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Associations between ambient air pollution and preterm birth in Minhang District,
Shanghai GU Yi-gin', CHEN Ren-jie’, CHEN Li*, YING Sheng-jie* (1.Department of Environmental
and Occupational Health, Shanghai Minhang District Center for Disease Control and Prevention,
Shanghai, 201101, China; 2.School of Public Health, Fudan University, Shanghai 200032, China)
Abstract:

[Objective] Maternal exposure to air pollution during pregnancy has been linked to adverse
birth outcomes. This study aims to explore the associations between ambient air pollution and
preterm birth in Minhang District, Shanghai and the potential effect modifiers.

[Methods] We collected data about all newborns delivered in 2015 and 2016 and their mothers
in Minhang District, as well as air pollution and weather conditions in the same area and same
years. In this case-control study, unconditional logistic regression models were established
to analyze the associations between different ambient air pollutants and preterm birth.
Stratification analyses were conducted to explore the potentially different impacts of air pollution
in relation to individual characteristics.

[Results] During the study period, 6 hospitals in Minhang District recorded 29 324 live births, of
which there were 1402 preterm births (4.8%). The annual average levels of PM,s (50.4 pg/m?) and
NO, (44.3 pg/m®) exceeded the National Air Quality Standard. In the first trimester, various air
pollutants showed no significant impacts on preterm births. In the second trimester, PM,s and
CO showed significant effects with 11.2% (95%C/: 6.7%-15.6%) and 15.6% (95%C/: 12.0%-19.1%)
increments of preterm births respectively in association with an interquartile range increase in
their concentrations (PM,s: 20.8 ug/m?®, CO: 0.2 mg/m?). In the third trimester, all air pollutants
were significantly associated with increased preterm births; an interquartile range increase in the
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concentrations of PM,(20.3 pg/m?), SO, (7.2 ug/m?), NO, (17.2 ug/m?), CO (43.7 ug/m?), and O; (0.2 mg/m?) corresponded to increments
of 14.6% (95%Cl: 3.3%-25.8%), 6.3% (95%Cl: 2.3%-10.3%), 13.8% (95%Cl: 5.8%-21.7%), 29.8% (95%Cl: 21.9%-37.8%), and 9.5% (95%CI:
2.4%-16.6%) in preterm birth, respectively. The results of stratification analyses showed exposure to air pollutants during the second and
third trimesters would lead to higher risks of preterm births for female fetus, multiple birth, and pregnant women with second or more

deliveries and older than 35 years.

[Conclusion] Maternal exposure to air pollution in the second and third trimesters would increase the risk of preterm birth in Minhang

District of Shanghai.

Keywords: air pollution; preterm birth; pregnancy; case-control study
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Table 1 General information of newborns in Minhang District
of Shanghai from 2015 to 2016

EARIER eIl L

General information Newborns Preterm births
2% (Total number) 29324 1402
BLELHBI (Boys, %) 52.6 58.8
L5t 47 AL il (9
?’éﬁuj%Hu'Hﬂﬂ .( %) 18 20.0
Two or multiple births
— \ i (9
BRI LA (@) ' A 5
Second or more deliveries
# (x+s, &
BREFER (s, 5 ) 28.45.0 20.0£5.0
Maternal age of production (Years)
3 Y+
Apgar §E5 (xts) 9.840.2 9.6£0.8
Apgar score
Maternal education
MHEUT (%)
Middle school or less 26.6 263
=hE NE =% =] o
@qﬂjﬁﬁwiﬁlﬁ&fﬁ (%) 28 234
High school or at same level
REARGEMUHBERE (%)
45.2 46.4
Undergraduate or at same level
ZR [
L (%) 44 3.9
Graduate

®2 EiBWE{TX2015—2016 £ B )LMIER =L ZEZ2HRBTAKSERMSKERAIKE (xts)

Table 2

Levels of air pollution and meteorological factors exposure during different pregnancy periods for preterm and

non-preterm births in Minhang District of Shanghai form 2015 to 2016

Z3 BLHA (First trimester)

Zath # (Second trimester)

ZaRg HA (Third trimester)

