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Effect of air pollution on complications during pregnancy and its mechanism
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[Abstract] Pregnant women’s health is vulnerable to a variety of environmental and behavioral factors. Air pollution is

one of the important environmental factors for pregnant women, and many studies have analyzed its impact on complications

during pregnancy. Most of the findings demonstrate that air pollution is associated with the increased incidence of gestational

diabetes mellitus (GDM) and hypertensive disorders of pregnancy (HDP). The particles and aerosol contaminants in the air

can cause GDM and HDP through inflammation, oxidative stress, and other mechanisms. To control body mass index before

pregnancy and supplement trace elements such as folic acid and vitamin D play active roles in preventing complications

during pregnancy. In this review, we discussed the effects of various components of air pollutants on complications during

pregnancy, hoping to provide references for preventing complications during pregnancy.

[Key words] air pollution; pregnancy-induced hypertension; gestational diabetes; oxidative stress; inflammation
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AL, 2008—2010 3L GDM ~F-¥ &3 A
0.3% LT3 5.8%, HAl, MLEIRIIIELARER)
WITFBAMR, TEMRA LR, 4R 4T
IREAI RAE R T fER R R, KA R AR &
KERIBIA o

1 ZEKTEIT GDM KRN KL

L1 ZRAFGEDTEmH* GDM #9#a 2 HUHE
PRI — R R ERIA T, DABE R HCHURIER S 3 5
WZICRFE . PEAGTE, 2017 AERERAH 4.51 12
BLAE AR PR B, BT 2045 ARHEHTE 6.93
121, GDM VEN UG- H WOt RREZ —, HE
ek NERE Y 2 BRI KBUAR, A8 28
I, AR LR ERTEN I —LEE K, A 20 4
K F] 2007 44 20 4E[A] GDM RIRFIEIN T 30% LA
b, B BRI ATIRS . BRI

B A 2 UM PR AR L A 2SS GDML AR X
W, {H#E55 50% #Y GDM IR L RLfEK:
HEP, Hik, IR ZEE GDM A 1R
K ZFNEHA, HEEIRITAAEA A= 5 £
BLALFEAS AR ) U ) A B LS Y (nitrogen
oxide, NOx) . R4 (ozone, O;) . —5fkHK (carbon
monoxide, CO) SR

1.1.1 2@t 4y (fine particulate matter, PM, ;)

X GDM 8% PM, s 8 s
O H HAR <25 pm PR, BOA RS MER
R R IR R Z 1 WA EIESE %
W], PM, AJREREUME RACHUR 2 BUOE PRI Y A&
A Z2 B F] GDM 5 2 RUBE LRI A FE R N ZE A
L, PM, 5 A] B EAT (2 foff 4 0 3 0 2 A A A A Lt
EALEM . A, HAETET PM, s %885 GDM
ZIADE R 2 A B AR . W9
¥ PM,s 85 GDM JoxEkK, U0 van den Hooven
SFUIBE I R, R TR S B X S B
WA T AN R A 45 Ry 54T B O e o XU 5

Fleisch VP58 & B PM, 5 5% St 2 0 L 1E
5, M5 GDM &K ; Robledo 5T
KL PM,s 5 GDM KANKTC K. ZEF5E A
N PM, s /& GDM [fEf %, 41 Hu 3T
Xf 14 000 A2 GDM B i B, TELARIZE AT
PRI U A F RS BIRTE 3 D H, PM, s 2 3
IS GDM A XU T ARG [LLAE L (odds

ratio, OR) =1.20, 95% & X[d] ( confidence
interval, CI) : 1.13~1.26]; Shen ZF'WF5¢
RIS R . IeAh, TR EAN A K AT IR &
PE3Z PM, s I3 GDM A —LE 5 RN & .
Fleisch & A K2 B0, 76X A X R UEA T4 IS 43
ZEiE, RAFKR<20 Z KR GDM K%
5 PM, s B2 AIAFE M, X 0T AR SR
T 43 Al A RN Bh K P BB 2 1 R AN ) A
X, Haberzettl 2" % FA T 4548 ( body mass
index, BMI) 8 LT ) 52 823 S5 e 5
W), A RAESNY) LI AN BESS, TEIRE T
SAERER R &L, PM, s Z&5E AT 5
) B LN B T — AL A A B R R AL
IE I R g g R ARk

