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Abstract: This systematic review and meta-analysis was conducted to assess the association between maternal
exposure to the level of atmospheric particulate matter (PM) during pregnancy and adverse pregnancy outcomes
for different exposure pregnancy trimesters. Among a total of 671 identified articles, 43 were reviewed in depth,
of which only 18 satisfied the inclusion criteria. The positive associations were identified between Small for gesta-
tional age (SGA) and maternal exposure to PM2.5 in the first (OR = 1.074, 95% Cl = 1.046-1.103), the second (OR =
1.058, 95% CI = 1.019-1.100), the third (OR = 1.062, 95% CI = 1.042-1.083) trimesters and the entire pregnancy
period (OR = 1.151, 95% CI = 1.104-1.200), which indicated that with every 10 ug/m? increase in PM2.5, the risk
of SGA would increase 7.4%, 5.8%, 6.2% and 15.1%, respectively. The occurrence of SAB was significantly positive
with a 10 yg/m?3 increase in PM10 (OR = 1.340, 95% Cl = 1.043-1.721), indicating an 34% increased risk of SAB.
There were no statistically significant associations were observed between stillbirth and maternal exposure to PM
in three trimesters. In conclusion, it might be a wise practice for pregnant women to take effective measures to
reduce PM exposure.
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Introduction In the past few years, air pollution has become
a major public health issue raising concerns
around the world. Maternal exposure to ambi-
ent air pollution has been suggested as a risk
factor for adverse birth outcomes [5, 6]. For
their small sizes, PM2.5 and PM10 (fine particu-
late matter with aerodynamic diameter less
than 2.5 ym and less than 10 pym respectively)
could easily enter the depths of maternal respi-
ratory tract and participate in blood circulation
[2], eliciting a wide range of biological respons-
es. They can also affect pregnant women in

A fetus is particularly sensitive to environment,
since environment pollutants could have a del-
eterious impact on fetal development and
growth by disturbing the function of placenta or
causing direct damage on the processes of
high cell proliferation, differentiation, and rapid
organ development [1]. Adverse pregnancy out-
comes are abnormal results of fetal growth and
development, including spontaneous abortion
(SAB), stillbirth, small for gestational age (SGA),
low birth weight (LBW), preterm delivery (PTD)

and birth defects, etc. [2]. Adverse pregnancy
outcomes are considered as important factors
of fetal mortality, and they are also well known
as big threats to neonatal health [3]. Poor preg-
nancy outcomes, which depend on a complex
combination of genetic, social, and environ-
mental factors, also bring a heavy psychologi-
cal and economic burden to both family and
society [4].

their cardiovascular system and general health
condition through hindering the input of glu-
cose, oxygen and insulin. Oxidative stress and
inflammation or others could be the mechanis-
tic pathways by which exposure to the pollutant
may result in onset of low birth weight, preterm,
or other adverse pregnancy outcomes [7].
Maternal exposure to transition metal con-
tained in PM could lead to oxidative stress that
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Table 1. Contextual details of studies included in the meta-analysis

First Author, . . Sample . )
S Country Study period Study design A P PM  Outcomes Exposure period Adjustment
Publication year size
Brauer, 2008 Vancouver, Canada 1999-2002  Retrospective cohort 70,249 PM2.5 SGA Entire pregnancy  Tobacco and alcohol use during pregnancy, first nations status, parity,
mothers marital status, and others
Gray, 2014 North Carolina, USA 2002-2009 Cross-sectional study 457,642 PM2.5 SGA Entire pregnancy, Marital status, tobacco use during pregnancy, alcohol use during
trimester education, race, age, and others
Hannam, 2014 Northwest England 2004-2008  Retrospective cohort 203,562 PM2.5 SGA Entire pregnancy, = Maternal education, ethnicity, tobacco use during pregnancy, and
trimester others
Hyder, 2014 Massachusetts and 2000-2006  Cross-sectional study 628,131 PM2.5 SGA Entire pregnancy, Maternal age, prenatal care, educational attainment parity, infants
Connecticut, USA trimester sex, and others
Lee, 2013 Pittsburgh, PA USA 1997-2002  Retrospective cohort 34,705 PM2.5 SGA 1st trimester Maternal age, race, parity, number of cigarettes smoked during
pregnancy, and others
Liu, 2007 Canadian 1985-2000 Cross-sectional study 386,202 PM2.5 IUGR Trimester Maternal age, parity, infant sex, season of birth, and residence of city
Mannes, 2005 Sydney, Australia 1998-2000 Cross-sectional study 138,056 PM2.5 SGA Entire pregnancy, Maternal age, education, ethnicity, and parity smoking during preg-
trimester nancy, and others
Parker, 2005 California, USA 2000 Cross-sectional study 18,247 PM2.5 SGA Entire pregnancy  Marital status, tobacco use during pregnancy, alcohol use during
education, race, age, and others
Rich, 2009 New Jersey, USA 1999-2003  Retrospective cohort 350,107 PM2.5 SGA Trimester Maternal race, age, maternal education, marital status, trimester
prenatal care began and others
Green, 2015 California, USA 1999-2009  Retrospective cohort 3026269 PM2.5  Stillbirth Entire pregnancy, Infant sex, maternal demographic characteristics, season of last men-
trimester strual period, apparent temperature, air basin of mother’s residence,
and year of conception
Faiz, 2012 New Jersey, USA 1998-2004  Retrospective cohort 222734 PM2.5  Stillbirth  Entire pregnancy, Maternal age, maternal race/ethnicity, maternal educational level,
trimester prenatal care initiation. neighborhood index, indicator variables for
calendar month and year of the date of conception and mean appar-
ent temperature during the first trimester, self-reported smoking
Pearce, 2009 Newcastle upon 1962-1992  Retrospective cohort 91349 PM4 Stillbirth  Entire pregnancy, Infant sex, maternal age, parity and Townsend deprivation score
Tyne, England trimester
DeFranco, 2015 Ohio, USA 2006-2010  Retrospective cohort 351036 PM2.5  Stillbirth  Entire pregnancy, Maternal age, race, education level, quantity of prenatal care, smok-
trimester ing, and season of conception
Kim, 2007 Seoul, Korean 2001-2004  Retrospective cohort 1514 PM10  Stillbirth ~ Trimester Infant sex, infant order, maternal age, and education level, paternal
education level, season of birth, alcohol drinking, maternal body
mass index (BMI), and maternal weight just before delivery
Hwang, 2011 Taiwan, China 2001-2007 Case-control study 102575 PM10  Stillbirth  Entire pregnancy, Maternal age, sex of the infant, and season of conception, municipal-
trimester level socioeconomic status
Perin, 2010 Sao Paulo, Brazil 1997-2006  Retrospective cohort 640 PM10 SAB 14 days following  Year of IVF treatment and age
LMP
Ciaula, 2014 Apulia, Southern ltaly 2013 Cross-sectional study 514996 PM10 SAB 1st trimester Weather
Moridi, 2014 Tehran, Iran 2010-2011 Case-control study 296 PM10 SAB 1st trimester Maternal age, husband age, gravidity, duration from last delivery