Pfllﬁj?\t 2L ERFIL 27)L EREIL 2L E2IL
Preterm births  Non-preterm births Preterm births  Non-preterm births Preterm births  Non-preterm births
PM.s (pg/m?) 51.4+11.2 52.7+¢11.3 0.61 53.4+12.3 49.1£10.1 0.04 51.1#11.9 45.619.2 0.03
SO, (pg/m?) 16.1+6.3 15.446.2 0.35 15.146.3 14.8+5.9 0.46 16.445.9 14.15.2 0.09
NO; (pg/m?®) 44.3+10.1 45.7+10.6 0.69 46.419.8 44.3+10.2 0.31 46.3+11.2 42.3+10.3 0.02
CO (mg/m?) 0.8+0.1 0.8+0.1 0.72 0.9£0.1 0.8+0.1 0.12 0.8+0.1 0.7x0.1 0.16
0; (pg/m’?) 101.1+22.0 99.4426.3 0.74 101.2+24.1 100.3+25.9 0.79 101.9+26.8 95.2+24.1 0.03
;B (Temperature, °C) 16.147.2 16.8+7.1 0.78 18.07.3 17.6x7.1 0.82 18.047.3 16.8+6.2 0.46
JEE (Humidity, %) 73.145.3 73.3+4.6 0.85 74.14.2 74.3+4.8 0.81 74.2%4.3 74.3%4.9 0.86
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13.8% (5.8%~21.7%) . 29.8% (21.9%~37.8%) #19.5%
(2.4%~16.6%) , E AZ R —BAMZT— AR, BE
WANERNEBRENTE T, 2RERSS[SR2YERRE
MEFHEBNDARERITERN, ZhEMZEHEE
ESRAYBRENEFNEZWERE L.
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Table 3 Percentage increase (mean and 95% confidence interval) in incidence of preterm birth per IQR increase of air pollutant
concentrations in different pregnancy periods

5T 3hg Zs B8R (First trimester) Zsth B (Second trimester) Zopg A (Third trimester)
Pollutant IQR* B9 b hit{E (Percentage estimates) IQR* B4 b {hit{E (Percentage estimates) IQR* B9 b {hit{E (Percentage estimates)
PM, s 18.2 -11.6 (-27.6, 4.4) 20.8 11.2 (6.7, 15.6) 20.3 14.6 (3.3, 25.8)
SO, 7.1 3.8 (-6.8, 14.3) 8.2 -9.2 (-24.5, 6.1) 7.2 6.3 (2.3, 10.3)
NO, 15.8 -11.4 (-31.3, 8.6) 16.9 5.2(-2.2, 12.5) 17.2 13.8 (5.8, 21.7)
Cco 0.2 -5.8 (-16.6, 5.1) 0.2 15.6 (12.0, 19.1) 0.2 9.5(2.4, 16.6)
O; 39.1 9.3 (-5.3, 23.9) 39.3 -7.2(-19.6, 5.1) 43.7 29.8 (21.9, 37.8)

U] R AR AF logistic @ AR B D AT IR, RAHAEFTEILES. K. B3 Apgar i¥ (/5 1. 5. 10min {3 RF1) . BIERABFR . &35%
RHERE. HASFY ZHPYREAEE. +. BRCORAIN mg/m’sh, HETRMM BN ng/m’.

[Note] Unconditioned logistic regression model is used to analyze the data, adjusting for newborn sex, parity, gravidity, Apgar score (the average of

scores at 1, 5, and 10 min), maternal age, maternal education attainment, season of birth, and temperature and humidity averaged during

pregnancy. = Units in ug/m’, except for CO (mg/m’) .

F4 AEBEHETS2ATEMRESHS 1 MUSEERE, SEREFREREMAE L 9ERHE 5% Al{EXE)
Table 4 Percentage increase in incidence of preterm birth per an IQR increase of air pollutant concentrations in different
pregnancy periods (mean and 95% confidence interval)

544 (Pollutant) 454 (Characteristics)

Z5 B8 (First trimester)

Zith i (Second trimester) Zafg HA (Third trimester)

PM, s 2R (Male fetus) -12.3 (-33.6, 9.0) 7.7 (1.7, 13.6) 14.3 (0.5, 28.1)
% ff (Female fetus) -10.4 (-35.0, 14.2) 15.9 (9.1, 22.7) 13.8 (-3.9, 31.4)
B4 (Single birth) -12.1(-29.5, 5.2) -12.0 (-30.6, 6.6) 11.6 (-0.8, 24.1)
ZBE (Multiple birth) -12.3 (-63.6, 39.1) 11.1 (6.3, 15.8) 29.0 (5.8, 52.2)
1k 4 7= (First delivery) -13.3 (-36.2, 9.6) 12.1 (5.9, 18.3) 10.2 (-6.0, 26.4)
> 2 R4 = (Second or more deliveries) -10.0 (-32.4, 12.4) 11.0 (4.6, 17.4) 17.9 (2.0, 33.7)
<34 % (<34 yearsold) -11.7 (-28.8, 5.5) 10.4 (5.7, 15.1) 7.5(-4.7, 19.7)
>352% (> 35yearsold) -11.5(-57.8, 34.7) 17.8 (4.4, 31.3) 53.8 (23.1, 84.6)

