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Abstract: Current evidence suggests that airborne pollutants have a detrimental effect on fetal
growth through the emergence of small for gestational age (SGA) or term low birth weight (TLBW).
The study’s objective was to critically evaluate the available literature on the association between
environmental pollution and the incidence of SGA or TLBW occurrence. A comprehensive literature
search was conducted across Pubmed /MEDLINE, Web of Science, Cochrane Library, EMBASE, and
Google Scholar using predefined inclusion and exclusion criteria. The methodology adhered to the
PRISMA guidelines. The systematic review protocol was registered in PROSPERO with ID number:
CRD42022329624. As a result, 69 selected papers described the influence of environmental pollutants
on SGA and TLBW occurrence with an Odds Ratios (ORs) of 1.138 for particulate matter < 10 um
(PMyg), 1.338 for particulate matter < 2.5 um (PMj5), 1.173 for ozone (O3), 1.287 for sulfur dioxide
(50,), and 1.226 for carbon monoxide (CO). All eight studies analyzed validated that exposure
to volatile organic compounds (VOCs) is a risk factor for SGA or TLBW. Pregnant women in the
high-risk group of SGA occurrence, i.e., those living in urban areas or close to sources of pollution,
are at an increased risk of complications. Understanding the exact exposure time of pregnant women
could help improve prenatal care and timely intervention for fetuses with SGA. Nevertheless, the
pervasive air pollution underscored in our findings suggests a pressing need for adaptive measures
in everyday life to mitigate worldwide environmental pollution.

Keywords: small for gestational age (SGA); term low birth weight (TLBW); ambient air pollution;
particulate matter < 10 pum (PMj); particulate matter < 2.5 um (PM; 5); ozone (O3); sulfur dioxide
(SO3); carbon monoxide (CO); nitrogen dioxide (NOy)

1. Introduction

Intra-uterine growth is a crucial indicator reflecting the well-being of the fetus. There-
fore, fetal growth abnormalities could arise from various pregnancy-related complications
and are directly linked to increased fetal mortality [1]. According to the Royal College of
Obstetricians and Gynaecologists guidelines, a newborn is considered small for gestational
age (SGA) if the birth weight is below the 10th percentile based on customized growth
charts [2—4]. It is estimated that while the majority of hypotrophic infants fall under the
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SGA definition, about 50-70% are constitutionally small but otherwise healthy newborns
with growth aligned with parental metrics [5].

Conversely, the term low birth weight (TLBW) refers to an infant with a birth weight <
2500 g [6]. Historically, TLBW was widely used as an indicator to assess infant well-being,
influencing subsequent clinical decisions. At the same time, SGA is a more precise term,
reflecting the underlying pathology, not only lower neonatal weight. The SGA diagnosis
could be made if the estimated fetal weight falls below the 10th percentile [5,7,8]. The exact
pathomechanism underlying SGA is not fully understood. There are several contributing
factors, including maternal chronic conditions, fetal abnormalities, and those related to
placental dysfunction [3,8]. Maternal exposure to environmental factors, including exposure
to medications, residential building materials, and tobacco, significantly increases the risks
of adverse outcomes such as preterm delivery, spontaneous abortion, growth restriction,
and other postnatal complications [9-11]. Exogenous substances from the maternal diet
and air quality also significantly affect fetal well-being.

It should be noted that environmental factors are challenging to evaluate because of
individual preferences, varying environments, and differing socioeconomic conditions.
According to the World Health Organization (WHO), air pollution has emerged as the sin-
gle biggest environmental threat to human health, estimated to cause 7 million premature
deaths annually, making it the fourth most significant risk factor for early death globally in
2019, preceded only by hypertension, tobacco use, and poor diet [12,13]. Airborne pollu-
tants that have been identified as responsible for multifactorial damage to the body include
particulate matter < 10 um (PM;) and particulate matter < 2.5 um (PM;5), ozone (O3), car-
bon monoxide (CO), NOx as combined nitric oxide (NO) and nitrogen dioxide (NO,), sulfur
dioxide (SO,), and volatile organic compounds (VOCs) or other less explored pollutants.
Most anthropogenic air pollutants enter the atmosphere as a consequence of contemporary
industrialization and urbanization, the combustion of fossil fuels in thermal power plants,
industrial production, and transportation vehicles, known as traffic-related air pollutants
(TRAPs) [13-16]. While the adverse health effects of these substances have already been
thoroughly researched in the adult population, more knowledge is still needed about their
impact on health during the prenatal period. Gaining a comprehensive understanding
of the precise effects of prenatal exposure to these environmental contaminants is crucial.
Acquiring such knowledge is important for creating accurate public health interventions
and establishing strong policy frameworks that aim to safeguard the health of pregnant
women and their developing fetuses. This disparity is especially noticeable due to the
susceptibility of the developing fetus to environmental stressors.

Past reviews have confirmed the overall effect of ambient air pollution on health
outcomes [15,16]. There is a lack of systematic reviews that thoroughly analyze and study
the impacts of certain air pollutants, mainly because it is difficult to isolate and evaluate
the influence of individual pollutants on fetal development [17]. Existing assessments have
shown a simultaneous impact on cases of preterm delivery and fetal growth restriction,
the latter being a condition where the baby is naturally smaller if born prematurely [18,19].
This overlap complicates the study and presents a potential for severe confounding bias.
To fill this important knowledge vacuum, we conducted a systematic review specifically on
fetal growth restriction at term, known as SGA or TLGW.

The aim of this study was to determine the environmental factors that pose the
highest risk for unfavorable fetal development outcomes throughout pregnancy. This
systematic review focuses on analyzing the complex relationships between previously
reported findings on the impact of various environmental pollutants, such as PM;g, PM3 5,
O3, CO, NOy, and SO,, on the occurrence of SGA or TLBW in infants. We aimed to
analyze the existing research and pinpoint key areas that require additional investigation
to strengthen the body of information that supports the development of effective public
health interventions.
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2. Materials and Methods

The current systematic review was conducted in adherence to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [20]. The systematic
review protocol was registered in PROSPERO under the ID number: CRD42022329624.

A comprehensive literature search was performed across databases, including Pubmed /
MEDLINE, Web of Science, Cochrane Library, EMBASE, and Google Scholar, using the
search strategy presented in Table 1.

Table 1. Search strategy.

(pregnant OR pregnancy OR fetus OR foetus OR foetal OR fetal) AND (“air pollution” OR “air
pollutants” OR PM;g OR PM, 5 OR o0zone OR CO OR NO,; OR NOx OR SO, OR VOC OR
“particulate matter” OR particulates OR “ground ozone” OR “carbon monoxide” OR “volatile
organic compounds” OR “nitrogen dioxide” OR “sulfur dioxide” OR “sulphur dioxide”)
AND

(“birth weight” OR “hypotrophy” OR “small for gestational age” OR SGA OR “intrauterine
growth restriction” OR “fetal growth restriction” OR “term low birth weight” OR “low birth
weight” OR TLBW OR LBW

AND

(Infant, Low Birth Weight [MeSH]))

All searches were conducted on 1 August 2023 and confined to articles in English,
German, or Polish without any restrictions to the publication date. Additionally, the
references of all the included studies were hand-searched for any additional relevant
articles.

All types of evaluative study designs were included and assessed. Two reviewers
(SF and BG) independently screened the studies based on the title, abstract, and full text.
Studies that met the selection criteria were included. The reference lists of the included
studies underwent additional screening. Each included study was assessed on a scale
(0 = notrelevant, 1 = possibly relevant, and 2 = very relevant). Only studies that scored at
least 1 point were included in the analysis. Any disagreements between reviewers were
resolved by the third researcher (AK).

The PI(E)CO question was “Does exposure to ambient air pollution influence the
risk of small-for-gestational-age?”. The Population (P) comprised pregnant women ex-
posed to ambient air pollution. The Exposure (E) was various ambient air pollution
(PM; s—particle matter < 2.5 um, PM;p—particle matter < 10 pm, CO—carbon monoxide,
VOC—uvolatile organic compounds, NOy—nitrogen dioxide, SO,—sulfur dioxide, ground-
level Oz—ozone). Studies, including air concentrations of individual heavy metals as
a compartment of particle matter pollution, were not included, as the information was
not reported in standard pollution measurements. As the included studies were mostly
retrospective, none of them adjusted for specific information about the concentration of
molecules, including particulate matters (PMs). Exposure had to last at least three months
during pregnancy, excluding indoor and natural sources of pollution. The Comparative
group (C) consisted of pregnant women either not exposed to ambient air pollution or mini-
mally exposed to ambient air pollutants (values in the first quartile). The study populations
were compared to historic cohorts or cohorts from healthy environments, as defined by the
authors. The outcome (O) was the occurrence of SGA (as defined by the authors of included
studies) or TLBW < 2500 g. Studies (S) included in the analyses were either retrospective or
prospective, with a control group of unaffected or minimally affected pregnant women.