in multiparous women, history of previous abortion, pre-pregnancy
body mass index (BMI), occupation, educational status, second-hand
smoke exposure, socioeconomic status, consanguinity with the
spouse and duration of residence in Tehran

SAB: spontaneous abortion; SGA: small for gestational age.
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Potentially relevant articles after search for Medline.

Web of science. Cochran Library, Embase (n=671)

l

Excluded replicated
studies(n=36)

Studies with potentially eligible title (n=615)

J

Studies with potentially eligible abstract (n=137)

Excluded studies
based on the abstract
(n=458)

1 .

Studies with potentially eligible full text (n=43)

Excluded studies
based on the full text

tent conclusion and subse-
quently providing evidence for
tackling the health effects of
air pollution.

Materials and methods
Databases

We searched the Medline,
EMBASE, Cochrane and We-

bof Science databases with

(n=114) the following keywords: “pa-

| >

Studies finally included in the meta-analysis (n=18)

Excluded studies
based on inclusion
and exclusion criteria

rticulate matter”, “stillbirth”,
“spontaneous abortion”, “sm-
all for gestational age”, “fetal

(n=25) growth retardation”. The se-

Figure 1. Flow diagram of selection of studies in the meta-analysis.

might result in DNA damage and do harm to
embryo in its early phase of growth [8]. Tillett
[9] reported an abnormality of mitochondrial
DNA in oxidative stress caused by PM10.
What’s more, inhaling PM might induce placen-
tal inflammatory and subsequently result in
impaired transplacental nutrient exchange.
Alterations in blood coagulate ability, whole
blood viscosity, endothelial function, hemody-
namic response and so on, could represent
other potential mechanisms of PM toxicity [10].

Even though a growing number of studies have
been trying to explore associations between air
pollution and adverse pregnancy outcomes,
particularly low birth weight [11-15], preterm
birth [16-21], birth defects [22-26], stillbirth
[27-32], spontaneous abortion (SAB) [8, 33-45]
and SGA [12, 14, 38-44]. The effects of expo-
sure to PM on an increase in these pregnancy
outcomes have not been consistently demon-
strated in different population studies around
the world. A meta-analysis has been published
to show associations between maternal expo-
sure to PM2.5 and the change of birth weight,
LBW, PTB and SGA [46]. However, none of a
review or meta-analysis has described the rela-
tionship between PM (both PM2.5 and PM10)
and three adverse pregnancy outcomes of still-
birth,spontaneousabortion(SAB)andSGA.There-
fore, the purpose of this meta-analysis was to
estimate the effects of exposure to PM2.5 and
PM10 by three trimesters and the entire preg-
nancy period on the occurrence of SAB, still-
birth and SGA, drawing coherent and consis-
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arch strategy in the Medline
database was as below: [Me-
SH] particulate matter and
[MeSH] stillbirth; [MeSH] par-
ticulate matter and [MeSH] spontaneous abor-
tion; ([MeSH] particulate matter and [MeSH]
Fetal Growth Retardation) or ([MeSH] particu-
late matter and [MeSH] Small for Gestational
Age). Similar literature retrieval processes were
conducted in the other databases according to
different requirements. Bibliographic referenc-
es and lists of relevant review articles were
manually searched. Only peer-reviewed original
articles published in English were considered.
We limited our search to articles published
from start to 31 December 2015.

Selection of articles and extraction of data

Inclusion criteria: (1) singleton pregnancy with
outcomes of SAB, stillbirth, SGA and normal
delivery of livebirth; (2) had a history of mater-
nal exposure to PM2.5 and PM10 during preg-
nancy; (3) original studies providing odds ratio
(ORs) and 95% confidence intervals (Cls); (4)
study designs were limited to cohort, case-con-
trol and cross sectional studies. Exclusion cri-
teria: (1) did not meet inclusion criteria; (2)
reviews, comments and lecture; (3) repeat lit-
erature; (4) the results in studies could not be
transformed into odds ratio (ORs) and 95% con-
fidence intervals (Cls); (5) animal studies; (6)
only to explore the mechanism of stillbirth, SGA
and SAB. Data were extracted by two indepen-
dent investigators (Yifei Lu and Haiping Zhao)
and conflicts were adjudicated by the third
investigator (Dian He). The study design, study
population, adjustment and potential con-
founders were summarized in Table 1.

