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Research progress on potential mechanisms of preterm birth after maternal heat
exposure WANG Liyun', WANG Qjong', HUANG Cunrui* (1. School of Public Health, Sun Yat-
sen University, Guangzhou, Guangdong 510080, China; 2. Vanke School of Public Health,
Tsinghua University, Beijing 100084, China)

Abstract:

Preterm birth and its complications are the leading cause of neonatal death, and also a
perinatal problem that contributes to the global burden of disease. Recently, the association
between maternal heat exposure and elevated risk of preterm birth has been found in lots of
studies. But the potential mechanisms of how heat exposure increase the incidence of preterm
birth are still unclear. Thus, we reviewed maternal vulnerability factors and territorial
moderators associated with preterm birth due to heat exposure during pregnancy, and
summarized potential mechanisms between heat exposure and risk of preterm birth based on
previous studies. We found that heat exposure during pregnancy may involve various
mechanisms to increase the risk of preterm birth, such as oxidative stress, inflammation,
reproductive and urinary infections, neuroendocrine changes, and complications during
pregnancy. Prospective cohort studies and animal experiments should be conducted to clarify
the adverse health effects of heat exposure on different types of preterm birth from three facets
of "exposure-mechanism-effect", aiming to provide a scientific basis for the protection of
maternal and infant health through conducing clinical preventive interventions against preterm
birth in scorching weather.

Keywords: pregnancy; high temperature; preterm birth; risk; mechanism

Frr) LR EERTE 37 ARES)L, B REARERSRME) LK
5 FUTILERCHNTIERREY. 5EAMMEL, FraxmE L e~ tE
T, (AR EERIEERFNNEER. PESFENE 117 HHINE
FERE, B LABBHRAEZ, (URTFEER 352 HHIY, BEFBRERERY
MERRZ, BE FiE. QDEMITHERRYSEME~NLERL", 24
R ZHAE), Zha) LEKAFRACSRIRM, (R IBTIREIRES, WIMRRERS
E&%. R, BFAEMBERRIARRIEIN, AXRERSAEEL T, SBZEA
AUBARETIPRMRS, XL RAB RGN =R R BN AR,

DOl 10.11836/JEOM21445

AIR/ER
OXNE(BEAFEMEFSAHIESF
B5%) , E-mail: mawj@gdiph.org.cn

HEEmA
ERE =% 11 K1(2018YFA0606200) ; EIZR
BHARIZE$(42175183)

E&EEN
EM=(1995—), I, 4,

E-mail. wangly89@mail2.sysu.edu.cn

BIEEE
# 121, E-mail: huangcunrui@mail.tsinghua.
edu.cn

CIEEH] FFE
Rl TR
S EH 2021-09-21
RAEBAH 2022-01-14

NEHRS 2095-9982(2022)03-0275-06
FESES R114
XEMTERR A

»51H

EWEm, TR, BFR ZHSERESER
FERTBIREHE 0. FIRSRLES,
2022,39(3): 275-280.

PA TSR

www.jeom.org/article/cn/10.11836/JEOM21445

Funding
This study was funded.

Correspondence to
HUANG Cunrui, E-mail: huangcunrui@mail.
tsinghua.edu.cn

Ethics approval Not required
Competing interests None declared
Received 2021-09-21

Accepted 2022-01-14

» To cite

WANG Liyun, WANG Qiong, HUANG Cunrui.
Research progress on potential mechanisms
of preterm birth after maternal heat expos-
ure[J]. Journal of Environmental and Occupa-
tional Medicine, 2022, 39(3): 275-280.

» Link to this article
www.jeom.org/article/en/10.11836/JEOM21445

wWww.jeom.org


https://doi.org/10.11836/JEOM21445
mailto:wangly89@mail2.sysu.edu.cn
mailto:wangly89@mail2.sysu.edu.cn
mailto:huangcunrui@mail.tsinghua.edu.cn
mailto:huangcunrui@mail.tsinghua.edu.cn
www.jeom.org/article/cn/10.11836/JEOM21445
mailto:huangcunrui@mail.tsinghua.edu.cn
mailto:huangcunrui@mail.tsinghua.edu.cn
www.jeom.org/article/en/10.11836/JEOM21445
www.jeom.org

276 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

EER, RESREHWPIABRTHEERARE
R, ZEARE T RIsS BIE MR~ XY, KA/
2RI B RBRABIRXIGFERZNZ MW, L
MRBEN, NEEZRASHRETSR(40°C K&
Bl E)1h, RERFHXEIZSTITRA(23 °C) %, B8
SRNAEE|I AR = XM FREIEERZ. AT
RRZHSERESRESNRNBEEMENS,
AN AALH T &a5 RN RIEE AN SRR
MEFEEEMENFIHITEE, REREZHS
BRESREFRENKHIVFIREES, aTASE
FREARNARIEH B,

1 SERSREFHNABERITRERR
1.1 Z2HSERES5RE=ZEINXEKHAR

Bal, ZHAROET S AR ESIENEEANE
RS, H B RBENMNREE SR EFTIEE, =
E—ImPATIRR KRR, 2iEFI—BASESHS 1°C,
EERERHBEAMREFHXIEIN 5% 55—
RHRXXAREZM, BENEFHRESHS 5.6 °C,
BAMEF XN 11.6% " EFHE 2013—2014 &
P B2 A ASIBUIRR R R A I, ZHRtR G =
B(>Py) BESERFXIE I 55% s thIb, HGR1E
NREHER[EB GBI INE =X, REMNEHRR
KW, FRIENXBIFR LI 10%~92%H9 R 7= XU Fa",
*TFEREMENSRE O, KASHARELIT
DRI 2N, ERRNMRELHA—H. 7
EE 403 MEFENHRAI, 215 4 ANSER
BRI RERIEN 2.5% " FEHRENFRME
B4R A, 2iE 4 ARG RRESF R
XG0 10%™, BB HMIAR LM, XE 1~7 &
A% 15~21 ZAMNSERRES SEME =X L™,
A, &R ESHE RN ASURE OHRTEN =
EEZHAR.
1.2 EREMBEENZAMEMESSEEE

