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Exposure to ambient nitrogen dioxide (NO,) could increase the risks of small for gestational age (SGA) and large for
gestational age (LGA). Nevertheless, previous published studies usually use a time period over relatively long durations as the exposure
window, such as trimester-specific or gestational months, to identify adverse pregnancy outcomes related susceptible exposure windows
for ambient air pollution. At present, no study has explored associations of weekly-specific ambient air NO, exposure around pregnancy
with SGA and LGA.

To evaluate the associations of exposure to ambient NO, over the preconception and entire pregnancy period with risks of
SGA and LGA, as well as to explore critical windows of NO, exposure by refining exposure period to specific weeks.

Based on a birth cohort established by the project Environmental and LifEstyle FActors iN metabolic health throughout life-
course Trajectories (ELEFANT) situated in Tianjin, 10 916 singleton pregnant women whose dates of the last menstrual period and
delivery were both between June 2014 and June 2016, and whose gestational age were within 24-42 completed gestational weeks were
included in this study. Each pregnant woman's exposures to ambient NO, throughout 12 weeks before pregnancy and pregnancy period
were matched with daily average NO, concentrations obtained from the Chinese air quality reanalysis datasets (CAQRA). Distributed lag
models incorporated in Cox proportional hazard regression models were applied to explore the associations of maternal exposure to
weekly ambient NO, throughout 12 weeks before pregnancy and pregnancy period with risks of SGA and LGA after controlling for
potential confounders including maternal age, ethnicity, educational level, occupation, body mass index before pregnancy, residence,
times of gravidity and parity, smoking, alcohol consumption, husband smoking, and season of conception. Hazard ratios (HRs) with 95%
confidence intervals (CIs) were calculated per 3 pg-m~ increase in ambient NO, concentrations.

The average levels of maternal exposure to NO, over the preconception, first trimester, second trimester, third trimester, and
entire pregnancy periods were (39.6+10.8), (42.7+10.5), (44.8+12.7), (37.711.1), and (41.6+4.8) pg-m">, respectively. For a 3 pg-m~
increase in NO, over the first trimester, the risk of SGA increased by 19.0% (95%CI: 8.0%-32.0%). For a 3 pg-m” increase in NO, over the
preconception, first trimester, and entire pregnancy, the associated risks of LGA increased by 7.0% (95%Cl: 1.0%-13.0%), 37.0% (95%CI:
29.0%-46.0%) and 19.0% (95%Cl: 9.0%-31.0%), respectively. For SGA, the susceptible exposure windows for NO, were observed during
the 7" to 12" preconceptional weeks and the 6™ to 12" gestational weeks, with the strongest association found at the 12"
preconceptional week, when the risk of SGA increased by 6.0% (95%CI:3.2%-8.9%) for a 3 pg-m~ increase in NO,. For LGA, the
susceptible exposure windows for NO, were observed during the 1% to 12™ preconceptional weeks and the 1% to 6" gestational weeks,
with the strongest association found at the 12" preconceptional week, when the risk of LGA increased by 6.1% (95%CI: 4.5%-7.8%) for a
3 ;.Lg-m’3 increase in NO,.

Exposure to ambient NO, is associated with increased risks of both SGA and LGA, and the most susceptible weekly exposure
windows are nested within the 12 weeks before pregnancy and early pregnancy.

nitrogen dioxide; small for gestational age; large for gestational age; susceptible exposure window; before pregnancy
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98.8%2 X 1&; 98.6% AP FHMELT; 68.7%89%213
ZERE] BMI TE 18.51~23.99 kg'm™ Z [8); MEIA 15 B
B 81.3%; 79.4%FBEE RN ; 54.8% B X HFZ,;
59.5% N B REF=. FZERAEIZ 1T B (2.7%) F K R
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xR 1 HAWVNZRERES (n=10916)
Table 1 Basic information of participants (n=10 916)

