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Abstract:

[Background] With the continuous warming process of global climate, the frequency and the
intensity of heat wave are increasing, and the health impact of heat wave has caused widespread
concern around the world.

[Objective] This study aims to explore the effects of heat wave on daily death count and disease
burden among residents in Pudong New Area, Shanghai.

[Methods] Data of daily non-accidental, cardiovascular disease, and respiratory disease
mortalities from May to September during 2005-2017 were collected, and the contemporaneous
meteorological factors and air pollution (PMj,, SO,, and NO,) were also retrieved. A time
stratified case-crossover design with a distributed lag nonlinear model (DLNM) to control the
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secular trend of time was performed to quantitatively evaluate the impacts of heat wave on daily death count and years of life lost due to
non-accidental, cardiovascular disease, and respiratory disease mortalities among residents in Pudong New Area. A stratified analysis was
performed to examine the effects of gender, age, and educational attainment.

[Results] During the study period, a total of 25 heat wave events were registered, and cumulatively lasted for 148 days. There reported
93 040 non-accidental deaths, including 33402 residents died of cardiovascular disease and 8 842 of respiratory disease. Heat wave
was associated with the increased risk of non-accidental mortalities [RR=1.13, 95% ClI: 1.06-1.19] and years of life lost [58.68 (95% CI:
6.70-110.67) person years] at lag 0-5 days versus non-heat wave. The RRs were 1.23 (95% Cl: 1.12-1.35) and 1.23 (95% CI: 1.03-1.48) for
cardiovascular and respiratory mortalities, and the YLLs increased 42.40 (95% CI: 18.10-66.71) person years and 12.09 (95% Cl: 1.45-22.73)
person years, respectively. The RRs and increased years of life lost for the group with primary school and below educational attainment
were 1.19 (95% C/: 1.11-1.27) and 58.22 (95% CI: 23.01-93.44) person years at lag 0-5 days, which were higher than 1.05 (95% CI: 0.96-1.16)
and 0.46 (95% CI: -36.72-37.63) person years for the group with middle school and above education.

[Conclusion] Heat wave events can elevate non-accidental, cardiovascular, and respiratory mortalities and years of life lost among
residents in Pudong New Area of Shanghai, with obvious cumulative and lag effects. The group with primary school and below education
is more susceptible to the impacts of heat wave.

Keywords: heat wave; non-accidental mortality; years of life lost; distributed lag non-linear model; time stratified case-crossover study
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HANTXEHIERINETIASE vLLa AR
MIESDHE ", EERHMEAESREY, WHRRESE
REH v BUEXMEH#HITOM, WEWT

E (YLL) =a+B-T:,, (2) +ns (X;, v) + y-Strata; ;
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HH UK 0~1d. 0~3d. 0~5d AR 0~7 d YRR ,
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BPARBERMNNER, PITEEERMNEER
B 95%Cl, STERNBZ M FTIRR 2,
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1402820.38 A5, HALRIEERS IR ARRER
TS YL 535 405684.29 AE (5 28.92%) #1
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Table 1 Distributions of daily death counts, years of life lost,

meteorological factors, and air pollutants in Pudong New
Area of Shanghai from May to September of 2005-2017 (xzs)

3| 3| .
g PORHE EHRA a3t
Heat wave Non-heat
Item Total
day wave day

BI9FET AR

Daily death counts
=

3E‘§‘%§.Et ) 49.88+11.38  46.5448.77 46.78+9.01
Non-accidental mortality
B4 (Male) 26.53+6.88 24.96+5.87 25.07£5.95
4% (Female) 23.35+7.29 21.58+5.24 21.70+£5.42
<75% (<75 years old) 19.14+5.32 18.40+4.38 18.45+4.45
>75% (=75 years old) 34.0149.11 30.85+7.36 31.07+7.54
/ \ru-ﬁ \
NERILT 34.68£9.55  31.50:6.22  31.72+6.56
Primary school and below
FRERLE
18.47+6. 17.75+5.37 17.80+5.4