BARTEMEFHNMN KNS ZERSERERE
*, BEZEER. BRE. £ L. OBWR. £7F
MITEARXEFE. flWN, ZANBERTS
(>35 %) HiIR( <19 P HREFHNBBER, £5
RALEARATBSAERTESHETERARE
BN, ERAERDBNEERFERB R, M
MR~ XL, ZIMARERA, H2EBE 0FR.
MRRERF, REFRZHERARICEY, SRR
BEASHEANEENK,. RENEEESEREF

REMEYAX, AR FRKREBER~E AL
ERERFHIXRIEMT 2 F BERBERIGN
ZARBEE N, MMIEINZIE 8 XM F a0 XS
o Ieoh, BRI SATERT 3 h WIFRER~H
RGN 40%™, EEM—INERR R, TS
ERARDILMMNX S ESBHEFHIXRERX, A
ENRERFUOELSHMERTERNSBIFE,
13 SREMPEFHFREKINEHERER

SRR EERANKEEHEE, =S5
e, SR, HIBIRS, R BT ESFETXA
WEERR. FE MH—BHRKER, RS
PM, s FURZE(E I IR = RIRE ", $H3HEE. AR
ERAER, FENMRLINEEXN R IR EM
RS TREFEKRY, MAENHTNRIMELA
H X 22 = 1330 i R AR, — TSR R R EA,
X AREATMN. SEH MBI R, Rin
ERERNEEREEEERAZR", BEHARIE
R’ KM AMESZEARNEF R BKFE. B2
FRFFERRBZEIEESFEFHIXR. HE—I
5B, ZAFREMA KB IZFKTIR, 27~
ZERNZmEX™, EEN—DEFFIHRRER
B, R B R RRENELT, SERESF
FERIRERE R,

2 ZHiSA
ENLH

RKEXBIET, iRk E2EESERERG,
M SMNEMRIEA RAER N, LU RAETE
RGN, AR DM RFA R ATIR”EFH &ZE
AN EIREY . RIERF USRI XHECIEES]
ERATERE SR, WRNEBERARRET LUE R
FE, ERFERERNRR, A BERN,; mitikiAH
RIERIE NIRRT LT IRBIX S, XL 2SR
MRENR®™, B 1 HEBENSE T RS ERER
0 2 7= XU BB TEN Lo
21 S|UMHMKERN

ME KN ERE TGS R 25l 528 MHNE
RN RIER N 3 ENEMNE R RESSR G
ARG, IR R BN R B T, X5SRFNAER
IR RE, b, @M BR R E R NI Z PR
BIR, faEBHESMERERN, RENMTREX=E
HEN. ZTLWIARRKRE, PEZEIS M EME
RN G, ARNEEE. S'ECSNRBESR

RESHECAENKRNETE

wWww.jeom.org


www.jeom.org

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

277

Y BETREENAS, A E IR EEEFT
SUFBEEN S BZRFET. MIAKEREE
FESHRBA TR B p38s ZRFEUEH NS

( mitogen-activated protein kinase, MAPK) {5 S B &, f#

RAEFEAEPKEFER SIRT3 KRIK, REAEAIR
FW5I R RN IERREUN T SHRRARAE
THT R BUE " B, 2N RESRSEI AL
FFmE LT Z BINRAREHSREE=E X,

B
S
XEEHER oy BOEHPARY <0 CRHT
bbb : AR
o SREZR| -
i HIEFRIE S5y -
& HREH T
papzn f)LERER
| ETIE BEFEA |
£ R
@ — OB : —_—
— ; R
R | MEHESEE A REBR B
RE | BRgRAE = R
waREse | ; #BEER
SADPHIE ; o BB
SRIEBRR S R T e
WEFEAR . R ST IRy
RIFIRRE R
= @
P om som sem NSRRI G

CEI SBRER: SR R, Bk, #IBfg: KEXn SMBEEXSE, #2485 fEl. EREFSES, BETFRE: EFRE. KURS,;

BERRL: BME. DT 2E, ADFHIE: Fit. FREBH. AT, £5EH T RIBE(ER/ME0)

T EMR-EE- 5 LR, CRH: S LR BUBERR SR,

OB R, TR, HpA Hi:

[Note] Climatic factors: temperature, light, precipitation, etc.; Geography: zoning, forest cover, etc.; Socio-economic factors: urbanization, GDP, etc.;

Health care: number of health care providers, number of ward beds, etc.; Medical history: hypertension, cardiac insufficiency, etc.; Demographic

characteristics: age, body mass index, income, etc.; Lifestyle: smoking (active/passive), alcohol consumption, exercise, work patterns, etc.; HPA

axis: hypothalamic-pituitary-adrenal axis; CRH: Corticotropin-releasing hormone.
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Figure 1 Potential mechanisms between maternal heat exposure and the risk of preterm birth