Due to the large amplitude of air pollution values, the exposed and unexposed groups
differ between the studies. Despite different values used as the cut-off point for inclusion
in the exposed group, authors in the studies always compared the exposed group (from
the second to the fourth quartile) to the group considered unexposed (values in the first
quartile). This distinction between the exposed and unexposed groups based on pollu-
tion thresholds allows for comparisons of the impact of air pollution within culturally,
geographically, socially, and environmentally similar cohorts.
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The risk of bias was assessed independently by two authors (SF and BG) using the
Newcastle-Ottawa scale [21]. The third reviewer (JM) resolved any discrepancies in the
selection process. Predominantly, the studies included were of moderate to high quality.

Due to the included studies’ heterogeneity, it was impossible to perform a quantitative
synthesis. Nevertheless, a comprehensive comparison of the included studies is provided
in the summary.

3. Results

The study selection process is comprehensively presented in Figure 1, providing a
flow diagram of the evaluation process. Initially, a total of 7932 articles were identified
from the database search (Pubmed /MEDLINE = 1778, Web of Science = 2035, Cochrane
Library = 138, EMBASE = 674, and Google Scholar = 3307). After removing duplicates,
3064 publications underwent preliminary evaluations based on their titles and abstracts.
Just 353 articles were selected for full-text screening, as shown in Figure 1. The study was
written according to guidelines, and the PRISMA checklist is published in Supplementary
Table S1 [20].

Identification of studies through database search

F
§ Records removed before screening:
R i ified from " E‘ugﬁtzeg r)ecords removed
§ Databases (n = 7 932) Records removed for other reasons
s (n=2739)
—
E— '
Records screened »| Records excluded
(n=3064) (h=2711)
v
Reports sought for retrieval
> (n=353)
£
) v Reports exciuded:
Secondary analysis (n = 14)
Reports assessed for eligibility Unavailability (n = 24)
(n = 353) < Wrong study design (n = 86)
Wrong population (n = 154)
Protocols (n = 6)
—_———
= ) 4
H Studies included in systematic
2 review
[ (n =69)
—

Figure 1. PRISMA systematic review flow diagram.

The systematic review comprised a total of 69 papers [22-90]. Supplementary Table S2
shows the Newcastle-Ottawa risk bias score of the included studies.

Among these, 25 studies were from North America. Of these, 19 studies were conducted
in the United States of America [29,41,43-45,53,55,58,60,63,64,66,67,78,84,85,87,88,90] and six
studies in Canada [50-52,54,74,77].

There were 19 conducted in Asia: 11 in China [23,25,26,28,30,32-34,36,37,46], three in
Korea [42,76,81], three in Taiwan [80,82,86], one in Israel [27], and one in Japan [69].
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There were 16 studies performed throughout Europe: three in Lithuania [48,83,89],
three in the Netherlands [38,65,70], three in the UK [35,57,61], two in Spain [22,72], two in
Sweden [62,68], one in Norway [71], one in Poland [39], and one in Italy [49].

Six studies were conducted in South America: four in Brazil [47,56,59,73], one in
Chile [31], and one in Peru [40]. Two studies were from the other parts of the world—one
from Australia [75] and one from South Africa [24]. The selected studies encompassed
aggregated data from 20,024,479 pregnant women between 1975 and 2021. The quality of
the included studies showed that the majority of the studies were of intermediate to high
quality [21].

Emphasis was placed on pollution with PM; 5 and PMjy. Among the included studies,
33 examined the impact of PMy [22,25,26,28,30,31,36,38,41-43,47,49,54,56,57,61,64-67,71,
73,75-79,81,82,84,86,87] while 35 analyzed the impact of PM; 5 [23-28,30-36,39-41,43,44,
46,50-55,57-60,63,66,67,71,74,78] and showed an association with SGA or TLBW. This was
particularly noticeable in the case of PM; 5, for which the association with SGA was far
more frequently seen than for PMjy. Of the papers describing the influence of PM;q, 55%
showed an association between PM1y and SGA (Table 2 provides a detailed description of
the included studies), while for PM; 5, this was as high as 74% (Table 3 provides a detailed
description of the included studies). The average Odds Ratio (OR) of PM;( exposure
influence on TLBW occurrence was 1.138 (minimal-maximal: 1.02-1.57) and 1.338 (minimal-
maximal: 1.02-4.3) for PM;5. Only seven papers performed analyses to estimate the
influence of PMyq [22,25,43,57,64—-66] and seven examined the influence of PM, 5 on SGA
occurrence [23,27,33,43,44,58,74]. There were also two papers that showed a paradoxical
protective effect of both PM;g (aOR 0.72) (95%CI: 0.56-0.92) and PM; 5 (aOR 0.86) (95%CT:
0.81-0.92) on TLBW [47,53].

Table 2. Characteristics of the included studies on the influence of Particulate Matter < 10 um (PM 10).

Character
Time and Place of the
Study of Exposure Study and Study Group Control Group Outcomes
Type of Number of
Pollutant Included
Patients

Exposure cut-offs of PM; exposure is related
PMyy to SGA (adjusted odds
15-19 ug/ m? (n =50,967) ratio (aOR) 1.05, 95 %
20-24 ug/ m3 (n= confidence interval (CI):
123,601) Exposure cut-off of 1.0-1.09).
25-29 ug/m?3 (n = PNIFlo' Reduction of 10 pg/m3 of

Canto et al. 2009—2'010 Retrospective 90,474) , <15 ug /m? (n = 5008) PM10 was associated V\;lth

(2023) [22] Spain study 30-34 ug/m° (n = and an increase of 22 g, 95 %

Pollutant: PM;y n=288,229 15,388) <40 pe /m3 CI: 17.2-28.0).
35-39 ug/ md (n=2276) = N ZHSg7 714 15 % and 50 % reduction
4044 pg/m?3 (n = 323) (n =287,714) of PMjg exposure reduces
45-49 ng/ m? (n = 100) risk of term low birth
50-54 pg/ m? (n = 54) weight (TLBW) and small
55-59 ug/m? (n = 37) for gestational age (SGA)
60-64 ng/ m3 (n=1) occurrence.
2015-2020 Number of
Chonggin, . Number of exposed nonexposed were not 10 pug/m? increase in
sINE/ Retrospective were not specified. P HE crease
Zhou et al. China P P specified. PM;j exposure is related
study Exposure cut-off of P 1o exp
(2023) [26] Pollutants: _ 572106 PMyp in II-IV Quartil Exposure cut-off of to VTLBW occurrence (RR
PM,s, PMy,, 1o 10 HaAt®  PMyin1Q: 1.13, 95%CI: 1.06-1.21).

NOZ ’ CO and 03

(Q): 59.1-121.5 pg/m3

28.8-59.1 ug/m3
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Table 2. Cont.
Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ypeo
Pollutant Included
Patients
2017-2018 Number of exposed Number of
Guangzhou were not specified nonexposed were not
; ! . | specified. TLBW is associated with
China Prospective  Exposure cut-off of
Gan et al. Pollutants: stud PMyq in T-1V Q: Exposure cut-off of maternal exposure to:
(2022) [28] : y 10 . ' PM;oinIQ: SO, and PM; (OR 1.23,
PM; 5, NO,, n =916 Cut-off point of :
.. 1. Cut-off point of 95%CI: 1.03-1.46)
SO,, O3, and exposure not specified in
PM study exposure not
10 ’ specified in study.
2015-2016 TLBW is associated with
Wen Zhou Number of exposed Number of maternal exposure to
- ! . b nonexposed were not  PM;j (aOR 1.14, 95%CTI:
China Retrospective were not specified. s .
Huang et al. ) specified. 1.06-1.23) during the
Pollutants: study Exposure cut-off of .
(2022) [30] PM, 5, PM; n=213959 PM; in IV Q: Exposure cut-off of entire pregnancy.
o 1\5],0 R r?;:l % 6o 386 0 /mé’ PM;jpinIQ: The significant influence
z o z ' T HE <66.2 pg/m3 was shown especially in
3 the 2nd trimester.
Number of exposed Number of
. were not specified. none.x.posed werenot g cond trimester exposure
Rodr{guez— 2014_.2016 Crp 59 Exposure cut-off of specified. of PMy (aOR 1.14, 95%CI:
Fernédndez Chile sectional PMy in II-IV Q: Exposure cut-off of 1.11-1.18) is associated
et al. Pollutants: study 10 . ’ PMpinIQ: e . .
(2022) [31] PM> - and PM = 595369 Cut-off point of Cut-off point of with an increased the risk
’ z5 10 ’ exposure not specified in of TLBW
study. exposure not
' specified in study.
2015-2018
Xi'an city of
Shaanxi, China Number of exposed Number of . . .
1 . S nonexposed were not TLBW is associated with
Pollutants: high  Retrospective were not specified. o
Shang et al. level of air stud Expostre cut-off of specified. maternal exposure to
(2021) [36] o y POst Exposure cut-off of PMjp (OR 1.02, 95%CI:
quality index n=321,521 PMjpinII-IV Q: >73.9 . )
(AQI), PM. ng/m? PM;o in1Q: <73.9 1.009-1.03)
’ 2.5/ N ug / m3 .
PMyg, SOy, CO,
03/ N02
Number of exposed
were not specified. TLBW is associated with
Exposure cut-off of Number of maternal exposure to
2002-2013 Retrospective PMj in II-IV Q: nonexposed were not PM in P
Endersetal. California, USA study ITQ of PMyq (11.4-14.3 specified. I szigR 1.00. 95%CT:
(2019) [41] Pollutants: n= ng/ md) Exposure cut-off of 0.98-1.03) 2o
PMjg and PM, 5 2,719,596 I:(CI;?H?;)PMm (14.3-18.5 ilg\/l/lronén 1Q:<11.4 111 Q (aOR 1.03, 95%CTL:
IV Q of PMj (>18.5 1.00-1.06).
ug/m?)
Number of exposed Number of The rate of low birth
2010-2013 Retrospective were not 5 eci};ie d nonexposed were not  weight in term infants
Kim et al. Korea study Exposure (I;)u toff o.f specified. increased when women
(2019) [42] Pollutant: PM n= Pl\/I[) in IV Q: 70 Exposure cut-off of were exposed to > 70
CT0 1742 183 10 ' PM;q in I-11 Q: <70 ug/m3 PMyg (aOR 1.060,