1.2 NOx *f GDM # %" NOx Bz
i AR SRR A OC R KT —E (<1 pm,
PM,) , £ 2 SIABEAOC I A0 BR 4 (<0.1 pm,
PM, ) KA, IILIAHLET PM, 5, NOx X4 fR
2k GDM AR pgsZmn] g8 K. 4k van den
Hooven “£" T AIE NOx 15 GDM %k TGk
Jii, Malmqvist 2525 1 YHiGE T NOx J& GDM fi)
fEk N ZE (OR=1.69, 95% CI: 1.41~2.03) . FfiJ5 %
F5 NOx ZE#5 {2 0E GDM A& iX— Wi BIF 9 14 i 1
%, Ul Robledo Z5" & il NOx &4 GDM
S XU (OR=1.09) , Pedersen 25l — AL A
(nitrogen dioxide, NO,) 5 GDM & AU &2 IE
% (OR=1.24) , Pan PR LT T—
FAL A (nitric oxide, NO ) RIEEIRI &t HE GDM
XU A A 2 PE = Y 20%, Lin 2% 8 NO 2
%5 A A G ) GDM 9 & 9 XU #H ¢
[ )5 OR=1.05, 95% CI: 1.02~1.08; J#*% )5
OR=1.05, 95% CI: 1.02~1.08) .

1.1.3 O; X GDM #y & FHIL TR 2 Fhas K5
ey, KT O, LI IFARZ . Hu 5k
M, Oy ZFE w5 GDM FUEKEE R IEMH X (OR=
1.18, 95% CI: 1.15~1.21) , HZEEKN}E 5
K F# AN ZE] 5 {H Robledo Z5E"HAH O, IR
I RGN T 4R hi GDM BB XU, 7ELEYR
HIHS GDM (BRI A R, BARETF O,
BBAHEIRI otk GDM XU O iIT ST 45 AN 52 4
—F(, {0 O, ZE BT IR LM GDM XU
HIEEEANT] 2 o
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1.2 ZRFF 5 GDM ZRTREMUE a5
. GDM A B AR DIBLARI AN TR R, AE S04k R R
4 B RAE KA A 08 1 o e DL A i AR, A
25 P GDM RIHLHIBT 78 o sz 3112 56T
A2 S5 e ek ANREIF BRI i fE h 2
BRI e 97 2 5 B TR 5 BT A sk A ] S il
LN B2 A AR A I IR S 0 B N I TR A 2 3R B8 5
KRFHERION, HIGEPE4 (reactive oxygen species,
ROS) A= o TEAEUR K B A IR, PM, 5 %58 J5 T R
LU H K AL P KT A, TP — 8% (ROS
ARSI 2= AR THE P S SIE R O,
SE—FhE R EA ], B AR AR A R A
AR, I AR BT ELBT B e, H ROS
7 A S P A B AR Z 8] AP AR o 2 i 2R
(55 PR A B B R R 22—,

AL IS ARE R VIR OC o PR YL IRk
3 7 R A AR MR IR 20 0 B, £ 2L
PRRAE B, RN 2R 6 (interleukin 6, IL-
6) . C-RNW A TR v HUEIRSEA T o S5 51
PR~ e i 25270 i 1 G 00 SO 15 2R R RIORRE i
S, MG & GDM. B TRIRPER -, RAE R
LA AT TS S R — 4 AL A A (inducible nitric
oxide synthase, iNOS) , J=Az1d & NO, a3t 4
AR BETE Y B4E 321K v (peroxisome proliferator-
activated receptor y, PPAR ) RUIE I RARAR IR B 2= i
JEHEP; [FIRS, INOS HLRETS T8 U™, TR
ST SEOI RS R SR, R AR 720 AL AL 4 AR i
EPEHE N 4 MFRIR, 5 IR ZI TR R Dhfg
BERS, R B ANl = A g 2P i
R By R AU AR L A3 D R TSR AT i 2
GDM &