AN AR LOEE 5 e S MR ER KN, X8
FEERSEELM, RRRATLTNEABETM
&, B9 & interleukin, IL)-1B« IL-6. IL-10. FHEBIFFEE
F-a(tumor necrosis factor-a, TNF-a)?Ei?SJ:ﬂ‘[?’G]o SN
WIHETEMRMNH 4h 5, %A D EEE B -1(activating
protein-1, AP-1) 1 2 #% K] F-kB( nuclear factor-kB, NF-
kB) EEEFEIE N, TNF-o B RIEMN, RI\IMEAREK
IS BEh AP-1 F NFB 15 5 38 B BUE & E e B2,
RIER N ER =R BERING 2 —. LM
R, RERNBIHETEFRNERRRAEAN
Toll #={K 4(Toll-like receptor 4, TLR4) {5 = 1B B K IK
R, PFERNERFISTBIARRE, ZHAE
EF40 IL-9. IL-10. TNF-o FRMEHE MR, NFE
WaaMUE S, FEEB TN B A MR AL,

2.2 HFEFIBRAG RS

PHE ARSI ESIEMEEEBENBIRASR
RN TSR ™. HIERNFIEI e 5FRER
BHTREAEMBAMEESX, SREERTFE, &
B REAE AR, BT LU 2 BRE A B S RIFIBR R
SHESHFEWRERSIY K MMIFELEF~" —

TUE F o E R A X E B2 3R 5 R BE,
8.7% AR K ER AR TF =2 BRRE, FAYIFARE
MRt RE, ERENIFEEERET, ZAREM
FEMEEESR B AFEIKFE I XL N 21%, FBITE
EFFHENRERREY. FEAAERRTNES .
EENEEREERY, R {EAR~ N ENHEY
51T —IANDIK 32 IR RS SRR, AE
MERRE R E R BR XL IN T 138% ",
FEEIMERENH S, 2R EMRAFKREN
Xt EIL M, RIBE/RBEIMMEHRR AN, 213K
MEERAERS B FREZIEHERX(r=0.677)" EE
B Z AR RE, AR ER 5~7.5 °C EFE
25~30 °C, LM FRIBRRGIEZ £ FIZINT 20%~30%""
WREAABRARENESNESERERZRZ —, H
FREGRER. TEREIR. BEBREBS R =1 X g
nE X", —IgN 20 7 FIZ AR PATIH 5t 2R P
LIBRAFERN=AR=NEEZ,
23 HENDBREANRET
HRZAABHMEMEDN, BENT L X-8
{&-'% _E BR (hypothalamic pituitary adrenal, HPA) =

wWww.jeom.org


www.jeom.org

278 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

WHUE, RIBNER BUSER 72 18 10, (R #EEE RN 5. O
ME RN %ZE R, MimetsE DX FHRHARF R
e, KEESUARERLS, MREE LRERMER
M BB K FEF 5, 12 5 L BRRR BUsl 2 e & BRIt 4
AR R £ T, IR PR MR ES HPA
BB X HPA MR IT SIS R ER A A R 93 W & 1F
REXREA™, HPREE LIRERBERBEE
(corticotropin releasing hormone, CRH) {E N T & ix 18
TIRK, BT LA £ F74= % HPA BB TNREE. M CRH 19
“BERW 5D GMANNE X, ZATEEIRSE 31~
33 FAREKTER CRH 5 B 2 Rt B EHE X,

PN R A] OB 2 i e = R AR IR =R 7
W R FEFTBINNBEHBARET. B ERESH
FHIRZ AR K, F B MR RohiRERIE, 5lEEEED
WEFRE, ABRBERRVERARNFERAZLL
ME, SIEREPHIFIBRE 20 REAEHYKEFH
= 3RS AREZEANIDEWEERER, K
MEER REIRKK s Lo, B ZRRENPATIERR
R, RBFRTRIVIIRE F2a SEFH X, a1
RRE AR H S MM A FEURZE"™,

FIREAH A FE N IHIREBS B ER, 2 THIRE R
BEEAER, BFF kIS M ERRK. iTiRBYERR
M IREAFF R AEHRIRE, Al E R R SRR~
EHEXRER. oRRESSERANMELZES
), MPAE IR M EA S fER R ABTER N
R, — I AT R KRR, B2 EERTFIE
BREAEZBIBNKBEE LA T 3.8mmHg, EAEE
2, BmE B oIE N2 T iR L E &R 2R
XL, MER—IATIRRER KRR, ZR S8
FEESHF MR WA £ XM 16%°", F
WHARRERE R REENBRER, FRE
PN FEIIBAEHB R ERSHREE R TR, 114
BARINERGNERTAEZ HIBREIEREH
SRR LEKZIR, ERBRSNENZIER TN
ENHERT, BEINEEITFRAL IIFIR,

FEN—IETE A TIRR &I, FIRE 21,
22 AR IS SRS = T IR HANE PR 7 X PG IE 10 66%
0 74%, 158 E & 02 A S iR ERRE PR AR AL 5 BT
BES p AHRETHEEMEIS MR D RIRME X, INEAR
—DR R AN EEERTTEN AT 3~4 ANIFIE
mEASR5|REIRIANEFRH X FIE 20%, HH,
TN RS RN g ARINEEMIBITEEAR, B

MFRSAERRELAERE, Hlk LEKZR. B
2%, IWSMERERE IR IR A 5 & FH BRMERRS
MERBRSFSHLE B FRMNX TR BEHNF
PR L E R 2 30% 7,

AEKBETBUINERT, REKSEFREHFH
REMERFEEM, SNEHEERFETENR
fr. BEl, BXSESEFNARARIIERNINE
AFRWZXE BERNSERBESEETREN
EYFNFI, 2 ERENE~HNE A ERE
EEREAEMEERAER 25N, BESE
FRMRILVFEEXNPIEN R KB RITEH I,
HABES nRE SR ARG EBZR N
ENEESAS g o

RIS A HNRR, RRAI D N2 R L IFER
R BERERBAMERESTRTHERS 2%
FERMR~RIEE A RERENRED BT, i
REWBAMRTERABRERBA ZENT T, ™
ATMEFEEEFEIEMEL 5| FEEFER =
FEHITO R RS, FRIGKTE R =HREER
BKR, BFEETRNBEREAR, N7 EEXHERKT
TR MO B RIFER TR, BRETESIERR
FREW B R MR, MEIRAH &ZEN E B IETT
MR, B, AR ERBFANE=LXEFRER
SRR, BT R S EE T KB B ERZ L.