ng/md)

ug/m?.

95%ClI: 0.953-1.178)
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Table 2. Cont.
Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
Number of exposed Number of
2002-2010 e nonexposed were not . . .
- . were not specified. s Risk of SGA increases in
20 hospitals in . - specified. . .
Retrospective Exposure with SO,, O3, . the third trimester every
USA Exposure with SO, .
Nobles et al. study NOy, NO,, CO, PMyy, 10th percentile per
Pollutants: SO,, 03, NOy, NO,, CO, . . .
(2019) [43] n=109,126 PM,; 5 from II-IV Q . interquartile increase in
03, NOX, NOz, . . PMlO/ PM2.5 inl Q
births Quartiles of exposure . exposure of PMg (RR 1.03,
CO, PMyj and PR Quartiles of exposure °
cut-offs not specified in o 95%CI: 1.00-1.06).
PMy 5 cut-offs not specified
study. .
in study.
201272013 . Number of exposed Number of Exposure to PMjg had a
Costa Sao José doRio  Retrospective L nonexposed were not ) .
. L were not specified. s paradoxical protective
Nascimento Preto, longitudi- specified. o
. Exposure cut-off of effect (aOR 0.72, 95%CI:
etal. Brazil nal study PMyq in T-1V Q: Exposure cut-off of 0.56-0.92) on TLBW
(2017)[47]  Pollutants: NO,,  n=8M8 ') o0 PMyoinlQ: <3347~
PMjg and O3 ' OO Mg/ ug/m3. ’
8613 pregnant women
exposed with traffic
related air pollution of 2952 pregnant
2006 PMj from second to women exposed with
Habermann Sao Paulo Retrospective fourth quartile. traffic related PMyg PM;j exposure measured
and Gouveia Brazil ’ study Exposure cut-off of from first quartile. with LUR-PMjj is not
(2014) [56] Pollutant: PM n=11,586 PMygin: Exposure cut-off of related to TLBW.
nE0 1Q(35.3-37.0 ug/m3  PMypinIQ: <353
I Q (37.0-40.4 pg/m3)  pg/md.
IV Q (40.4-108.2
ng/md).
NOy, NO,, CO, PMy 5,
PMj is related with
increased risk of SGA
infant.
Small statistically
significant association was
2004-2008 Number of observed for PMyg and
Number of exposed SGA, particularly with
Northwest . e nonexposed were not . 4
Retrospective were not specified. s exposure in the first and
Hannam et al. England, UK specified. h . -
(2014) [57] Pollutants: NO study Exposure cut-off of Exposure cut-off of third trimesters. Similar
: ¥ n=203562 PMjginlI-IV Q: 46.3 > . effects on SGA were also
NO,, CO, PM; 5 69.8 i /m3 PM;in1Q: 18.3-35.4 found for NO» PMa = and
and PMlO O Ug . Hg/mB 27 2.5/

CO in later pregnancy, but
no overall increased risk
was observed.

NO; (aOR 1.66, 95%CI:
1.47-1.87),

PMjg (aOR 1.57, 95%CT:
1.43-1.71).
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Table 2. Cont.

Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
16,731 pregnant women
exposed with PM;g and
2003-2010 NOj form second 4435 pregnant o
Emilia-romagna  Retrospective quintile to fifth quintile women exposed with  No associations were
Candela et al. . " PMyy in first quintile. ~ observed between PMjg
region, UK study Exposure cut-off of
(2013) [61] Pollutants: n=21517 PMinin: Exposure cut-off of exposure and SGA or
oy : =21, I Q1~00 Oé—O ) ng/m3 PMj( in 1 Q: <0.07 TLBW occurrence.
* I Q: 0.2-03 ng/m? ng/m?.
IV Q: >0.3-0.8 ng/m?3.
SGA was associated with
1990-2001 Number of exposed Number of fl(\)gl—ol(zgR 22,95k
Detroit, . b nonexposed were not Lo
o Retrospective were not specified. s Third trimester
Leetal. Michigan, USA ] specified. } .
study Exposure cut-off of top-quartile PMj
(2012) [64] Pollutants: CO, . Exposure cut-off of 3
n=164,905 PM;jjinI-IV Q: >35 . exposure (>35.8 ug m>)
NOz, PM10 and 3 PMlO inIQ: <35 . :
o pg/m°. /m? gave the highest risk of a
3 He/ term SGA birth (aOR 1.22,
95%CI: 1.04-1.44)
2001-2005 6928 pregnant women 844 pregnant women
van den Rotterdam, Prospective ?Oposiidﬂvj 1131 SMH)’ f\);gosiidl va1th PMio, III Q of PM; exposure is
Hooven et al. Netherlands study Ex 20 sure cu t—o%f of Ex 20 sure C’u t-off of related with SGA (aOR
(2012) [65] Pollutants: n=7772 POos! pOs! 1.38, 95%CL: 1.00-1.90).
PMn and NO PMyq in II-IV Q: PMjinI1Q: <27.8
10 2 27.8-40.9 pg/md. ug/m3
Women exposed to air
3565 pregnant particulate pollutants
2000-2007 zzglofgsgvf;iﬂtgﬁ) men women exposed with ~ were at elevated risk for
. Tampa, Florida, Retrospective b 257 PM, 5, PM; below TLBW (aOR 1.24, 95%CI:
Salihu et al. USA study LMo above themedian. S 4o 1.07-1.43), VLBW (aOR
(2012) [66] Pollutants: n=12,356 Ei(ei):l?:\?:e above the Exposure below the 1.58, 95%CI: 1.09-2.29)
PM, 5 and PM; 525 04 ) /m?® PM median: SGA was related to PMj
VM 10 <25.04 ng/ m3 PMy, exposure (aOR 1.14,
95%CI: 1.03-1.27).
Exposed women had
79,871 pregnant 1r.1crease(.:1 odds for low
24,090 pregnant women . birth weight and very low
2000-2007 exposed with PM women exposed With 5y 0 oiohe with the
Salihu et al Tampa, Florida,  Retrospective PI\I/I above the mZ:c,lian PMy 5, PMyq below reatest r?sk i)ein for ver
(2012) [67]' USA study Ex 1(())sure above the - the median. igow birth wei htgzaOR !
Pollutants: n = 103,961 m e}()iian' Exposure below the 1.27 95%CI 1%8—1 19)
PMz5 and PMio >24.35 pg/m?3 PMyg inzid;gn: /m® PM TLBW was related to
DI HE 10 PM;jg exposure (aOR 1.13,
95%CI: 1.07-1.19).
18,921 pregnant women 6308 pregnant women
1999-2002 Retrospective exposed with NO,, exposed with NO,, No associations were
Madsen et al. Oslo, Norway s tug PMyg, PM, 5 II-1IV Q. PM;p, PMy5in1Q. observed between NO»,
(2010) [71] Pollutants: NO,, n=95 %]29 Exposure cut-off of Exposure cut-off of PM; exposure and SGA

PMw and PM2.5

PMIO in [I-1V Q PMloi
>10.8 pg/md.