WA, FEDUARICE TR, PM, s oAl (AR 20
Lh AN RN 2 sk Rk, SR
HMEEFERR, SRR AR AL S =L
Bl Sk O, ZREE IS K UM AR I 4141
o2-EERE M . IRECRMEMEA S EEm, iR
TR 22 R 1 bR, B S A AN T
ZMARGACHRON ST o AR 5% Bk &k

GDM M EEfERRE
TSt HDP 89220 A AL

2 =B5

2.1 EARFTLEMPE RS HDP 9% wa IR

2 M O e IR R B N, Dl ad g iR L &
BRR, BRI A R O E 2 2 Rl 2300 (%) 3 Jin
TR, I, i sh )2 kA A fk, AT
it I REERY 1 R . HDP 277 BB I AE
I PR AT W A5 B P JE S R TR IR 2 —, RIRR N
5.2%~8.2%, Al LR AR fELCo I AR g XU 14 A
1.4~3 (58P0, Lok U R A) 22 88 T2 S5 4 i
T IIAE RS RR LA, 5 HDP,

2.1.1 Frr4yxt HDP ty % w9 5 GDM HilH, H
HIAT ORI % HDP 200 (R 53 45 I A —3k
2009 4E, —IAHFFE R PM,, il PM, s KFETHE 5
St BRI TR XU B A SEE; 2011 4F, van
den Hooven 25 5% &3 PM,, 5 BN R I s 45
JEZRIFH ARG 2014 4F Pedersen ZECYHF 5T & BHL
PM,; ##&/5 HDP (4l . Jelk P&
LR ) I EAEREE M (OR=1.47, 95% CI:
1.27~1.68 ) ; 2017 4, kA %258/2 it
IR T RTS8 i b S R T
TG YA HDP & AR XSS, SR, A4k
WAL RS AR ESE AN, Savitz F7E
XA RS B A2 20 T R 2E MO I s BE HEA T
EJA, REREIRA ST PM,; 285 HDP
FEFEREL; Assibey-Mensah %557 fif 57 245 S th 3 1
PM,s. PM,, FIERGEENR 2 81 A 1 & HDP
) 2 A AU

212 ABEREAM HDP % XTS5
Yo rh S S XT HDP 500 1 BF9E 45 SR Al AR —
. van den Hooven %P Pedersen 5P Zhu
BN NOx B INS HDP % A XU 1
JAEX:, {H Savitz ZECHEXTAMAMI SR AL
TERIZF o W R Be A TAC IR I, o e LA O R 38
sl NO, 2575 HDP f27E 68k, 76Xf O, HIHF
s, BAREBIE S 0, 885 HDP RS IE
AHIEPRY, (EXTF O, F 52 1Y G K i a) 7 1) J -k 4t
—, IAh, Rudra P854 CO 5 HDP k%
JRUBSE A7 7E 5 1EAH e

22 EAF % HDP ZHmeg TaaALH  REMER
JiE AT SR N B T B B AR A N AR A R
o B HDP R RRMER . 4554
ARG, 51K R A AL NS A e SN, R
PR Cans R BT A LA DG & MR T TIL-6
) EARMAIER RS, RS E, RERER



° 570 -

WOEERR O 20194E5 H, 540 %

i | 4 B SR SRR A e Sl ik AR 2 I, 3k
AR PR A R e diRP G R R S i
%) JiEs 2T T k2 TS B S B R TICC I A A 1A]
T ABHARTEER, BfiJ5 51 & N I RERRE T . PM, 5
715 5 NS N B2 DI Re Bt bR 40 B ) 5 6 40
T 1. M ARIEESR 1) B K- T A G
RN 11 @RI 2 ST ek e 9.0 Y e DI W | EARE A S P S
A HAARR, WILREET CO nl SEUR I
HEELECIRAS, (2 F]T HDP % 0 LA Aok
Ag R R ECEURIEIY HDP A9l IR IEAah,
U U A floh 2 505 G ) 5 v 2 B i T R 3G n
A&, nmESh koA R ALy HE RS, Bk 5 B0l
FEFHEs i o) — iR AR pL ™, ZERL R Z T |, NS, 10-
P H PO SR 4 )5 ( methylenetetrahydrofolate
reductase, MTHFR ) K C677T £ EH 4G
TT /& HDP fUfG R 3L A, 20 A 5 23S 05 Je )
A H AR R T AR Lt HDP 9 55 B