Middle school and above & et SESE EUEEicE
B T S
(R E RS  1836:629 1668512  16.79:5.23
Cardiovascular disease mortality
I R4 y
}u&?ﬁﬁ{fﬁ%t ) 5.08+2.47 4.40£2.22 4.45+2.24
Respiratory disease mortality

FRE | NF

Years of life lost (YLL) /
pearson years

=
E‘EE\?}?ET\__ . 733.49+178.20 703.17+142.78 705.29+145.69
Non-accidental mortality
B (Male) 408.81+119.20 388.32+101.20 389.75+102.66
% (Female) 324.68+106.84 314.85+87.68 315.53%89.16

<75 % (<75 years old)
>75% (>75 years old)
NERIATH

Primary school and below
FRERLE

Middle school and above
O M B RIE T
Cardiovascular disease mortality

IHRALIRRIE L 55.57+30.68

Respiratory disease mortality

439.00+£137.57 433.67+117.26 434.04+118.76
294.49+82.47 269.50+67.42 271.25%68.85

402.82+126.39 375.32+87.99 377.24+91.43

330.67+£109.72 327.85+104.76 328.05+105.09

217.88+81.92 202.92467.73 203.96+68.90

47.69+27.00  48.24+27.34
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HR1 ERRET ABEXS B E R EMER viL BRI
. TRR  FRRE Lo iyt iages AELRA PR RASRES BRT AR
Item Total
day wave day B RFRRUR TE 1ag05 IR B R A, WIFIRRFAEHFIET
SEMTRIET N
Meteorolz:;ical factors and air YLL El]% X‘Qr—r Iag03 *EUH_j(o
pollutants
— 1008]
HESEE/C 37.2¢1.4 28.9+4.1 29.5%4.5 1.10 l e (
Daily maximum temperature/°C o T T [ [ <§ 50 - l l I
1.05 -~ >
BTRRE /°C . [ l Be [ RER
Daily average temperature/°C 31.7:1.3 251136 25.543.9 0‘:1‘00{ ‘ J \ J J [ [ﬁéé OI J ‘l 7 J \ J
BT AIRRGREE /% i . X 0s|| [ &S| J
Daily mean relative humidity/% CESIBE TR U J \ e \
HF4YS[E /hPa 020 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Daily mean atmospheric 1005.142.2  1008.1t4.6  1007.9t4.5 lag/d lag/d
pressure/hPa 1.20 @
PMuoREE / (ug'm”) . . ) 1.15 } g 40 [
PM,, concentration/ (ug-m”>) 76.8:24.6 °8.8:134.7 001344 1.10 w w ﬁ% 20 [ l [ ( [
SO, REE / (ugm”) + 4+ + €105 T l *ng I J ! [ {
50, concentration/ (ugm”) 31.6424.5 23.8+17.9 24.4+18.5 1.001 | [ J [ %%g 0 l J J 5 J i J
e — 0.95 \ J J J i S -20 \ J ‘
NO, congentration/ (ugm™) 39.6+14.6 34.7+15.9 35.1#15.9 0.90| - ol L
0 1 2 3 4 5 6 7 0 4 5 6 7
lag/d lag/d
2.3 FRXERIEEIMETH viL B9F200 1: M 20/ F] (
WELFAR, WENBRIBNECS WM | W , } [ <84 \ [
o< 110 ! g |
BHBERNIMERER  TEFE1d (lagl), A < 1_0J [ O 3 oJ [ [ J ,,,,,,, ]
BNRROBMERS W FEN, TSRERCE 0 | L | || % | ]
0.8
MEBR YLL R H 95% €138 10 28.54 (1.37~55.71) AL ; o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7

E8HE2d (lag2) , FURNERMIR A KKK YLLTF
TR, AISBERMIRARSER YL RE 95% cl3g i
12.16 (0.33~23.99) A% ; FURXYE /O I B & 7
SRk RA&ER vLL N mEREMEHE R ERITE
BEX, RN ERESHIERIIET. DMMERER R
IR R ARRIE T AR E RIEEINET viL B9
MESHEENBNETRITFERNX
WMFR 2P, ﬂiﬁﬁ?%ﬁ&%%#%‘%%t\
10N I B B 97 LA T2 P IR R 8 SR R SR T Y 2 M3 R B
HERM, HPhHARNERESHIERINET RO MM

&2 20052017 FHRW EBHHRMKERIEZINLC BB EMEFH

lag/d lag/d

CE] AL B : IFRSMECHENERESHHIRKAE ; . D

R HENERESFHRIREKE ; B
WA B E S SRk F.

