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Systematic review of synergistic effect between air pollutants and temperature on human
mortality in China LI Xiu®, FANG Bo’ (1. School of Nursing and Health Management, Shanghai
University of Medicine & Health Sciences, Shanghai 201318, China; 2. Institute of Health Infor-
mation, Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)
Abstract:

[Background] Air pollutants and extreme temperature both pose significant threats to human
health, but the synergistic effect between air pollutants and temperature on health is inconsis-
tent.

[Objective] To explore a potential synergistic effect between air pollutants and temperature on
the mortality in China through literature review.

[Methods] Wanfang Data Knowledge Service Platform, China National Knowledge Infrastructure,
VIP Information Chinese Journal Service Platform, PubMed, Web of Science, Science Direct, and
Embase databases were searched. "Temperature" "air pollution" "mortality" were selected as
keywords to collect literature on synergistic effect between air pollutants and temperature on
mortality in China. Literature was published from 2000-01-01 to 2022-07-31 in Chinese or
English. Two researchers screened the literature independently according to the inclusion crite-
ria, and the results were integrated and analyzed after data extraction. The "meta" package of R
software was used for meta-analysis.
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Twenty-seven studies met the inclusion criteria and associated air pollutants included PM,,, PM,;, O;, SO,, NO,, and CO. The
impact of PM,, and PM, s on mortality in high temperature days was higher than that in moderate temperature days. In high temperature
days, a 10 pg:-m™ increment in PM,, concentration corresponded to pooled estimates of 2.30% (95%CI: 1.34%-3.26%), 1.23% (95%CI:
0.64%-1.82%), and 1.42% (95%Cl: 0.63%-2.22%) increase in non-accidental, cardiovascular, and respiratory mortalities, respectively. A
10 pg-m™ increment in PM, 5 concentration corresponded to pooled estimates of 2.56% (95%Cl: 2.00%-3.13%), 2.37% (95%C/: 1.64%-
3.12%), and 2.14% (95%CI: 1.03%-3.25%) increase in non-accidental, cardiovascular, and respiratory mortalities, respectively. The syner-
gistic effect of SO, and NO, on cardiovascular and respiratory mortalities in low temperature days was higher than that in moderate tem-

perature days.

The synergistic effects of air pollutants and temperature on mortality in low temperature days or in high temperature days
are higher than that in moderate temperature days. The health protection related to these pollutants should be strengthened in these

days.

air pollutant; temperature; synergistic effect; mortality; systematic review
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Table 1 Descriptive information for all included studies on the synergistic effect between air pollution and temperature

Fs =5 RTEH HisAYia) FRZTHIX SHRY BEHS LEBIEIR
) ol . PMyg O35 EEINBET. DIMERGIER. IR RABIRIEL, BiZEr.
5 . B Ps, P.
1 Qian, & 2008 2000—2004 X 50, NO, s> Pos iy "
2 Lin, 2009 1990—1999 i co Piss Prs RSN T ME RYIRRIL T
EEINBET. DIMERAER. MR RFAEIRIEL, O
Li, Z0 = 3 PM 14.65. 20 °C e
. AR A e J B, BRSSO HERSEL
PMy0> O35
4 Cheng, Z™ 2012 2001—2004 Ei§ 0. NO. Piss Pas FERINRICT. DMME RIS, LR RSERSE T
22 2
5 Meng, & 2012 2001—2008 8T PMyo Ps; Pos EBINSET. DMERFIER. IR ARGIRRET
6 Liu, 2013 2006—2018 /M 0, P3ss Pss EBINETET
7 Chen, & 2013 2008—2009 7R/ 0, Piss Prs IO E RATERILT
8 M, E5E 2013 2004—2009 dtE= PM, 5 Pass Pss IR, R SRR ST T
) BN, DB RGIERR. IR RSERRIET, Dl

