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Abstract:

Complications of preterm birth is the leading cause of deaths in newborns and children
under the age of 5 years. Epidemiological evidence indicates that maternal exposure to ambient
temperature extremes is associated with a higher risk of preterm birth, but the relationships
between different kinds of ambient temperature extremes (heat, cold, and temperature
variation) and preterm birth are still unclear. In the climate change context, the frequency and
intensity of temperature extremes will increase; therefore, the impacts and pathways of exposure
to extreme temperature events during pregnancy on preterm birth require to be elucidated, so
as to provide scientific guidance for pregnant women against the health hazards of temperature
extremes. Through reviewing epidemiological evidence on associations of preterm birth with
heat, cold, and temperature variation, we found current studies mainly focused on heat; i.e.,
exposure to heat (> Py of daily mean temperature) during pregnancy increased the risk of
preterm birth, and the effect was modified by exposure window, regional climate, and maternal
health. However, evidence on the risk of preterm birth caused by cold (< Py of daily mean
temperature) and temperature variation was limited and inconsistent. In the future, more efforts
on the research of exposure-response relationship between temperature extremes and preterm
birth among mothers at different gestational ages, in regions with different climate regimes, and
for different populations, and pathways of temperature extremes leading to preterm birth are
urgently needed for developing clinical interventions to reduce the risk of preterm birth.

Keywords: ambient temperature extremes; climate change; preterm birth; exposure-response
relationship; biological mechanism
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Table 1 Summary of existing epidemiological studies on ambient temperature extremes and preterm birth

SEXEKRIAR
e (BYEIER)

ARAB R
[EFiN s FEIEMT
Exposure index

R
Reference and study Study subjects and  Study design

o A fEBLE (Hazard ratio, HR) /1833 fEFLE (Relative ratio, RR) /
B #25Ht (Odds ratio, OR) R

E ind it
xposure window 95% BI{5[X 8] (95% confidence interval, 95% CI)

area (time) sample size

[5] : RAFIL, BRaFZEA “BYE)-FH YEARWSE PRI 4 A 28~36 AR

mEHTYT (2005—  n=101870 i =i 1 27°C 5 /iR 15°C HRgza=1.2"

2009) BSESR  21°C

[6] : EE 12 MRK Z223AKkZESD HHBAR BHYSR PiEFI3 A =i

Al (2002—2008)  YEEIEREF=Z2ET Bom - >Pso FH1 712 <B4 ZFERF

n=223375 1R : <Py %8142 RRizm=1.11 (1.01~1.21) ; RR1s1zm=1.18 (1.01~1.21)
BESE | PPy E 152127 3436 ZE R .

%2278 27 RRssi3+8=1.09 (1.02~1.16) ; RR#15-12m=1.18 (1.11~1.27)
=] R

BN EER HEFHYES A 5F
- ZXERFT

[7] : FRE 132 M SRR 2A
™ (2010—2013) n=1020471

fEGINTERR BISR
%55'1 2 >Pgs
38 : <P
BESE | Ps~Pos

<34 ZFEF" | RRizm=1.20 (1.11~1.30)
34~36 Z2F 27" | RRiv2p=1.09 (1.04~1.15)

SHEET1E oS
<34 ZF R : 0R=1.16 (1.12~1.19)
34~36 Z2[HFF : OR=1.12 (1.10~1.15)
RE
<34 ZF R 0R=0.95 (0.93~0.97)
34~36 Z2[FEF* : OR=0.96 (0.95~0.98)

ba v ETEMM=! =R

H17 2R = -

£ 8~14 2 OR=z#34+5=1.23 (1.17~1.30) ; OR:»2zm=1.11 (1.05~1.17) ;
F1~21ZF ORg-1az29=1.15 (1.09~1.21) ; ORisn125=1.11 (1.05~1.17)
%2228 2 R :

D4 E ORz1345=0.78 (0.73~0.83) ; OR1~;25=0.85 (0.80~0.91) ;
St 1E ORg1a2m=1.22 (1.17~1.27) ; ORsri1=1.07 (1.01~1.13)
=] B X1