3 SN ERITRAEIRIBR

2T — R AR IR B il R R, ]
SRR IN3 i 5 R R Y 5 ] o (A N Rt
YWl sy, Mg SIS R i TAEX BRI AT iR
IR R RS A AR K £ A o U2 1 o7 s s
SR ERR ), MR EN k. 4F
R4 2 oy ek 0 A T e a AN IS S ], e
FEAE IR N A A B TAE . b, G iiRal
= BMI J& GDM AYAls7 fE s M, il 4 iRk wg
BMI 7EIEH JEEN ( BMI<25 kg/m®) | FFEAK
UEGRWIIT R B K A R . T sab e R D
(IEHEEOT 400 U/d, #ik= A7) & m 2
1200 U/d) Al A %% GDM (B E A RIEYRN & 4
JRUEE: ) AR liR AT  iR4EA= 2% C (1 000 mg/d ) . 4E
HE E (400 U/d) AR TRREAZS G YAET
KA O 20 RO, AR (0.4 mg/d) .
5 (500 mg/d) YRR A Zc M B HDP A il iy
PEHIHL,

4 N 4

IR F AT IE T 25 05 YW SR R I A 52 1)
ARSI AR Z , HOPRESARIF A 4 —
B, (E B TR A LA Z BT S L SRR
FRAT BB 1] TN g 2 A0 G Y 2 B 0 e R L

S AEARMRE . HETPTSE R r G A T
KL X S YR U1 I A AE I S, 22 ROt 98 SCFF
LR ERSS A A S NPV S €I ES 2
B FATA AP 22 FAEAR n] BE = & 0F 50
25 0T Y 7 R AN TR B R g B 81 22 5
WA, Choe SFU7RGRT Y45 ARG HAAIE T X
— WAL, AT A B AT R I M B S S i
MG, H GDM B Rt iy, B ORI ¢
HRRE BB o O T U0 15 e W) o3 %o G iR 391 O
KA B WL R BOH TR, RV I 5 Qe W 1o
NIEYRIIF AAE AR B G RE NR . X AT REH U
B A B B PR A 5%, RIS S AR LT
KLy EANIER 5 R R RE SR, S S LA I
Weo XT O, BREE G IR B B9 I R Ik R e
—, BEWTMI T EIRA b B

23 TG e R AR R I K E B W A4 AL R o AN
o AREE H ATRITTEAER,, BA A= 5 et
VNN I RE N = AR G VW SAE B2 S F I i
Az ROS B F AL, MM & 42 B 5UR AR Y 98 AE F
P, AEMLBRAERS RGN RYEN T I8, EIEAE T
PN B IR A HEZH 2, s ) 2 2 AR
Feoaik (H%mERLisE A 2. PPAR v 55 ) [a4%
VEFINR G Y i S A e B FE . 3 9h,
23 TG Y Al 5 B T RS AT
UL A VA BT FU )

R 28 T Gl X G IR 30 O 6 0 5 Wi 14
TN AR ZAE: (1) 2R TA5 PR
MR T b e S I R, (E X S R T vk
FEOP A S Y 23 (R LK s 55—y
BIFFE R % (AR DAL 2 5 ek, B T
A ECHE BRG], AT s 25 52 BN 2 P A2
HRZ I ARG T A 128 T BT aR
OYJZ, ok ARBR A G B Wy BT B 580 G T
Yoo (2) KPHFTEIHARILE L N R R P
A, TR A DR ER A PR A I R A R
I8 Hh 42 T R 4]

FERADRE, =G 5R0™E, HAH
KRBT HIE RIS I A%, mRA]
PAGR St P R, (BN 2 X — AR i e
LA, T HAS A G YAE 2 Aok, it
M Tk 2T 2 A S RIAS, TTIRIT5E 5 AH ST
I, NIRRT AR BTG S ha A AR



F5. AR, S

2GR AEAR I I AT A2 M) S HATL )

e 571 »

(Z % X #f]

(1]

[11]

[13]

United Nations Environment Programme. Why
does air matter?[R/OL]. [2019-03-18]. https.//www.
unenvironment.org/explore-topics/air/why-does-air-
matter.

