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Abstract: Objective To analyze the impact of temperature on stroke mortality among residents in Wuhan city. Methods
Stroke mortality data, meteorological data, and environmental monitoring data from 2014 to 2019 in Wuhan were collected. A
distributed lag nonlinear model (DLNM) was used to assess the impact of temperature on stroke mortality. Stratified analyses
were conducted based on gender and age to identify vulnerable populations. Results The temperature —stroke mortality
relationship in Wuhan exhibited an inverted “J” shape. High temperatures (Ps;5=32 °C) had the strongest immediate effect on
stroke mortality on the same day, with the cumulative effect peaking on the 14" day (relative risk [RR]=1.410, 95%CI:
1.219-1.630 compared to the minimum mortality temperature [MMT]). Low temperatures (P,5=1 °C) showed a delayed effect,
beginning on the second day after exposure and reaching the maximum cumulative effect on the 21" day (RR=1.553, 95%CI:
1.161-2.079). Stratified analysis revealed that the cumulative effect of low temperatures on stroke mortality was the highest
on the 21* day for males (RR=1.786, 95%CI: 1.195-2.670), on the 7™ day for individuals aged <65 years (RR=1.607, 95%CI:
1.151-2.243), and on the 14" day for those aged =65 years (RR=1.627, 95%CI: 1.251-2.116). For high temperatures, the
cumulative effect peaked on the 14™ day for males (RR=1.347, 95%CI: 1.104-1.645), individuals aged <65 years (RR=1.559,
95%CI: 1.117-2.176), and those aged =65 years (RR=1.401, 95%CI: 1.204-1.631), while for females, it peaked on the 21*
day (RR=1.507, 95%CI: 1.188-1.912). Conclusion Both low and high temperatures can increase the risk of stroke mortality.
High temperatures exhibit a more acute effect, while low temperatures show significant delayed and cumulative effects.

Females and individuals aged <65 years are at higher risk of stroke mortality under high temperatures, whereas males and
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those aged =65 years are more vulnerable under low temperatures. Protective measures should be strengthened for these

high—risk populations.

Keywords: Stroke; Temperature; Mortality; Distributed lag nonlinear model
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Table 1 Descriptive analysis of daily stroke deaths, meteorological factors, and air pollutants in Wuhan, 2014—2019

A i ¥i{E brifi2s I/IME Pis Py Py HRAE
B H AP AET A B 22.63 6.56 6.00 18.00 22.00 27.00 49.00
Bk 12.15 428 1.00 9.00 12.00 15.00 29.00
Lk 10.48 3.85 1.00 8.00 10.00 13.00 25.00
<65 % 4.62 227 0.00 3.00 4.00 6.00 14.00
=65 % 18.01 5.75 4.00 14.00 17.00 22.00 40.00
H I A v 11.86 4.14 1.00 9.00 11.00 14.00 31.00
il PR A 8.00 3.32 0.00 6.00 8.00 10.00 22.00
SEHE
TR (C) 17.19 9.16 -3.80 9.10 18.20 24.90 33.90
SEBIFAXHREE (% ) 79.42 10.27 41.00 73.00 80.00 87.00 100.00
SEEIRAE (hPa) 1013.14 9.42 993.50 1 .005.00 1013.10 1020.50 1 043.00
B RGE (s ) 1.62 0.94 0.00 0.90 1.40 2.10 6.90
K59
PM,s(pg/m?) 58.98 40.11 0.00 31.00 48.60 75.30 301.00
PMo(ug/m’) 90.91 50.67 0.00 53.00 82.00 118.00 532.00
SOy(pg/m’) 12.97 10.35 0.00 6.00 10.00 16.00 102.00
NO(ug/m’) 48.58 20.57 0.00 33.00 45.00 61.00 126.00
CO(mg/m’) 1.04 0.33 0.36 0.80 1.00 1.20 2.60
Os(pg/m’) 89.08 49.14 0.00 50.00 82.00 123.00 262.00

22 WEPRATEALHEEZAKRA T LMW XK S E (r=0.475) .PM,s (r=0.361) .PM,, (r=0.225) .SO,
Spearman FEAHSE s F B, wCHOT g Rk 26 (r=0.234) NO,(r,=0.231) .CO(r,=0.260 ) Y3 B [F AH ¢,
YT 550 (r=-0.516) .05(r=-0.360) £ i tH &, 5 W32,

R 2 2014—2019 4FRATIZH HIET- AECG R4 R R R RS T5 UM A S A 45

Table 2 Correlation analysis of daily mortality of stroke with meteorological factors and air pollutants in Wuhan, 2014—2019

. PR CPIARRRE PR CPERGHE PM,5 PM,, SO, NO, Co 0;
3
(°c) BE(%) (hPa) (m/s) (pg/m?) (pg/m?) (pg/m’) (pg/m’) (mg/m?) (rg/m’)
TR
1.000 — — — — — — — — —
(c)
FE
-0.117* 1.000 — — — — — _ _ .
JE£ (%)
S T
if)‘g -0912"  -0.037 1.000 — — — — — — —
a
MRS X ‘*
?:mi/qi—b_ 0.043" -0.077" -0.072" 1.000 — — — — — —
s
PM,
( ;5 ) -0.522" -0.072" 0.484" -0.280" 1.000 — — — — —
pg/m’
PMio 1 1 ) ! 1
(/) -0.258" -0.348" 0.289" -0.350" 0.841" 1.000 — — — —
pg/m’
SO,
(/) -0.364" -0.358" 0.405" —0.309" 0.677" 0.734" 1.000 — — —
g/m
NO, 1 I I I | I 1
(/) -0.377" -0.143" 0.373" -0.600" 0.696" 0.764" 0.707" 1.000 — —
CO
(/) -0.375" 0.162" 0.299" -0.300" 0.689" 0.537" 0.464" 0.610" 1.000 —
mg/m-
05 0.662" -0.447" -0.539" -0.111° -0.221" 0.063" -0.062" -0.072" -0.257" 1.000
(ng/m’)
fg/m
iﬁﬁrg -0.516" -0.016 0.475" 0.000 0.361" 0.225" 0.234" 0.231" 0.260" —0.360"