REAR I AE ImREB R, 22 HA
=aEESREFAENCHGIERE, LERER
WEREEHARBRUNSG. &%, BT AL
e, BIRENZHM S ERERE, BirZd
FIE PR ARG R R EIREAF ZIERVR T, FHEERE
BREOHNZOARESERRERF. AEFEE

EARBIRRE, MRRAREZIAN G TS ERESK
BRBFF=RXEER, @R ERESHRRE
PRI, HR, IRITSREIS, B IR
IR HEIIFIR S BME T T, UNE~E, +
/R R E MR E QHREX D FKF. MAEE
MRMoRRAENS R ME VG RE
HRFIEE. &fE, FRERAY. EARAFFZAH
FHR, R SZHEEREBEEXNAFREY, 15
TERFREREFRITEXEZINNEBEED FER
o

www.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(3) 279

4 2L

SR, BEFMRANZERRESBELS
R RIER N EFEFMBIRAFRE. BERD
W LU R IRHE & HEF VL HI KR, SHE~X
fo KRR IZE T RIS PASIR M sh4 L Iatf
R, BIISEREESHESHNGIEE, AR
RAAREmYFH TS EREE SRS LEUR~hIE
BX/), AEEERZMRE. IRRTIR R =R ER =
ABFIIRICEAL,

SEXE

[1]UUL, 0ZA S, HOGAN D, et al. Global, regional, and national causes of child
mortality in 2000-13, with projections to inform post-2015 priorities: an
updated systematic analysis[J]. Lancet, 2015, 385(9966) : 430-440.

[ 2] WALANI SR. Global burden of preterm birth[J]. Int J Gynaecol Obstet,
2020, 150(1): 31-33.

[ 31 CHAWANPAIBOON S, VOGEL J P, MOLLER AB, et al. Global, regional, and
national estimates of levels of preterm birth in 2014: a systematic review
and modelling analysis [J]. Lancet Global Health, 2019, 7(1) : E37-E46.

[4]1VOGEL JP, CHAWANPAIBOON S, MOLLER AB, et al. The global
epidemiology of preterm birth[J]. Best Pract Res Clin Obstet Gynaecol,
2018, 52: 3-12.

['5 1 HAGHIGHI M M, WRIGHT CY, AYER J, et al. Impacts of high environmental
temperatures on congenital anomalies: a systematic review[J]. Int J
Environ Res Public Health, 2021, 18(9) : 4910.

[6]1=WH, A8, ERX, & MIHVESEEXANRTREAREE
D] FESEVES, 2020,37(1): 15-22.

LI CC, REN M, DONG HT, et al. Epidemiological research progress on
association of maternal exposure to ambient temperature extremes and
preterm birth[J]. J Environ Occup Med, 2020, 37(1): 15-22.

[ 7 1 CHERSICH MF, PHAM MD, AREAL A, et al. Associations between high
temperatures in pregnancy and risk of preterm birth, low birth weight,
and stillbirths: systematic review and meta-analysis[J]. BMJ, 2020, 371:
m3811.

[ 8 1 MAYVANEH F, ENTEZARI A, SADEGHIFAR F, et al. Exposure to suboptimal
ambient temperature during specific gestational periods and adverse
outcomes in mice[J]. Environ Sci Pollut Res Int, 2020, 27(36): 45487-
45498.

[9TWANG YY, LI Q, GUO VY, et al. Ambient temperature and the risk of
preterm birth: a national birth cohort study in the mainland China[J].
Environ Int, 2020, 142: 105851.

[10] sun S, WEINBERGER KR, SPANGLER KR, et al. Ambient temperature and
preterm birth: a retrospective study of 32 million US singleton births[J].
Environ Int, 2019, 126: 7-13.

[11]THE JR, LIU Y, XIA XY, et al. Ambient temperature and the risk of preterm
birth in Guangzhou, China (2001-2011) [J]. Environ Health Perspect, 2016,
124(7): 1100-1106.

[121 GUO T, WANG Y, ZHANG H, et al. The association between ambient
temperature and the risk of preterm birth in China[J]. Sci Total Environ,
2018, 613-614: 439-446.

[13]HA S, LIU D, ZHU Y, et al. Ambient temperature and early delivery of
singleton pregnancies[J]. Environ Health Perspect, 2017, 125(3): 453-
459.

[14]HA s, LIU D, ZHU VY, et al. Acute associations between outdoor

temperature and premature rupture of membranes[J]. Epidemiology,

2018,29(2): 175-182.

[15] WALFISCH A, KABAKOV E, FRIGER M, et al. Trends, seasonality and effect
of ambient temperature on preterm delivery[J]. ) Matern Fetal Neonatal
Med, 2017, 30(20) : 2483-2487.

[16] WANG Q, LI B, BENMARHNIA T, et al. Independent and combined effects
of heatwaves and PM,; on preterm birth in Guangzhou, China: a survival
analysis[J]. Environ Health Perspect, 2020, 128(1) : 17006.

