#5723 &% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

281

gz =

SIEELS ABERIVLSITIR

Special column: Mechanisms underlying human health effects of climate change

FEIRE T RHRERE RS RN XEH

YR 7T 38 M

sk ESCER, REEER

1 PURFRAEDBEFRE, /R M 510080

2. FEBER WB&%JEP:UIb'liﬂtfé’“‘lﬁﬁr FABAIE A O RFAIEE, 3R 100050
3. TN BB XEANRER (AIRLSERR), T &R N 511402

4. BRAFEMEFS AHEIBEFR, AR /M 510632

5. [ ARETERIBSIESIROT RE QAR BERREE, 7 I/ 511430

6. %ﬁéjc??ﬁﬂ@,itﬂi'—%@??ﬁm 1t 100084

BE .
(L2 REEEHAESSEHFE LR SUTI I BERTCHEEER, BEARLNEE

RBESTMPANERNR, BRIEMEFHNRERL, EHFERERTSERESTET
HB@EPE’\M’EFHO

(B a2 RS ERES R pxE, AR ERES RS T XBPRRNER.
[7575] A<B5E }‘}\2017ﬂ5§ FEMNHEEXABLSERZIHENY, ZETHREEH

(RIFRE', i’ 2680, DocEE™, ¥, T

(8~13 Z2[) BIER#IT 0, EITNIBREBERANEHRHH TR EAERE, G
HITHEREED %o Z!SEH TN EIZRIAHE 3268 fl. ARXABRBSWEZANAOE

BHE. £F T AIGMEREEES. ANEE NHRKRENERSKRBUBEHITEESMUZE
FHIAER 4 ANENBREREZEKE, BOANUMEREREFIYEEMNSE 75, 80. 85.
90 1 95 BRI EN(Pyse PSO\ Pgse Py F Pos) ERNBIEEX BRRE. KA logistic [BY3 5 51T
FARREX THEEREWE. BER R(ERRK, NBERE). 52 E) RS0, Fi#
— S AMERES RERES X E2PIP N,

[£552] SNV 3 268 BIEAZEXT R, B=FIE0A 165, R A EZE N 5.0%. ARMETERE, L
Py ¥ Pos EX SRR BILINT B/~ X2, OR(95%CI) 53579 1.66(1.04~2.57) F1 1. 90( 1. 03~
3.33)(P<0.05), ABMTER, ZEERREEN TF P Pan Pass Po M Py EXHEIRR

T, REBER KB (<9 hvs. 29 h, JTEBLE: =9 h) M OR(95%CI) 3 3 A 1.51(1.25~
1.83). 1.44(1.17~1.77) . 1.35(1.08~1.70). 1.43(1.09~1.87) # 1.45(1.00~2.13) ; 7 Pys\ Py TE
XF, BiEEBY[B)1RHI( <8: 00 vs. 28: 00, XTHRZH: <8: 00)BY OR(95%C!) 53 31 /9 0.77(0.63~
0.93). 0.76(0.61~0.93) ; XM REE EREES NERBEEXE. PARKIITRIN: 1F Py
EXHNEEREET URINERENKEGRITEZERXHNFNUL, RANALEFIH 6.07%
(95%Cl: 0.17%~25.00%) (P<0.05) ; RXNZREI NBERT(E]). DIBEERY BBV RN,

5t 2RSS REBR A ERETE/VERIN K MM SR E =X,

KW =R ; PR B BEIR ; PR

Mediating role of sleep in association between maternal heat exposure during early pregnancy
and risk of preterm birth ZHANG Xiaoxin’, WANG Wenjing®, ZHU Zhenghong', WU Kaipu',
LIANG Qianhong’, LI Yangiu®, MA Wenjun®®, HUANG Cunrui®, WANG Qiong" (1. School of Public
Health, Sun Yat-sen University, Guangzhou, Guangdong 510080, China; 2. National Center for
Chronic and Non-Communicable Disease Control and Prevention, Chinese Center for Disease
Control and Prevention, Beijing 100050, China; 3. Guangzhou Panyu Maternal Child Health
Hospital (Guangzhou Panyu District He Xian Memorial Hospital), Guangzhou, Guangdong
511402, China; 4. School of Medicine, Jinan University, Guangzhou, Guangdong 510632, China;
5. Guangdong Provincial Institute of Public Health, Guangdong Provincial Center for Disease
Control and Prevention, Guangzhou, Guangdong 511430, China; 6. Vanke School of Public
Health, Tsinghua University, Beijing 100084, China)