Int J Clin Exp Med 2016;9(11):20594-20604
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Study %

ID or (95% Cl) Weight
1st trimester F

Green (2015) == 1.00 (0.96, 1.04) 5.40
Faiz (2012) - 1.42 (0.90, 2.20) 0.05
Pearce (2009) . 1.00 (0.99, 1.01) 22.00
DeFranco (2015) —_— 0.86 (0.73, 1.01) 0.39
Subtotal (l-squared = 47.3%, p = 0.128) 1.00 (0.96, 1.03) 27.84
2nd trimester

Green (2015) == 1.02 (0.98, 1.06) 5.57
Faiz (2012) - 1.39 (0.90, 2.12) 0.06
Pearce (2009) . 1.00 (0.99, 1.01) 22.04
DeFranco (2015) —_— 0.87 (0.75, 1.02) 0.41
Subtotal (l-squared = 48.7%, p = 0.119) 1.01 (0.97,1.04) 28.08
3rd trimester

Green (2015) B 1.01 (0.96, 1.06) 3.76
Faiz (2012) - 1.21 (0.55, 2.66) 0.02
Pearce (2009) . 1.00 (0.99, 1.01) 22.04
DeFranco (2015) ——— 1.24 (1.04,1.49) 0.32
Subtotal (I-squared = 45.4%, p = 0.139) 1.02 (0.97, 1.06) 26.13
entire pregancy

Green (2015) 1.06 (0.99,1.13) 2.24
Faiz (2012) 1.18 (0.69, 2.04) 0.04
Pearce (2009) - 1.01 (0.99,1.03) 15.21
DeFranco (2015) —— 1.13 (0.97,1.31) 047
Subtotal (I-squared = 28.9%, p = 0.239) K) 1.03 (0.99, 1.08) 17.95
Overall (l-squared = 35.4%, p = 0.080) ‘ 1.01 (1.00, 1.02) 100.00
NOTE: Weights are fr{lam random effects analysis I

375

-

2.66

Figure 2. Forest plots of meta-analysis in the associations between different PM2.5 expose trimesters with stillbirth.

Statistical analysis

We used OR value as the overall effect indica-
tor. ORs were pooled according to a standard-
ized increment in pollutant concentration (10
pg/m?3 for PM2.5 and PM10). Most of the stud-
ies used generalized linear models, and there-
fore a linearrelation between exposure and out-
come was assumed. Standardized risk estima-
tes were calculated for each study using the fol-
lowing formula [47]:

Increment(10)/Increment(original)
(original)

OR =0R

(standardised) -

Some studies used multiple regressions to ana-
lyze the data and adjust for individual charac-
teristics of the population, such as marital sta-
tus, tobacco use, alcohol use, education, race,
age, and others. Adjusted risk estimates were
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pooled after controlling the meteorological,
temporal and seasonal parameters in Table 1.

All of the statistical analyses were conducted in
Stata version 12.0 (Stata Corp., TX, USA), and a
P value <0.05 was considered statistically sig-
nificant. Heterogeneity among studies was esti-
mated using Chi-square test. A fixed-effects
model would be selected if P>0.1 and 1°<50%;
otherwise, a random-effects model worked.
Egger’s test were used to assess publication
bias. A sensitivity analysis was used to assess
the stability of the results.

Results

In total, 671 articles were obtained from litera-
ture search. Among them, 628 articles were
excluded for without eligible titles and abs-

Int J Clin Exp Med 2016;9(11):20594-20604



Association between PM and adverse pregnancy outcomes

Table 2. Results of association, heterogeneity test and Egger’s test between PM and pregnancy out-

comes in different groups

PM and Outcomes Trimester s’:l?élizfs Test of association Test of heterogeneity Egger’s test
OR 95% Cl 12 (%) P value P value
PM2.5 and stillbirth  Entire pregnancy 4 1.032 0.990to 1.077 28.9 0.239 0.099
First trimester 4 0.996 0.960t01.033 473 0.128 0.940
Second trimester 4 1.005 0.969t01.043 48.7 0.119 0.901
Third trimester 4 1.018 0.975t01.063 454 0.139 0.242
PM10 and stillbirth  Entire pregnancy 1 0.980 0.945t01.016 - -
First trimester 2 0.998 0.937t01.064 54.41 0.140
Second trimester 2 1.005 0.905t01.116 811 0.021
Third trimester 2 1.021 0.919t01.134 90.9 0.001 -
PM10 and SAB First trimester 3 1.340 1.043t01.721 624 0.070 0.751
PM2.5 and SGA Entire pregnancy 6 1.151 1.104 to 1.200 0 0.877 0.825
First trimester 6 1.074 1.046to 1.103 5 0.385 0.236
Second trimester 5 1.058 1.019to 1.100 58.1 0.049 0.755
Third trimester 5 1.062 1.0421t01.083 13.4 0.329 0.681

SAB: spontaneous abortion; SGA: small for gestational age. Test of heterogeneity was not conducted for one study. Egger’s test

was not conducted for two studies.

tracts. After reading the full texts of the remain-
ing 43 articles, finally 18 studies met the inclu-
sion criteria. Four studies explored the associa-
tion between maternal exposure to PM2.5 and
stillbirth [27-29, 31]. Nine studies investigated
the effects of PM2.5 on SGA [12, 14, 38-44].
Two and three, respectively, examined the risk
of PM10 on stillbirth and SAB [30, 32, 34-36].
The flow chart of selecting articles was shown
in Figure 1. The details of these studies were
given in Table 1.