PMyin1Q: <10.7
nug/m?.

or TLBW occurrence.
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Table 2. Cont.

Character
Time and Place of the
Study of%ixpomfue ;?Igi::& Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
2000-2003 Number of
. Number of exposed .
Brisbane, Retrospective were not specified nonexposed were not  No associations were
Hansen et al. Australia s tug Exposure (I;)u toff o.f specified. observed between PMy,
(2007) [75] Pollutants: n=2 2)117 PNI[) in -1V Q: Exposure cut-off of NO,, or O3 exposure and
PM;o, NO;, and et 1 61—0171 - /n'13 PMypin1Q: <14.6 SGA or TLBW occurrence.
O3 ' 4 He/m ug/m3.
IUGR was affected by the
first trimester’s PMy
exposure.
Number of TLBW was affected by the
Number of exposed PM;g level during the
were not specified nonexposed were not whole pregnanc
Multicenter pe i specified. pres Y:
. 2001-2004 - Exposure with PMyg . TLBW was affected by a
Kim et al. prospective Exposure with PMyg 3. .
(2007) [76] Seul, Korea study from IT to IV Q. in1Q 10 g/m?® increase in the
Pollutant: PM; n=1514 Cut-off points of Cut—o.ff oints of average ambient PMjg
B exposure not specified in ox osurz not concentration during the
study. S Eci fied in stud first (aOR 1.1, 95%Cl:
P ¥ 1.0-1.2), second (aOR 1.1,
95%CI: 0.9-1.2), and third
(aOR 1.1, 95%CI: 1.0-1.2)
trimesters.
SO, exposure during the I
1988-2000 Number of exposed Number of trimester is related with
. Nova Scotia . b nonexposed were not TLBW (RR 1.36, 95%CI:
Dugandzic Retrospective were not specified. oo
Atlee, Canada specified. 1.04-1.78)
etal. ) study Exposure cut-off of .
(2006) [77] Pollutants: n=74284  PMyg in I-IV Q: 14-53 Exposure cut-off of PM;j exposure during the
PMjp, SO, and 4 /1m3 ’ PM;pin1Q PMy: < I trimester is related with
0; Hg/me 14 ug/m®. TLBW (RR 1.33, 95%CT:
1.02-1.74).
1995-1997 Retrospective Higher exposure of SO,
Taipei and study 31,530 pregnant women S\?oliiznpfrfogrﬁa{":i o PM;g, CO, O3, and NO; in
Lin et al Kaohsiung, n=31,530 from Kaohsiung exposed with mfan Kaohsiung leads to 13%
(2004) [79'] Taiwan (Kaohsi- exposed with mean coﬁcentra tion of: higher TLBW occurrence
Pollutants: SO,, ung) concentration of: PMy (46.4-51.9 ’ than lower exposure in
PM;q, CO, O; n=60,758 PMjp (65.8-83.6 ng/m?) /1&3) il Taipei (OR 1.13, 95%CI:
and NO, (Taipei) He/ ). 1.03-1.24).
1995-1997
Taipei and Number of exposed f(:ﬁi) e:)soefd werenot  No associations were
. Kaohsiung, Retrospective were not specified. P
Lin et al. Taiwan study Exposure cut-off of specified. observed between PMjg
(2004) [80] Pollutants: SOy, n=92288  PMyg in I-IV Q PMo: Expospre cgt—off of exposure and TLBW
PMyy, CO, O3 >46.4 g /m? PM;y ;n 1Q:<46.4 occurrence.
and NO, ug/m-.
1996-1998 Number of exposed E;TE ef)soefd werenot  Second-trimester PM
Seoul, Korea Retrospective were not specified. P . 10
Lee et al. Pollutants: CO stud Expostre cut-off of specified. exposure increased the
(2003) [81] i y Post Exposure cut-off of ~ risk for TLBW (aOR 1.04,
PMjp, SO, and n=388,105 PM;jginII-IV Q PMyg:
1’\102 ! 47.4-236.9 g /m. PMjg in I Q PMy: 95%ClI: 1.00-1.08).

18.4-47.4 pg/m3.
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Table 2. Cont.

Character
Time and Place of the
Study Of_l]?;;):(s)‘flre 13:113%:::{ Study Group Control Group Outcomes
Pollutant Included
Patients
1991-1999 A 10 pg/ m?3 increase in
Nevada State, Retrospective 32,676 pregnant women sf(frgr\griev%iinltow PMj level in the third
Chen et al. USA stug exposed with PMy at expostre to PMiq at trimester can be associated
(2002) [84] Pollutants: n =139 ?’:138 the third trimester thg third trimestlgr with a birth weight
PM;y, CO and ’ (>19.72 ug/mB). 1972 we /m? reduction of 11 g (95%ClL:
05 (<1972 pg/m”). 23-19.8g)
Higher exposure of SO,,
1993-1996 NO,, PM;y, 50427, and
Lin-Yuan and 1677 pljegnant women 868 preg.na.nt women NOg._ .in a pe.trochemical
Taicei, Taiwan  Retrospective from Lin-Yuan from Taicei municipality in Lin-Yuan
Lin et al. Pollute;ntS' SO stud municipality. municipality. leads to 3.22% TLBW
(2001) [86] NO PM 2 N 2515 Exposure cut-off of Exposure cut-off of occurrence in comparison
50 2 NI}IO/* PM;oinII-IV Q: 859 &  PMyg in I Q PMyy: to lower exposure in a
aé d 1<IO3 4 1.7 ug/m3. 59.2 4 1.4 pg/md. control municipality Taicei

which led to 1.84% TLBW
occurrence.

Table 3. Characteristics of included studies about the influence of Particulate. Matter < 2.5 um (PM 2.5).

Character
Time and Place of the
Study ofﬁxp Os?re lfli:lrii:rn:f Study Group Control Group Outcomes
ypeo
Pollutant Included
Patients
Number of exposed Number of
ified nonexposed were not
2014-2018 were not spectfiec. specified
. . Prospective  Exposure with PM; 5 in - PM,; 5 exposure is related
Chen et al. 8 provinces in Exposure with PM; 5 .
(2023) [23] China study II-1v Q. in1Q with SGA occurrence (aOR
) n=179,761  Cut-off point of e 1.02, 95 % CI: 1.01-1.04)
Pollutant: PMy 5 e 1 Cut-off point of
exposure not specified in
study exposure not
' specified in study.
2013-2017 Retrospective Number of exposed Number of
study S nonexposed were not  Increased SGA occurrence
Durban, South were not specified. s 1 . .
: n =656 specified. risk is associated with
. Africa Exposure cut-off of
Mitku et al. Pollutants: from low PM, = in [I-IV Q: Exposure cut-off of exposure to PM; 5 (aOR
(2023) [24] : socioeco- 25 7 ' PM,5inIQ: 1.2, 95%Cl: 1.21-1.28) and
PM; 5, SO;, . Cut-off point of . o
nomic e 1 Cut-off point of SO, (aOR 1.1, 95%CI:
NOx (NO and . exposure not specified in
NO,) neighbour- study. exposure not 1.01-1.13).
2 hoods ' specified in study.
2015_2Q20 Number of 10 pg/m? increase in
Chonggqing, Number of exposed .
- . i nonexposed were not  PMj 5 exposure is related
China Retrospective were not specified. s . .
Zhou et al. P . specified. to very low birth weight
ollutants: study Exposure cut-off of
(2023) [26] . Exposure cut-off of (VLBW) occurrence
PM2.5, PM10, n =572,106 PM2.5 in II-IV Q PM2.5Z PM, 5 in1Q: ( lati isk (RR) 1.1
NO,, CO and 34.4-83.7 pg/m?. 25 ' e anvens "

O3

17.8-34.4 pg/m3.

95%CT: 1.01-1.2).
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Table 3. Cont.

Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
Number of
Number of po sed nonexposed were not 3. .
were not specified. specified 10 pg/m” increase in
Ahmad et al 2004-2015 Retrospective Exposure cut-off of EP:( osure; cut-off of PMj; 5 led to increased risk
(2022) [27] ’ Israel study PM, 5 in TI-IV Q: PNII) in1Q: of TLBW (OR 1.25, 95%CI:
Pollutant: PMp5 n=381,265 Cut-off point of Cut’f-g o it of 1.09-1.43) and SGA (OR
exposure not specified in exposurlz not 1.15, 95%CI: 1.06-1.26).
study. specified in study.
2017-2018 Number of exposed f;lr:}:;f):; d were not
Guér;lgirzlgou, Prospective ‘Ilivf ri)snl;):esc}:)jtc-lci?i.f specified. TLBW is associated with
Gan et al. Pollutants: stI: d PI\/I; in [-1V O: Exposure cut-off of maternal exposure to
(2022) [28] PMy = NO- ne 93’ p Cuf_gff ointof PM,5inIQ: SO, and PM, 5 (OR 1.28,
25, NV - P .. .. Cut-off point of 95%CI: 1.07-1.52).
SO;, O3, and exposure not specified in
PM study. exposure not
10 ' specified in study.
TLBW is associated with
\3\5):5_22}?(}3 Number of exposed Number of maternal exposure to
. ! . b nonexposed were not PMj 5 (aOR 1.12, 95%Cl:
China Retrospective were not specified. oo .
Huang et al. . specified. 1.02-1.24) during the
(2022) [30] PI;Z)HM;K}IS' 0 _Stzligy%g Eﬁ) OS?IieIf_I;;Og.Of Exposure cut-off of entire pregnancy.
50 21{’]'0 alrfia T 39 12_552 7 /m3. PM,5in1Q: <39.1 A significant influence
z o z ' e ' ug/m3. was shown, especially in
3 the 2nd trimester.
Number of
S:rr: lrjlf)rt zigziFf)i(:eS;d nonexposed were not Second trimester exposure
Rodr{guez- 2014_.2016 Crf) o Exposure cut-off of specified, ) to PMy 5 (aOR 1.03, 95%CI:
Fernandez Chile sectional . ) Exposure cut-off of . .
ot al Pollutants: study PM, 5 in II-IV Q: PM, = in 1 Q: 1.004-1.06) is associated
(2022) ['%1] PMo = and PM N = 595369 Cut-off point of Cut—g o oin.t of with an increased the risk
: 25 10 T exposure not specified in exposur}e)z not of TLBW.
study. specified in study.
2015-2016
24 provinces in Number of
China . Number of Xpo sed nonexposed were not  PMj 5 exposure during
Pollutants: Retrospective were not specified. s . :
Shen et al. PMs = CO stud Exposure cut-off of specified. pregnancy is associated
; . Xposure cut-off o wit o, oClI: 3-30%
2022) [32] N om0 %’0 ‘ PNI[) nILIVOPM,s:  EXP ff of ith 16%, 95%CI: 3-30%
4 - 25 3 25" PMys5in1Q: <41 higher risk of SGA.
(ammonium), 41-110 pg/m>. Jmd
5042— Hg :
(sulphate)
10 ug/ m?3 increase in
PM, 5 exposure is
Number of exposed ?;f:fef):; d were not correlated with increased
Zhu et al 2014-2018 Prospective  were not specified. speci fi}Zz d SGA occurrence in the
(2022) [%3j China study Exposure cut-off of E}>)< osuré cut-off of second trimester (OR
. Pollutant: PMy5 n=117,162 PM;5 inII-IV Q: >28 P 1.023, 95%CI: 1.008-1.037)

ug/md.

PM,5in1Q: <28
ug/m?.

and during the whole
pregnancy (OR 1.025,
95%CI: 1.002-1.048)
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Table 3. Cont.

Character
Time and Place of the
Study Of_l]?;;):(s)‘flre ;:lxgz:rn(;if Study Group Control Group Outcomes
Pollutant Included
Patients
10 ug/ m?3 increase in
Number of exposed f(:ﬁzfef):ef d were not PM,; 5 positively correlates
2014-2016 were not specified. speci ﬁ}; d to SGA occurrence in
Chen et al. . most Retrospective Expost.lre cut-off of Exposure; cut-off of preconceptional time and
(2022) [34] air-polluted study PM; 5 in II-IV Q: PMy 5 in I Q: in the first trimester.
cities in China n=10916  Cut-off point of Cut—b p oin.t of The strongest correlation
Pollutant: PM; 5 exposure not specified in P is in the 5th week before
exposure not .
study. specified in study conception (HR 1.06,
' 95%CI: 1.03-1.09).
Number of exposed Number of .
were not specified. none.x.posed werenot PMj 5 exposure mcreaseod
Ch 1993-2005 Retrospective Exposure cut-off of specified, TLBW occul;renc.e by 40%
en et al. UK stud PM, = in [I-IV Q: Exposure cut-off of (OR 1.40, 95%CI:
(2021) [35] y 25 0 ' PM,5inIQ: 1.12-1.75) and SGA
Pollutant: PM;5 n=12,020  Cut-off point of Cut-off point of by 18% (OR
exposure not specified in ot pomnt o occurreon ceby o7
study. exposure not 1.18, 95%CI: 1.05-1.32)
’ specified in study.
2015-2018
Xi’an city of
Shaanxi, China, Number of exposed ?0?25 ef)soefd werenot TLBW is associated with
Pollutants: high  Retrospective were not specified. P
Shang et al. level of air study Exposure cut-off of specified. maternal exposureoto
(2021) [36] quality index n=321521 PMys in II-IV Q PMy.s: 1}§>Ii4p051.1re cu.t—off of PM; 5 (OR 1.02, 95%CT:
(AQI), PMy s, >33.4 pug/m?. 2‘53111 1Q: <334 1.006-1.03).
PM;0, SO,, CO, ug/m?.
03/ NOZ
Exposure to PM; 5 is
Woijtyla et al. 2016-2017 Retrospective 634 pregnant women 432 pregnant women  related to SGA. It is 4
(2020) [39] Poland study exposed with PM; 5 exposed with PM; 5 times more likely to lead
: Pollutant: PM; 5 n = 1095 cut-off > 25 pg/ m3. cut-off < 25 ug/ mS. to TLBW (aOR 4.3, 95%CI:
1.5-2.3)
SGA was associated with
Number of exposed Number of exposure to PM; 5
Tapi 2012-2016 Retrospective were not specified. none.x.posed were not exposul;e oYerall (aOR
apia et al. Lima. Peru study Exposure cut-off of specified. 1.04, 95%CI: 1.01-1.08)
(2020) [40] Pollu tar; & PM. n=123034 PM,s in [V Q: Exposure cut-off of and in the first (aOR 1.07,
RS ’ 1650416 e PMp5in1Q: 95%CI: 1.03-1.10) and
OFTELO M/ 12.7-16.83 ug/m?>. third trimesters (aOR 1.04,
95%CI: 1.00-1.07).
Number of exposed TLBW is associated with
were not specified. maternal exposure to
Exposure cut-off of Number of PMy 510 in
2002-2013 Retrospective PM; 5 in: nonexposed werenot I Q (aOR 1.00, 95%CT:
Enders et al. California, study I QPM;5 (10.2-12.6 specified. 0.98-1.03) and
(2019) [41] USAPollutants: n= ug/ m?) Exposure cut-off of TII Q (aOR 1.03, 95%CI:
PM;p and PM; 5 2,719,596 I Q PM, 5 (12.6-16.1 PM,5in1Q: <10.2 1.00-1.06).
ug/ md) ug/ m3. PM, 5 exposure correlates
IVQPM;5 (>16.1 with TLBW in IV Q (aOR

ng/m?3)

