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Abstract

Increasing concentrations of air pollution have been shown to contribute to an enormity of adverse
health outcomes worldwide, which have been observed in clinical, epidemiological, and animal
studies as well as /n vitro investigations. Recently, studies have shown that air pollution can affect
the developing fetus via maternal exposure, resulting in preterm birth, low birth weight, growth
restriction, and potentially adverse cardiovascular and respiratory outcomes. This review will
provide a summary of the harmful effects of air pollution exposure on the developing fetus and
infant, and suggest potential mechanisms to limit the exposure of pregnant mothers and infants to
air pollution.
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Introduction

Rapid industrial growth and economic expansion in developing countries contributes to
numerous adverse health consequences of air pollution exposure, with evidence implicating
particulate matter (PM; component of air pollution) as the chief perpetrator of harmful
health outcomes (Agency, 2006). Epidemiological studies have shown an association
between PM exposure and adverse health outcomes for the past decade, particularly related
to adult cardiovascular morbidity and mortality (Brook et al., 2004; Pope et al., 2004; Sun et
al., 2010). This review will explore the growing literature on the effects of air pollution on
fetal and infant development, including effects on cardiopulmonary disease, low birth
weight (LBW), intrauterine growth retardation (IUGR), and pre-term birth. Given the
vulnerability of immature organ systems to outside influences, the developing fetus and
neonate may be at a greater risk for developing adverse health effects secondary to perinatal
PM exposure (Choi et al., 2012; Pope, 2000). In addition, a longstanding line of evidence
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suggests that exposure to harmful levels of air pollutants accrued during sensitive periods of
organ development may predispose an individual to developing certain adulthood
cardiovascular pathologies (Bolton et al., 2012; Burton, 2009; Lacasana et al., 2005; Rocha
et al., 2008; Sun et al., 2005{Bolton, 2012 #190).

This review will also focus on the potential impact of PM on pediatric outcomes, addressing
vulnerabilities from fetal-life through infancy. Barker et al. (Barker and Osmond, 1986)
initially proposed the concept that 7 utero variations in nutrient transfer from mother to
child are related to LBW, ultimately resulting in adverse health outcomes later in life.
Evidence detailed in this review expands upon this hypothesis, supporting the idea that
environmental exposure to air pollution can similarly have harmful effects on the fetus. We
aim to detail the harmful effects associated with fetal and infant PM exposure, and hopefully
enhance international efforts to limit the exposure of pregnant mothers and children to PM
and related air pollution sources.

PM sources and levels

Air pollution consists of a complex mixture of gases, liquids, and PM (Brook et al., 2004;
Pope and Dockery, 2006). PM represents a diverse class of chemically and physically
heterogeneous substances existing as separate particles (liquid droplets, solids, or semi-
volatile materials) within the atmosphere (Agency, 2006). Human and biogenic sources emit
PM into the ambient air, however human activity contributes the majority of primary PM
present (Masih et al., 2010; Pandya et al., 2002; Wilhelm and Ritz, 2003). Motor vehicles,
burning coal, residual oil, particles derived from the earth’s crust, and forest fires produce
constituents of PM (Nelin et al., 2012). Other activities contributing to increased PM
concentrations in the ambient air include wood and fossil fuel combustion, industrial
processes, indoor cooking with biofuels, construction, and demolition activities (Agency,
2005).

PM is normally expressed as the mass of particles within a cubic meter of air (micrograms
per cubic meter (ug/m3)). PM in the ambient air contains three size ranges: coarse (PM 2.5—
10 um or PMyp), fine (PM <2.5 pm or PMj5 5), and ultrafine (PM <0.1 pm or PMg 1) particles
(Sun et al., 2010), as shown in Figure 1. The present review focuses on PM, s, as it has been
the main focus of many scientific and legislative efforts stemming from its well documented
and reproducible negative effects on human health (Brook, 2008). Despite the focus on
PM, s, it is critical to appreciate that particulate matter and air pollution exist as a
heterogeneous mixture of gaseous and semi-volatile/volatile compounds, with biological
toxicity based on the underlying chemical composition. This review also includes studies
exploring constituents that contribute to air pollution, but are not classified as PM, such as
NOy, polycyclic aromatic hydrocarbons, SOy, and tobacco smoke (Agency, 2006).