12 FR P<0.05;" #2758 P<0.01;—& R0 EE RN EAH
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Figure 1 The 3D graph of the effect of daily mean temperature on stroke mortality in Wuhan, 2014—2019
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Figure 2 The lagged effect of low and high temperature on stroke mortality in Wuhan residents
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Table 3 Cumulative effect of low and high temperature on stroke mortality in Wuhan residents [RR (95%CI)]

i HiHE () A 3T H i PR A e e AR A e T
(=1 Lag0 0.989(0.942 ~ 1.038) 1.024(0.960 ~ 1.093) 0.951(0.877 ~ 1.031)
Lag0 ~ 1 0.996(0.917 ~ 1.083) 1.053(0.942 ~ 1.177) 0.932(0.812 ~ 1.070)
Lag0 ~ 3 1.066(0.945 ~ 1.202) 1.126(0.959 ~ 1.321) 0.974(0.797 ~ 1.190)
Lag0 ~7 1.339(1.141 ~ 1.571)° 1.301(1.053 ~ 1.607)* 1.257(0.961 ~ 1.645)
Lag0 ~ 14 1.544(1.234 ~ 1.931)" 1.374(1.023 ~ 1.844)" 1.598(1.094 ~2.334)"
Lag0 ~ 21 1.553(1.161 ~ 2.079)* 1.423(0.969 ~ 2.089) 1.559(0.952 ~ 2.552)
i Lag0 1.149(1.103 ~ 1.197)" 1.120(1.057 ~ 1.187)" 1.166(1.091 ~ 1.246)"
Lag0 ~ 1 1.265(1.181 ~ 1.354)" 1.209(1.097 ~ 1.332)" 1.302(1.166 ~ 1.453)*
Lag0 ~ 3 1.365(1.246 ~ 1.495)" 1.274(1.118 ~ 1.452)" 1.444(1.248 ~ 1.672)"
Lag0 ~ 7 1.282(1.153 ~ 1.427)* 1.180(1.010 ~ 1.379)* 1.427(1.204 ~ 1.691)*
Lag0 ~ 14 1.410(1.219 ~ 1.630)* 1.271(1.026 ~ 1.575)" 1.670(1.328 ~ 2.099 )*
Lag0 ~ 21 1.378(1.157 ~ 1.640)" 1.266(0.975 ~ 1.645) 1.659(1.262 ~2.180)"
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Figure 3 Cumulative exposure response curve of daily mean

temperature on stroke mortality
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Table 4 Effects of low and high temperature on stroke mortality in different gender and age groups in Wuhan [RR (95%CI)|

'S

<65 %

=65 %

! i EHI(d) 7

IR Lag0 1.040(0.973 ~ 1.111)
Lag0~ 1 1.089(0.972 ~ 1.221)
Lag0~3 1.217(1.032 ~ 1.436)"
Lag0 ~7 1.537(1.233 ~ 1.916)*
Lag0 ~ 14 1.764(1.296 ~ 2.402)*
Lag0 ~ 21 1.786(1.195 ~ 2.670)*

[ Lag0 1.112(1.051 ~ 1.177)"
Lag0 ~ 1 1.197(1.090 ~ 1.315)*
Lag0 ~ 3 1.270(1.120 ~ 1.440)*
Lag0 ~7 1.218(1.052 ~ 1.411)*
Lag0 ~ 14 1.347(1.104 ~ 1.645 )"
Lag0 ~ 21 1.269(0.999 ~ 1.612)

0.932(0.869 ~ 1.000)
0.899(0.797 ~ 1.014)
0.916(0.770 ~ 1.090)
1.156(0.917 ~ 1.457)
1.343(0.971 ~ 1.859)
1.327(0.869 ~ 2.025)

1.191(1.124 ~ 1.262)*
1.344(1.221 ~ 1.479)*
1.483(1.306 ~ 1.684 )
1.372(1.184 ~ 1.590)*
1.498(1.226 ~ 1.830)"
1.507(1.188 ~ 1.912)"

1.070(0.966 ~ 1.184)
1.150(0.966 ~ 1.369)

1.338(1.040 ~ 1.722)"
1.607(1.151 ~2.243)"

1.362(0.856 ~ 2.168)
1.758(0.961 ~ 3.216)

1.136(1.038 ~ 1.242)*
1.248(1.074 ~ 1.450)*
1.380(1.126 ~ 1.690)*
1.411(1.107 ~ 1.798 )*
1.559(1.117 ~2.176)*

1.446(0.961 ~2.175)

0.967(0.914 ~ 1.023)
0.959(0.871 ~ 1.056)
1.010(0.879 ~ 1.161)
1.311(1.088 ~ 1.579)*
1.627(1.251 ~2.116)*
1.509(1.072 ~ 2.126)*
1.151(1.100 ~ 1.204)*
1.269(1.177 ~ 1.367)*
1.370(1.241 ~ 1.512)*
1.282(1.145 ~ 1.435)"
1.401(1.204 ~ 1.631)*
1.364(1.141 ~ 1.630)*

1 FR P<0.05;" R P<0.01,
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