1.04, 95%CI: 1.01-1.07).
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Table 3. Cont.
Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
2002-2010 Number of exposed Number of . . .
. . e nonexposed were not  Risk of SGA increases in
20 hospitals in . were not specified. s . .
USA Retrospective Exposure cut-off of specified. the third trimester every
Nobles et al. study . Exposure cut-off of 10th percentile per
Pollutants: SO,, PM; 5 in II-1V Q: . . o .
(2019) [43] n =109,126 . PM5inIQ: interquartile increase in
03, NOy, NO3, . Cut-off point of )
CO. PM births exposure not specified in Cut-off point of exposure of PM; 5 (RR
P/M 10- stud exposure not 1.02, 95%CI 1.00, 1.05).
25 ey specified in study.
Percy et al 2007-2010 Retrospective 181,665 pregnant 43,256 pregnant gll\;rmilﬁiﬁgzzsgscﬁe of
(20137) [4 4]' Ohio, USA study women exposed with women exposed with occ iﬁrence (aOR 1.09
. — > 3 3 R
Pollutant: PMy5 n=224921 >15ug/m’ PM;5 <15 pg/m° PM; 5 95%CT: 1.02-1.17)
PM, 5 was positively
2013-2016 Number of exposed Eolg(relf e(r)soefd were not EIiISSQOE;aOtﬁl‘A;;h%I;BCV;{ "
W (2018) Jinan, China Retrospective were not specified. speci ﬁ}; d 1.09-2.88) TR
Pollutants: study Exposure cut-off of P X ‘ et o
[46] . Exposure cut-off of 1T Q (aOR 1.77, 95%CI:
PM; 5, NO,, n=43,855 PM,5inII-IV Q: . ]
30 80.5-119.3 g /m? PM,5in1Q: <80.4 1.03-3.04), and
2 : ’ ‘ g /m3. IV Q (aOR 1.92, 95%CTI:
1.04-3.55)
Number of exposed f(:gz: ef)soefd were not
. were not specified. P 3. .
1999-2008 Retrospective specified. 10 pg/m” increase in
. Exposure cut-off of :
Stieb et al. Canada study PM, 5 11V O: Exposure cut-off of PM, 5 exposure is related
(2016) [50] Pollutants: n= Cu f_g  Doint of PM,5inIQ: to 4% increase in SGA (OR
PM; 5 2,965,440 ox osur]z not specified in Cut-off point of 1.04, 95%CTI: 1.01-1.07)
s tf d P exposure not
Y specified in study.
2005-2012 Number of exposed Eolif:f ef)soefd were not  No associations were
Laviene ot al Ontario, Canada  Retrospective were not specified. speci ﬁz d observed between PM
& ' Pollutants: study Exposure cut-offs of >5 P i 25
(2016) [52] PM, - NO 1 = 818,400 ercentile of PM, 5 (56 Exposure cut-offs of NO,, or O3 exposure and
a12’1.(5‘.1, o 2 - ! p /md) 25 <5 percentile of SGA or TLBW occurrence.
: He/m. PMy 5 (<6 pg/m®).
Number of There was paradoxical
2001-2006 Number of nonexposed nonexposed were not effect of decreased SGA
Brown et al New York Retrospective were not specified. sped fiz d occurrence after exposure
(2015) [53] . USAPollutar’ltS' study Exposure cut-off of EI; osuré cut-off of to ITQ PM; 5 (aOR 0.87,
) O and PM " n=480430 PM,5inll-IVQ: PI\/}[) in1Q: 95%CI: 0.79-0.96), and to
3 25 9.75-18.07 ug/m?>. 366049 s /o0 the ITT Q of O3 (aOR 0.86,
0077 Hg/ 95%CI: 0.81-0.92).
36,129 pregnant women gégigf;e(ggzzé with
2004 exposed with PM, 5. PMys. 75-95th percentile
Twum et al 9 counties of Retrospective Exposure cut-off of Ex 2(.)5s'ure cut-off of ex osurg of PM, 5 was
(2015)[55]  Georgia, USA study PMy5 in II-TV Q: PI\/II) in1Q: r 1p ted t TLBV\?'? OR
corgld, n=48,172  Cut-off point of 25 ’ catec 1o a

Pollutant: PMy 5

exposure not specified in
study.

Cut-off point of
exposure not
specified in study.

1.36, 95%CI: 1.03-1.79)
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Table 3. Cont.
Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
NOx, NO,, CO, PM; 5,
PMj is related with
increased risk of SGA
infant.
Small statistically
;%2%;332; Number of exposed ?;r::e(r):ef d were not significant association was
Retrospective were not specified. P observed for PMy, and
Hannam et al. England, UK specified. . .
study Exposure cut-off of SGA, particularly with
(2014) [57] Pollutants: NOy, . Exposure cut-off of . 4
n=203,562 PM;,5inII-IV Q:24.3 > . exposure in the first and
NOQ, CO, PM2~5, 3 PM2‘5 inl QZ . . N
PM 41.0 ug/m>. 103-19.7 g /md third trimesters. Similar
10 ’ R ’ effects on SGA were also
found for NO,, PM, 5, and
CO in later pregnancy, but
no overall increased risk
was observed.
Number of exposed rI:IoLEZ}() ef)soefd were not
2003-2005 were not specified. s ecifiI:zd No associations were
Vinikoor- North Carolina, Retrospective Exposure cut-off of p ’
Imler ot al. USA study PM, 5 in [V Q: Exposgre cut-off of observed between PM, 5
(2014) [58] Pollutants: n=2312,638 Cut-off point of g\ftf f}“ Lﬁt of E’C‘Sl‘l’rsr“errfcznd SGA
PM, 5 and O3 exposure not specified in p ’
stud exposure not
Y specified in study.
Number of exposed f;lrzfef):; d were not
2004-2005 were not specified. speci fiz d Second trimester exposure
da Silva et al Mato Grosso, Retrospective Exposure cut-off of EI; osure: cut-off of (IV Q) to PM; 5 (aOR 1.51,
(2014) [59] Brazil study PM, 5 in II-IV Q: PNT[’ 10 95%CL: 1.04-2.17) is
Pollutants: n = 6642 Cut-off point of Cu t%g if oin.t of related to increased risk of
PM; 5 and CO exposure not specified in P TLBW.
study exposure not
' specified in study.
2000-2006 Number of exposed Number of Exposure to PM, 5 is
. i nonexposed were not  correlated with TLBW
Massachusetts,  Retrospective were not specified. L o
Hyder et al. specified. (aOR 1.08, 95%ClI:
USA study Exposure cut-off of
(2014) [60] Pollutants: n=834332 PMys in II-IV Q: Exposure cut-off of 1.01-1.16) and
Mo oo 10 22_531 6 /mS' PM, 5 in1Q: <10.2 SGA (aOR 1.08, 95%Cl:
25 SoLbHg/m ug/m?3. 1.04-1.11).
1997._2005 Number of
Washington Number of exposed nonexposed were not  No associations were
Sathyanarayana  State, USA Retrospective were not specified. P
) specified. observed between PM, 5
etal. Pollutants: NO», study Exposure cut-off of Exposure cut-off of exposure and SGA
(2013) [63] PM, 5 and n=2367,046 PM,5inIl-IV Q: PM, 5 in 1 Q: <9.0 oCCUITEnCe.

proximity to
major roads

9.0-30.4 pg/m3.

ug/md.
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Table 3. Cont.

Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
Women exposed to air
particulate pollutants
g 3565 pregnant were at elevated risk for
Tariooz? 131(2) (Z da 2)7(92555%\171;1?% men women exposed with  TLBW (aOR 1.24, 95%CT:
. b, ’ Retrospective b 257 PM, 5, PM; below 1.07-1.43) and VLBW
Salihu et al. USA PMjg above the median. . o (1.
(2012) [66] Pollutants: study Exposure above the the median. (aOR 1.58, 95%CI:
PMo = an. d. n=12,356 median: Exposure below the 1.09-2.29).
Pi/i ~10.97 ) /m® PM median: Exposure to PM; 5 was
1o/ JIHE 25 <1097 ug/m3 PMp5.  related to TLBW
occurrence (aOR 1.15,
95%CI: 1.01-1.31).
Exposed women had
increased odds for low
birth weight and very low
birth weight, with the
greatest risk being that for
24,090 pregnant women 79,871 pregnant . very low birth weight
2000-2007 exposed with PM women exposed with . 55 1 57 950
. Tampa, Florida, Retrospective P 257 PM, 5, PM; below ety 7200
Salihu et al. PM;, above the median. . 1.08-1.49).
USA study the median.
(2012) [67] Exposure above the Exposure to PM; 5 was
Pollutants: n = 103,961 median: Exposure below the related to TLBW
PM, 5 and PM; ) 3 median:
>11.28 pg/m> PM; 5 <11.28 e /m® PM occurrence (aOR 1.07,
“OHE 25 959%CL: 1.01-1.12).
Exposure to PM; 5 was
related to SGA occurrence
(aOR 1.06, 95%CT:
1.01-1.11).
18,921 pregnant women 6308 pregnant women .
1999-2002 Retrospective exposed with NO,, exposed with NO,, izsfsgglizsngleﬁo
Madsen et al. Oslo, Norwa P PMyy, PM, 5 II-1IV Q. PMjp, PMy5in1Q. 2/
y study PMjy, or PM; 5 exposure
(2010) [71] Pollutants: NO,, n = 25229 Exposure cut-off of Exposure cut-off of and S,G A or TLBW
PM10 and PM2‘5 Bt PM2.5 in II-IV Q: >9.8 PM2_5 inl Q PM2_5Z
3 3 occurrence.
pg/m°. <9.7ug/m"°.
Number of 50 m distance to highways
1999-2002 Number of exposed nonexposed were not is related to increased SGA
Vancouver, were not specified. speci ﬁ}; d occurrence (OR 1.26,
Brauer et al Canada Retrospective Exposure cut-off of E[>)< osure; cut-off of 95%ClI: 1.07-1.49) and
(2008) [74] " Pollutants: NO, study PM; 5 in II-IV Q: Pl\/l? in1Q PMys: TLBW (OR 1.11, 95%CT:
NO,, PMy5, 03, n=70249  Cut-off point of 25 25 1.01-1.23).

proximity to
major roads

exposure not specified in
study.

Cut-off point of
exposure not
specified in study.

Exposure to NO, NO,,
PM, 5 is correlated with
SGA.