Abstract:

[Background] Preterm birth-related complications are the leading cause of death in newborns
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and children under the age of 5 years. Maternal heat exposure has been associated with both sleep status during pregnancy and the
increased risk of preterm birth. However, whether sleep status could mediate the association between heat exposure and preterm birth
remains unclear.

To evaluate the association between maternal heat exposure in early pregnancy and preterm birth, and to further explore
potential mediation effect of sleep status on the association between heat exposure and preterm birth.

A birth cohort was established in Guangzhou Panyu Maternal Child Health Hospital (Guangzhou Panyu District He Xian
Memorial Hospital) from 2017 until now. Pregnant women (with gestational age between 8 and 13 weeks) were included in this study
when they presented to the hospital for their first prenatal care visit and signed an informed consent. Then they were followed up until
delivery. A total of 3 268 pregnant women were included for the final analysis. Questionnaires were distributed to collect the
demographic characteristics, lifestyles, and sleep status of pregnant women. Daily meteorological data during the study period were
collected from meteorological monitoring stations in Guangzhou and the average ambient mean temperature of four weeks before the
survey was calculated and assigned for each pregnancy. The 75th, 80th, 85th, 90th, and 95th percentiles (Ps, Pgo, Pgs, Poo, and Pgs) of the
average ambient temperature of all pregnant women were used as the thresholds to define heat exposure. Logistic regression was used
to evaluate the effects of heat exposure in different definitions on preterm birth and sleep status (sleep duration, night sleep timing, and
wake up timing). The mediation effects of sleep status on the relationship between heat exposure and preterm birth were also analyzed.

Among all the included participants, 165 newborns were preterm births with an incidence rate of 5.0%. Heat exposures with
thresholds of Py, and Py increased the risk of preterm birth, with ORs (95%Cls) of 1.66 (1.04-2.57) and 1.90 (1.03-3.33), respectively
(P<0.05). Heat exposures with thresholds of Ps, Pg,, Pgs, Po, and Py decreased the sleep duration (<9 h vs. =9 h, control group: =9 h),
and the ORs (95%Cls) were 1.51 (1.25-1.83), 1.44 (1.17-1.77), 1.35 (1.08-1.70), 1.43 (1.09-1.87), and 1.45 (1.00-2.13), respectively. Heat
exposures with P, and Pg, thresholds resulted in earlier wake up timing (< 8: 00 vs. =8: 00, control group: < 8: 00), with ORs (95%ClIs) of
0.77 (0.63-0.93) and 0.76(0.61-0.93), respectively. No significant association was observed between heat exposure and night sleep
timing. The mediation analyses showed that under heat exposure with Py, threshold, a statistically significant mediation effect was
observed for sleep duration, and the proportion mediated was 6.07% (95%Cl: 0.17%-25.00%) (P < 0.05). No significant mediation effect
was observed for night sleep timing and wake up timing.

An elevated risk of preterm birth after heat exposure in early pregnancy may be partly mediated through reducing sleep
duration.

heat exposure; early pregnancy; preterm birth; sleep; mediation effect
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Table1 General information and sleep status of pregnant