28 : OR=413+5=0.94 (0.90~1.00) ; ORss1m=1.16 (1.10~1.22)
{38 : ORs-142=0.86 (0.81~0.91) ; OR15-213=0.92 (0.87~0.98)
RRXI

'8 © ORis52125=0.90 (0.89~0.99)
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o (BIEIER) HAR gt B amaman o (e e, WY BRI (elve rato, A1)/
Reference a?nd study Study subjec'ts and  Study design Exposure index Exposure window 95% B{EX 8] (95% confidence interval, 95%C1)
area (tlme) sample size
[8] : Z£EH, N SB1H—-9830 MEAYENRE FHESERIEE SRR 1A JEEBHIX B RS IN =12.1% (7.5%~16.8%)
M@ (1999— HEABEAZLERF Y fI-RXXHR ELFAs5.6°C X  BrERAEIENN=6.9% (3.7%~10.1%)
2006) 4 BEHX | B RN =7.9% (4.1%~11.9%)
n=58681 PRI © RIS N0=8.7% (5.5%~13.1%)
[o] : 5pE, I SREFZA “BYE)-EH YEAFHESATFHSE 20Z2AZEDE =8 © HRs4m=1.10 (1.03~1.18) ; HR=smu=1.10 (1.21~1.18)
(2001—2011) n=838146 e RER : >Pos; 31.9°C 20Z2FES11 =8 | HRzmup=1.07 (1.02~1.13)
hESS 5Py, 30.7°C 2 HFER : HR515=1.10 (1.06™1.14) ; HR5.5=1.13 (1.07~1.19) ;
R : <Ps, 11.2°C 202FEZ4N HR z1=1.09 (1.03~1.15)
RAER : <Py, 7.6°C 2R AR : HRs1m=1.14 (1.09~1.20) ; HR545=1.18 (1.10~1.26) ;
BESE 1 24.4°C HRzsi=1.12 (1.05~1.21)
[10] : X, D% DEMRKE>222 “BIE-HEFE BYSE 2 OR=1.07 (0.87~1.27)
2N (2000—2008) FEAHEREFHZEIA AR =R ELEFH27C
n=450407
[11] AR, BEMESBLAE FEHEHAR FREX : SHERESEN P, DEFI1A HRzx1=1.28" ; HR#z%>=1.19" ; HRzy5=1.13 (1.03~1.24) ;
REHYE (2000— BRSS9 20743 22/ (30.38°C) , Pos (32.32°C).« Pos HRzw4=1.16" } HRzws=1.15" ; HRzw6=1.30" ; HRzw:,=1.23" ;
2010) Ol Syl | (32.52°C) R E#54E0118] (2, 3, HRzws=1.19" ; HRzv+=2.00 (1.37~2.91)
n=50848 4d)
TEX 11 >Py, 18 2d ; BX2
>Pyy, TR 3d 9 TEX 3 >Pyy, 1H4E
4d 5 TEX A © 5P, $5452d 5 e ;
TEN 9 1 >Pog, H4E4d
[12] : LERIBY, = ShaF=Z4 NiEFIMR SHERESR PiEEI1AE SHRESE
=87 (1998—2011) n=807835 SHRERSE 0. 1. 20 3¢ >Pss : RRimo=1.072 (1.015~1.133)
B8 1 >Pos B >Pss 4. 5. 6d <Ps : RRim14=1.056 (1.006~1.108)
R © <P B <Ps SHRESE
SESE | SUBPiEk (8.3°C) >Pos © RRisz14=1.107 (1.024~1.196)
<Ps : RRim24=1.069 (0.982~1.163)
[13] : FhE, FHI 20744 ZEERTE HEFEHIHR BYSE DERILNA ¢ IR >Pes (29.9°C) ¢
(2005—2011) =L B8 ¢ >Pss (29.9°C) Y >Pys ifE0d RRi#=104=0.99 (0.97~1.00) ; RRi=154=0.99 (0.98~1.00) ;
n=1040638 (30.7°C) HESsd RRi#m204=0.99 (0.98~1.00) ; RRim254=0.99 (0.98~1.00) ;
{38 @ <P, (9°C) B <ps (12.5°C), H#f5 10d RR3#m304=0.99 (0.97~1.00) ; RRg3:0:=0.69 (0.60~0.80)
SESE  BPAE (24.5°C) HE15d B8 >Ps (30.7°C) :
i 20d RRi#=304=0.98 (0.961.00) ; RRgin304=0.62 (0.52~0.74)
I 25d BB <Ps (12.5°C) ©
7#/E30d RRi=04=1.49 (1.35~1.63) ; RRi=s4=1.05 (1.03~1.07) ;
RRis156=1.01 (1.00~1.02) ; RRis204=1.01 (1.00~1.02) ;
RR3m254=1.01 (1.00°1.02) ; RRgs04=1.96 (1.60~2.39)