PM2.5 and stillbirth

In this study, four articles examining the risk of
PM2.5 on stillbirth based on the first trimester,
second trimester, third trimester and the entire
pregnancy period came into final analysis.
Heterogeneity was observed for PM2.5 with
stillbirth, and random-effects model was used
to analyze the overall effect based on |2 of dif-
ferent gestational exposure periods ranging
from 28.9% to 48.7%. No significant associa-
tions were seen between stillbirth and mater-
nal exposure to PM2.5 in the first (OR = 0.996,
95% Cl = 0.960-1.033), second (OR = 1.005,
95% Cl = 0.969-1.043), third (OR = 1.018, 95%
Cl = 0.975-1.063) trimesters and the entire
pregnancy trimester (OR = 1.032, 95% Cl =
0.990-1.077) (Figure 2). According to Egger’s
test, no publication bias were found in the
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above four analyses for all the value of P>0.05
(Table 2). After sequentially excluding each
study, statistically similar results were obtained,
suggesting our results of meta-analysis were
robust.

PM10 and stillbirth

Two studies explored the associations bet-
ween PM10 of three trimesters’ exposure and
stillbirth. The Chi-square test implied the exis-
tence of heterogeneity. With the random-
effects model, no statistically significant asso-
ciations were observed between stillbirth and
maternal exposure to PM2.5 in the first (OR =
0.998, 95% Cl = 0.937-1.064), the second (OR
= 1.005, 95% Cl = 0.905-1.116) and the third
(OR = 1.021, 95% CI = 0.919-1.134) trimeste-
rs. In additional, with regard to the entire preg-
nancy, only one literature mentioned a lack of
association between them (OR = 0.980, 95% CI
=0.945-1.016) (Figure 3).

PM2.5 and small for gestational age

In this study, six, five, five, six articles, respec-
tively, were reviewed to assess the effects of
PM2.5 on SGA during the first, second and third
trimesters as well as the entire pregnancy peri-
od. Heterogeneity was observed for PM2.5 and
SGA with I? up to 58.1%, and the random-
effects model was applied to analyze the over-

Int J Clin Exp Med 2016;9(11):20594-20604
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Study
ID

1st trimester

N

Kim(2007)
Hwang (2011)
Subtotal (l-squared = 54.1%, p = 0.140)

2nd trimester
Kim(2007)

Hwang (2011) —

Subtotal (I-squared =81.1%, p = 0.021) =~———_____ |

3rd trimester
Kim(2007)
Hwang (2011)

Subtotal (I-squared = 90.9%, p = 0.001)  ——— |

entire pregnancy

Hwang (2011)

Subtotal (I-squared =.%, p=.)
Overall (l-squared =77.1%, p = 0.000)

NOTE: Weights are from random effects analysis

|t

<

%
or (95% Cl) Weight

0.95 (0.85, 1.02) 7.65
1.02 (0.99, 1.04) 18.80
1.00 (0.94, 1.06) 26.44

1.07 (0.98, 1.17) 7.93
0.96 (0.94, 0.99) 18.57

> 1.00(0.90,1.12)  26.50

—_—

—
<

1.08 (1.02, 1.14) 12,78
0.97 (0.94, 1.00) 17.63

I 1.02(0.92,1.18)  30.41

0.98 (0.94, 1.01) 16.65
0.98 (0.95,1.02)  16.65

— 1.00(0.97,1.03)  100.00

I
.85

I
1.18

Figure 3. Forest plots of meta-analysis in the associations between different PM10 expose trimesters with stillbirth.

all effect. The positive associations were iden-
tified between SGA and maternal exposure to
PM2.5 in the first (OR = 1.074, 95% Cl = 1.046-
1.103), the second (OR = 1.058, 95% CI =
1.019-1.100), the third (OR = 1.062, 95% Cl =
1.042-1.083) trimesters and the entire preg-
nancy period (OR = 1.151, 95% Cl = 1.104-
1.200), which indicated that with every 10 ug/
m? increase in PM2.5, the risk of SGA would
increase 7.4%, 5.8%, 6.2% and 15.1%, respec-
tively (Figure 4). With all the value of P>0.05 in
Egger’s test, no publication bias was found in
all analysis (Table 2). A sensitivity analysis was
used to assess the stability of the results. After
removing each article sequentially, statistically
steady results were obtained, suggesting our
results of meta-analysis were robust. However,
none article revealed the relationship between
PM10 and SGA, and that was why we did not
perform meta-analysis between them.

PM10 and spontaneous abortion

We found three literatures evaluating the rela-
tionship between PM10 and SAB. Heterogeneity

20599

was observed (> = 62.4%) and the random-
effects model was used. The pooled outcome
of these three studies on the first gestational
trimester was significantly positive with a 10
ug/m?3increase in PM10 (OR = 1.340, 95% Cl =
1.043-1.721), indicating an 34% increased risk
of SAB (Figure 5). Egger’s test showed that pub-
lication bias was not seen in this analysis. In
addition, sensitivity analysis indicated that our
pooled result was robust. No article revealing
the risk of PM2.5 on SAB was found.