women
At A 2=
$8#T(Variable) Total Term birth  Preterm birth P
(n=3268) (n=3103) (n=165)
Fie/%
Maternal age/years
xts 29.90+4.53 29.87+4.51 30.334+4.75 0.20
<35 2725(83.38) 2598(83.73) 127(76.97) 0.03
=35 542(16.59)  504(16.24)  38(23.03)
FRZR (Missing) 1(0.03) 1(0.03) 0(0.00)
BMI/(kg:m™)
xts 20.73+2.86 20.72+2.86 20.86+2.87 0.57
B2 (Education) 0.79
ikl 628(19.22)  601(19.37)  27(16.36)
Middle school and below
BREhE
High school or secondary 634(19.40) 599(19.30)  35(21.21)
vocational school
K% (College) 1048(32.07)  996(32.10)  52(31.52)
A 950(29.07)  901(29.04)  49(29.70)
Bachelor degree and above
Rk (Missing) 8(0.24) 6(0.19) 2(1.21)
FHIERTE o
Work during pregnancy ’
Z(No) 959(29.35) 915(29.49) 44(26.67)
=(Yes) 2240(68.54) 2124(68.45) 116(70.30)
TR (Missing) 69(2.11) 64(2.06) 5(3.03)
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PASISR R BB B =B 5N 165, E= R EX R
5.0%. HRFTERILEE, B Ll BFEFRATF 35 %
EbBIE=(23.03%) , IHIREAS MEAFEES(12.12%),
WAE)LP B Z b E K(56.97%) , BE IR BT /) F
9 h AINBERTIELRTF 23: 00 BILLHIE=( 55079 70.91%
1 58.79%) o LR ILFK 10
2.2 SEREEXNIERENRES~HFEM

Bm B RN IER 2 Fin. AR IER
B, RAERNTEN, IBREEXNSRRETIG
T EFEXE(P<0.05); HEMEERGE, LA Py M Py
EXHERIEINT B KB, OR(95%CI) 93579 1.66
(1.04~2.57)#1 1.90(1.03~3.33) (P<0.05) o

x2 MRS ESEXNE~HNZM [OR(95%C))]
Table 2 Effects of heat exposure during early pregnancy on
preterm birth [OR(95%CI)]

&R EEIRRE/C) pEEEL] BEE
Threshold (Temperature/°C) Crude Adjusted
P,5(25.1) 1.49(1.06~2.07)" 1.22(0.83~1.78)
Pyo(27.4) 1.48(1.03~2.10)" 1.21(0.81~1.79)
Pgs(27.8) 1.56(1.05~2.27)" 1.30(0.84~1.97)
Pyo(28.1) 1.88(1.21~2.83)" 1.66(1.04~2.57)"
Pys(28.4) 2.14(1.20~3.58)" 1.90(1.03~3.33)"

gR1
&ait A 2=
$51R(Variable) Total Term birth  Preterm birth P
(n=3268) (n=3103) (n=165)
REANEBN/ AT
Annual family income per 0.35
capita/ten thousand yuan

<3 338(10.34)  317(10.22)  21(12.73)

3~ 1574(48.16) 1488(47.95)  86(52.12)

10~ 981(30.02)  935(30.13)  46(27.88)

20~ 267(8.17) 258(8.31) 9(5.45)

TR (Missing) 108(3.30) 105(3.38) 3(1.82)

BELEF (Parity) 0.66

% (No) 1520(46.51) 1440(46.41) 80(48.48)

Z(Yes) 1748(53.49) 1663(53.59) 85(51.52)
YEIRERVE R TR e
Gestational diabetes mellitus ’

7 (No) 2812(86.05) 2 674(86.18) 138(83.64)

Z(Yes) 439(13.43)  413(13.31)  26(15.76)

fRI(Missing) 17(0.52) 16(0.52) 1(0.61)
RS
Gestational hypertension <0.001

&(No) 3125(95.62) 2981(96.07) 144(87.27)

2(Yes) 126(3.86) 106(3.42) 20(12.12)

T2 (Missing) 17(0.52) 16(0.52) 1(0.61)

WA (Passive smoking) 0.47

7 (No) 1539(47.09) 1455(46.89)  84(50.91)

Z(Yes) 1678(51.35) 1597(51.47)  81(49.09)

fRIE(Missing) 51(1.56) 51(1.64) 0
4 ) LIS (Infant sex) 0.20

2Z(Female) 1549(47.40) 1480(47.70)  69(41.82)

& (Male) 1710(52.33) 1616(52.08)  94(56.97)

R (Missing) 9(0.28) 7(0.23) 2(1.21)
BHAREARBERE
Physical exercise during 0.56
pregnancy