American Lung Association. State of the air 2013[R/OL].
[2019-03-18]. http://www.lung.org/associations/states/
california/assets/pdfs/sota-2013/sota-2013- full-report.
e N RILANE AR S EREEER. 2017 [ AR S EREDIR B
ANHR[R/OLY]. (2018-05-31)[2019-03-18]. http://www.mee.
gov.en/hjzIl/tj/201805/t120180531 442197 shtml.

Centers for Disease Control and Prevention. Data
on selected pregnancy complications in the United
States[R/OL]. [2019-03-18]. https://www.cdc.gov/
reproductivehealth/maternalinfanthealth/pregnancy-
complications-data.htm.

LAVERY J A, FRIEDMAN A M, KEYES K M,
WRIGHT J D, ANANTH C V. Gestational diabetes in
the United States: temporal changes in prevalence rates
between 1979 and 2010[J]. BJOG, 2017, 124: 804-813.
CHO N H, SHAW J E, KARURANGA S, HUANG Y,
DA ROCHA FERNANDES J D, OHLROGGE A W,
et al. IDF diabetes atlas: global estimates of diabetes
prevalence for 2017 and projections for 2045[J]. Diabetes
Res Clin Pract, 2018, 138: 271-281.

American Diabetes Association. Gestational diabetes
mellitus[J]. Diabetes Care, 2003, 26(Suppl 1): S103-S105.
FERRARA A. Increasing prevalence of gestational
diabetes mellitus: a public health perspective[J]. Diabetes
Care, 2007, 30(Suppl 2): S141-S146.

COUSTAN D R. Gestational diabetes[M]//National
Diabetes Data Group of the National Institute of Diabetes
and Digestive and Kidney Diseases, National Institutes of
Health. Diabetes in America. 2™ ed. Bethesda: National
Institute of Diabetes and Digestive and Kidney Diseases,
1995: 703-718.

RAJAGOPALAN S, BROOK R D. Air pollution and type
2 diabetes: mechanistic insights[J]. Diabetes, 2012, 61:
3037-3045.

XU X, LIUC, XU Z, TZAN K, ZHONG M, WANG A, et
al. Long-term exposure to ambient fine particulate pollution
induces insulin resistance and mitochondrial alteration in
adipose tissue[J]. Toxicol Sci, 2011, 124: 88-98.

VAN DEN HOOVEN E H, JADDOE V W, DE
KLUIZENAAR Y, HOFMAN A, MACKENBACH J
P, STEEGERS E A, et al. Residential traffic exposure
and pregnancy-related outcomes: a prospective birth
cohort study[J/OL]. Environ Health, 2009, 8: 59. doi:
10.1186/1476-069X-8-59.

FLEISCH A F, GOLD D R, RIFAS-SHIMAN S L,

[14]

[15]

[17]

(18]

[19]

[20]

(21]

(23]

[24]

KOUTRAKIS P, SCHWARTZ J D, KLOOG 1, et al.
Air pollution exposure and abnormal glucose tolerance
during pregnancy: the project Viva cohort[J]. Environ
Health Perspect, 2014, 122: 378-383.

ROBLEDO C A, MENDOLA P, YEUNG E, MANNISTO
T, SUNDARAM R, LIU D, et al. Preconception and early
pregnancy air pollution exposures and risk of gestational
diabetes mellitus[J]. Environ Res, 2015, 137: 316-322.
HU H, HA S, HENDERSON B H, WARNER T D, ROTH
J, KAN H, et al. Association of atmospheric particulate
matter and ozone with gestational diabetes mellitus[J].
Environ Health Perspect, 2015, 123: 853-859.

SHEN H N, HUA S Y, CHIU C T, LI C Y. Maternal
exposure to air pollutants and risk of gestational
diabetes mellitus in Taiwan[J/OL]. Int J Environ Res
Public Health, 2017, 14. pii: E1604. doi: 10.3390/
ijjerph14121604.