A total of 16 studies showed an association between NOy and the occurrence of SGA
or TLBW [26,28,30,38,43,48-50,57,63,64,68,72,74,81,86]. This represents 66% of the papers
about NOy included in the review. Table 4 provides a detailed description of the included
studies. The average OR of the influence of NOy exposure on TLBW occurrence was 1.12
(min-max: 1.04-1.89). Only five papers performed analyses to estimate the influence of NOy
on SGA occurrence [43,49,50,72,74]. One study found a counterintuitive protective effect of
exposure to NO, substances during pregnancy with aOR 0.9 (95%CI: 0.93-0.95) [24].
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Table 4. Characteristics of the included studies about the influence of nitrogen substances (Nitrogen
oxides (NOy): nitric oxide—NO and nitrogen dioxide—NO5).

Character
Time and Place of the
Study offxpos;lre ;:ﬁi:::f Study Group Control Group Outcomes
ypeo
Pollutant Included
Patients
2013-2017 Retrospective Number of exposed Number of
study Lo nonexposed were not
Durban, South were not specified. L .
Africa n =656 Exposure cut-offs of specified. Paradoxically decreased
Mitku et al. Pollutants: from low NO, in II-IV Q: Exposure cut-offs of level of SGA after NOy
(2023) [24] ) socioeco- x . : NOx inIQ: exposure was shown (aOR
PM; 5, SO, and Cut-off point of p
2.5/ 2272 nomic P ... 1. Cut-off point of 0.9, 95%CI: 0.93-0.95).
NOx (NO and . exposure not specified in
NO,) neighbour- study exposure not
2 hoods ’ specified in study.
ngii_zgio Number of exposed Number of NO; exposure is related to
Ch%r?a & Retrospective were not s eci};ie d nonexposed were not  VLBW occurrence in the
Zhou et al. P P ) specified. first (RR 1.11, 95%CI:
Pollutants: study Exposure cut-offs of
(2023) [26] PMo = PM n=572106 NOy in II-IV Q NOy: Exposure cut-offs of 1.02-1.22), and second
NO. COoand T eesane/md o NOpinlQ 108355  trimesters (RR 1.15,95%Cl:
3 DTO%L HE ug/m? 1.04-1.27).
3
2017-2018 Number of exposed E;r;lzegso; d were not
Guangzhou, were not specified. s ecifiid TLBW is associated with
China Prospective  Exposure cut-offs of P X
Gan et al. Pollutants: stud NO, in IV O: Exposure cut-offs of maternal exposure to
(2022) [28] : y 2 Ve NO, in1Q: SO, and NO, (OR1.26,
PMy5, NOy, n=916  Cut-off point of Cut-off point of 95%CTI: 1.05-1.51)
50,, O3, and exposure not specified in P R e
PM study exposure not
10 ' specified in study.
TLBW is associated with
5\?61115_22}?;3 Number of exposed Number of maternal exposure to NO,
4 (o) .
China Retrospective were not specified. none.x.posed werenot  (aOR 1.13, 95 /.OCI'
Huang et al. . specified. 1.01-1.26) during the
Pollutants: study Exposure cut-offs of .
(2022) [30] PM- - PM n=213959 NOyin II-IV O: Exposure cut-offs of entire pregnancy.
SO 21\51’0 all(i,d ’ 40 1"_52 9 /m~3 NOy in I Q: <40.1 A significant influence
z o z ' ] ug/m?3 was shown, especially in
3 the 2nd trimester.
2015-2018
Xi’an city of
Shaanxi, China Number of exposed ?(;EZE e(r)soefd werenot  No associations were
Pollutants: high  Retrospective were not specified. P
Shang et al. . specified. observed between NO,
level of air study Exposure cut-offs of
(2021) [36] C. . Exposure cut-offs of exposure and TLBW
quality index n=321,521 NO,inII-IV Q: >45.9 .
(AQI), PM. he /m? NO; in1Q: <459 occurrence.
, PMy 5, 3
PMy, SOs, CO, Hg/m
03/ N02
2012-2017
Netherlands Number of exposed Number of
Pollutants: Cross- were not s eciP;ie d nonexposed were not  TLBW is associated with
Bergstra et al. PMjp, NOy, sectional Exposure fu t-offs ;) ¢ specified. maternal exposure to NOy
(2021) [38] SO, and study Ng in TI-IV Q: Exposure cut-offs of (OR 1.20, 95%CI:
volatile organic n = 4488 1 65):9 50 /rn.S NOx in1Q:0.49-1.65 1.06-1.35).
compounds ’ DU HE ug/ m?

(VOC)
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Table 4. Cont.
Character
Time and Place of the
of Exposure Study and
Study T ¢ Number of Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
Number of Risk of SGA increases in
2002-2010 Number of exposed nonexposed were not the third trimester every
20 hospitals in . were not specified. P 10th percentile per
Retrospective specified
Nobles o al USA stud Exposure cut-offs of Ex osuré cut-offs of interquartile increase in
(2019) [43] " Pollutants: SO,, ne 109},12 6 NO,, and NOy in [I-IV NOp and NO, in1Q: exposure of:
03, NO, NOy, 7L Q:Cut-off point of Cutotfpointof  NOx (RR 108,
CO, PM;p and exposure not specified in ox osurre) not 95%CI:1.03-1.14)
PM, 5 study. D o i stud NO; (RR 1.05, 95%ClL:
specified in study. 1.01-1.10).
2146 pregnant women 1146 pregnant
2008 Retrospective exposed with NO;. women nonexposed g‘(crssz(;;i (11111121 Ffe)r?(ﬂ\TO
Dedele et al. Kaunas, t g Exposure cut-offs of with NO,. t rr:d d to incr th zri K
2017) [48] Lithuania study NO, in II-III Tertiles (T) ~ Exposure cut-off of CRAEC 10 INCTEase tNe T1s
n = 3292 P for TLBW (aOR 1.89
Pollutant: NO, - I T 20-24 pg/m?3 NO, inIT <19 05%CT: 1.05-3 43)' !
I T >24 pg/m3 ug/m3 o o
Number of exposed Eol;f:f e(r)soefd were not
2005-2012 were not specified. speci ﬁ}; d Women exposed to NOx
Capobussi Como, Italy Retrospective Exposure cut-offs of NO,, EI>)< osuré cut-offs of in the third trimester had
et al. Pollutants: NOy, study and NOy in II-IV Q: NOp and NO, in1Q: a higher risk having a
(2016) [49] NO,, SO,, O3, n=27,128  Cut-off point of Cu ti) £ point (’; ¢ " SGA baby (aOR 1.12,
CO and PMyg exposure not specified in P 95%CI 1.01-1.27)
study. exposure not
’ specified in study.
SGA occurrence is related
Number of to every 20 ppb NO,
1999-2008 Retrospective S:giil; (s)f Ei(in)iZided nonexposed were not  exposure (OR 1.04, 95%CT:
Stieb et al. Canada stud P ) specified. 1.02-1.06) and TLBW
y Exposure cut-offs of P
(2016) [50] Pollutants: n= NO, -1V Q: 7.00 > Exposure cut-offs of related to every 20 ppb
PM; 5 and NO, 2,928,515 18 522 /m3' U= NO, inI1Q: <7.00 NO, exposure in 16.2 g
Sl ’ ug/ mS. reduction, 95%CI:
13.6-18.8 g.
2005-2012 Number of exposed Number of -
. . i nonexposed were not  No associations were
. Ontario, Canada  Retrospective were not specified. o
Lavigne et al. ] specified. observed between PM; 5,
Pollutants: study Exposure cut-offs of >5
(2016) [52] PM- - NO = 818 400 ercentile of NO, (56 Exposure cut-offs of NO,, or O3 exposure and
ailel o z et b b) 2 <5 percentile of NO,  SGA or TLBW occurrence.
i PP (<6 ppb)
NOX/ NOZ/ CO/ PMZS/
PMjyy is related with
increased risk of SGA infant.
Number of exposed Number of Small statistically
2004-2008 were not specified. nonexposed were not  significant association was
Northwest Exposure cut-offs of specified. observed for PM;y and
Hannam et al Encland. UK Retrospective NO,, and NOy inII-IV  Exposure cut-offs of SGA, particularly with
’ & ’ stud Q: NO,, and NOy in I Q:  exposure in the first and
(2014) [57]  Pollutants: NO y P
NO, CO .PM ¥ n=203562 II-IVQNOy (96.0 > IQNOy (13.0-55.4 third trimesters. Similar
;’1 d PI,\/I 25 225.9 pg/m3) ug/m3) effects on SGA were also
10

II-IV Q NO, (63.6 >
169.7 ug/m?3)

1Q NO, (8.6-42.9
ug/md)

found for NO, (aOR 1.66,
95%ClI: 1.47-1.87) in later
pregnancy, but no overall
increased risk was
observed.
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Table 4. Cont.