[17] FRICK AP. Advanced maternal age and adverse pregnancy outcomes[J].
Best Pract Res Clin Obstet Gynaecol, 2021, 70: 92-100.

[18] SCHIFANO P, LALLO A, ASTA F, et al. Effect of ambient temperature and
air pollutants on the risk of preterm birth, Rome 2001-2010[J]. Environ
Int, 2013, 61: 77-87.

[19] GRONLUND CJ, YANG AJ, CONLON KC, et al. Time series analysis of total
and direct associations between high temperatures and preterm births in
Detroit, Michigan[J]. BMJ Open, 2020, 10(2) : e032476.

[20] YANG J, BAER RJ, BERGHELLA V, et al. Recurrence of preterm birth and
early term birth [J]. Obstet Gynecol, 2016, 128(2) : 364-372.

[21]LIN Y, HU W, XU J, et al. Association between temperature and maternal
stress during pregnancy[J]. Environ Res, 2017, 158: 421-430.

[22] STANEVA A, BOGOSSIAN F, PRITCHARD M, et al. The effects of maternal
depression, anxiety, and perceived stress during pregnancy on preterm
birth: a systematic review [J]1. Women Birth, 2015, 28(3): 179-193.

[23] VAN BEUKERING MD M, VAN MELICK MJ GJ, MOL BW, et al. Physically
demanding work and preterm delivery: a systematic review and meta-
analysis[J]. Int Arch Occup Environ Health, 2014, 87(8) : 809-834.

[24] AVALOS LA, CHEN H, LI DK, et al. The impact of high apparent
temperature on spontaneous preterm delivery: a case-crossover study[J].
Environ Health, 2017, 16(1): 5.

[25] SON JY, LEE JT, LANE KJ, et al. Impacts of high temperature on adverse
birth outcomes in Seoul, Korea: disparities by individual- and community-
level characteristics [J]. Environ Res, 2019, 168: 460-466.

[26] HE J, ZHENG W, TAO C, et al. Heat stress during late gestation disrupts
maternal microbial transmission with altered offspring's gut microbial
colonization and serum metabolites in a pig model[J]. Environ Pollut,
2020, 266: 115111.

[27] SIMMERING JE, POLGREEN LA, CAVANAUGH JE, et al. Warmer weather
and the risk of urinary tract infections in Women [J]. J Urol, 2021, 205(2) :
500-506.

[28] KEELAN J A. Intrauterine inflammatory activation, functional progesterone
withdrawal, and the timing of term and preterm birth[J]. J Reprod
Immunol, 2018, 125: 89-99.

[29] DI RENZO G C, TOSTO V, GIARDINA I. The biological basis and prevention
of preterm birth [J]. Best Pract Res Clin Obstet Gynaecol, 2018, 52: 13-22.

[30] GILMAN-SACHS A, DAMBAEVA S, GARCIA MD S, et al. Inflammation
induced preterm labor and birth [J]. J Reprod Immunol, 2018, 129: 53-58.

[31] SIES H, BERNDT C, JONES DP. Oxidative stress[J]. Annu Rev Biochem,
2017, 86: 715-748.

[32] AKBARIAN A, MICHIELS J, DEGROOTE J, et al. Association between heat
stress and oxidative stress in poultry; mitochondrial dysfunction and
dietary interventions with phytochemicals[J]. J Anim Sci Biotechnol,
2016, 7: 37.

[33] MUTWEDU V B, NYONGESA AW, ODUMA J A, et al. Thermal stress causes
oxidative stress and physiological changes in female rabbits[J]. J Therm
Biol, 2021, 95: 102780.

[34] FENG L, ALLEN TK, MARINELLO W P, et al. Roles of progesterone receptor
membrane component 1in oxidative stress-induced aging in Chorion
cells[J]. Reprod Sci, 2019, 26(3) : 394-403.