Adverse Birth Outcomes

The immature fetus is highly susceptible to toxicant exposure (Choi et al., 2012). This
biological vulnerability is secondary to increased rates of cellular proliferation and growth,
all in the setting of constantly changing metabolic and hormonal requirements. Any
disruption in the efficiency of transplacental function /in utero has the potential to negatively
impact fetal growth and development, particularly during critical periods of organogenesis
(Stevenson et al., 2003). Epidemiologic evidence suggests an association between PMqg and
PM5, 5 exposure during pregnancy and adverse birth outcomes, including increased infant
mortality, LBW, IUGR, and preterm birth (Bell et al., 2010b; Rossner et al., 2011; Rudra et
al., 2011). Similar studies have demonstrated no association between fetal air pollution
exposure and LBW, suggesting that the correlation between exposure and effect is delicate
and might be enhanced by external factors such as region, SES, and duration of exposure
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(Rossner et al., 2011). A growing body of literature investigating the link between PM
exposure and adverse perinatal outcomes has emerged due to the increasing potential of
exposure to PM during pregnancy. Chronic exposure to air pollution may disrupt biological
mechanisms that regulate fetal growth and development; however, current evidence suggests
that particulate air pollution exposure can only be associated with minimal, at best, adverse
effects on birth outcome (Glinianiaia et al., 2004). The specific mechanism(s) of this effect
remain relatively unknown (Figure 2). The effects of these and other clinical studies can be
found in Table 1.

Placental Function and IUGR

A study by Veras et al. (Veras et al., 2008) evaluated the effects of PM, a mixture with a
majority composed of PM g,exposure on functional morphology of the placenta. They
showed that PM exposure during pregnancy induced changes in multiple placental
compartments, including the maternal vascular space, fetal capillaries, and surface exchange
areas. More importantly, these alterations in placental function were associated with a higher
incidence of low birth weight among exposed fetuses.

Numerous epidemiological studies have documented the correlation between PM exposure
and low birth weight. Salam et al. (Salam et al., 2005) demonstrated that increased ozone
exposure throughout pregnancy, increased CO exposure throughout the first trimester of
pregnancy, and increased PM1g exposure during the third trimester of pregnancy are all
associated with lower birth weight.

Although tobacco smoke and PM exposure are not equitable, the similarities in effect are
worthy of consideration. Among 362 nonsmoking Polish women with singleton pregnancies,
the birth weight of the children from mothers exposed to 50 pug/ml was 140.3 g less than the
birth weight of children from mothers exposed to 10 pg/ml (Jedrychowski et al., 2004). A
study in Seoul, South Korea demonstrated that exposure to elevated levels of CO, PMy,
SO», and NO», between the second and fifth months of pregnancy contributed to LBW (Lee
et al., 2003). Bell et al. (Bell et al., 2010a) revealed that pregnant women exposed to high
concentrations of PM> 5 have children with LBW, particularly exposure during the third-
trimester. Parker et al. (Parker et al., 2005) showed a connection between increased exposure
to PM> 5 throughout a full nine months of pregnancy and reduced birth weight. However, no
association was evident between increased CO exposure and reduced birth weight among
the observed population.

