#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

289

TR SETLSABHERRIVEIFRR

Special column: Mechanisms underlying human health effects of climate change

T ZEZAZHAREGRBES RSN
KEX KA

JEES, A, MR xRk, EEmge, EaEs, BRRE, Mam', mEss,
B, A, DcE, X

1 REEBTHESIROT A AR TEMRRR, T4 T/ 511430

2. [TRARKRER/HETIER PR, ™4 7/ 510310

3. BRAFEMEFSAHTESEMR, A& M 510632

4. BAERNAEAHEDESER, T4 M 510515

BE .
[(EE] 2HTEUREIENBRESHINE, BEEFINMRZ BRESRSREF=X RN
7, BEYENHIHEREET,

(B D2 EZARESRBEN TR, AR A RN, SN MR IIE
HEEAREGRSRETXZRIER.

[757%] FRBRARZERBRIERE MNABNRIHESERREREME L LTS, 2K
RIEENIE 2014—2017 FBEZ(5—10 B) DY 2449 BEEAM AN R, HF 311 REF~
(n=43) 1B B = (n=268) ZEFE N ERM T MiF, HRAMRAENX NERER/BRIEE
PHETHASEEERSE/EREEHFNE o0 BHME, BREAGREXA—TLKR
NREEHEE— N RANE R, SKFERETHESKBFHIELEZRSFA, HFA
Anusplin FEJIEESZREMEZABR TN HREE. HREEMETEE. FIHEKS
BatrENZEmAES ¢ RMEB(CRP) . AEER-1(ET-1) ME ZE(MDA) 3 MAEYIIRE
YRR, FHITI SR, RS HFEIFEEEAE SN AEEERFAN B A, ®RANE
REAMSERF=MTIIME, HEA logistic B)IEE 37 3 MEMIREN SRR Ro

[LER] ARNRPRETHNREERN 6.2% SRR, BRESGHRERE 3. 7/ 144
B R KLY RR(95%CI) 53579 1.43(1.12~1.84) . 1.24(1.08~1.43) 1 1.17(1.05~1.30) , 3
BRRESHREHRE 14 d 52 MEH CRP. ET-1 ] MDA JKE2IEE X, B (%
difference) (95%Cl) 53 3 3 0.33%(- 0.45%~1.12%) . 0.59%(0.11%~1.07%)F1 0.57%(0.09%~
1.05%), EREBEBEERITFER N, 5Z2EAMEP CRP. ET-1 F MDA JRE R E (K 0 53 (i1 21
Q1 AL, RS UEK Q4 HAE R RR(95%C) 93 319 1.27(0.5~3.22) . 1.51(0.61~
3.72)# 2.07(0.81~5.27) , (B R T TSI FEE X0

458 ZPURZHRETAREGAAEENESHNL, BREGARSZAIME CRP. ET-
17 MDA KF2IERXRXR, X 3 HEMITEY SR HEERX KR, B LARELN
BEH—PHREIULER.

X BREAR,; B EMFENG; HETIR

Association of maternal exposure to compound hot extreme during pregnancy with preterm
birth and the potential biological mechanisms in Guangzhou ZHOU He' LI Zhixing"?, CHEN
Guimin™, LIU Xin', DONG Moran®, WANG Jiagi', CHEN Dengzhou®, XIAO Jianpeng', HE Guanhao',
HU Jianxiong', RONG Zuhua', MA Wenjun™’, LIU Tao™® (1. Guangdong Provincial Institute of
Public Health, Guangdong Provincial Center for Disease Control and Prevention, Guangzhou,
Guangdong 511430, China; 2. School of Public Health, Guangdong Pharmaceutical University,
Guangzhou, Guangdong 510310, China; 3. School of Medicine, Jinan University, Guangzhou,
Guangdong 510632, China; 4. School of Public Health, Southern Medical University, Guangzhou,
Guangdong 510515, China)

Abstract:

[Background] Global warming may increase the frequency of compound hot extreme (CHE).
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However, there is still a lack of studies assessing the associations between CHE and preterm birth (PTB), and the underlying biological
mechanisms remain unclear.

To estimate the association of exposure to CHE during pregnancy with PTB, and to explore the roles of inflammatory,
endothelial dysfunction, and oxidative stress in the association between CHE and PTB.