Z5 &£ (Variable) n(%) 52 (Variable) n(%)
ZIFENR/% FIRE
Maternal age/years Maternal ethnicity
19~34 9343(85.6)|| NH&(Han) 10785(98.8)
>35 1573(14.4) | DEERE(Minority) 131(1.2)
- REFAEIEE/ (kg'm™)
PR . Maternal BMI before
Maternal educational level 2
pregnancy/(kg-m™)
BT
Less than high school 5489(50.3)|| <18.50 853(7.8)
=M (High school) 5275(48.3)| 18.51~ 7502(68.7)
ALlLE
Above high school 152(1.4) =24 2561(23.5)
Z3ERk B BE(EIE
Maternal employment Maternal residence
8715550 (Manual labor)  8880(81.3)|| ¥k (Urban) 2249(20.6)
EENEEHH T
Non manual labor 2036(18.7)||  #Y(Rural) 8667(79.4)
and unemployed
IR ZIREL ZIRE R
Maternal gravidity Maternal parity
1 5980(54.8) 1 6536(59.9)
=2 4936(45.2)|| =2 4380(40.1)
ZHIR A LRI
Maternal smoking Husband smoking
Z5(No) 10862(99.5)|| Z&(No) 8644(79.2)
=(Yes) 54(0.5) =(Yes) 2272(20.8)
ZIRE L) LER)
Maternal drinking Neonatal sex
Z(No) 10621(97.3) 2% (Female) 5406(49.5)
=(Yes) 295(2.7) B (Mmale) 5510(50.5)
Gl ) INFRAHR ) L(SGA)
Season of conception
EZ(Spring) 2621(24.0)|| E(No) 10720(98.2)
B Z(Summer) 4990(45.7)||  =2(Yes) 196(1.8)
FAZE(Autumn) 1572(14.4) || AFB&HEE) L(LGA)
£ Z(Winter) 1733(15.9)[| &(No) 10412(95.4)
Z(Yes) 504(4.6)

2.5 BURMESR

EDBUKIE PM, 5. PM,o. SO,. CO TX O, A REE
JKF T, SGA I LGA BY NO, B H R E O H I LT X
T, J0RRIE PM,s BEKFZ G, SGA B NO, BE 5K
OXTANRZHE 11~12 AN ZHE 5~15 &,
LGA I NO, BREZRE AT AZHIE 1~12 AFZE
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HAZE 1~4 [, BEMAE EXCTEMEEIRFIR NO, B/ M(n=2286). iZMi B 1B S /RF M ZE R (n=50) WIAR
EEREOMATEZIHNZR2HCER(EESTE WK, UNREREGRE EENIRERE) LEEEHR
B AEE s1~E s5), 2 ERZER BMIs 5, HERSRIERLREB—B( EEDRER N4
18.50 3% >30.00 kg'm*(n=1047). X HL XK  #HEE s6~E 59),

R 2 ZEAZHIIZEE NO, ISKERZEEKT

Table 2 Summary levels of maternal exposure to NO, and meteorological factors over the preconception and entire pregnancy periods

BEE0 2@y . B4 (Percentile)
Exposure window Exposure X s P, P Py, Pys Pos
Z=Hij#A(Preconception) Proy/(ug-m™) 39.6 10.8 25.2 31.2 38.0 46.9 60.8
JRBE (Temperature)/°C 16.1 9.1 0.7 7.2 19.2 24.3 26.8
&~ (Dew point)/% 5.0 10.2 -11.6 -4.7 7.2 13.8 18.7
Z B2 HA(First trimester) Pro,/(Hgm™) 42.7 10.5 245 347 43.9 50.7 58.6
JBE (Temperature)/°C 17.9 8.7 1.3 10.7 21.0 25.4 26.5
& = (Dew point)/% 8.0 10.4 -10.9 -0.9 11.4 17.8 18.5
Zerhfif(Second trimester) Pro,/(1g'm™) 448 12.7 25.0 33.0 46.1 56.4 62.2
JBE (Temperature)/°C 123 9.3 -0.8 4.0 10.4 215 26.4
&~ (Dew point)/% 2.8 10.0 -11.3 -6.5 1.6 12.2 18.4
Z2BEHA(Third trimester) Pro,/(1g'm™) 37.7 11.1 23.8 283 35.1 446 60.0
JBE (Temperature)/°C 10.4 9.0 -0.4 25 8.6 18.6 25.7
& = (Dew point)/% -0.3 9.9 -11.2 -9.1 -33 8.3 17.5
A Z2HH(Entire pregnancy) Pro,/(ug-m™) 416 4.8 33.7 38.3 419 45.2 48.9
JBE (Temperature)/°C 13.4 2.6 10.4 11.3 125 15.8 17.8
&~ (Dew point)/% 3.4 3.1 -0.7 0.8 2.7 6.0 8.3