% (No) 2077(63.56) 1968(63.42) 109(66.06)

Z(Yes) 1186(36.29) 1130(36.42) 56(33.94)

TR (Missing) 5(0.15) 5(0.16) 0
BEBRAY K (Sleep duration) 0.02

29 h 1130(34.58) 1088(35.06)  42(25.45)

<9h 2065(63.19) 1948(62.78) 117(70.91)

fR45(Missing) 73(2.23) 67(2.16) 6(3.64)
\BEBY[E](Night sleep timing) 0.02

<23: 00 1641(50.21) 1574(50.73)  67(40.61)

223: 00 1614(49.39) 1517(48.89) 97(58.79)

fRIL(Missing) 13(0.39) 12(0.39) 1(0.61)
BEERAY 8] (Wake up timing) 0.40

<8: 00 2106(64.44) 1994(64.26) 112(67.88)

=8 00 1138(34.82) 1086(35.00) 52(31.52)

TR (Missing) 24(0.73) 23(0.74) 1(0.61)
RPSAERER e
Air conditioning use at home ’

225 (Frequently)” 1079(33.02) 1023(32.97) 56(33.94)

32/D(Less frequently) 1948(59.61) 1851(59.65) 97(58.79)

Fo/ AR fEH (No) 241(7.37) 229(7.38) 12(7.27)
RERE/C
Temperature/°C <0.01

Xts 20.60£5.14  20.54#5.12  21.6745.28

[ * “REEREERIALEAMSATIA; RIVERERER
:m;*zwﬂ

[Note] *: "Frequently use" means the pregnant women use air
conditioners when they feel slightly cold or hot; "less frequently"
use means the pregnant women use air conditioners only when
they feel very cold or hot.

[3E]* P<0.05, EENTHINEE: Fid. BM. HERE. ZHITES
A REAERN, SiEE. EiRAS LEEZFRE R EiRE
FEFREBRIE N WEhRIRIE R 3L LER) ZERAERIKE
S RPTEERER. ZHRATYRES,

[Note] *: P<0.05. The models are adjusted for maternal age, BMI,
education, work during pregnancy, annual family income per
capita, parity, gestational hypertension, gestational diabetes
mellitus, passive smoking, infant sex, physical exercise during
pregnancy, air conditioning use at home, and mean temperature
in the second and third trimesters of pregnancy.

=m 5 2a X FERR AV 2 MU0 3R 3 Fivme AR TS
&, FREBEEX NSRS E R T ERINK, Py
Peon Pass Poos Pos EX T e B R B SEEEREKORLDH
OR(95%CI) 93 %11 /9 1.51(1.25~1.83)\ 1.44(1.17~1.77)+
1.35(1.08~1.70) . 1.43(1.09~1.87) 1 1.45(1.00~2.13)
(P<0.05), FEE RN, HEEREIERIBIBEZRIE T,
P Py EXT, LA < 8: 00 HAXTHR, [HE N T 25 Uik
Afia)>8: 00 BB T HiBEATIE] < 8: 00ZEAY OR(95%CI)
53 %79 0.77(0.63~0.93). 0.76(0.61~0.93) (P<0.05),
EBERMRI S ERES \NENEFEXE,
2.3 BRIRRYATRIY

Xt e B BY A0\ B B ] ﬁ@%ﬁa‘fﬂ?‘%‘i&’—ﬁifi
KEXBINAR NN DT 2R, 7E Py EX SRS
T, MRIEFEENKEEFRITEREXHHN x‘ﬁU_‘_, H
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EF‘I_J/JIII
25.00%) = &3

BE5 R EXEEE 6.07%(95%Cl: 0.17%~

R/ DR K SEBI(P<0.05), B 3R 4o

SRR B NBERT (8], TEERRYBIA TN, Z55R W

£ 3 MR RSB ERNKAEREARMm [OR(95%C)) ]
Table 3 Effects of heat exposure during early pregnancy on sleep duration and sleep patterns [OR (95%Cl/)]