R <P, (9°C) :
RRis04=1.54 (1.36~1.75) ; RRims.=1.03 (1.00~1.07) ;
RRisg256=1.01 (1.00~1.03) ; RRis304=1.04 (1.001.07) ;
RRzma00=1.72 (1.28~2.33)
[14] : M 11 NE & “BYlEl-EH ZE B 2R ; 2R
K (1994—2011) n=71493 R >15°C ; 10~14.9°C ; ZoHpHER ; ©ZH8  >15°C:OR=1.13 (1.00~1.27) ;10~14.9°C:0OR=1.14 (0.99~1.33) ;
579.9°C ; BES R : <5°C 5~9.9°C : OR=1.20 (0.99~1.45) ; £Z2H : P<0.005
[15] : [, 1321 n=5564 ZHLEGIRT BR  >Pos ZR13 1N =i
i (2010—2013) BRI R : <P 172 Z2§i3N8 : OR=1.208 (1.039~1.404)
BESR =PsPss £8~14 2 % 1~72F : OR=1.194 (1.026~1.390)
F15~21 27 2988118 : 0rR=1.809 (1.553~2.107)
PiERT1E PiEBI4E : OR=1.823 (1.562~2.127)
D4 i
%5 15~21Z2F : OR=0.812 (0.695~0.948)
2188118 : 0rR=1.237 (1.073~1.426)
3814 E : OR=1.365 (1.187~1.570)
[18] : FEIEE, BE BAMDEAN HEIXTHEAR R PiEEI 1A >Pso & [E)AFEHsm24=-1.0 (-2.170.0)
TH0 (2001—2005) EEBAFE >Pgg 5 >Pos 3 >Pos A0 1. 2030 >Pos | [EYAREsz04=-0.2 (-0.4~0.1)
n=7585 4.5, 6d >Pss © EJAZR Hp=04=-5.3 (-10.170.5)
[19] : BRER, H1ES RRREANBERES HERFHIAR BHYSE PiEEi4E RS RRwm2s4=1.01 (0.98~1.05)
IREE (1998—2006) Y& BHAYZRET RER © >Pos ; R >Pss 5 B8 o RRism264=1.05 (1.0071.11)
n=95069 YR © <Py ; HRAEIE : <Py SR © RRasm26¢=1.00 (0.98~1.02)
5%E | RPN (7.7°C) HRAR © RRi#m264=0.98 (0.98~1.02)
[20] : FEHLEF, BfC FAEEA NS %N HiEFIIHAR SHEESR DiEEI3 A BHREUR Po © RR#g26=1.23 (1.0071.52)
LbIF (2006—2010) EEREF= SHRESE EBHRESR P @ RRis.:=1.06 (1.00~1.12)
n=20148 BB 1 >Poo Bl >Pss
[21] : INEKX, S5 &)L “BYE-EH YEASRASASE e 1E R &S 3d U EEASE>32°C
F/R (1981—2010) n=12390 i (EET8) : 8EKE=20C OR=0.92 (0.74~1.14)
HOR 1 E43d U EESEASE SHASE>32°C, BitXR#K :
>32°C, {/HKE>32°C, B OR14=0.98 (0.91~1.06) ; OR,4=1.03 (0.90~1.18) ;
TTRE OR34=0.91 (0.72~1.15) ; OR4~4=0.82 (0.55~1.21)
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#R1
SEXEKRHAR RRABER Y- ) SV . )
S5 (BHTAIER) HAR SRt BBl ammay o e o, WO IBHBIGR Qelatve roto, A1)
Refe::z:e(;;deitudy Stuiz;uptl)iescitzseand Study design Exposure index Exposure window 95% B{EX 8] (95% confidence interval, 95%C1)
[22] : BAH], 5 BAMSBADN NEFFHR SHEERWEE YR 24 e
(2001—2010) PRAVE SARERWEE REroaE
n=132691 R R 2d UL ERERM FEF1°C, BEREENMN=1.87% (0.86%~2.87%)
TREBE YA Py ; FiFFEE2d L BT RE NN =19.21% (7.91%~31.69%)
TRERWEEBZHA Po RE
RERWEE :
BT RN =0.85% (-0.14%~1.85%)
[23] : BReE, SEGE PASIFFAARTRARY “EE-FH” BHSE 2o B8 © HR=1.52 (1.22~1.90)
i (1915—1929) >22 BEFLERE AR R =P R <P {8 : HR=0.60 (0.51~0.71)
1% <45 AHZ13 gEFH1°C
n=13657
[24] : 1B, $H=%F 204 Z2F R~ WEFEHR BIESE #1128 FH=BE
®, Frfk 012— FHEIL =R SEm—1NRSIEkE 2R B 128 | ORs171c=0.94 (0.85~1.04)