All participants were selected from the Prenatal Environments and Offspring Health (PEOH), a prospective birth cohort
conducted in Guangzhou. In this study, a total of 2449 participants who gave birth from May to October in 2014 to 2017 were enrolled,
and among them blood samples were collected from 311 preterm (n=43) and full-term (n=268) pregnant women at the time of delivery.
A hot day/night was identified as a day when the daily maximum temperature/minimum temperature was higher than its 90th percentile
in the study period, and a CHE was defined as having both a hot night and a following hot day. The meteorological data were obtained
from the China Meteorological Data Sharing Service System. Anusplin was used to assess the daily maximum temperature, daily
minimum temperature, and relative humidity of the participant residence. Enzyme-linked immunosorbent assay (ELISA) was used to
measure C reactive protein (CRP), endothelin-1 (ET-1), and malondialdehyde (MDA) levels in maternal serum, and their results were
transformed by natural logarithm. A distributed lag nonlinear model was used to investigate the associations of exposures to hot day,
hot night, and CHE during pregnancy with PTB at different lag days, and a logistic regression model was used to investigate the
associations of CRP, ET-1, and MDA with PTB.

The incidence rate of PTB was 6.2% in all selected participants. Compared with the non-hot day, the RRs (95%Cls) of CHE in lag
3, 7, and 14 days on PTB were 1.43 (1.12-1.84), 1.24 (1.08-1.43), and 1.17 (1.05-1.30), respectively, and the cumulative effects (%
difference) (95%Cl) of CHE in lag 14 days on maternal serum CRP, ET-1, and MDA were 0.33% (-0.45%-1.12%), 0.59% (0.11%-1.07%), and
0.57% (0.09%-1.05%), respectively. Compared with the Q1 (lowest quartile) for CRP, ET-1 and MDA, the RRs (95%Cls) of Q4 (highest
quartile) for PTB were 1.27 (0.50-3.22), 1.51 (0.61-3.72), and 2.07(0.81-5.27), respectively.

Maternal exposure to CHE during pregnancy might be associated with an increased risk of PTB. Prenatal exposure to CHE is
positively associated with maternal serum CRP, ET-1, and MDA, and the three biochemical indicators are also positively associated with
PTB. However, the above conclusions still need further confirmation.

compound hot extreme; preterm birth; biological mechanism; birth cohort study
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Figure 1 Flow chart describing the inclusion and exclusion of
participants
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Table 1 Distribution of preterm births and term births in the
total participants.

g BA

2
& (Variable) & Preterm Term birth x* P
Total [n(%)] | .
birth [n(%)]  [n(%)]
ZIAFER/ %
13.54 0.004
Maternal age/years
18~24 151(6.2)  5(3.3) 146(6.4)
25~30 831(33.9) 40(26.3) 791(34.4)
31~35 874(35.7) 53(34.9) 821(35.7)
36~50 593(24.2) 54(35.5) 539(23.5)
&) L14%5! (Fetus sex) 1.95 0.163
2 (Boy) 1308(53.4) 90(59.2)  1218(53)
2Z(Girl) 1141(46.6) 62(40.8)  1079(47)
FEIR (Parity) 31.90 <0.001
1 641(26.2) 27(17.8) 614(26.7)
2 1412(57.7) 76(50) 1336(58.2)
=3 396(16.2) 49(32.2) 347(15.1)
KEFHIWN/TT
: 12.25 0.007
Household yearly income/yuan
<30000 158(6.5) 20(13.2) 138(6.0)
30000~100000 1413(57.7) 80(52.6) 1333(58.0)
100000~200000 712(29.1) 43(28.3) 669(29.1)
=200000 133(5.4) 7(4.6) 126(5.5)
REIZ/HRE
No answer/missing 33(1.4) - 2(13) 31(1:3)
BEZHUERE
. 1.97 0.373
Maternal education
ER R 974(39.8) 64(42.1 910(39.6
Middle school and below (39.8) 64(42.1) (396)
Beh/hE
High school or secondary 835(34.1) 44(28.9) 791(34.4)
technical school
AFRILE 640(26.1) 44(28.9 596(25.9
College and above (26.1) 44(28.9) (25:9)
BRiREISH/ (ke'm™?)
Prepregnancy body mass 475 0.191
index/(kg-m™)
<18.5 525(21.4) 31(20.4) 494(21.5)
18.5~23.9 1560(63.7) 92(60.5) 1468(63.9)
24~27.9 288(11.8) 20(13.2) 268(11.7)
>28 76(3.1)  9(5.9) 67(2.9)
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R PiZm Tfrf bFi‘Jr:th - P
Total [n(%)] 2

birth [n(%)]  [n(%)]

T = (Variable)

WA (Passive smoking) 4.72 0.030
Z5(No) 1806(73.7) 124(81.6) 1682(73.2)
Z(Yes) 643(26.3) 28(18.4)  615(26.8)
BSHRNIAE/OR-B™)
Vegetable consumption 12.61 0.002
frequency/(times-week™)
<7 225(9.2) 26(17.1) 199(8.7)
8~14 930(38.0) 53(34.9)  877(38.2)
>14 1269(51.8) 70(46.1) 1199(52.2)
KEE/%&% 25(1.0) 3(1.9) 22(0.9)
No answer/missing
TX#X(Tea consumption) 5.57 0.018
Z(No) 2188(89.3) 145(95.4) 2043(88.9)
Z(Yes) 261(10.7)  7(4.6) 254(11.1)
FE M (Hot extreme event) 8.38 0.039
FERRS
Nom-hot extreme 1768(72.2) 97(63.8) 1671(72.7)
H#(Hot day) 234(9.6)  14(9.2) 220(9.6)
TR (Hot night) 201(8.2) 18(11.8)  183(8)
AREAH

