cumRR
{8 [1.042(95%CI=1.005 ~ 1.079)] & T 260 # /& & lag6 d ¥ cumRR {& [1.028(95%CI=1.010 ~ 1.046) ], ¥ i ¥ i &=
F B lag6d B9 cumRR 1 [1.045(95%CI=1.015 ~ 1.076) ] & T %k fu e il & o £ % lag6 d B9 cumRR 18 [1.026(95%CI=
1.003~1.049)]. 51 HWmA BT FEFIETERMET R TR LA, Bonmim a2t A Y, #on K
WL R — W s B MR b A R AR o IR R R e R R B R R AR R R T KR B, <60
1260 ¥ B R4 A ER R KRR RN F PR T AR KR,
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Influence of extreme temperatures on stroke mortality risk among
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[ Abstract] Objective To understand the impact of extreme temperatures on the risk of stroke mortality among
residents in Nanchang city, Jiangxi province, from 2018 to 2022, and to provide data support for the formulation of
corresponding preventive measures and health policies. Methods Data on stroke mortality among Nanchang residents
from January 1, 2018, to December 31, 2022, as well as data on air pollutants and meteorology in Nanchang during the
same period, were collected from the Chinese Center for Disease Control and Prevention’s Population Mortality
Registration Information System. A generalized additive model (GAM) combined with a distributed lag non-linear model
(DLNM) was used to analyze the cumulative lag effect of extreme temperatures on the risk of stroke mortality among
residents. Subgroup analyses were conducted for different genders, ages, and stroke subtypes to identify sensitive
populations. Results A total of 23 630 stroke deaths were reported in Nanchang city from 2018 to 2022, including
12 269 hemorrhagic strokes and 11 361 ischemic strokes. The distribution relationship between daily average temperature
and stroke mortality in Nanchang city showed an approximate "J" shaped curve, with the minimum mortality temperature
(MMT) being 8.5 °C. DLNM analysis showed that the effect of extreme high temperature on the risk of stroke mortality
reached its peak on the same day (lag0 d), with a cumulative relative risk (cumRR) of 1.328 (95%CI: 1.136-1.553), and
the difference was not statistically significant after lag2 d (P>0.05). The effect of extreme low temperature on the risk of
stroke mortality had a lag effect, reaching its peak at lag6 d, with a cumRR of 1.031 (95%CI: 1.013—1.049). Subgroup
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analysis showed that the distribution trends of the effects of extreme high temperature on the risk of stroke mortality in
each subgroup were similar, and all reached their peak at lag0 d. The cumRR for males [1.389 (95%CI: 1.149-1.679)]
was higher than that for females [1.263 (95%CI: 1.027-1.553)], the cumRR for residents <60 years old [1.166 (95%CI:
0.844-1.611)] was lower than that for residents =60 years old [1.373 (95%CI: 1.158-1.630)], and the cumRR for
hemorrhagic stroke [1.316 (95%CI: 1.090—1.589)] was higher than that for ischemic stroke [1.305 (95%CI: 1.059-1.601)].
Under extreme low temperature, the cumRR at lag5 d for males [1.033 (95%CI: 1.013—1.054)] was higher than that at
lag7d for females [1.032 (95%CI: 1.004-1.060)], the cumRR at lag5 d for residents <60 years old [1.042 (95%CI:
1.005-1.079)] was higher than that at lag6 d for residents =60 years old [1.028 (95%CI: 1.010-1.046)], and the cumRR at
lag6 d for hemorrhagic stroke [1.045 (95%CI: 1.015-1.076)] was higher than that at lag6 d for ischemic stroke [1.026
(95%CI: 1.003—-1.049)]. Conclusions Extreme temperatures can increase the risk of stroke mortality in Nanchang city
residents. The effect of extreme high temperature is acute and short-lived, while the effect of extreme low temperature has
a certain lag. Males and residents with hemorrhagic stroke have a higher risk of stroke mortality under both extreme high
and low temperatures. Residents <60 years old and =60 years old have a higher risk of stroke mortality under extreme

low and high temperatures, respectively.
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Table 1 Basic characteristics of meteorological factors and air pollutants in Nanchang city from 2018 to 2022

s TiH Xxs Min Pys M Pys Max

HEHE H 3 ft e i/ °C 22.74+9.53 -0.20 14.70 23.75 31.10 39.30
H ) SR/ C 16.48+8.60 —4.10 9.00 16.65 24.30 31.40
H#3/C 19.38+8.95 ~1.40 11.60 19.90 27.10 35.20
H S5 AR B2 /% 72.26+14.53 29.00 62.00 73.00 84.00 100.00