Discussion

In this study, 18 articles were selected into final
analysis to show the associations between
maternal exposure to PM at different gestation-
al periods and adverse pregnancy outcomes. In
this study, the positive associations between
PM2.5 and SGA were found on the first term,
the second term, the third term and the entire
pregnancy exposure, which indicated that with
every 10 ug/m? increase in PM2.5, the risk
of SGA would increase 7.4%, 5.8%, 6.2% and
15.1%, respectively. Besides, the association

Int J Clin Exp Med 2016;9(11):20594-20604
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Study %
ID or (95% Cl) Weight
1st trimester :
Mannes(2005) - 0.90 (0.74,1.10)  0.67
Liu(2007) — 1.07 (1.03,1.10)  10.91
Rich(2009) - 1.11(1.01,1.23)  2.46
Lee(2013) : 1.06 (0.88,1.25)  0.85
Hannam(2014) . 0.96 (0.78,1.16)  0.67
Hyder(2014) — 1.09 (1.03,1.12)  8.60
Subtotal (I-squared = 5.0%, p = 0.385) <& 1.07 (1.05,1.10)  24.15
. 1
2nd trimester :
Mannes(2005) > 1.34(1.10,1.63)  0.68
Liu(2007) —— 1.06 (1.03,1.10)  10.91
Rich(2009) —_— 0.96 (0.87,1.06)  2.45
Hannam(2014) : 1.11(0.92,1.35)  0.72
Hyder(2014) — 1.06 (1.03,1.08) 16.75
Subtotal (I-squared = 58.1%, p = 0.049) < 1.06 (1.02,1.10)  31.50
1
3rd trimester :
Mannes(2005) - 0.90 (0.74,1.22)  0.43
Liu(2007) —_ 1.06 (1.03,1.10)  10.91
Rich(2009) —_— 1.11(1.01,1.21) 285
Hannam(2014) 1.23(1.00,1.51)  0.62
Hyder(2014) — 1.06 (1.03,1.06) 16.75
Subtotal (l-squared = 13.4%, p = 0.329) O 1.06 (1.04,1.08)  31.56
1
entire pregnancy :
Mannes(2005) a 1.10(0.90,1.34)  0.67
Parker(2005) — 1.20 (1.07,1.37)  1.64
Brauer(2008) — 1.22(1.00,1.34)  1.20
Gray(2014) | —— 1.16(1.10,1.28)  3.82
Hannam(2014) : 1.09 (0.85, 1.41)  0.42
Hyder(2014) - 1.13(1.04,1.18)  5.05
Subtotal (I-squared = 0.0%, p = 0.877) ! <> 1.15(1.10,1.20)  12.79
. 1
Overall (I-squared = 41.8%, p = 0.021) Q 1.08 (1.06, 1.09) 100.00
1
1

NOTE: Weights are from random effects analysis
|

613 1

|
1.63

Figure 4. Forest plots of meta-analysis in the associationsbetween different PM expose trimesters with small for

gestational age.

between PM10 exposure levels in early preg-
nancy period and SAB was statistically signifi-
cant, revealing that for every 10 yg/m?® increase
in PM2.5, the risk of SAB would increase by
34%. However, no significant association was
found between PM and stillbirth.

This study didn’t reveal that increases in still-
birth were associated with higher levels of
ambient PM. The study by Hwang [32] suggest-
ed a positive association between exposure to
SO, during pregnancy and stillbirth. Likewise,
Faiz [10] stated that deliveries exposed to high
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levels of SO, and CO were more likely to give
stillbirth. However, the association between
stillbirth and ambient PM was unclear, for the
results of different studies were inconsistent. A
study performed in Seoul, Korea [30] demon-
strated that per 10-ug/m?® increase in PM10
was positively associated with a 8% increase in
risk of stillbirth (OR = 1.08, 95% CI = 1.02-
1.14). Moreover, DeFranco [31] found that the
risk of stillbirth was increased with exposure to
high PM2.5 levels in the third trimester of preg-
nancy (OR = 1.42, 95% Cl = 1.06-1.91). On the
contrary, some other researches [27-29] did

Int J Clin Exp Med 2016;9(11):20594-20604
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Study %

ID or (95% CI) Weight
Perin (2010) ——o— 1.63 (1.22, 1.97) 38.53
Ciaula(2014) -0— 1.20 (1.08, 1.34) 53.54
Moridi(2014) . 1.09 (1.00, 5.23) 7.93
Overall (l-squared = 62.4%, p = 0.070) <> 1.34 (1.04, 1.72) 100.00

NOTE: Weights are from random effects analysis

T

191 1

I
523

Figure 5. Forest plots of meta-analysis the associations between PM10 with spontaneous abortion.

not find such a positive association. Until nowa-
days, the biologic mechanism by which ambient
PM may affect stillbirth remains unclear. Many
factors, such as ethnic differences, economic
status, outdoor activities, could have an impact
on the research. Therefore, more studies are
needed in the future to investigate the possible
relationship between ambient PM and stillbi-
rth.

This meta-analysis indicated a deleterious
effect of PM2.5 exposure on SGA in three tri-
mesters and the entire of pregnancy. There was
a significant sense identifying fetuses suffered
from SGA, since their perinatal mortality rates
were six times more than their normal growing
peers. Even worse, the risk of poor develop-
mental results could persist into later child-
hood and then extend into adolescence [48].
Recent years, some studies have linked PM
with SGA. Dejmek [49] reported the impact of
PM2.5 exposure on negative fetal growth
effects, including SGA, based on the population
settled in a polluted area of the Northern
Bohemian region of the Czech Republic. Hertel
[50] claimed that a 3.91 pg/m3 exposure
increase in PM2.5 would lead to an increase in
high sensitivity C-reactive protein (CRP) and
fibrinogen level. And elevated inflammatory sta-
tus in pregnant women was correlated with
poor developmental outcomes [51]. The com-
bined estimate of our study was consistent with
most original studies.
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In this study, we found that PM10 and SAB were
highly associated. The association between
ambient air pollution and SAB was well docu-
mented in many researches [52-55]. Enkhmaa
[33] showed us a strongly significant correla-
tion coefficient of PM10 (r>0.9) in a dose-res-
ponse toxicity curve, revealing a strong connec-
tion between PM10 and SAB. The mechanism
of how PM10 had effect on SAB might be
explained as genetic damage, for chromosomal
abnormalities have been frequently described
in early SAB [56], especially in industrial areas.
Furthermore, exposure to PM might alter mark-
ers of placental growth and function, then final-
ly cause poor pregnancy outcomes [57]. All of
the above evidence could support our conclu-
sion in this study.