FLEISCH A F, KLOOG I, LUTTMANN-GIBSON H,
GOLD D R, OKEN E, SCHWARTZ J D. Air pollution
exposure and gestational diabetes mellitus among
pregnant women in Massachusetts: a cohort study[J/OL].
Environ Health, 2016, 15: 40. doi: 10.1186/s12940-016-
0121-4.

HABERZETTL P, O'TOOLE T E, BHATNAGAR A,
CONKLIN D J. Exposure to fine particulate air pollution
causes vascular insulin resistance by inducing pulmonary
oxidative stress[J]. Environ Health Perspect, 2016, 124:
1830-1839.

MALMQVIST E, JAKOBSSON K, TINNERBERG H,
RIGNELL-HYDBOM A, RYLANDER L. Gestational
diabetes and preeclampsia in association with air
pollution at levels below current air quality guidelines[J].
Environ Health Perspect, 2013, 121: 488-493.
PEDERSEN M, OLSEN S F, HALLDORSSON T I,
ZHANG C, HIORTEBJERG D, KETZEL M, et al.
Gestational diabetes mellitus and exposure to ambient
air pollution and road traffic noise: a cohort study[J].
Environ Int, 2017, 108: 253-260.

PAN S C, HUANG C C, LIN S J, CHEN B Y, CHAN C
C, LEON GUO Y L. Gestational diabetes mellitus was
related to ambient air pollutant nitric oxide during early
gestation[J]. Environ Res, 2017, 158: 318-323.

LIN Y T, JUNG C R, LEE Y L, HWANG B F.
Associations between ozone and preterm birth in women
who develop gestational diabetes[J]. Am J Epidemiol,
2015, 181: 280-287.

YI L, WEI C, FAN W. Fine-particulate matter (PM,5), a
risk factor for rat gestational diabetes with altered blood
glucose and pancreatic GLUT2 expression[J]. Gynecol
Endocrinol, 2017, 33: 611-616.

LAMB R E, GOLDSTEIN B J. Modulating an oxidative-



« 572 .

BOEERFFR 2019465 A, 5540 %

[26]

[27]

(28]

(30]

[31]

(32]

[34]

inflammatory cascade: potential new treatment strategy
for improving glucose metabolism, insulin resistance, and
vascular function[J]. Int J Clin Pract, 2008, 62: 1087-1095.
BROOK R D, URCH B, DVONCH J T, BARD R
L, SPECK M, KEELER G, et al. Insights into the
mechanisms and mediators of the effects of air pollution
exposure on blood pressure and vascular function in
healthy humans[J]. Hypertension, 2009, 54: 659-667.
VAN DEN HOOVEN E H, DE KLUIZENAAR Y,
PIERIK F H, HOFMAN A, VAN RATINGEN S W,
ZANDVELD PY, et al. Chronic air pollution exposure
during pregnancy and maternal and fetal C-reactive
protein levels: the Generation R Study[J]. Environ Health
Perspect, 2012, 120: 746-751.

LARINI A, BOCCI V. Effects of ozone on isolated
peripheral blood mononuclear cells[J]. Toxicol /n Vitro,
2005, 19: 55-61.

CORZO C, GRIFFIN P R. Targeting the peroxisome
proliferator-activated receptor-y to counter the
inflammatory milieu in obesity[J]. Diabetes Metab J,
2013, 37: 395-403.

CERIELLO A, MOTZ E. Is oxidative stress the
pathogenic mechanism underlying insulin resistance,
diabetes, and cardiovascular disease? The common soil
hypothesis revisited[J]. Arterioscler Thromb Vasc Biol,
2004, 24: 816-823.

BASS V, GORDON C J, JAREMA K A, MACPHAIL
RC, CASCIO W E, PHILLIPS P M, et al. Ozone induces
glucose intolerance and systemic metabolic effects in
young and aged Brown Norway rats[J]. Toxicol Appl
Pharmacol, 2013, 273: 551-560.

UMESAWA M, KOBASHI G. Epidemiology of
hypertensive disorders in pregnancy: prevalence, risk
factors, predictors and prognosis[J]. Hypertens Res, 2017,
40: 213-220.