IUGR refers to infants who fail to achieve their /n utero growth potential (Resnik, 2002). It
is important to identify fetuses with IUGR due to their increased perinatal mortality rates,
which can be in excess of six to ten times that of normal growing peers. The risk of poor
developmental outcomes extends beyond the perinatal period, as children born with [JUGR
demonstrate below average neurodevelopmental outcomes that persist through later
childhood and into adolescence (Bernstein et al., 2000). A number of studies have shown an
association between PM exposure during pregnancy and intrauterine growth restriction
(IUGR). Parker et al. (Parker et al., 2005) showed that pregnant women who reside in areas
with the highest PM> 5 concentrations delivered infants with lower birth weights
(approximately 30 g less) than age-matched peers exposed to low-levels of PM. Despite
inherent limitations to this study, including the failure to account for maternal exposure to
PM outside the primary residence, this work suggests a deleterious effect of PM exposure on
the developing fetus. Additional work by Chen et al. (Chen et al., 2000) showed that a 10
pg/m3 increase in mean PMjq exposure during the third trimester of pregnancy was
associated with a decrease in BW of 11 g (95% C.I, 2.3-19.8). Dejmek et al. (Dejmek et al.,
1999) conducted a study in an extremely polluted area of the Northern Bohemian region of
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the Czech Republic that assessed correlations between the impact of PMyg exposure and
development of IUGR. This study suggested that exposure to elevated levels of PM5 5
during the early stages of pregnancy may cause negative fetal growth effects, including
IUGR. Salam et al. (Salam et al., 2005) investigated the relationship between CO exposure
during the first trimester and O3 exposure during the third trimester. They proposed that a
1.4 ppm and 12 ppb increase in exposure, respectively, to these pollutants resulted in a 20%
increased risk of IUGR compared to normal exposure levels.

Long-term exposure to particulate air pollution has been associated with increased
inflammatory states in humans. A 3.91 pg/m? cross-sectional exposure increase in PM 5
was associated with increases in high sensitivity C-reactive protein (CRP) and fibrinogen
levels, marking systemic inflammation (Hertel et al., 2010). Similarly, Lee et al. (Lee et al.,
2011) demonstrated that increased exposure to PM;q, PM> 5, and ozone was correlated with
an increase in CRP levels during the early stages of pregnancy. Specifically, a 4.6 ug/m3
increase in PM> 5 was associated with an odds ratio of 1.47. Heightened inflammatory states
in pregnant mothers are associated with adverse fetal and neonatal outcomes, including
intrauterine death, premature delivery, fetal neurological injury, and neonatal sepsis
(Goldenberg et al., 2005). Recent evidence suggests that PM exposure during pregnancy
may contribute to pro-inflammatory states in exposed mothers, with adverse downstream
effects on the developing fetus /n utero (Elovitz and Wang, 2004). Numerous studies cite
heightened inflammatory states in the fetus as the cause of worse neurodevelopmental
outcomes; specifically, increased serum IL-6 levels have repeatedly been linked to
deleterious health outcomes, including an increased risk for cerebral palsy and other adverse
neurodevelopmental outcomes (Adams-Chapman and Stoll, 2006; Gomez et al., 1998;
Nelson et al., 2003; Romero et al., 1998; Wu et al., 2009b). The basis for this fetal response
may be the transfer of maternal cytokines, such as IL-6, across the placenta. However, other
possible causes may include altered placental vascular function and inhibition of placental
oxygen transfer due to competition from elevated CO exposure (Bell et al., 2007).

These findings are consistent with the growing body of literature suggesting that even minor
alterations in placental morphology can dramatically impact fetal embryogenesis,
manifesting as IUGR, with the potential for dramatic short- and long-term negative effects
on infant morbidity and mortality (Grafe, 1994). Future research efforts are needed to better
clarify the potential role of PM exposure during pregnancy on maternal and fetal systemic
inflammatory responses and the impact on brain injury in the newborn.