[ | ZEHSIER T2 12 AR,

[Note] Data for the preconception period are obtained up to 12 weeks before pregnancy.

*®3 MRHAFREIEIEO NO, RIRBES SGA fl LGA KERFLHIXEX 1

Table 3 Associations of cumulative NO, exposure over different exposure windows during study period with risks of SGA and LGA

/NFR&HR ) L(SGA) KFRaRE)L(LGA)
S E O (Exposure window)
HR*(95%Cl) HR®(95%Cl) HR(95%Cl) HR®(95%Cl)
Z2HiHA(Preconception) 0.71(0.61~0.82) 0.86(0.78~0.95) 0.90(0.83~0.98) 1.07(1.01~1.13)
Z2 2 HA(First trimester) 0.91(0.80~1.04) 1.19(1.08~1.32) 1.06(0.97~1.15) 1.37(1.29~1.46)
Zarhffi(Second trimester) 1.19(1.06~1.33) 0.92(0.84~1.00) 1.15(1.07~1.23) 0.97(0.92~1.03)
Z2REHA(Third trimester) 1.06(0.94~1.20) 0.81(0.73~0.91) 1.06(0.98~1.15) 0.93(0.87~1.00)
FANZ=HA (Entire pregnancy) 1.57(1.14~2.17) 0.89(0.77~1.03) 1.94(1.59~2.37) 1.19(1.09~1.31)

[F 1 Z2HHREUR R M 20 12 AR, KA Cox LLFIX R EIIEEIITHE NO, TEARRIBEIE OGN 3 pg'm™ BY HR(95%C) ; a: IRE KR IERRE
£, b RARETZEFR. BiE. XURRE. RV, ZRIFERER. BAt. FZ2RE £ REMIERER, LRRRER, T2E
TERR, HEABAL S EZFREIRIEREMESEM,

[Note] Data for the preconception are obtained up to 12 weeks before pregnancy; Cox proportional hazard regression model is used to calculate
HR (95%Cl) per 3 ug-m™ increment in NO, over different exposure windows; a: models are not adjusted any confounders; b: models are adjusted
for maternal age, ethnicity, educational level, occupation, body mass index before pregnancy, residence, times of gravidity and parity, maternal
smoking and alcohol consumption, husband smoking, season of conception, and natural cubic splines are used for mean ambient temperature and
dew point.
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[Note] Data for the preconception are obtained up to 12 weeks before pregnancy; DLMs incorporated in Cox proportional hazard regression model is

used to calculate HR (95%Cl) per 3 pg'm~ increment in NO, over the preconception and entire pregnancy period, and lag distribution for

NO, modelled as natural cubic splines with six degrees of freedom; all models are adjusted for maternal age, ethnicity, educational level,

occupation, body mass index before pregnancy, residence, times of gravidity and parity, smoking and alcohol consumption, husband smoking,

season of conception, and natural cubic splines are used for mean ambient temperature and dew point.
1 ZgFi#AfZHA NO, AHRTEKF S SGA (A) 1 LGA (B) R4 XS HY X BX

Figure 1 Associations of weekly NO, exposure over the preconception and entire pregnancy periods with risks of SGA (A) and LGA (B)
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