[Note] A and B: The relative risks and years of life lost due to non-

DD E
F: PR ARSRRIE T

accidental disease; C and D: The relative risks and years of life lost
due to cardiovascular disease; E and F: The relative risks and years
of life lost due to respiratory disease.
1 2005—2017 FEHRRX ST ARMXERIERIN
OB ERR. IR RRRRIE T AEXN B E
Fen iR E R MAYH SR
Figure 1 The lag effects of heat wave on RRs of non-accidental,
cardiovascular, and respiratory mortalities and years of life lost
among residents in Pudong New Area of Shanghai, 2005-2017

5K SR MR R AR R RN

Table 2 The cumulative lag effects of heat wave on RRs of non-accidental mortalities and years of life lost among residents in Pudong
New Area of Shanghai, 2005-2017

HEXSEPRRE [RR (95%C1) ]

HEpIRLE | N [YLL (95%CI) /pearson years]

iﬁiﬁﬁﬁiﬂ /d ERIMET SR ERRFET R EN S A FERIMET AR ERIRIE T MR RS RR S
Lag time/d Non-accidental Cardiovascular disease Respiratory disease Non-accidental Cardiovascular disease Respiratory disease
mortality mortality mortality mortality mortality mortality

lag0 0.98 (0.93~1.03) 0.98 (0.89~1.06) 1.09 (0.92~1.28) -28.72 (-76.78~19.34)  -14.66 (-37.13~7.81) 6.85 (-2.98~16.69)

lag01 1.04 (0.98~1.10) 1.07 (0.98~1.18) 1.04 (0.87~1.24) 6.54 (-43.47~56.55) 13.88 (-9.50~37.26) 2.03 (-8.21~12.26)

lag03 1.07 (1.01~1.13) 1.15 (1.05~1.26) 1.22 (1.03~1.47) 39.63 (-11.05~90.32) 30.42 (6.72~54.12) 12.66 (2.28+~23.03)

lag05 1.13 (1.06™1.19) 1.23 (1.12~1.35) 1.23 (1.03~1.48) 58.68 (6.70~110.67) 42.40 (18.10766.71) 12.09 (1.45~22.73)
lag07 1.09 (1.04~1.15) 1.19 (1.10~1.29) 1.19 (1.03~1.39) 44.23 (0.25~88.21) 33.64 (13.08~54.20) 9.70 (0.70~18.70)

2.4 5. Fe. XUEEXHR RN AMETHER
MR, M DESNERETR, FURA

T EAFXSHEMEROMNMDERKRIET A
5viL, E1agos B E MO E E R T ERRE
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595%cl1791.21 (1.06~1.39) , YLLIE IN{E 5 95% CI /9
18.65 (1.09~36.21) AfF ; Al ML HIERIMNET K
ORI EHERIET AR E VLL, 1agos BY L M IEESH
TS50 MM E FEHBIE T AERR{E K 95% C1 /9 1.19
(1.09~1.29) 51.24 (1.09~1.41), YLLIE HN{E 5 95% CI
351759 45.71 (11.69~79.73) AF5 23.75 (7.94~39.56)
ANE, FAMIIBERSHAREMERTAITER N,
BANDBEANMERER, RN <IsTER
R AFERBHIECABBNERITERN, &
lag05 B RR 1B K2 95% CI /9 1.58 (1.01~2.46) , Xt>75%
EESHIFEIIET UK O IMERFBILT ALK
REVILHBRI9ERITFEERN, Elag0s B >75%
ERIFZEIILTELMMEERHBILT ARRER
95% €/ 791.18 (1.10~1.27) 51.27 (1.14~1.41) , YLLIG
I{ES 95% I 7351/ 46.13 (24.94~67.32) AFE531.11
(17.70~44.52) NFE, FEFIRAEEREZHREME
REARITFERE N
SZHEKEDBEAMERER, FURXERM
XA FE K L E XK E AR ORI B R RIE T A