9 Li, F1 2014 2005—2009 M PMyo Pss Pos .~ il ‘
10 Li, Z2Y 2015 2005—2009 dtET PM, Pss Pss ERIMNBIET. DIME RIERH. R AFRERIET
11 Li, ™ 2015 2003—2011 [ PMyo P10 Pao RBIT. EERIMBET. DB RGHER. FRAGSERIET
12 Sun, &% 2015 1999—2011 && PM, 22, 25°C BT, DB RGER. WRASERIET

_— - {fi8<-0.21 °C, - .
13 REEHE, Z™ 2016 2002—2010  EX PMyo %:;83 4°C BB, DINERFER. "ERARSIERTT

R ER. BELSE .
14 Luo, & 2017 2008—2011 5T, e PM,5 SO, NO, e DINE RAERIET
PREB PN
15 Qin, %[26] 2017 2008—2014 aie PM,, SO,, NO, P Pos SIET. DB RFER. TR ARERIET
16  Chen, %" 2017 2011—2014  FRER so, P3ss Prs RIS T. DMERFIER. FIRAGTIRRET
17 Tian, & 2018 2006—2009 JtER PM,0 15.9. 20 °C ERIMNBIET. DB RFER. FIRAFRRIET
18  Duan, & 2019 2013—2017 &Y NO, 24.8°C DME RAERIET
{&:8<-8°C, .
19 Mokoena, F°” 2020 2014—2016 FAR PM, s, 03, SO, %f:; 1°C DME RFESR. IR RS
=) /0 =
20  Shi, &P 2020 2013—2018 £E1281TH 0, Pyss Pys EESMNETET. OIS RLR. PR R AR SET
21 Zhang, F 2020 2014—2016 15N PM,s P10 Po BN DMERGLR. TR RARREL
PMyss PMysagr 224 244 264

22 zhang, %™ 2020 2010—2016 bR BC 2o e 28°C EBINSFET. DMERFIER. FIRA SRR
23 K=, 2020 2010—2016  dbE PM, 5, BC 24°C DB RFTR. WRAFERIET
24 WZEE, F* 2021 2014—2015 FER PM,5; BC 26°C D RN E RATRIRIL T
25 K, F 2021 2014—2016  FRER PM,5, Os 222°C D BN E RATRIRIL T
26 BEIE, F 2021 2006—2016 [ M 0;; NO, 25.7.273°C . ROERFAERIET
27 Gao, &M 2022 2012—2019 &Y NO,NO,, NO,  24.8°C D E RFEIRIET

23 0, 55EMXEIEA
27 BYXEAPHEE 8 EXE AT 0, 5RENR
B (g8 | 3 BT BRIN N TE(RE S04

BY 0, SEMIFE R ER™ ", 4 BXMINAEE

5o, ZFEREEA" T, 1 BXEIANAEEBS K
SRIYREIBIN 0, SEAFL TR BHeb 1 BX# S
M7 0, SURREFANERESR, SRET 0,5
RN EFRXEFAB(>65 BS) EIMEK,

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(9) 1035

&2 PMy. PM,s. Os. SO, NO, BEA10ug-m>#F
EIRES B T HFESERFE T RNEE T
Table 2 Summary of pooled effects of PM,,, PM,, O, SO,, and
NO, on cause-specific mortalities at different temperature strata
(percent change in mortality per 10 pg-m~ increment)

= SR HRE OR (95%C )/% F/% p
PM,,

ERINBFET ] 3 0.39(-0.10~0.88) 0.40 0.835
= 3 2.30(1.34~3.26) 0.00  <0.001
th 3 0.33(0.06~0.61)  77.40 —

DINE RS

| 4 0.43(0.33~0.54 29.60 0.555

R & ( :
= 4 1.23(0.64~1.82)  89.30 0.003
h 4 0.42(0.29~0.56)  70.30 -

IR RS

4 0.48(0.06~0.89 62.80 0.670

R & ( :
= 4 1.42(0.63~2.22)  77.90 0.020
th 4 0.57(0.36~0.78)  69.40 —

PM, 5

E[S=¢/ stiami e 2 0.37(0.27~0.47)  26.60 0.214
= 2 2.56(2.00~3.13)  94.90  <0.001
& 1 0.45(0.36~0.55) 0.00 —