=EEm BEBRAT I (Sleep duration) \BEAT[E](Night sleep timing) T3 B2AY (8] (Wake up timing)
Threshold JAEEF(Crude) AR S (Adjusted) JAEEH(Crude) JAEE S (Adjusted) JAEEF(Crude) A% IS (Adjusted)
Ps 1.55(1.30~1.85)" 1.51(1.25~1.83)" 0.92(0.78~1.08) 0.90(0.76~1.07) 0.75(0.63~0.89)" 0.77(0.63~0.93)’
Pgo 1.53(1.27~1.85)" 1.44(1.17~1.77)" 0.88(0.74~1.05) 0.89(0.75~1.07) 0.70(0.58~0.85)" 0.76(0.61~0.93)
Pes 1.44(1.16~1.78)" 1.35(1.08~1.70)° 0.88(0.73~1.07) 0.89(0.73~1.09) 0.78(0.63~0.96)" 0.84(0.66~1.05)
Pso 1.47(1.14~1.90)" 1.43(1.09~1.87)° 1.01(0.81~1.27) 1.04(0.82~1.32) 0.85(0.66~1.08) 0.91(0.69~1.18)
Pys 1.50(1.06~2.17)" 1.45(1.00~2.13)° 1.11(0.81~1.53) 1.16(0.84~1.60) 1.06(0.76~1.47) 1.20(0.84~1.72)

[7F]* P<0.05, BEERRAY K, <9 hvs. = 9 h, STHREH: > 9 h; ABERY(E], < 23: 00 vs. > 23: 00, XHRLH: < 23: 00;

<8: 00, IREUTHINTE: Ft. BMI HBERRE. ZHIHEBER. REABDFEBN RARBEER.

ERE .

[Note] *: P < 0.05. Sleep duration, < 9 h vs. = 9 h, control group: = 9 h; night sleep timing, < 23:00 vs. >
< 8:00 vs.

TEEEAYIE], < 8: 00 vs. = 8. 00, XFHALA:
2 LR ZEABRIEE . KP=E

23:00, control group: < 23: 00; wake up timing,
= 8:00, control group: <8: 00. The models are adjusted for covariates of maternal age, BMI, education, work during pregnancy, annual

family income per capita, passive smoking, infant sex, physical exercise during pregnancy, and air conditioning use at home.

x4 EBRNKAEREATIZEHSERES R XEKPHFNE

Table 4 Mediation effects of sleep duration and sleep patterns on the association between heat exposure during early pregnancy and

preterm birth

BEARAY < (Sleep duration) \BEBY 8] (Night sleep timing)

BiBEEAT ) (Wake up timing)

N BRI =E::3S (VA2 v =E;:35 (VAN v
TNEE B RAHE% ’ RALE% * AL /%
Mediator BN Natural ) SR Natural  Natural ) SR, Natural  Natural A
Natural o Proportion i s Proportion . e Proportion
Total effect indirect i Total effect  direct indirect i Total effect  direct indirect i
direct effect mediated/% mediated/% mediated/%
effect effect effect effect effect

p 1.20 1.17 1.02 14.01 1.21 1.23 0.99 -8.30 1.23 1.23 1.00 2.32
™ (0.81~1.80) (O.78~1.73)(1.01~1.07)' (-122.65~214.20) (0.80~1.81)(0.81~1.82)(0.96~1.01) (-90.00~67.60) (0.82~1.78)(0.81~1.78)(0.98~1.02) (-25.13~30.90)
p 1.25 1.21 1.03 14.74 1.22 1.23 0.99 -4.22 1.23 1.23 1.00 2.20
& (0.82~1.83) (0.79~1.77) (1.01~1.07)" (-127.61~190.30) (0.78~1.78)(0.78~1.80)(0.96~1.01) (-81.48~63.10) (0.80~1.79)(0.81~1.78)(0.98~1.03) (-34.99~40.80)
p 1.38 1.34 1.03 10.66 1.30 1.31 0.99 -2.25 1.32 1.32 1.00 1.00
“ (0.85~2.11) (0.82~2.06) (1.00~1.06)" (-44.38~65.80) (0.83~1.95)(0.84~1.97)(0.95~1.01) (-68.06~61.40) (0.84~1.99)(0.84~2.00)(0.99~1.02) (-18.60~15.40)
P 1.72 1.68 1.03 6.07 1.64 1.64 1.00 0.36 1.68 1.67 1.00 0.24
* (1.11~2.68)'(1.08~2.62)'(1.00~1.07)" (0.17~25.00)" (1.01~2.55)(1.00~2.54)(0.97~1.04) (-14.46~16.30) (1.08~2.52)(1.07~2.51)(0.99~1.02) (-3.41~5.70)
p 1.99 1.93 1.03 5.58 1.89 1.85 1.02 4.23 1.92 1.93 1.00 -0.74
* (1.06~3.49)”(1.03~3.39)‘(0.99~1.08) (-1.68~26.40)  (0.96~3.26)(0.95~3.20)(0.98~1.06) (-11.58~22.90) (0.97~3.26)(0.97~3.28)(0.97~1.02) (-7.59~5.30)