246(10.0) 23(15.1)  223(9.7)

Compound hot extreme

22 HREGARSEFHXEA

X2 BRARIEERHBEMR. RANMBRESH
S58FHNXR. SEERRSAEL, 2Hp9HAME
HHRAIERS 3. 7 M 14d SR~ B R FERITE
X, MBRESHRERG 3.7 14d SEMEF~
REMNE, BT RR(95%CI) 4354 1.43(1.12~
1.84). 1.24(1.08~1.43) #] 1.17(1.05~1.30),

2.3 AREAHIT CRP. ET-1 F1 MDA BIEZMH

2 ERAREFEEREBA. RANBRESH
Xt 24 M 7EAH CRP. ET-1 F1 MDA N R, £
& 14 d, BRE A MFF CRP KEMEIZE SR
HEE N, & ET-1 A MDA /K FEMIEINE 4t
B X, BEFMN (% difference) (95%C1) 93 51 9 0.33%
(-0.45%~1.12%). 0.59%(0.11%~1.07%) #FI 0.57%
(0.09%~1.05%) o
2.4 075 CRP. ET-1#1 MDA 52X &

7 3 B/RIMJE CRP. ET-1 #1 MDAS B =R £ X0
ZEHX R, FIEMM— IQR BB CRP. ET-1 F
MDA 5|2 2789 RR(95%CI) 53 3179 1.04(0.85~1.28)
0.99(0.90~1.10) #1 1.00(0.87~1.16) . 5 Q1 £H4HLL, Q4
£Y CRP. ET-1 A MDA 5|2 2 F=HY RR(95%CI) 53 3!
79 1.27(0.5~3.22) . 1.51(0.61~3.72) ¥12.07(0.81~5.27) »
B LRI THIERITFER Mo

R2 PEAARFERMARESHARESER~ITIIN
[z [RR(95%CI) ]
Table 2 The average effect of exposure to compound hot
extreme with different lag days before delivery on preterm birth
[RR (95%C/)]

B (Hot extreme) HRARIE(Unadjusted) R 1E(Adjusted)’

/53 d (Lag 3 days)

JE=R XS (Non-hot extreme) 1 1

B #(Hot day) 0.77(0.53~1.11)  0.93(0.63~1.37)

&#A(Hot night) 1.14(0.88~1.48) 1.17(0.88~1.55)

B®&E & #(Compound hot extreme) 1.41(1.14~1.74)"  1.43(1.12~1.84)
757 d (Lag 7 days)

JEEE RS (Non-hot extreme) 1 1

H#(Hot day) 0.85(0.71~1.03) 0.97(0.78~1.19)

& (Hot night) 0.98(0.83~1.16) 1.02(0.84~1.22)

H#&E & #(Compound hot extreme) 1.2(1.06~1.36)°  1.24(1.08~1.43)"
514 d (Lag 14 days)

JE=BRS(Non-hot extreme) 1 1

H##(Hot day) 0.90(0.80~1.01) 0.97(0.85~1.11)

& (Hot night) 0.96(0.85~1.09) 0.98(0.86~1.12)

H®&E & (Compound hot extreme) 1.17(1.07~1.27)°  1.17(1.05~1.30)"

[Ela: RENZSEEMEE. 8FER. R REBARR.
FRERMA. RSB NUR AR ZHRIR A 58, *: P<0.05
[Note]a: Adjusted variables are relative humidity, maternal age, parity,
family income, maternal passive smoking, vegetable consumption

frequency, and tea consumption. *: P<0.05.
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Figure 2 Cumulative effect of exposure to hot day, hot night, and
compound hot extreme with different lag days on serum CRP,
ET-1, and MDA
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Table 3 The associations between CRP, ET-1, and MDA levels in
maternal serum and preterm birth [RR (95%Cl)]

MiEE IR

Serum biochemical indicator

FARIE (Unadjusted) X IE(Adjusted)’

CRP/(mg-L™")

11 ™MQRr(12.26 mgL™)

T s 1.04(0.85~1.27) 1.04(0.85~1.28)

Q1 (<9.90) 1 1

Q2 (9.91~13.31) 1.99(0.88~4.53) 2.25(0.97~5.23)

Q3 (13.32~22.16) 0.34(0.09~1.28) 0.31(0.08~1.20)