DB RS

5 0.39(0.27~0.52 35.70 0.649

BRI & ( )
= 5 2.37(1.64~3.12)  98.50 0.000
th 3 0.19(-0.68~1.06)  99.70 -

MEIR RS
1% 5 0.60(0.43~0.77 71.50 0.622

ERTET { :
= 5 2.14(1.03~3.25)  97.40 0.008
th 3 0.64(0.57~0.72) 0.00 —

0,

ERIMNBFET ] 2 0.12(0.05~0.18) 8.50 0.874
= 2 0.74(-0.12~1.61)  60.20 0311
h 2 0.29(0.20~0.38) 0.00

DB RS

4 1.38(0.66~2.10 92.70 0.056

R fe ‘ ’
= 4 0.71(0.43~1.00)  72.20 0.620
th 3 0.60(0.26~0.94)  77.40 -

HFIRAG

; 4 1.41(0.58~2.24, 73.50 0.055

R e ‘ ’
= 4 0.71(0.46~0.97)  55.90 0.397
& 3 0.40(0.20~0.59) 0.00 —

S0,

EBHBET K 3 2.46(0.84~4.10) 9430  0.056
= 3 0.30(-2.71~3.42)  93.20 0.817
th 3 0.68(-0.17~1.53)  87.60 —

DINE RS

| 4 2.16(1.30~3.03 85.00 0.017

R L3 ‘ :
= 4 -0.08(-1.71~1.57)  90.70 0.216
h 4 0.99(0.57~1.42)  58.00 -

IR RS

4 2.73(1.32~4.17 89.50 0.040

R & ( :
= 4 0.61(-1.93~3.21)  91.00 0.780
th 4 0.99(0.14~1.86)  75.50 —

NO,

E[S=¢/ stiami e 2 1.94(0.32~3.59) 0.00 0.883
= 2 5.48(0.46~10.74)  0.00 0.157
h 2 1.81(1.25~2.38) 0.00 -

DB RS

3 1.72(1.44~2.00 49.10 0.024

BRI & ( )
= 3 1.04(0.65~1.43) 0.00 0.292
th 3 1.29(1.04~1.54) 0.00 -

MEIR RS
& 3 1.65(1.16~2.13 0.00 0.398

ERTET { :
= 3 1.11(0.40~1.82) 7.20 0.535
th 3 1.37(0.94~1.80) 5.80 —

K2 ERT meta DICEER: TR 5. &
B, 0, 8L 10 pygm™, RIS T RRIEINE 5
bt ’EL 95%CI 93 5 79 0.12%(0.05%~0.18%). 0.74%
(-0.12%~1.61%). 0.29%(0.20%~0.38%)o ~ELEEE T
0, WABE R MERERITFR Mo
24 S0, 5REMNXEEH

6 BMXHBAITIET SO, 5RENREFRH. 1EX
BARERER SO, SRERFEEREEA™,2EBX
BERETR S0, SEBENRENEEREERAY,
HR 3MARELENREAREEESET S0, W
FMPER" >,

meta PMEREREMR. 5. F.EE, S0, B Lt
F 10 ug-m”>, DI E RFEHRIET XIS NS 79 tb &
H 95%CI 354 2.16%(1.3%~3.03%). -0.08%(-1.71%~
1.57%). 0.99%(0.57%~1.42%); MEO% R G im ot T XS
EINE 59 bt S E 95%C1 73 51 79 2.73%(1.32%~4.17%)«
0.61%(~1.93%~3.21%)« 0.99%(0.14%~1.86%), #8 T T
HUR KM, ERY so, IREEINXT O E R SRR
TR RAERSET X RIS (R 2)o
2.5 NO, 5XENXRE{EHA