[3E]*: P<0.05, BEARIZHIHT
. WENRMRIE . B) Ll’_iLn'J\ KT

BIFREN. RPTIRERER. ZHREHTSEES.

B! it sML HEREE. ZHIFEER. READERAN DBRE. RS nERS

&I, SRR R SIS

[Note] *: P < 0.05. The models are adjusted for covariates of maternal age, BMI, education, work during pregnancy, annual family income per capita,
parity, gestational hypertension, gestational diabetes mellitus, passive smoking, infant sex, physical exercise during pregnancy, air conditioning use
at home, and mean temperature in the second and third trimesters of pregnancy.
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ﬁ[“’ 28]0 &

=mBEEAIEMES~HX

=B IBAIAESS A

T AT, REARZILFITRE Pog M Py

EXTHERBBIEMT EE=X, SEEUEHRR
EIMEM, 30 Guo FM EFHE 132 MEHMHE
BB, RUMZH 3 NAE 21 2, KX SR
*Ai"bui;ﬁﬂho Wang & & I 243 7E 1T IR
B Z A HR) AR R AT IR EE RA (22 BE HA)
B RN ERES
BRE P EXHNE RS
HARY OR(95%CI) 53 7 /9 1.96(1.85~2.08)
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BT, 228, 2. 2
1.30(1.23~
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1.38). 1.04(1.02~1.06) o —W7E[ MBEVEAR B LI, 7E
ZEAMZHEAEH, B RRESEE =XKL,
BEEEY., BAFMT" SHXFRIHEXHATR, X
AR HEERRES RHXE, XA EES
SRR ABHSE. @ FABRAEE X, — A
FRERWIRE], BN PZRANERNZEEED
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EREIENEFXEIEMENSG, TTseRR) LTEL
BRIARZZRRN G RN E SN R ENE
e, XEE M —S TIEAMAREE, £
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MERE = mERE KA EER R E, KRNI
1B RER IR BRAR™ Y, EIMNA B EE T AE@E T —LEia)iE
E R IMTR B BEAR . RS A AR, IREFEHEER0H
BB N0, BB SMEREEN, EIMAKERIE
B, B/ MASTEBhE 7, XA R EING B
% fRER AR IROR RV BS R AR AT, FI SN =E
SPETFIDRE, TE Prss Poon Poss Poon Pos EXHIERR
ET, B ERENZEHERN KR LD, HUHARN
BB A, 90 Obradovich F» R MR B EIMNFIE
BEASSEENKARREYIEX: REEMNEES
A= 1°C, & 100 AR HI 3 fIREERRE;
BTN, EREZUERT 2050 FX—#HF
BiRE 6 B, Li P AMEINE FIYEESIEM 10 °F
(5.56 °C) , TR a);EBE2RYIFERATEE IE K 0.88 min, BEAR
FRERE 0.14%, LEMR LN, ENHEINSERS
HEEE &L (ER A& 6B BEBY K18 0 K 2 B AR BY
B, IR R ER A RS IRER SR, T4
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BUFEBIRH R A BN — I T BERR n] A= T5 (4 AU BR
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