Infant Mortality

The association between ambient air pollution exposure during pregnancy and infant
mortality is well documented (Bobak, 2000; Woodruff et al., 1997). A landmark study by
Woodruff et al. (Woodruff et al., 1997) separated levels of PMyy exposure among pregnant
mothers into three classifications: high, medium, and low levels. After controlling for
demographic and environmental factors, the study showed a 10% increase in infant mortality
among pregnant mothers in the high PM1q exposure group (OR 1.10, and 95% 1.04, 1.16)
compared to low PM exposure. Additional work by Loomis et al. (Loomis et al., 1999)
found that a 10 ug/m3 increase in the average level of PM, 5 during the 3-5 days preceding
death was associated with a 6.9% increase in infant death. Additionally, a study conducted
in Mexico City between 1997 and 2005 demonstrated that a 38.7 pg/m?3 increase in ambient
PMyg levels led to slightly increased respiratory-related infant mortality, while
demonstrating that an increase in infant mortality due to increased PM1g exposure only
affected infants with medium to low socioeconomic status (Carbajal-Arroyo et al., 2011).
Studies that additionally link health outcomes with socioeconomic status may prove useful
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in creating a platform for legislative efforts aimed to ameliorate these disparities and
ultimately increase overall public health.

Preterm Birth and Stillbirth

Preterm births comprise up to 75% of neonatal morbidity and 70% of neonatal deaths, with
surviving infants at risk for long-term neurodevelopmental delays, pulmonary dysfunction,
and ophthalmologic disorders (Behrman, 2007). Previous work demonstrated that maternal
exposure to increased PM1q concentrations during birth is associated with an increased risk
for preterm birth. Specifically, for every 10 pg/m?3 increase in PM;q concentration, the risk
for preterm birth increased by 6-15% (Huynh et al., 2006). A subsequent study by Ritz et al.
(Ritz et al., 2000) evaluated the effect of PM1q exposure on the incidence of preterm birth in
97,518 neonates in Southern California. This study found that for each 50 ug/ml increase in
ambient PM concentration, there was a 20% increase in preterm birth. Wu et al. (Wu et al.,
2009a) conducted a study of 81,186 singleton births in Southern California, using a line-
source dispersion model to approximate individual exposure to air pollutants. They showed
that women experienced a 128% increased risk in very preterm birth when subjected to the
highest NOx exposure quartiles during pregnancy. Additionally, the incidence of
preeclampsia rose by 33% when subjected to the highest exposure quartiles of NOx, and by
42% when subjected to the highest exposure quartiles of PM, 5 during pregnancy.

Suh et al. (Suh et al., 2008) evaluated the link between PM1q exposure and preterm birth in
an effort to identify the role of genetic susceptibility to PM;q effects. The authors found that
exposure to high levels of PM during the third trimester of pregnancy was associated with an
increased risk for preterm birth, and this risk was magnified in the setting of an underlying
glutathione (GSTM1) null genotype. This study suggests that individuals with underlying
genetic predisposition to oxidative injury may be at an increased risk for preterm birth
following ambient PMg exposure, and that reducing PMqq exposure prior to the third
trimester of pregnancy may result in a reduction in the incidence of preterm birth.
Understanding the genetic polymorphisms that place a mother and fetus at increased risk for
poor pregnancy outcomes following PM exposure will allow for better stratification of a
mother’s risk, better surveillance of PM concentrations, and guide potential interventional
strategies.

In addition to preterm birth, evidence exists linking exposure to particulate air pollution with
stillbirth (Bobak, 2000; Faiz et al., 2012; Mavalankar et al., 1991). If fetal death occurs
within 20 weeks of pregnancyi, it is classified as a stillbirth, with the odds of this occurring
~1in 160 (2007). Mishra et al. (Mishra et al., 2005) reported an association between
pollution from indoor cooking with biofuels and incidence of stillbirth. The study
specifically states women using biofuels to cook have a significantly greater chance of
experiencing a stillbirth than women using cleaner sources of energy (OR= 1.44; 95% ClI:
1.04, 1.97). A study in Taiwan revealed an association between stillbirth and other major
constituents of air pollution such as SO, and PMyg (Hwang et al., 2011). Hwang et al.
(Hwang et al., 2011) specifically demonstrated that increased incidence of stillbirth was
associated with a 1-ppb increase in SO, exposure during the first trimester (adjusted OR =
1.02; 95% confidence interval (Cl), 1.00-1.04) and a 10-pug/m? increase in PM1q exposure
during both the first and second gestational months (adjusted OR = 1.02; 95% CI, 1.00—
1.05; adjusted OR = 1.02; 95% Cl, 1.00-1.04).