7 BXENITIET NO, SRR EERA. 2 B XXE
£ R B RMCE AT NO, I LM BT XL,
B No, 5RBHIR BRI B TR EIEE >,
HRMREEMRIFREESET NO, 5ER
BEERANESR,

meta DERERER. & FEE,NO, B L
F+ 10 pgm, DIME RAEHRIL T XLIEINE 5 b A
H 95%C1 93 31 9 1.72%(1.44%~2.00%). 1.04%(0.65%~
1.43%). 1.29%(1.04%~1.54%), 1EE8T NO, SR EIE NS
DERAFERFETHEEN FREFGES(A
&= 2),
2.6 HMMAKKRIBERSSENXREER

RIQRE 1 Fitie co 5REBXREERBXE™,
XEIRE=AEAIEI co SHMIERIMNZITX TN,
M RIE M co 51EM O MBI T XK,
2.7 BURMES

TR IER AERFERE(1ag0-1) « BEDE(Pys,
P.s) BUSCERH TR 2 4, WA D ITPRBERSRTE
IR EERERBEESREBE —.
2.8 REREITEN

N 27 BB, R RE. ERNE. &
BERE=MEENXRITGIIABRRAIR, § 22 5
HR(81.48%) FOSE ZRIBEREWIFE AR XE, HF

wWww.jeom.org


www.jeom.org

1036 #445-57238&% | Journal of Environmental and Occupational Medicine | 2022, 39(9)

BEREAZRRGFBEREAZREHAER . 6 BX
BR(22.22%) BYTR KR ERIR4EE AT N9 XL, 10 73Xk
(37.04%) #iTF AE X, HE B2REZRKHIELL G
B 10%B AR IR SRR EIEHILIES V(LA 2).

R fime
HRECHIE o
HRUE
BB

IR RS
R | | | | |

0 20 40 60 80 100

HaRLEL/%
B 2 MAXERERILIENER
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a0 FRI AT LUBE ST R B M R B E R R M A S
mE. BN, RESARSEYT ABRRRENRZME
EHREYENS, RIFSBSMBIRERN, 51 %
MmERZ ARG, SIEBEEKFEAS, MREE
1 INFNEEMINAERNZ, 51 & — R 5 AR BERRIN
RSB BERERIESENLNE, 51K AKINEE
FERg. MERE, SBOE. METHWUKRALRIZEN
A, TN, SOBS TS5 RN AR BER
FIMEAEREER, SRR UMD =S5 RYIXTER
HEENEMm, AtEREH—T MBI SRS
SEREERAN AR RREEMIMEXAR.

AR meta DTF TR EREFERKERMY,
SO, 5&RERREERADITHNRRMEIIET 70%,

HiBR chen EYMMARERE, EERREH THEE
50%LL T, IR RN B S B ERIER EERR, HikR
ZX#fE S0, 5RENREFRBERT, K.
RESNEXEFANRRMERRENE R, BRH
fRX i E R RIERFEIBRENRE, RRIERIATRENIR
AT B, ARBHMHSRKIEABFNRERINF
HEERY, BALFNIEEIRM, AMER R
TR SNED), M MA BB RS RYBE KT,
it Erm A X ENREBESHRESKISRY
MR EER. HX, AR EZEWEEE, 1t
73 AXSRim R R URIEN REN E IR, A RSB TR
S5R|ERYNZTEERERAERY. =, 8F
HMPHIUR. SR EREREDHEFRAR, FTRME
RUSRYMHFRM A F AN ERRK. AL HTHH
RN EBERIRZIE R MR RBEAINID LR, B
BREMMBREIRERS; AR EERET
AERS ERMIG. TAHRAEYIBR, TTRIR.
BN EZRESERS, MHAL A ELLRERE.
PEEAEERI VD LRI A F 1,

4 EFRIR, KRBEYM S SR AR ERIFE
FEXEER, MR KR ER S RN Z B8
BERNXANGGEERIMIEER, WHRSHR

ANMERPEIFEBERIESE X BAl, K]
SRYSVENRERNXEARRERENL T
REMER, WAXBERT2EASRES KSR
B E R BN ALRERBERN, RN R
EEZEXMR, FEARHIE, NBHRTSRYM
VREAFMEMAZFFNZEFERARIVRHIEE,
FHE X AR DEBRREHIESEN.
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