[35] MOORE TA, AHMAD | M, ZIMMERMAN M C. Oxidative stress and preterm

wWww.jeom.org


https://doi.org/10.1016/S0140-6736(14)61698-6
https://doi.org/10.1002/ijgo.13195
https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1016/j.bpobgyn.2018.04.003
https://doi.org/10.3390/ijerph18094910
https://doi.org/10.3390/ijerph18094910
https://doi.org/10.1007/s11356-020-10416-9
https://doi.org/10.1016/j.envint.2020.105851
https://doi.org/10.1016/j.envint.2019.02.023
https://doi.org/10.1289/ehp.1509778
https://doi.org/10.1016/j.scitotenv.2017.09.104
https://doi.org/10.1289/EHP97
https://doi.org/10.1097/EDE.0000000000000779
https://doi.org/10.1080/14767058.2016.1253063
https://doi.org/10.1080/14767058.2016.1253063
https://doi.org/10.1289/EHP5117
https://doi.org/10.1016/j.bpobgyn.2020.07.005
https://doi.org/10.1016/j.envint.2013.09.005
https://doi.org/10.1016/j.envint.2013.09.005
https://doi.org/10.1136/bmjopen-2019-032476
https://doi.org/10.1097/AOG.0000000000001506
https://doi.org/10.1016/j.envres.2017.06.034
https://doi.org/10.1016/j.wombi.2015.02.003
https://doi.org/10.1007/s00420-013-0924-3
https://doi.org/10.1186/s12940-017-0209-5
https://doi.org/10.1016/j.envres.2018.10.032
https://doi.org/10.1016/j.envpol.2020.115111
https://doi.org/10.1097/JU.0000000000001383
https://doi.org/10.1016/j.jri.2017.12.004
https://doi.org/10.1016/j.jri.2017.12.004
https://doi.org/10.1016/j.bpobgyn.2018.01.022
https://doi.org/10.1016/j.jri.2018.06.029
https://doi.org/10.1146/annurev-biochem-061516-045037
https://doi.org/10.1186/s40104-016-0097-5
https://doi.org/10.1016/j.jtherbio.2020.102780
https://doi.org/10.1016/j.jtherbio.2020.102780
https://doi.org/10.1177/1933719118776790
https://doi.org/10.1016/S0140-6736(14)61698-6
https://doi.org/10.1002/ijgo.13195
https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1016/j.bpobgyn.2018.04.003
https://doi.org/10.3390/ijerph18094910
https://doi.org/10.3390/ijerph18094910
https://doi.org/10.1007/s11356-020-10416-9
https://doi.org/10.1016/j.envint.2020.105851
https://doi.org/10.1016/j.envint.2019.02.023
https://doi.org/10.1289/ehp.1509778
https://doi.org/10.1016/j.scitotenv.2017.09.104
https://doi.org/10.1289/EHP97
https://doi.org/10.1097/EDE.0000000000000779
https://doi.org/10.1080/14767058.2016.1253063
https://doi.org/10.1080/14767058.2016.1253063
https://doi.org/10.1289/EHP5117
https://doi.org/10.1016/j.bpobgyn.2020.07.005
https://doi.org/10.1016/j.envint.2013.09.005
https://doi.org/10.1016/j.envint.2013.09.005
https://doi.org/10.1136/bmjopen-2019-032476
https://doi.org/10.1097/AOG.0000000000001506
https://doi.org/10.1016/j.envres.2017.06.034
https://doi.org/10.1016/j.wombi.2015.02.003
https://doi.org/10.1007/s00420-013-0924-3
https://doi.org/10.1186/s12940-017-0209-5
https://doi.org/10.1016/j.envres.2018.10.032
https://doi.org/10.1016/j.envpol.2020.115111
https://doi.org/10.1097/JU.0000000000001383
https://doi.org/10.1016/j.jri.2017.12.004
https://doi.org/10.1016/j.jri.2017.12.004
https://doi.org/10.1016/j.bpobgyn.2018.01.022
https://doi.org/10.1016/j.jri.2018.06.029
https://doi.org/10.1146/annurev-biochem-061516-045037
https://doi.org/10.1186/s40104-016-0097-5
https://doi.org/10.1016/j.jtherbio.2020.102780
https://doi.org/10.1016/j.jtherbio.2020.102780
https://doi.org/10.1177/1933719118776790
www.jeom.org

280 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

birth: an integrative review [J]. Biol Res Nurs, 2018, 20(5) : 497-512.

[36] LAN R, LI S, CHANG Q, et al. Chitosan oligosaccharides protect Sprague
dawley rats from cyclic heat stress by attenuation of oxidative and
inflammation stress[J]. Animals (Basel), 2019, 9(12) : 1074.

[37] GANESAN S, VOLODINA O, PEARCE SC, et al. Acute heat stress activated
inflammatory signaling in porcine oxidative skeletal muscle[J]. Physiol
Rep, 2017, 5(16) : e13397.

[38] CAPPELLETTI M, DOLL JR, STANKIEWICZ TE, et al. Maternal regulation of
inflammatory cues is required for induction of preterm birth[J]. JCI
Insight, 2020, 5(22) : e138812.

[39] HUANG L, HOU Q, HUANG VY, et al. Serum multiple cytokines for the
prediction of spontaneous preterm birth in asymptomatic women: a
nested case-control study[J]. Cytokine, 2019, 117: 91-97.

[40] FETTWEIS J M, SERRANO M G, BROOKS J P, et al. The vaginal microbiome
and preterm birth [J]. Nat Med, 2019, 25(6): 1012-1021.

[41]WANG Q, ZHAO Q, WANG G, et al. The association between ambient
temperature and clinical visits for inflammation-related diseases in rural
areas in China[J]. Environ Pollut, 2020, 261: 114128.

[42] DADVAND P, BASAGANA X, FIGUERAS F, et al. Climate and group B
streptococci colonisation during pregnancy: present implications and
future concerns[J]. BJOG, 2011, 118(11): 1396-1400.

[43] LAMONT RF. Spontaneous preterm labour that leads to preterm birth: an
update and personal reflection[J]. Placenta, 2019, 79: 21-29.

[44] LEITICH H, KISS H. Asymptomatic bacterial vaginosis and intermediate
flora as risk factors for adverse pregnancy outcome[J]. Best Pract Res Clin
Obstet Gynaecol, 2007, 21(3) : 375-390.

[45] MINISHA F, MOHAMED M, ABDULMUNEM D, et al. Bacteriuria in pregn-
ancy varies with the ambiance: a retrospective observational study at a
tertiary hospital in Doha, Qatar[J]. ) Perinat Med, 2019, 48(1) : 46-52.

[46] CUNNINGTON M, KORTSALIOUDAKI C, HEATH P. Genitourinary pathogens
and preterm birth [J]. Curr Opin Infect Dis, 2013, 26(3) : 219-230.

[47] MAZOR-DRAY E, LEVY A, SCHLAEFFER F, et al. Maternal urinary tract
infection: is it independently associated with adverse pregnancy
outcome? [J]. ) Matern Fetal Neonatal Med, 2009, 22(2): 124-128.

[48] VOLTOLINI C, PETRAGLIA F. Neuroendocrinology of pregnancy and
parturition [J]. Handb Clin Neurol, 2014, 124: 17-36.

[49] JASNIC N, KORAC A, VELICKOVIC K, et al. The effect of acute heat
exposure on rat pituitary corticotroph activation: the role of vasopre-
ssin[J]. Folia Histochem Cytobiol, 2010, 48(4) : 507-512.