Several limitations of this study should be con-
sidered. First, we found different degrees of
heterogeneity across PM, which could be partly
explained by differences in population demog-
raphy, sample size, exposure assessment, com-
pounds of particulate matters, etc. Secondly,
we only described the impact of single pollut-
ants without taking combined effects of multi-
pollutants into account. Third, in this study, the
term of intrauterine growth retardation (IUGR)
was treated as the same as SGA, for most arti-
cles defined them in the same way. Finally, a
limited number of literatures were included in
our final analysis, for a relatively small number
of researches focused on the adverse pregnan-
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cy outcomes of stillbirth, SAB and SGA when
compared with which of preterm, low birth
weight and birth defects. Thus, more research-
es on such subjects are still needed.

Acknowledgements

This study was supported by: The Natural
Science Foundation of China (NSFS) [no.
81402689]. None pharmaceutical company or
other agency was involved in this study, and we
had full access to all the data and had final
responsibility for the decision to submit for
publication.

Disclosure of conflict of interest
None.

Address correspondence to: Drs. Dian He and Hai-
ping Zhao, Department of Epidemiology and Health
Statistics, School of Public Health, Capital Medical
University, Beijing, China; Beijing Municipal Key
Laboratory of Clinical Epidemiology, 10 Xitoutiao,
Youanmen Wai, Beijing 100069, China. E-mail: hedi-
an@ccmu.edu.cn (DH); zhengjiebaobei@163.com
(HPZ)

References

[1] Selevan SG, Kimmel CA, Mendola P. Identifying
critical windows of exposure for children’s
health. Environ Health Perspect 2000; 108:
451-455.

[2] Billet S, Garcon G, Dagher Z, Verdin A, Ledoux
F, Cazier F, Courcot D, Aboukais A, Shirali P.
Ambient particulate matter (PM2.5): physico-
chemical characterization and metabolic acti-
vation of the organic fraction in human lung
epithelial cells (A549). Environ Res 2007; 105:
212-223.

[3] World Health Organization. Born Too Soon: The
Global Action Report on Preterm Birth. Gene-
va: World Health Organization; 2012.

[4] Miranda M, Maxson P, Edwards S. Environmen-
tal contributions to disparities in pregnancy
outcomes. Epidemiol Rev 2009; 31: 67-83.

[5] Luo ZC, Wilkins R, Kramer MS. Effect of neigh-
borhood income and maternal education on
birth outcomes: a population-based study. Can
Med Assoc J 2006; 174: 1415-1421.

[6] Subramanian SV, Chen JT, Rehkopf DH, Water-
man PD, Krieger N. Comparing individual-and
area-based socioeconomic measures for the
surveillance of health disparities: a multilevel
analysis of Massachusetts births, 1989-1991.
Am J Epidemiol 2006; 64: 823-834.

20602

(7]

(9]

[10]

(11]

[12]

(13]

(15]

[17]

(18]

Slama R, Darrow L, Parker J, Woodruff TJ,
Strickland M, Nieuwenhuijsen M, Glinianaia S,
Hoggatt KJ, Kannan S, Hurley F, Kalinka J,
Sram R, Brauer M, Wilhelm M, Heinrich J, Ritz
B. Meeting report: atmospheric pollution and
human reproduction. Environ Health Perspect
2008; 116: 791-798.

Kannan S, Misra DP, Dvonch JT, Krishnakumar
A. Exposures to airborne particulate matter
and adverse perinatal outcomes: a biologically
plausible mechanistic framework for exploring
potential. Cien Saude Colet 2007; 12: 1591-
1602.

Tillett T. Potential mechanism for PM10 effects
on birth outcomes: in utero exposure linked to
mitochondrial DNA damage. Environ Health
Perspect 2012; 120: a363.

Faiz AS, Rhoads GG, Demissie K, Lin Y, Kruse
L, Rich DQ. Does ambient air pollution trigger
stillbirth? Epidemiology 2013; 24: 538-544.
Bell ML, Ebisu K, Belanger K. Ambient air po-
llution and low birth weight in Connecticut
and Massachusetts. Environ Health Perspect
2007; 115: 1118-1124.

BrauerM, Lencar C, Tamburic L, Koehoorn M,
Demers P, Karr C. A cohort study of traffic-relat-
ed air pollution impacts on birth outcomes.
Environ Health Perspect 2008; 116: 680-686.
Bell ML, Belanger K, Ebisu K, Gent JF, Lee HJ,
Koutrakis P, Leaderer BP. Prenatal exposure to
fine particulate matter and birth weight: varia-
tions by particulate constituents and sources.
Epidemiology 2010; 21: 884-891.

Madsen C, Gehring U, Walker SE, Brunekreef
B, Stigum H, Naess O, Nafstad P. Ambient air
pollution exposure, residential mobility and
term birth weight in Oslo, Norway. Environ Res
2010; 110: 363-371.