SO, B & (Male fetus) -1.7 (-15.8, 12.3) 3.0(-2.3, 8.3) -8.6 (-28.8, 11.7)
% A& (Female fetus) 12.9 (-3.2, 29.1) 10.7 (4.6, 16.8) 10.3 (2.20, 18.4)
B A (Single birth) 43 (-7.2, 15.9) -6.0 (-21.3, 9.3) -11.4 (-27.9, 5.2)
% i (Multiple birth) -20.4 (-52.6, 11.8) 5.9 (1.6, 10.1) 349 (-21.5, 91.2)
1R 4 7= (First delivery) -3.5(-19.3, 12.2) 9.4 (3.8, 14.9) -7.0 (-28.7, 14.7)
> 2 ] 4 7= (Second or more deliveries) 10.1 (-4.3, 24.5) 3.6(-2.1,9.3) 12.5 (4.3, 20.6)
<34 % (<34 yearsold) 1.7 (-9.6, 12.9) 6.2 (2.0, 10.4) -11.4 (-27.8, 5.0)
>35% (> 35vyearsold) 17.7 (-13.5, 49.0) 7.8 (-4.4, 19.9) 9.9 (1.9, 17.9)

NO, B R (Male fetus) -10.9 (-37.5, 15.6) -0.6 (-10.5, 9.3) 21.3 (10.8, 31.7)
% hif (Female fetus) -10.3 (-41.0, 20.3) 12.6 (1.5, 23.8) 3.1(-9.2, 15.4)
R4 (Single birth) -10.6 (-32.6, 11.4) -36.5 (-68.1, -5.0) 10.6 (1.7, 19.4)

% B4 (Multiple birth)

1R 4 7= (First delivery)

> 2 R4 7= (Second or more deliveries)
<34 % (<34 yearsold)

>35% (>35yearsold)

-20.9 (-49.7, 7.8)

-12.3 (-33.6, 9.1)

-5.2 (-62.2, 51.8)

-36.9 (-101.9, 28.2) 42(-3.7,12.1) 55.8 (30.4, 81.1)
7.6 (-2.6, 17.8) 8.7 (-2.5, 20)

-2.9(-30.7, 25.0) 41(-65,14.7) 18.2 (6.9, 29.4)
4.2 (-3.6, 12.0) 9.9 (1.4, 18.5)
14.8 (-7.7, 37.2) 35.0 (13.1, 56.9)
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544 (Pollutant) 4%4F (Characteristics) Z5 BB (First trimester) Zsth #f (Second trimester) Zopg A (Third trimester)

co B R (Male fetus) -5.5(-19.8, 8.7) 13.9 (9.2, 18.6) 16.3 (7.1, 25.6)
% ff (Female fetus) -5.6 (-22.5, 11.4) 18.0 (12.6, 23.4) -2.5(-13.8, 8.8)
E R (Single birth) -5.1(-16.9, 6.8) -1.9 (-17.6, 13.7) 3.6 (-4.2, 11.4)
% & (Multiple birth) -20.8 (-55.4, 13.8) 16.0 (12.3, 19.8) 30.6 (15.5, 45.6)
1k 4 7= (First delivery) -8.5(-24.0, 7.0) 15.1 (10.2, 20.0) 0.8 (-9.4, 11.1)
> 2 k4 7= (Second or more deliveries) -3.1(-18.2, 12.1) 16.8 (11.7, 22.0) 16.3 (6.4, 26.2)
<34 % (<34 yearsold) -6.5(-18.2, 5.1) 14.7 (11.0, 18.5) 3.1(-4.6, 10.7)
>35% (> 35yearsold) 0.2 (-30.5, 30.8) 22.3 (11.6, 33.0) 44.0 (24.8, 63.3)

0Os 2R (Male fetus) 9.8 (-9.6, 29.2) -3.7 (-20.0, 12.7) 21.8 (11.3, 32.2)
% ff (Female fetus) 8.2 (-14.2, 30.6) -12.5(-31.7, 6.7) 40.8 (28.3, 53.3)
B4 (Single birth) 10.7 (-5.3, 26.8) -7.3(-20.7, 6.1) -14.6 (-38.7, 9.6)
ZBf (Multiple birth) 12.2 (-31.0, 55.4) 20.9 (1.9, 40.0) 34.5(25.8, 43.2)
1k 4 7= (First delivery) 12.5 (-8.5, 33.6) -8.2 (-25.4, 9.0) 31.3 (20.1, 42.6)
> 2 R4 = (Second or more deliveries) 6.8 (-13.6, 27.1) -7.3(-25.2, 10.7) 28.8 (17.5, 40.1)
<34 % (<34 yearsold) 5.2 (-34.7, 45.1) -6.9 (-20.0, 6.3) 29.2 (20.6, 37.7)
>35% (> 35yearsold) 10.0 (-5.7, 25.7) -12.3 (-49.4, 24.8) 38.9 (15.9, 61.8)

[E] KA IE& A logistic @ JAE R E0E, FIRHEEIEILER. R JA%L Apgar TESY (/1. 5. 10min fY3RF1g) . BRDBFER. 8%

RYPERE. HEFT 2HFHREMEE.

[Note] Unconditioned logistic regression model is used to analyze the data, adjusting for newborn sex, parity, gravidity, Apgar score (the average of

scores at 1, 5, and 10 min) ,
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