[50] GELAYE B, KIRSCHBAUM C, ZHONG QY, et al. Chronic HPA activity in
mothers with preterm delivery: a pilot nested case-control study[J]. J
Neonatal Perinatal Med, 2020, 13(3): 313-321.

[51] SANDMAN CA, GLYNN L, SCHETTER CD, et al. Elevated maternal cortisol
early in pregnancy predicts third trimester levels of placental corticotropin
releasing hormone (CRH): priming the placental clock [J]. Peptides, 2006,

27(6): 1457-1463.

[52] STAN CM, BOULVAIN M, PFISTER R, et al. Hydration for treatment of
preterm labour[J]. Cochrane Database Syst Rev, 2013(11) : CD003096.

[53] NAKAMURA H, MATSUZAKI I, HATTA K, et al. Physiological involvement of
placental endothelin-1 and prostaglandin F2a in uteroplacental circulatory
disturbance in pregnant rats exposed to heat stress[J]. Can J Physiol
Pharmacol, 2004, 82(4): 225-230.

[54] EICK SM, FERGUSON KK, MILNE GL, et al. Repeated measures of urinary
oxidative stress biomarkers and preterm birth in Puerto Rico[J]. Free
Radic Biol Med, 2020, 146: 299-305.

[55] WANG Q, LI C, GUO Y, et al. Environmental ambient temperature and
blood pressure in adults: a systematic review and meta-analysis[J]. Sci
Total Environ, 2017, 575: 276-286.

[56] SKUDDER-HILL L, AHLSSON F, LUNDGREN M, et al. Preterm birth is
associated with increased blood pressure in young adult women[J]. J Am
Heart Assoc, 2019, 8(12) : e012274.

[57] XIONG T, CHEN P, MU Y, et al. Association between ambient temperature
and hypertensive disorders in pregnancy in China[J]. Nat Commun, 2020,
11(1):2925.

[58] FERRERO DM, LARSON J, JACOBSSON B, et al. Cross-country individual
participant analysis of 4.1 million singleton births in 5 countries with very
high human development index confirms known associations but provides
no biologic explanation for 2/3 of all preterm births[J]. PLoS One, 2016,
11(9) : e0162506.

[59] JAYARAM A, COLLIER CH, MARTIN JN. Preterm parturition and pre-
eclampsia: the confluence of two great gestational syndromes[J]. Int J
Gynaecol Obstet, 2020, 150(1) : 10-16.

[60] ZHANG H, WANG Q, BENMARHNIA T, et al. Assessing the effects of non-
optimal temperature on risk of gestational diabetes mellitus in a cohort of
pregnant women in Guangzhou, China[J]. Environ Int, 2021, 152: 106457.

[61] RETNAKARAN R, YE C, KRAMER CK, et al. Impact of daily incremental
change in environmental temperature on beta cell function and the risk of
gestational diabetes in pregnant women[J]. Diabetologia, 2018, 61(12):
2633-2642.

[62] BILLIONNET C, MITANCHEZ D, WEILL A, et al. Gestational diabetes and
adverse perinatal outcomes from 716, 152 births in France in 2012[J].
Diabetologia, 2017, 60(4) : 636-644.

[63] HENDERSON JJ, MCWILLIAM OA, NEWNHAM JP, et al. Preterm birth
aetiology 2004-2008. Maternal factors associated with three phenotypes:
spontaneous preterm labour, preterm pre-labour rupture of membranes
and medically indicated preterm birth[J]. J Matern Fetal Neonatal Med,
2012, 25(6): 642-647.

[64] DIEMERT A, ARCK PC. Preterm birth: pathogenesis and clinical
consequences revisited [J]. Semin Immunopathol, 2020, 42(4) : 375-376.

(ExX4wiR TR, RERE  STR)

(L#&%E 274 T0)

[32] XBsZ, =54, 5, F. 2010FKE B RMZEHZERBRIE L], PEF
EFLE, 2012, 46(12): 1121-1123.
LIU XT, LI YC, JIANG Y, et al. Disease burden of stroke in China, 2010[J].
Chin J Prev Med, 2012, 46(12): 1121-1123.

[33] KATAN M, LUFT A. Global burden of stroke[J]. Semin Neurol, 2018,
38(2):208-211.

[34] MATTHIES F, BICKLER G, CARDENOSA M, et al. Heat-health action plans:
guidance [R]. Genéve: WHO, 2008.

[35] BARNETT AG, DE LOOPER M, FRASER JF. The seasonality in heart failure

deaths and total cardiovascular deaths[J]. Aust N Z J Public Health, 2008,
32(5): 408-413.

[36] EIESR, KM=, XIHE. 2015—20205FE R FE T PM, ;F1PM, B35 F4F4E K
ARIED]. FEREER, 2022(1): 70-72.
WANG ZR, ZHANG SL, LIU M. Pollution characteristics and treatment of
PM,s and PM,, in Ankang city from 2015 to 2020[J]. China Sci Technol
Inf, 2022(1): 70-72.

[37] PANDIAN JD, GALL SL, KATE MP, et al. Prevention of stroke: a global
perspective [J]. Lancet, 2018, 392(10154) : 1269-1278.