2010) (2005—2009) n=291517
|a]2E
=R L EEnacc

[25] : EE, INFE BRIRTE 20~37 228 HEINENRE FHERRWEE
el (1999—2006) HYEREER) | - XXM ELEFs56°C
n=14466

[26] : HRE, BUR  BBREM, Bald  [EEUERATIERE THEREEARE

(2012—2014) <2 A BEREE R EETE SEF1°C
FEERXAZE DT : 8.07<10.0°C
n=11056 >10.0°C

SEREN<8°C

[27] : &%, AE FRIERIENZE  EiEFES SHEESER

* (1999) n=11979 i B AR

BB, ZER=-F11MEDNUH HDEFI1E

OR=0.94 (0.86~1.02) * ; OR=0.95 (0.84~1.06) * ;
OR=0.93 (0.79~1.09) © ; OR=0.91 (0.75~1.10) ¢
Z 28R | ORs151=0.97 (0.84~1.12)

OR=1.00 (0.92~1.09) * ; OR=0.91 (0.79~1.04) * ;
OR=1.01 (0.85~1.20) © ; OR=0.92 (0.75~1.13) ¢
SERT1E © ORs151c=1.00 (0.931.08)
OR=1.04 (0.96~1.12) * ; OR=0.97 (0.87~1.07) * ;
OR=0.97 (0.84~1.12) © ; OR=0.93 (0.79~1.08) °
R

%128 . ORsr#1rc=1.03 (0.94~1.14)
OR=1.01 (0.94~1.09) * ; OR=0.98 (0.87~1.09) ® ;
OR=1.07 (0.92~1.25) © ; OR=1.11 (0.92~1.32) ¢
ZEHA : ORsrs1c=1.06 (0.94~1.21)

OR=0.93 (0.87~1.01) * ; OR=0.99 (0.88~1.11) ® ;
OR=1.02 (0.87~1.19) © ; OR=1.13 (0.92~1.37) *
DEBT1E  ORs1s1c=1.00 (0.94~1.07)
OR=1.01 (0.94~1.09) * ; OR=1.06 (0.96~1.18) ® ;
OR=1.04 (0.92~1.18) © ; OR=1.04 (0.90~1.19) °

D 1A BEZ : XU s 066=11.63% (4.08%~19.72%)
RZE L RGN 0vea=6.18% (-2.96%~16.18%)

A 1d PUEFIE 2 F

SYERT 1~3d S EF1°C : OR=1.054 (1.006~1.104)

PYEET1E 8.0~<10.0°C : OR=1.349 (1.076~1.692)

DUEEIE 2. 3. 4. =>10.0°C : OR=1.420 (1.078~1.870)

5. 6. 7+ 8 9. 10.