Ebisu K, Bell ML. Airborne PM2.5 chemical
components and low birth weight in the north-
eastern and mid-Atlantic regions of the United
States. Environ Health Perspect 2012; 120:
1746-1752.

Huynh M, Woodruff TJ, Parker JD, Schoendorf
KC. Relationships between air pollution and
preterm birth in California. Paediatr Perinat
Epidemiol 2006; 20: 454-461.

Ritz B, Wilhelm M, Hoggatt KJ, Ghosh JK. Ambi-
ent air pollution and preterm birth in the envi-
ronment and pregnancy outcomes study at the
University of California, Los Angeles. Am J Epi-
demiol 2007; 166: 1045-1052.

Wu J, Ren C, Delfino RJ, Chung J, Wilhelm M,
Ritz B. Association between local traffic-gener-
ated air pollution and preeclampsia and pre-
term delivery in the south coast air basin of
California. Environ Health Perspect 2009; 117:
1773-1779.

Int J Clin Exp Med 2016;9(11):20594-20604


mailto:hedian@ccmu.edu.cn
mailto:hedian@ccmu.edu.cn
mailto:zhengjiebaobei@163.com

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

Association between PM and adverse pregnhancy outcomes

Wu J, Wilhelm M, Chung J, Ritz B. Comparing
exposure assessment methods for traffic-relat-
ed air pollution in an adverse pregnancy out-
come study. Environ Res 2011; 111: 685-692.
Pereira G, Belanger K, Ebisu K, Bell ML. Fine
particulate matter and risk of preterm birth
in Connecticut in 2000-2006: a longitudinal
study. Am J Epidemiol 2014; 179: 67-74.
Kloog |, Melly SJ, Ridgway WL, Coull BA,
Schwartz J. Using new satellite based exposure
methods to study the association between
pregnancy PM2.5 exposure, premature birth
and birth weight in Massachusetts. Environ
Health 2012; 11: 40.

van den Hooven EH, Pierik FH, de KluizenaarY,
Willemsen SP, Hofman A, van Ratingen SW,
Zandveld PY, Mackenbach JP, Steegers EA, Mi-
edema HM, Jaddoe VW. Air pollution exposure
during pregnancy, ultrasound measures of fe-
tal growth, and adverse birth outcomes: a pro-
spective cohort study. Environ Health Perspect
2012; 120: 150-156.

Shi M, Liu CB, Chen XQ, Song YF, Hong XR, Sun
QH. Fetal congenital deformity resulting from
ambient inhalable particulate matters: a case-
control study. Chin J Perinant Med 2013; 16:
200-205.

Hansen CA, Barnett AG, Jalaludin BB, Morgan
GG. Ambient air pollution and birth defects in
Brisbane, Australia. PLoS One 2009; 4: e5408.
Ritz B, Yu F, Fruin S, Chapa G, Shaw GM, Harris
JA. Ambient air pollution and risk of birth de-
fects in Southern California. Am J Epidemiol
2002; 155: 17-25.

Zheng JY, Hui WL, Lan XX. Periconceptional ex-
posure to air pollutants SO2, NO2 associated
with birth effects. J Int Obstet Gynecol 2013;
40: 71-74.

Green R, Sarovar V, Malig B, Basu R. Associa-
tion of Stillbirth With Ambient Air Pollution in a
California Cohort Study. Am J Epidemiol 2015;
181: 874-882.

Faiz AS, Rhoads GG, Demissie K, Kruse L, Lin
Y, Rich DQ. Ambient air pollution and the risk of
stillbirth. Am J Epidemiol 2012; 176: 308-316.
Pearce MS, Glinianaia SV, Rankin J, Rushton S,
Charlton M, Parker L, Pless-Mulloli T. No asso-
ciation between ambient particulate matter
exposure during pregnancy and stillbirth risk in
the North of England, 1962-1992. Environ Res
2010; 110: 118-122.

Kim 0OJ, Ha EH, Kim BM, Seo JH, Park HS, Jung
WJ, Lee BE, Suh YJ, Kim YJ, Lee JT, Kim H,
Hong YC. PM10 and pregnancy outcomes: a
hospital-based cohort study of pregnant wom-
en in Seoul. J Occup Environ Med 2007; 49:
1394-1402.

DeFranco E, Hall E, Hossain M, Chen A, Haynes
EN, Jones D, Ren S, Lu L, Muglia L. Air Pollution

20603

(32]

[33]

(34]

(35]

(36]

(37]

(38]

[39]

[40]

[42]

[43]

and Stillbirth Risk: Exposure to Airborne
Particulate Matter during Pregnancy Is Associ-
ated with Fetal Death. PLoS One 2015; 10:
e0120594.

Hwang BF, Lee YL, Jaakkola JJ. Air pollution
and stillbirth: a population-based case-control
study in Taiwan. Environ Health Perspect 2011;
119: 1345-1349.

Enkhmaa D, Warburton N, Javzandulam B, Uy-
anga J, Khishigsuren Y, Lodoysamba S, Enkh-
tur S, Warburton D. Seasonal ambient air pol-
lution correlates strongly with spontaneous
abortion in Mongolia. BMC Pregnancy Child-
birth 2014; 14: 146-153.

Perin P, Maluf M, Czeresnia C, Januario D,
Saldiva P. Impact of short-term preconception-
al exposure to particulate air pollution on treat-
ment outcome in couples undergoing in vitro
fertilization and embryo transfer (IVF/ET). J As-
sist Reprod Genet 2010; 27: 371-382.