Particulates generated from the use of biofuels in the home as a result of cooking in poorly
ventilated conditions have similarly been associated with LBW. Mishra et al. (Mishra et al.,
2004) demonstrated this correlation in a study of 3,559 childbirths in Zimbabwe between
1994 and 1999. On average, LBW was associated with mothers who used wood, dung, or
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straw to cook rather than natural gas and electricity. A similar study conducted in rural
Guatemala indicated LBW is directly associated with domestic use of wood fuel in the
home. Of the 1,717 women and newborn children included in the rural Guatemalan study,
children with mothers using wood to cook on open fires had the lowest birth weight (2,819
g), followed by exposure to chimney stove cooking (intermediate low birth weight), while
children born to mothers who used gas and electricity for cooking demonstrated the
healthiest average birth weight (2,948 g) (Boy et al., 2002).

Animal Studies

The fetal effects of air pollution exposure can be evaluated through the use of animal
models, as pregnant mice can be exposed to a known concentration of pollutant and the
offspring can be examined. The time-course of PM exposure can also be manipulated, i.e.
mice can be exposed prior to pregnancy, during pregnancy, or the resulting progeny can be
exposed as neonates. In addition, animals can be exposed to known concentrations of
specific components of air pollution such as PMyg, PM3 5, and PMg 1, either alone or in
combination.

Results from animal studies have recapitulated the outcomes of epidemiological studies.
Exposure of female mice to various concentrations of diesel exhaust during the four months
prior to pregnancy resulted in decreased body weight of the offspring, increased abortion
rates, abnormal development of female offspring, and adverse nesting behaviors (Tsukue et
al., 2002). In a model of endometriosis induced pre- and post-natally, lesions were increased
in rats exposed to diesel exhaust as compared to controls (Umezawa et al., 2008). In
addition, placental morphology has been shown to change with PM exposure, as mice
exposed to PM prior to and during pregnancy had increased fetal capillary proliferation and
decreased maternal blood spaces, perhaps explaining the cause of low birth weights
(Damaceno-Rodrigues et al., 2009; Veras et al., 2008).

Animal exposure studies have also revealed pathology that is difficult to measure in humans.
The effects of maternal exposure on the nervous system of animals have been evidenced by
reduced locomotion and dopamine turnover in mice maternally exposed to PM (Yokota et
al., 2009), as well as altered sleep patterns in rats maternally exposed to ozone (Haro and
Paz, 1993). However, the latter study was challenged by an additional study which showed
that maternal ozone exposure did not change any endpoints of behavior in the offspring
(Petruzzi et al., 1994). Genetic mutations have been shown in several studies, whereby
pregnant mice exposed to DEP orally had an increase in DNA deletions of the offspring
(Reliene et al., 2005). These results have also been challenged, as other biomarkers and
cognitive tests were unaltered in mice prenatally exposed to DEP (Hougaard et al., 2008).
An altered cardiovascular phenotype from gestational exposure to PM has been shown, as
oxidative stress markers in mice exposed prenatally to PM were increased (Damaceno-
Rodrigues et al., 2009).