Q4 (>22.16) 1.22(0.50~2.99) 1.27(0.50~3.22)
ET-1/ (ng'L™")

V==1] -1

ifgi'gjg;::ﬁ;hlnge 0.99(0.89~1.09) 0.99(0.90~1.10)

Q1 (<137.53) 1 1

Q2 (137.54~151.16) 0.59(0.23~1.48) 0.55(0.21~1.41)

Q3 (151.17~175.18) 0.80(0.32~1.97) 0.83(0.33~2.10)

Q4 (>175.19) 1.22(0.52~2.85) 1.51(0.61~3.72)
MDA/ (mol-L"™)

S INIQR(3.43 mol-L™)

ber QR (3,43 mol L) change 0.99(0.86~1.13) 1.00(0.87~1.16)

Q1 (<8.76) 1 1

Q2 (8.77~10.08) 0.8(0.32~1.98) 0.76(0.30~1.92)

Q3 (10.09~12.19) 0.93(0.37~2.31) 1.06(0.41~2.71)

Q4 (>12.20) 1.5(0.64~3.55) 2.07(0.81~5.27)

[Fla: RENZEFMEMNEE. BFFH. FE) LR =R RE
NIRRT SRR,

[Note] a: Adjusted variables are relative humidity, maternal age, infant
sex, parity, family income, maternal passive smoking.

ASHR 538 — T Al B 14 HH A AT AR R 22 0T
ZHAREEARESEFNXA, HE—FTOHT
CRP. ET-1 1 MDA X 3 MAEYrEYINIER. RS
RIE, BREGARESEME A ENXEE, H
RE G5 CRP. ET-1 #1 MDA KE2IFHEXXZ, CRP.
ET-1 #] MDA 522 EHXRX R, A RERYT
i REAEE—ERNX WA —F B REREH
R EENGIRER B .

ITEREREZNIERERBO GRS AR
ESEMREERENNG, BRABSHARIXIS
BRERESREFNXR, F0, wang E» KW ZH#H
REERSME = XEBXEK, Vicedo-Cabrera F"
EOZEZARRBREHNIEMEZENNXK, B
AIRADBREGARSREEXEKNEXHR, B2E
MARBERAHEESAIIEINOMERR. FRFR
SRR AR BT X, T IREAZR AR IR INRE

EERD, AgeFEEFR SIS ERENT M, &
RIARERRPAHRECABEARIENETLE
X, EFEHKTEMNEST, HREGAEHER
Y, At EXR FEERENEN BN IZEMER
EERNERE, IRZPENESABREENREH
B, DA RIFIREGHNA S,

BalL, MEERBRESIEFHNNFIERER,
HREZHIHERBBEN A RN . NEINEERE
VO E=NAVE - Gl S C f atitie =o = ]2l s
IEVFENAR BB NE R L E IR, 7]
M EMIZE LB TRE B35 REE~HNGI, Rit,
RIAFNE T 2155 CRP. ET-1 1 MDA 7K, 1R
HEHREGABRESEFXRZTWIER XRHAR
AMBRESHERE 14d 5 CRP. ET-1 1 MDA £
EAEX, HR S cRP IXECEERITFEERENX, Z24AM
BRX 3 MEMGENSEEREXKEZEREX,
BERIITHITFRE N, XLALER KA, CRP. ET-1 1 MDA
=MEYIREYK NN T AIEERHRE S|
EERNEz— FEFEZHRAHITRER. —L&
BT RBA R FABV IR BE o] &2 M 22 43 AV BR AR R 2 M A 1K
RIS, MEEN R ES R #— INEZ
N ERNIE, SRS EHEL T REBRE, #
mAESWNE RAERN UKRAREIHEERZ
F R,

CRP B2 G R M RN BN —MIEF R MRS
)%, Davand E AR A AR B SHA AR
BARKRRER, #MEHRXMIEEF CRP. BH
B BHRNZFNREN, FESELRER MR, X
MRNH—-TFINEFARNENEERS LRE-MH
BEAGR, FRFEOMAE, REASHEFNELE,
1R~ CRP VKT A RER HRE GRS RE =R F
Rz —. ET-1 B EIZFIF LN E IhEE & A RIEIR,
R LI, AR 5| A% ERW SR R, &
5|2 EMN N EARTHEES IR, SRR E A
H—LEABERAEZ ET-10 ET-2 A ET-30 ET-1
55 i & sh B AR XY, Al 7 5 A kUL SE,
RIREFER, SBERALZER LK FRNELE,
RASHE, BT ET-1 W o e HREAMS]
RN ERERZ— MDA Al EAB 2R
KENIFEZ—, EEREEFRTFERAEIANL
RBP4, MDA BT N T E B IEM. A LERIA.
MEIEBUFERRESHREMRAEAT, #MENE
R AL, 128 MDA I E R RER B R E &M 5|
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