Ciaula AD, Bilancia M. Relationships between
mild PM10 and ozone urban air levels and
spontaneous abortion: clues for primary pre-
vention. Int J Environ Health Res 2015; 25:
640-55.

Moridi M, Ziaei S, Kazemnejad A. Exposure to
ambient air pollutants and spontaneous abor-
tion. J Obstet Gynaecol Res 2014; 40: 743-
748.

Hou HY, Wang D, Zou XP, Yang ZH, Li TC, Chen
YQ. Does ambient air pollutants increase the
risk of fetal loss? A case-control study. Arch Gy-
necol Obstet 2014; 289: 285-291.

Mannes T, Jalaludin B, Morgan G, Lincoln D,
Sheppeard V, Corbett S. Impact of ambient air
pollution on birth weight in Sydney, Australia.
Occup Environ Med 2005; 62: 524-530.
Parker JD, Woodruff TJ, Basu R, Schoendorf
KC. Air pollution and birth weight among termi-
nfants in California. Pediatrics 2005; 115:
121-128.

Lee PC, Roberts JM, Catov JM, Talbott EO, Ritz
B. First trimester exposure to ambient air pollu-
tion, pregnancy complications and adverse
birth outcomes in Allegheny County, PA. Ma-
tern Child Health J 2013; 17: 545-555.
HannamK, McNamee R, Baker P, Sibley C, Agi-
us R. Air pollution exposure and adverse preg-
nancy outcomes in a large UK birth cohort: use
of a novel spatio-temporal modeling technique.
Scand J Work Environ Health 2014; 40: 518-
30.

Hyder A, Lee HJ, Ebisu K, Koutrakis P, Belanger
K, Bell ML. PM2.5 exposure and birth out-
comes: use of satellite- and monitor based
data. Epidemiology 2014; 25: 58-67.

Gray SC, Edwards SE, Schultz BD, Miranda ML.
Assessing the impact of race, social factors

Int J Clin Exp Med 2016;9(11):20594-20604



[44]

[45]

[46]

[47]

(48]

[49]

(50]

Association between PM and adverse pregnancy outcomes

and air pollution on birth outcomes: a popula-
tion-based study. Environ Health 2014; 13: 4.
Liu S, Krewski D, Shi Y, Chen Y, Burnett RT. As-
sociation between maternal exposure to ambi-
ent air pollutants during pregnancy and fetal
growth restriction. J Expo Sci Environ Epidemi-
ol 2007; 17: 426-432.

Zhu X, Liu Y, ChenY, Yao C, Che Z, Cao J. Mater-
nal exposure to fine particulate matter (PM2.5)
and pregnancy outcomes: a meta-analysis. En-
viron Sci Pollut Res Int 2015; 22: 3383-3396.
Shah AS, Langrish JP, Nair H, McAllister DA,
Hunter AL, Donaldson K, Newby DE, Mills NL.
Global association of air pollution and heart
failure: a systematic review and meta-analysis.
Lancet 2013; 382: 1039-1048.

Chen Z, Wang J, Ma G, Zhang Y. China tackles
the health effects of air pollution. Lancet
2013; 382: 1959-1960.

Bernstein |, Horbar J, Badger G, Ohlsson A, Go-
lan A. Morbidity and mortality among very-low-
birth weight neonates with intrauterine grow-
th restriction. Am J Obstet Gynecol 2000; 182:
198-206.

Dejmek J, Selevan SG, Benes |, Solansky |,
Sram RJ. Fetal growth and maternal exposure
to particulate matter during pregnancy. Envi-
ron Health Perspect 1999; 107: 475-480.
Hertel S, Viehmann A, Moebus S, Mann K,
Brocker-Preuss M, Mohlenkamp S, Nonnem-
acher M, Erbel R, Jakobs H, Memmesheimer
M, Jockel KH, Hoffmann B. Influence of short-
term exposure to ultrafine and fine particles on
systemic inflammation. Eur J Epidemiol 2010;
25: 581-592.

20604

(54]

[55]

(56]

[57]

Goldenberg RL, Culhane JF, Johnson DC. Ma-
ternal infection and adverse fetal and neonatal
outcomes. Clin Perinatol 2005; 32: 523-559.
Dominik MA, Carson TL. Effect of carbon mon-
oxide exposure on pregnant sows and their fe-
tuses. J Vet Res 1983; 44: 35-40.

Smrcka V, Leznarova D. Environmental pollu-
tion and the occurrence of congenital defects
in a 15-year period in a south Moravian dis-
trict. Acta Chir Plast 1998; 40: 112-114.
Hafez AS, Fahim HI, Badawy HA. Socio-environ-
mental predictors of abortion and stillbirths in
an industrial community in Egypt. J Egypt Pub-
lic Health Assoc 2001; 76: 1-16.

Caravati EM, Adams CJ, Joyce SM, Schafer NC.
Fetal toxicity associated with maternal carbon
monoxide poisoning. Ann Emerg Med 1988;
17: 714-717.

Byrne J, Warburton D, Kline J, Blanc W, Stein Z.
Morphology of early fetal deaths and their ch-
romosomal characteristics. Teratology 1985;
32:297-315.

van den Hooven EH, Pierik FH, de Kluizenaar',
Hofman A, van Ratingen SW, Zandveld PY,
Russcher H, Lindemans J, Miedema HM,
Steegers EA, Jaddoe VW. Air pollution exposure
and markers of placental growth and function:
The generation R study. Environ Health Per-
spect 2012; 120: 1753-1759.

Int J Clin Exp Med 2016;9(11):20594-20604