KA 4/ ug/m3 PM, 5 31.88+20.60 4.00 17.00 27.00 41.00 134.00
PM,, 62.06+36.18 7.00 36.00 54.00 81.00 364.00
SO, 8.94:+4.68 2.00 6.00 8.00 11.00 38.00
NO, 29.79+15.23 6.00 19.00 26.00 38.00 98.00
05-8h 91.43+40.51 5.00 62.00 90.00 120.00 204.00

22 H8TW2018—2022 FAZHEFLS KT M
AR (R2) MEESTERER, H
BRES & & AE. HB AR, SO, fl
0;-8 h ¥R IEA G, 5 HIFMAEEE . PM, 5. PM,
FINO, ¥ & ik 56 () P<0.01); HY &R &SRS
H 5 5K SR SO, fil O5-8 h B R IEMI %, 5 H

BRI XTI FE - PM, 5 PM o Al NO, 38 2 fAH 56 (3
P<0.0D); KA S5 0;-8 h 2 IEM %, 5 PM, 5.
PM,, il NO, ¥ 2 £ FH 9% (3 P<0.01); H ¥ 48 X}
B JE 5 PM, s« PM, o SO, NO, Fll O5-8 h 13 & fi A
K (5 P<0.01),

2 MET 2018—2022 TR BIRAN KIS M R ANE 7 Hr

Table 2 Correlation analysis of meteorological factors and air pollutants in Nanchang city from 2018 to 2022

TH H¥<R H )5 e <l H 3 BRI H AT PM, s PM;, SO, NO, 058 h

H5<R 1.000

35 dpe v il 0.986 2 1.000

H 35 B AR AR 0.986 2 0.9512 1.000

H S5 R B —0.198 2 —0.209 -0.029 1.000

PM, 5 —0.491 2 03762 —0.466 2 —0.2372 1.000

PM,, —0.261 2 —0.131 2 —0.2572 —0.5122 0.8812  1.000

SO, 0.1742 0.1142 0.027 —0.5762 03742 0.6022 1.000

NO, —0.391 2 —0.3262 —0.4262 ~0.208 2 0.6772  0.7292  0.5302 1.000

058 h 0.624 0.670 0.5552 —0.5732 -0.033 0.1912 03442  —0.0992 1.000
:a P<0.01.
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o T 6T i 26 TR BE TS )RR B FE 24 H (lag0 d) ik #ix
KAE, HAEBE S B LR P8 T A s 10 AL it %o i
EHIETI MR E 4 H (lagd D LS 22 & X,
1E lag6 d B 1A 5 K1H -



FEAIETA 20254 1 A% 41 58 1

Chin J Public Health, Jan 2025 Vol.41 No.l - 91 -

& p,u3C 85°C

B L

H#555/°C

B T BAE S 2 R0 R B i BN AR rh A T X ) = 4 1
Fig. 1 Three-dimensional diagram of the temperature threshold and the effect of daily average temperature
on the risk of stroke mortality in residents of Nanchang city

24 WMzmA B d ST EREFF AT AL
Ramesr (£3) ®METERWIGEE
lagO d 5% Fixi 25w B0 T RIS () 280 B 5 K5 cumRR
8N 1.328(95%CI=1.136~1.553), HHF4:5]lag2 d

Jo HZ R LG58 L (P>0.05); i K iE X &
BRI 2 HR A0 T XS 2508 B i I P, TE lag6 d ik
B £ K, cumRR A9 1.031(95%CI=1.013~1.049) .