Overall, examination of animals exposed to PM /n utero has been limited. Future studies
should examine the effects of maternal PM exposure on different organ systems, as well as
examine the mechanisms involved in the transfer of pollutants to the fetus. Oxidative stress
is a potential mechanism of the fetal insult resulting from pollutant exposure, but current
research is severely limited. Studies have only been able to associate increased oxidative
stress /n uteroin response to pollutant exposure (Damaceno-Rodrigues et al., 2009), or
associate oxidative markers with an altered fetal measures (Rossner et al., 2011). Strong
links between air pollution and oxidative stress, and how this causes adverse fetal outcomes
needs to be examined before conclusions can be drawn. In addition, specific components of
air pollution can be isolated, which has been done in certain studies, revealing that
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manganese sulfate concentrations are increased in the fetus following maternal inhalation
(Dorman et al., 2005), and that maternal inhalation of sulfur dioxide affects aggression of
the young (Fiore et al., 1998). Overall, animal studies have not only reaffirmed human
epidemiological data, they have also suggested changes in placental morphology and the
nervous system, while genetic mutations following PM exposure have been demonstrated by
other studies.

Conclusion

In response to the growing body of literature suggesting an association between PM
exposure and negative health outcomes, the Environmental Protection Agency has
developed a series of ambient air monitoring sites with mass and chemical speciation
measurement capabilities. These monitoring sites provide information on regional
differences in PM mass and concentration, as well as the impact of potential effect modifiers
(weather, size, composition). These monitoring sites also provide valuable opportunities for
scientists and legislators to measure and quantify PM concentration, serving as a stimulus
for potential areas of intervention in cities failing to comply with federal standards for PM
concentration.

Studies exploring the health effects of air pollution, specifically PM, are difficult to
summarize since measurement techniques and definitions have changed over time.
Additionally, the harmfulness of PM of equal size depends on its chemical composition,
defined as the combination of chemical agents present in PM. Additional difficulty in
examining the effects of air pollution arises with the large amount of confounding factors
that can influence the type and amount of air pollution exposure, as well as fetal outcomes.
Considering that the studies mentioned above originate from different geographic regions
with various PM sources, composition, average levels, ranges, and co-pollutant exposures,
as well as in mothers with different economic states, other health concerns and different
ages, there appears to be a consistent, albeit small, association between PM exposure and
adverse health outcomes. However, when this small association is evaluated at a population
level, the health impact could be substantial.

Despite a growing body of epidemiological evidence suggesting an association between PM
and adverse health consequences in the young, conclusions about mechanisms must await
additional research efforts. Specifically, representative animal studies are needed to clarify
the following: 1) establishment of early biomarkers of PM toxicity, both /n uteroand ex
vivo, 2) investigate potential interactions between PM components and other determinants
of air pollution (i.e. investigate for possible synergistic effects of PM with other air
pollutants); 3) better define the range of concentrations, including the spatial and temporal
variability of PM throughout the US, in an effort to establish regional and local air quality
standards. These studies will help our understanding of the relationship between the
environment and some of the most susceptible individuals, children.
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DEP diesel exhaust particles
CRP C-reactive protein
GST1 glutathione S-transferase
IL-6 interleukin-6
IUGR intrauterine growth restriction
LBW low birth weight
NOx oxides of nitrogen
OR odds ratio
PM particulate matter
PMO0.1 ultrafine particles, diameter <0.1 pm
PM2.5 fine particles, diameter <2.5 um
PM 10 coarse particles, diameter 2.5 =10 pm
RR adjusted risk ratio
SES socioeconomic status
SOx oxides of sulfur
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Figure 1. Sources and divisions of PM

PM represents a class of heterogeneous substances that exist as discrete particles, combining
to form one component of air pollution. PM can be divided into three different categories
based on size range; coarse, fine, and ultrafine. Both human and biogenic sources produce
constituents of PM, and PM exposure has become a growing field for research as many
adverse health consequences have been related to PM exposure.
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Figure 2. Pathways and impacts of PM exposure

PM is a major constituent of air pollution that is comprised of particles exhibiting three
different size ranges. A number of cardiovascular effects have been related to increased
levels of PM exposure. Studies have also demonstrated that fetal PM exposure may result in
a host of developmental conditions including Intrauterine Growth Retardation (IUGR), low
birth weight (LBW), preterm birth, and infant mortality. The mechanisms of effect following
PM exposure can be characterized by the onset of oxidative stress, which causes placental
and endothelial dysfunction. This dysfunction can lead to the development of a number of
cardiovascular and respiratory symptoms.
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Summary of epidemiological data outlining the effects resulting from increased PM exposure. The literature
demonstrates a strong correlation between fetal PM exposure and developmental defects, most notably IUGR,
LBW, and preterm birth. Studies have ranged in geographic location from North America, Europe, and Asia,

Table 1

demonstrating a widespread relationship between PM exposure and fetal effects.