11, 12, 13 @

bayciE s [ElJ3%%1=-0.09, #RAEIR =0.03, P=0.008

3% 3d [E1J3% %1 =0.90, # IR =0.30, P=0.003

U] RPN FI SRR ER D HEAT AT 8. = - R HRFIE 95% EI{SXIE ; a, b, ¢, d © DHIFRRE 2. 34 4. 5 A iLiEEE OR{E.

[Note] Not all indicators are shown in this table. *: Studies do not report 95% confidence intervals; a, b, ¢, d: OR for the second, third, fourth, fifth quintiles.

1.1 B RER™

EENEEFNEMRRARE, tRATEX
o (5151925 7] " yackerson % Y R B 1E LAY R
BIEFFIRRAI, SHEFHSEI—BNBEYRS
SEHEX ([ElV3F$0=-0.09, FRAEIZ=0.03, P=0.008) .
B SRRV ET B FFIR R W &R, FER BN
mPrs) BBESIEINREEHXEG, BEFE26d R~
KRB RS, SFHSE (7.7°C) 8L, EE3
BER~ XM I5% [RR X EH 95%Cl @ 1.05 (1.00~
111)] , LHREES, Y5 EBE30JEE™H
2 X B 2 A0 150% (RR=2.5, 95%Cl : 1.0276.15) o
Wang & 1 1E S AF L FF B AR GRS BRI R 2B, 5
4mE GVR) RENKRREE RERELLAMmMA

=, XEmFERENEmAK, G0 2ike11E
F, F44d BEHESSURET P WHURIM N &K
(HR=2.00, 95%Cl : 1.37~2.91), FE Y “BT &) - F 4"
MRIEREET AR EREEETET M<322F
HNEFM32~4 Z2ANPEREES, SHMSE

fiI$8 (24.4°C) 18LL, Z2BEHASE 4 AN FIYRB IR
=8 (>Pss, 31.9°C) BF, 213222 8. 3234 AR~
B XS 53 51 $8 /N 45% (HR=1.45, 95% CI : 1.15~1.83) .
29% (HR=1.29, 95% C/ : 1.08~1.54) " ; EEHIAT[E] %
BRG] - RXARED, EES, DitFi 1 AEES
BERIBMErERRE~HXG, SRAHNSES EFH
5°F, <34 ZRF R 34~36 ZAR=HIXL 525 EF
16% (OR=1.16, 95% C/ : 1.12~1.19) #112% (OR=1.12,
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95%Cl : 1.10~1.15) © ; AR T BB AR
KI, 521°CHELL, Kikdi4 ANER (27°C) BREG
28~36 Z2 A R I X FQIE N 20%. F I, IIEKE “ B
B-FH" AR AN, SRFASEMNE=H X,
BRSEMEHEAF 37738%A) XK, BIAK
EMRIRE T RIRESER 27°C) RESEME~X
B 670, BRERYINAR ™ B R0 s 30dES
BREURERESHXR, G105 FRUSE (24.5°C)
L, SERBEHE30dE, 2N EFIEE
31% (RRz104=0.69, 95%C/ : 0.60~0.80) ; {=ERIAFE]
FHIER 2 A SRS R kB LRI EE N
1.2 KB5E™=

SIKRIHER SRR B R KA © HETA
EYMARBRENEECERR"Y, BEEFIEXK
BE5RFEHARKL, MEMRELRA—H kBH
ENE B8] - B4 B R O FUR AV BT 8] B 51
W MEEEERIA RE-EH AR EE
BR G BRI R ) S RATIRPRERESIEMNE
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