3 M R R B T BRI A R SR T XU (14 FRAR i RN

Table 3 Cumulative lag effects of extreme temperatures on stroke mortality risk in Nanchang city

ity il M ity (I iR
it Ja RAd
cumRRIE 95%CI cumRRIA 95%CI
0 1.328 1.136~1.553 0.945 0.887~1.003
1 1.162 1.102~1.244 0.972 0.952~0.985
2 1.061 1.006~1.146 0.986 0.973~1.017
3 1.009 0.962~1.082 1.014 0.981~1.031
4 0.994 0.952~1.032 1.019 1.006~1.038
5 0.991 0.953~1.019 1.026 1.013~1.043
6 0.993 0.951~1.024 1.031 1.013~1.049
7 0.995 0.954~1.029 1.025 1.008~1.043
8 0.998 0.965~1.031 1.024 1.010~1.038
9 1.001 0.972~1.033 1.018 0.996~1.029
10 0.999 0.969~1.031 1.009 0.984~1.022
11 0.995 0.950~1.040 0.992 0.978~1.018
12 0.992 0.947~1.036 0.986 0.973~1.015
13 0.989 0.946~1.023 0.978 0.974~1.011
14 0.990 0.884~1.106 0.982 0.941~1.039
25 TwHsH (k4.5 TWHANWERER,  lagd d B cumRRAE T % & I lag7 d #) cumRR

AR it vy ek T 5% SV 2L Je B ki 2 v 0 T X 280 4 A
A AL H 35 A lag0 d 19 2008 R B oK, R 5
JE I cumRRAH & T LR IR, <60 % f& K cumRR
fEAK T 260 % J& I, I 4 B 25 o 2B & cumRR 1
e 1 P A R s A e K B 5 M R R

18, <60 % J& [ lag5 d ) cumRR {H =T =60 % & K
lag6 d 1] cumRR {8, H I 14 fixi 25 58 35 lag6 d [
cumRR 185 1.045 = T 5 1 44 o 28 58 3 lag6 d 1)
cumRR 18 .
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Table 4 Cumulative lag effects of extreme high temperature on stroke mortality risk in different subgroups in Nanchang city

e F i A v A

";gg/d 5 b bt <60% >60% AR o B A 5

cumRRIE  95%CI  cumRR{H  95%CI  cumRR{E  95%CI  cumRR{E  95%CI  cumRRIE  95%CI  cumRR{H  95%CI
0 1389 1.149~1.679 1263 1.027~1.553 1.166 0.844~1.611 1373 1.158~1.630 1316 1.090~1.589 1305 1.059~1.601
1 1.182 1.110~1.281 1.148 1.051~1.245 1.089 0961~1231 1.192 L1.118~1272 1.175 1.091~1.271 1.176 1.058~1.232
2 1.076 0.982~1.172 1.083 0.996~1.181 1.025 00932~1.165 1.183 1.008~1.152 1083 1.006~1.171 1.053 0.973~1.168
3 0.997 0.923~1.082 1.047 0.987~1.143 0998 0.876~1.149 1.045 0.975~1.115 1.023 0.968~1.112 1.003 0.923~1.088
4 0.971 0.921~1.012 1.028 0.989~1.091 0976 0.878~1.082 0998 0.969~1.053 1.005 0.959~1.086 0.996 0.924~1.057
5 0.968 0.924~1.003 1.019 0.991~1.082 0962 0.885~1.072 0990 0.971~1.024 0997 0.958~1.044 0994 0.937~1.031
6 0.973 0.926~1.007 1.012 0.984~1.080 0.953 0.862~1.073 0992 0.972~1.028 0.992 0.952~1.048 0.998 0.938~1.049
7 0.980 0.931~1.018 1.009 0974~1.075 0958 0.875~1.077 0999 0.975~1.034 0996 0.955~1.053 1.001 0.941~1.048
8 0.998 0.949~1.035 0997 0.969~1.068 0968 0.880 ~1.076 1.002 0.976~1.037 0998 0.959~1.052 1.002 0.945~1.042
9 1.009 0.966~1.047 0989 0.957~1.047 0.973 0.892~1.077 1.003 0.982~1.029 0999 0.962~1.049 1.002 0.955~1.035
10 1.012 0.971~1.061 0979 0.926~1.041 0983 0.895~1.083 0.998 0.980 ~1.032 0.999 0.959~1.051 0.999 0.941~1.039
11 1.010 0.958~1.078 0963 0.887~1.039 0995 0.882~1.104 0993 0.967~1.042 0994 0.946~1.079 0.997 0.926~1.051
12 1.005 0.954~1.067 0.955 0.882~1.034 0.998 0.883~1.108 0.989 0.964~1.033 0990 0.939~1.059 0.991 0.915~1.041
13 0.998 0.943~1.036 0971 0.899~1.035 0996 0.887~1.009 0985 0.963~1.026 0.987 0.937~1.045 0.989 0.918~1.032
14 0.976 0.831~1.141 0992 0.874~1.185 0979 0.776~1272 0987 0.831~1.141 0981 0.827~1.142 0.990 0.822~1.156