MENDOLA P, TANDON R, PARKER J, KRAVETS
N, MACKAY A. Delivery hospitalization complicated
by preeclampsia in relation to ambient particulate
matter exposure prior to admission in the United States,
1999-2005[J/OL]. Epidemiology, 2009, 20: S62. doi:
10.1097/01.ede.0000362894.31975.12.

VAN DEN HOOVEN E H, DE KLUIZENAAR Y, PIERIK
F H, HOFMAN A, VAN RATINGEN S W, ZANDVELD
P Y, et al. Air pollution, blood pressure, and the risk
of hypertensive complications during pregnancy: the
Generation R Study[J]. Hypertension, 2011, 57: 406-412.
PEDERSEN M, STAYNER L, SLAMA R, SORENSEN
M, FIGUERAS F, NIEUWENHUIJSEN M J, et
al. Ambient air pollution and pregnancy-induced
hypertensive disorders: a systematic review and meta-
analysis[J]. Hypertension, 2014, 64: 494-500.

[36]

[37]

[38]

[41]

[42]

[43]

[44]

ZHUY, ZHANG C, LIU D, HA S, KIM S S, POLLACK
A, et al. Ambient air pollution and risk of gestational
hypertension[J]. Am J Epidemiol, 2017, 186: 334-343.
SAVITZ D A, ELSTON B, BOBB J F, CLOUGHERTY
J E, DOMINICI F, ITO K, et al. Ambient fine particulate
matter, nitrogen dioxide, and hypertensive disorders of
pregnancy in New York City[J]. Epidemiology, 2015, 26:
748-757.
ASSIBEY-MENSAH V, GLANTZ J C, HOPKE P K,
JUSKO T A, THEVENET-MORRISON K, CHALUPA
D, et al. Ambient wintertime particulate air pollution and
hypertensive disorders of pregnancy in Monroe County,
New York[J]. Environ Res, 2019, 168: 25-31.
HU H, HA S, ROTH J, KEARNEY G, TALBOTT E O,
XU X. Ambient air pollution and hypertensive disorders
of pregnancy: a systematic review and meta-analysis[J].
Atmos Environ (1994), 2014, 97: 336-345.
RUDRA C B, WILLIAMS M A, SHEPPARD L,
KOENIG J Q, SCHIFF M A. Ambient carbon monoxide
and fine particulate matter in relation to preeclampsia and
preterm delivery in western Washington State[J]. Environ
Health Perspect, 2011, 119: 886-892.
RISOM L, M@LLER P, LOFT S. Oxidative stress-
induced DNA damage by particulate air pollution[J].
Mutat Res, 2005, 592(1/2): 119-137.
BIND M A, BACCARELLI A, ZANOBETTI A,
TARANTINI L, SUH H, VOKONAS P, et al. Air
pollution and markers of coagulation, inflammation,
and endothelial function: associations and epigene-
environment interactions in an elderly cohort[J].
Epidemiology, 2012, 23: 332-340.
XU X, HU H, HA S, ROTH J. Ambient air pollution
and hypertensive disorder of pregnancy[J]. J Epidemiol
Community Health, 2014, 68: 13-20.
YANG Y L, YANG H L, SHIAO S P K. Meta-prediction
of MTHFR gene polymorphisms and air pollution
on the risk of hypertensive disorders in pregnancy
worldwide[J/OL]. Int J Environ Res Public Health,
2018, 15. pii: E326. doi: 10.3390/ijerph15020326.
2525 BRI W R B T 2 R R A AT IR
PG A DRI R S W 46 Jmy (R AR DG PEBIFSE (D). BRAR Ty
[52%,2019,46:262-264,273.
T, 0. RO 2 b 4R E R D YRR
LU Ry ()], v E B EE A2,2019,57:54-57.
RALYG. W R B 22 Fh i 0 3R b 80 A U 301 55 1
PR APV HI[I]. SRR 20 E,2018,16:20-21.
CHOE S A, KAUDERER S, ELIOT M N, GLAZER K
B, KINGSLEY S L, CARLSON L, et al. Air pollution,
land use, and complications of pregnancy[J]. Sci Total
Environ, 2018, 645: 1057-1064.

[AX4wEE] b A