Reference

L ocation

Fetal Effect

Dejmek et al. (1999)

Northern Bohemia

Adjusted Odds Ratio (AOR) of IUGR":
PMlog)l-szedium / 2-64high
PM3.5—1.26medium / 2-11high

Ritz et al. (2000)

Southern California

Adjusted Risk Ratio (RR) preterm birth:
PMyg (50ug increase) — 1.20

CO (3-ppm increase) — 1.13
*Exposure 6 months before pregnancy

Chen et al. (2001)

Washoe County, NV

No relationship between LBW"" and any
exposure;

Increase in PMyq exposure during 3" trimester
—11gLBW

Ha et al. (2001)

Seoul, South Korea

AOR for LBW:

CO — 1.08 (1.04-1.12)

NO, — 1.07 (1.03-1.11)
SO, — 1.06 (1.02-1.10)
TSP — 1.04 (1.00-1.08)

Maroziene & Grazuleviciene et al. (2002)

Kaunas, Lithuania

AOR for LBW:

Formaldehydes;q tertie — 1.84 (1.12-3.03)
AOR for preterm birth:

NO; high — 1.68 (1.15-2.46)

*First trimester exposures only

Bobak et al. (2003)

Czechoslovakia

AOR for LBW:

SO, — 1.20 (1.11-1.30)
TSP — 1.15 (1.07-1.24)
AOR for Preterm birth:
SO, — 1.27 (1.16-1.39)
TSP — 1.18 (1.05-1.31)

Lee B.E. et al. (2003)

Seoul, South Korea

LBW increase:

CO exposure during months 2-5 of pregnancy
SO, exposure during months 3-5 of pregnancy
NO; exposure during months 3-5 of pregnancy
PMy, exposure during months 2-4 of
pregnancy

Jedrychowski et al. (2004)

Poland

40 pg/m3 increase in PM, 5 exposure — 140.3 g
LBW

Parker et al. (2005)

California

AOR for SGA™:
PM, 5 — 1.26 (1.03-1.50)
CO — no effect

Salam et al. (2005)

California

12-ppb increase in 24 hr O3 — 47.2 g LBW
1.4-ppm increase in CO — 21.7 g LBW and
20% increase IUGR

Suh et al. (2008)

Seoul, South Korea

Odds Ratio (OR) for preterm birth:
Combined effects of GSTM1 genotype & PMy, exposure
— 6.22 (2.14-18.08)

Wu et al. (2009)

Southern California

OR preeclampsia:

Highest NOy — 1.33 (33% increase)
Highest PM, 5 — 1.42 (42% increase)
OR preterm birth:

Highest NO, — 2.28 (128% increase)
Highest PM, 5 — 1.81 (81% increase)
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Reference

L ocation

Fetal Effect

Bell et al. (2010)

Massachusetts Connecticut

Increase in exposure to PM, 5 constituents —
LBW

Carbajal-Arroyo et al. (2011) Mexico City, Mexico

38.7 ug/md increase PMyq — 5.3% increase
respiratory mortality with 1 day lag, 10%
increase respiratory mortality with 2 day lag
*Q0j3 associated with respiratory mortality in
low SES

(IUGR - Intrauterine Growth Retardation, <1oth percentile of birth weight; LBW - Low Birth Weight, <2500 g; SGA - Small for gestational age,

weight below the 10th percentile; Preterm Birth - <37 weeks gestation; TSP — Total Respirable Particles).
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