RS Mo R R B T AN R P2 ER I 2 o B8 T XSG ) 3R AR i RO

Table 5 Cumulative lag effect of extreme low temperature on stroke mortality risk in different subgroups in Nanchang city

. P G Jigi 2 S A
;’Zg d S k- <60% >60% H I i A e L A i A
cumRRIE  95%CI  cumRR{H  95%CI ~ cumRR{H  95%CI  cumRR{E  95%CI  cumRRfH  95%CI  cumRR{H  95%CI
0 0.923 0.857~0.986 0976 0.901~1.058 0923 0.824~1.042 0959 0.905~1.017 0912 0.831~0.998 0971 0.901~1.035
1 0.968 0.942~0.993 0.977 0942~1.006 0976 0.931~1.024 0976 0.958~0.994 0.963 0.927~0.996 0.976 0.951~1.004
2 1.002 0.972~1.027 0982 0.953~1.016 1.008 0.971~1.061 0991 0976~1.019 0998 0.964~1.031 0982 0.963~1.021
3 1.019 0.991~1.043 0999 0.961~1.028 1.035 0.980~1.082 1.008 0.980~1.029 1027 0.982~1.061 1.008 0.976~1.031
4 1.028 1.009~1.056 1.013 0.989~1.041 1.041 0.999~1.081 1.021 0.998~1.041 1.035 1.007~1.067 1.014 0.984~1.042
5 1.033 1.013~1.054 1.024 1.001~1.047 1.042 1.005~1.079 1.025 1.009~1.042 1.042 1.014~1.074 1.021 1.002~1.045
6 1.029 1.011~1.053 1.030 1.006~1.058 1.038 0.999~1.077 1.028 1.010~1.046 1.045 1.015~1.076 1.026 1.003~1.049
7 1.024 1.008~1.048 1.032 1.004~1.060 1.033 0.996~1.072 1.026 1.007~1.041 1.040 1.012~1.075 1.020 0.998~1.047
8 1.021 1.001~1.039 1.025 1.001~1.048 1.029 0.995~1.069 1.023 1.003~1.037 1.037 1.011~1.064 1.015 0.992~1.039
9 1.019  0.997~1.031 1.014 0.991~1.035 1.024 0.994~1.056 1.019 0.998~1.033 1028 1.008~1.052 1.010 0.982~1.024
10 1.014 0.988~1.029 1.003 0.978~1.029 1.010 0.984~1.054 1.006 0.986~1.026 1.021 0.991~1.046 0.994 0.974~1.019
11 1.007 0.981~1.028 0.987 0.962~1.021 1.007 0.971~1.058 0992 0.977~1.021 1.012 0.976~1.044 0.987 0.963~1.018
12 0.998 0.975~1.024 0981 0958~1.017 0999 0.953~1.047 0896 0.974~1.017 0994 0.962~1.026 0991 0.965~1.018
13 0.989 0.971~1.019 0984 0967~1.017 0981 0.946~1.026 0.899 0.975~1.012 0.971 0.944~1.004 1.009 0.978~1.029
14 0.978 0.920~1.032 1010 0.929~1.082 0963 0.865~1.071 0997 0.947~1.048 0941 0.869~1.024 1.038 0.974~1.110
3 g AR ity v e T 0 A% T BB T B U RN, R e B

BT 9E 3 T 2018—2002 4F 7 B i i & chogp i Jen P TR DS T S8 sl 359 5 AH EE 2T 3 {1
IR S R AR S S P e, St GAM Ut SRR R AN . H YRR A AR AT
Sk £ DLNM 43 W 8% o A0 0 J B G 25 R 28 T2 XL -2 HIR R BAEL R, X — R 58
S . S5 EOR, METTERMMT A85°C, AR FUC AR5, dhAk, RIEME, 4
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