MNEZHEEN, MEHYLEMESAHEEN, &
lag05 B AR 32 Kz A = S2AK 7K B R /OB I B PR R SR T
AERRIE R 95% C1 /9 1.27 (1.07~1.51) , FURIFHZ
R LA ESCKTE ABFIERSMNE T A B S IR R i
BT ABMNRE ULHNERMERITERX ; SNER
UTFXHKFERERIERIIET S ORIERR
FRTABKRE VLN BERITFERNX, 1E1ag05
BRNERUTXHAKFERIEEIFET S ORME
EIRIL T ABRRE K 95%C11.19 (1.11~1.27) 5
1.21 (1.08~1.35) , YLL & M0 {E 5 95% CI 53 %Il /9 58.22
(23.01~93.44) A5 29.40 (12.10~46.70) A£E, XJME
MARERBHIET AR ERITERN, SHH
YIL B RITER X, 1E1ag03 BN FE R LT X
WKFEERER AR ERIL T YLLIEINES 95% ¢
799.23 (1.32~17.15) . FURXTHAMXPFER L £
XK TIFRRSNERUTXHWKEEREHIFR
ARTHREVLHNERERERITERNX, MM
MEERSFRAFERECHEMERTRITE

=z \\
B o

&3 20052017 F EEHERMXERMR. FRSXUEEXNFREBEMMNEMER (lagds)
Table 3 Modification effects of gender, age, and educational attainment on the health impacts of heat wave among residents in Pudong
New Area of Shanghai, 2005-2017 (lag05)

451 (Gender)

48 /% (Age/years old) XAYF2E (Educational attainment)

me
Item St Z

Male Female

INERLT ER L E
<75 =75 Primary school and Middle school and
below above

AT fEPLRE [RR (95%C1) ]
ERIMET
Non-accidental mortality
=R A
Cardiovascular disease mortality

MR R SRIRIE

Respiratory disease mortality

HEoiiRE/ NF
YLL (95%CI) /pearson years

FERIMET

Non-accidental mortality

DI ERIRIE T

Cardiovascular disease mortality

Lo e 3 A

Respiratory disease mortality

1.07 (0.99~1.16) 1.19 (1.09~1.29)

1.21 (1.06~1.39) 1.24 (1.09~1.41)

1.20 (0.95~1.51) 1.26 (0.93~1.70)

18.65 (1.09~36.21)  23.75 (7.94~39.56)

7.16 (-0.73~15.05)  5.50 (-1.12~12.12)

1.07 (0.98~1.17)

1.10 (0.91~1.35)

1.58 (1.01~2.46)

11.29 (-8.13~30.72) 31.11 (17.70~44.52) 29.40 (12.10~46.70)

7.02 (-0.92~14.96)

1.18 (1.10~1.27) 1.19 (1.11~1.27) © 1.05 (0.961.16) "

1.27 (1.14~1.41) 1.21 (1.08~1.35) 1.27 (1.07~1.51)

1.17 (0.95~1.42) 1.23 (0.99~1.51) 1.21 (0.84~1.74)

12.97 (-25.21~51.15) 45.71 (11.69~79.73)  12.55 (-33.84~58.94) 46.13 (24.94~67.32) 58.22 (23.01~93.44) *©  0.46 (-36.72~37.63) "

13.00 (-3.68~29.68)

563 (-0.95~12.22)  9.23 (1.32~17.15) 3.42 (-3.14~9.98)

U] * . REDEABBRRBRINERBHITERN, P<0.05, # : lag03 BYAYEEIL,
[Note] *: The health impacts of heat wave are different among different subgroups, P<0.05. #: The health impacts of lag03.
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