(SRR DR, BERE . 5T

wWww.jeom.org


https://doi.org/10.1177/1099800418791028
https://doi.org/10.1172/jci.insight.138812
https://doi.org/10.1172/jci.insight.138812
https://doi.org/10.1016/j.cyto.2019.02.007
https://doi.org/10.1038/s41591-019-0450-2
https://doi.org/10.1016/j.envpol.2020.114128
https://doi.org/10.1111/j.1471-0528.2011.03044.x
https://doi.org/10.1016/j.placenta.2019.03.010
https://doi.org/10.1016/j.bpobgyn.2006.12.005
https://doi.org/10.1016/j.bpobgyn.2006.12.005
https://doi.org/10.1515/jpm-2018-0419
https://doi.org/10.1097/QCO.0b013e328360dc31
https://doi.org/10.1080/14767050802488246
https://doi.org/10.3233/NPM-180139
https://doi.org/10.3233/NPM-180139
https://doi.org/10.1016/j.peptides.2005.10.002
https://doi.org/10.1139/y04-011
https://doi.org/10.1139/y04-011
https://doi.org/10.1016/j.freeradbiomed.2019.11.003
https://doi.org/10.1016/j.freeradbiomed.2019.11.003
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1038/s41467-020-16775-8
https://doi.org/10.1371/journal.pone.0162506
https://doi.org/10.1002/ijgo.13173
https://doi.org/10.1002/ijgo.13173
https://doi.org/10.1016/j.envint.2021.106457
https://doi.org/10.1007/s00125-018-4710-3
https://doi.org/10.1007/s00125-017-4206-6
https://doi.org/10.3109/14767058.2011.597899
https://doi.org/10.1007/s00281-020-00809-w
https://doi.org/10.1177/1099800418791028
https://doi.org/10.1172/jci.insight.138812
https://doi.org/10.1172/jci.insight.138812
https://doi.org/10.1016/j.cyto.2019.02.007
https://doi.org/10.1038/s41591-019-0450-2
https://doi.org/10.1016/j.envpol.2020.114128
https://doi.org/10.1111/j.1471-0528.2011.03044.x
https://doi.org/10.1016/j.placenta.2019.03.010
https://doi.org/10.1016/j.bpobgyn.2006.12.005
https://doi.org/10.1016/j.bpobgyn.2006.12.005
https://doi.org/10.1515/jpm-2018-0419
https://doi.org/10.1097/QCO.0b013e328360dc31
https://doi.org/10.1080/14767050802488246
https://doi.org/10.3233/NPM-180139
https://doi.org/10.3233/NPM-180139
https://doi.org/10.1016/j.peptides.2005.10.002
https://doi.org/10.1139/y04-011
https://doi.org/10.1139/y04-011
https://doi.org/10.1016/j.freeradbiomed.2019.11.003
https://doi.org/10.1016/j.freeradbiomed.2019.11.003
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1038/s41467-020-16775-8
https://doi.org/10.1371/journal.pone.0162506
https://doi.org/10.1002/ijgo.13173
https://doi.org/10.1002/ijgo.13173
https://doi.org/10.1016/j.envint.2021.106457
https://doi.org/10.1007/s00125-018-4710-3
https://doi.org/10.1007/s00125-017-4206-6
https://doi.org/10.3109/14767058.2011.597899
https://doi.org/10.1007/s00281-020-00809-w
https://doi.org/10.1177/1099800418791028
https://doi.org/10.1172/jci.insight.138812
https://doi.org/10.1172/jci.insight.138812
https://doi.org/10.1016/j.cyto.2019.02.007
https://doi.org/10.1038/s41591-019-0450-2
https://doi.org/10.1016/j.envpol.2020.114128
https://doi.org/10.1111/j.1471-0528.2011.03044.x
https://doi.org/10.1016/j.placenta.2019.03.010
https://doi.org/10.1016/j.bpobgyn.2006.12.005
https://doi.org/10.1016/j.bpobgyn.2006.12.005
https://doi.org/10.1515/jpm-2018-0419
https://doi.org/10.1097/QCO.0b013e328360dc31
https://doi.org/10.1080/14767050802488246
https://doi.org/10.3233/NPM-180139
https://doi.org/10.3233/NPM-180139
https://doi.org/10.1016/j.peptides.2005.10.002
https://doi.org/10.1139/y04-011
https://doi.org/10.1139/y04-011
https://doi.org/10.1016/j.freeradbiomed.2019.11.003
https://doi.org/10.1016/j.freeradbiomed.2019.11.003
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1038/s41467-020-16775-8
https://doi.org/10.1371/journal.pone.0162506
https://doi.org/10.1002/ijgo.13173
https://doi.org/10.1002/ijgo.13173
https://doi.org/10.1016/j.envint.2021.106457
https://doi.org/10.1007/s00125-018-4710-3
https://doi.org/10.1007/s00125-017-4206-6
https://doi.org/10.3109/14767058.2011.597899
https://doi.org/10.1007/s00281-020-00809-w
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1111/j.1753-6405.2008.00270.x
https://doi.org/10.1016/S0140-6736(18)31269-8
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.3760/cma.j.issn.0253-9624.2012.12.016
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1111/j.1753-6405.2008.00270.x
https://doi.org/10.1016/S0140-6736(18)31269-8
https://doi.org/10.1111/j.1753-6405.2008.00270.x
https://doi.org/10.1016/S0140-6736(18)31269-8
www.jeom.org

	1 高温与早产的人群流行病学研究
	1.1 孕期高温暴露与早产之间的关联研究
	1.2 高温影响早产的孕妇个体脆弱性因素
	1.3 高温影响早产的环境区域修饰性因素

	2 孕期高温暴露导致早产发生风险的潜在生物学机制
	2.1 氧化应激和炎症反应
	2.2 生殖和泌尿系统感染
	2.3 神经内分泌系统改变
	2.4 妊娠期并发症

	3 高温暴露与早产关系的机制研究中存在的问题及研究方向
	4 结论