Character
Time and Place of the
Study Of_l]?;;):(s)‘flre ;:lxgz:rn(;if Study Group Control Group Outcomes
Pollutant Included
Patients
Number of nonexposed rlj;rzfe;soef d were not
1997-2006 were not specified. S ecifiIZd No associations were
ol Stockholm, Retrospective Exposure cut-offs of P —
sson et al. Sweden study NO, in II-IV Q: Exposure cut-offs of observed between O3 or
(2013) [62] Poll ) ~ ’_‘ . : NOy inIQ: NOy exposure and SGA or
ollutants: O3 n=120,755 Cut-off point of Cut-off point of TLBW occurrence
and NOy exposure not specified in P ’
study. exposure ot
specified in study.
SGA births with
increasing quartile of first
trimester NO; exposure in:
1997-2005 Number of I Q (OR 1.01, 95%CTI:
Washington Number of exposed nonexposed were not 0.97-1.04),
Sathyanarayana  State, USA Retrospective were not specified. speci fiz d II Q (OR 1.06, 95%CI:
etal. Pollutants: NO,, study Exposure cut-offs of EF:( osure; cut-offs of 1.03-1.10), and
(2013) [63] PM, 5 and n=367,046 NO,inI-IV Q: NC})) in10Q: <124 IV Q (OR 1.08, 95%CT:
proximity to 12.4-36.8 ug/m3 /2 3 1.04-1.12).
major roads He/m No associations were
observed between PMj 5
exposure and SGA
occurrence.
1990-2001 Number of
Detroit, Retrospective Number of exposed nonexposed were not SGA was associated with
Le etal. Michigan, USA stud were not specified. specified exposure of NO, (aOR
(2012) [64] Pollutants: CO, n=16 4};05 Exposure cut-offs of EI>)< osuré cut-offs of 1.11, 95%CI: 1.03-1.21) in
NO,, PMyg and ' NOxinTHIV Q:>6.8ppb  (POT S0 %0 first month,
Os xin1Q: <6.8 pp
2001-2005 6928 pregnant women 844 pregnant women
van den Rotterdam Prospective exposed with NO;. exposed with NO5. No associations were
Hooven et al. Netherlan d,s study Quartiles of exposure Quartiles of exposure  observed between NO;
(2012) [65] Pollutants: n= 7770 cut-offs in II-IV Q: cut-offs in 1 Q: exposure and SGA or
PMyo and NO, II-IV Q NO, (37.2-56.9 IQNO, (<37.2 TLBW occurrence.
ug/m?) ug/m?)
60,530 pregnant women
exposed with NOy in 20,580 pregnant
Malmgqvist S 19.99_20(35 Retrospective -V Q. women exposed with NOx exposure is related
cania (Skane), Exposure cut-offs of NOxinIQ. .
etal Sweden study NOx in: Exposure cut-offs of with SGA (I'vs. IV) (OR
(2011) [68] n=381,110 x P 1.12,95%CI: 1.01-1.24)

Pollutant: NOy

1Q (9.0-14.1 pg/m3)
I Q (14.2-22.6 ug/m3)
IV Q (>22.7 ug/md)

NOx in1Q: 25-8.9
ug/m?
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Table 4. Cont.

Character
Time and Place of the
Stud of Exposure Study and
udy Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
Number of
nonexposed were not
Number of exposed specified. 0.6 g (95%CI: —1.8-0.6 g)
were not specified. P 5 &
Exposure to a distance Exposure to a birth weight reduction is
1997-2008 posty distance to a major following to every 500 m
. to a major road (<200 m) & Y
Shizuoka, Japan ” road (>200 m), decrease of the distance to
DWTD and mean NO
Pollutants: concentration across 2 DWTD and mean a major road with
Kashima et al. d1st.ance toa Retrospective roadside stations 518 4 NO; concentration b?eakpomt at 2200.m
(2011) [69] major road, study 75 ug /m? across general distance and the higher
distance- n = 14,204 ) . stations 30.09 £+ 6.2 SGA occurrence by
ioh . Exposure cut-offs in 3 )
weighted traffic NO, in -1V O: pg/m distance < 624 m.
. ) . . c -
density (DWTD) First 3 months (12.2-34.7 Exposure cut-off in I No associations were
and NO, /m?) ’ ’ QNO;,: observed between NO,
I’:fs £ 3 months (12.0-35.7 First 3 months exposure and SGA or
/m3) . “(8.7-12.2 ug/m?) TLBW occurrence.
HE Last 3 months
(6.3-12.0 ug/m?)
Number of exposed
2003-2004 were not specified. Number of
Amsterdam, Exposure cut-offs of umber o .
. - nonexposed were not  No associations were
Gehrine et al Netherlands Prospective  NOy in: fied b d between NO
& * Pollutants: NOy, study I QNO; (34.6-37.4 spectied. observed between N2
(2011) [70] . 3 Exposure cut-offs of exposure and SGA or
proximity to n=7762 pg/m°) NO, in I Q: <34.6 TLBW
major roads II1 Q NO, (37.4-40.2 p S <ok occurrence.
(<50 m) ng/md) He/m
IV Q NO; (>40.2 ug/m3)
18,921 pregnant women 6308 pregnant women -
1999-2
Oslo, Norway-  Retrospective ZPOCdWIti NG, exposed with N0z, S0 C00R T
Madsenetal. = % ") Stug PM;, PM, 5 TI-IV Q. PM;g, PMy5in1Q. ;Nsle ve Pl\G/[ een N,
(2010) [71] PM a;n d 2 n =25 %729 Exposure cut-offs of Exposure cut-offs of dlglco,i %EBe‘)/(\}; osure
10- = NO, in II-IV Q: >20.4 NO, in10: <20.3 an ot
PM; 5 ng/md ug/m3 occurrence.
10 ug/ m? increase in NO,
exposure in the second
Number of exposed Number of trimester is related with
g . b nonexposed werenot  SGA (OR 1.37, 95%ClI:
Ballester et al 2003-2005 Retrospective were not specified. fied 1.01-1.85
(2010) [72] " Valencia, Spain study Exposure cut-offs of ;pea 1ec t-offs of '40_ ) / )'3 NO
Pollutants: NO,  n=785  NO, inII-IV Q: >27.3 xposure cutolis of - >3 g/ ms N exposure

ug/m?

NO, in10: <27.3
ug/m?

in the first trimester was
associated with a change
in birth weight of —40.3 g,
95%CI: —96.3-15.6 g).
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Table 4. Cont.

Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
50 m distance to highways
is related to increased SGA
Number of occurrence (OR 1.26,
1999-2002 Number of exposed nonexposed were not 95%ClI: 1.07-1.49) and
Vancouver, were not specified. spec fiI:e d TLBW (OR 1.11, 95%CT:
Brauer et al Canada Retrospective Exposure cut-offs of NO, EI::< osuré cut-offs of 1.01-1.23).
(2008) [74] ’ Pollutants: NO, study and NO,, in [I-1V Né) and NO,, in 1 O: Exposure to NO, NO,,
NO,, PM, 5, O3 n=70,249  Q:Cut-off point of Cu t:o f oint2(,) ¢ " PM,5 is correlated with
and proximity exposure not specified in ox osurz not SGA. 10 ug/m? increase
to major roads study. S }e)ci fied in stud of NO exposure is related
P ¥ with 5 % increased SGA
occurrence (OR 1.05,
95%CI: 1.03-1.08).
2§22;§?123 Number of exposed Number of No associations were
Hansen et al. Australia Retrospective were not specified. none‘x‘posed were not observed between PMyg,
(2007) [75] Pollutants: study Exposure cut-offs of specified. NOy, or O3 exposure and
j n=26617 NO,inIl-IVQ:55-242 Exposure cut-offs of 2, 01 73 EXp
PM;p, NO; and . SGA or TLBW occurrence.
05 ppb NO, inIQ: <5.5 ppb
19.95_.1997 Retrospective 31,530 pregnant women 60,758 pregnant
Taipei and study : o
. from Kaohsiung women from Taipei
. Kaohsiung, n = 31,530 . . .
Lin et al. Taiwan (Kaohsi- exposed with mean exposed with mean Exposure with NO, was
(2004) [79] concentration of NO, concentration of NO,  similar in both groups.
Pollutants: SO ung) group
PMiq C O o 2 n 66(;758 was similar in both was similar in both
10/ 7 3 = 0oy,
and NO, (Taipei) groups. groups.
1995-1997
Taipei and Number of exposed iﬁf e:)soefd werenot  No associations were
. Kaohsiung, Retrospective were not specified. P
Lin et al. Taiwan stud Expostre cut-offs of specified. observed between PMy,
(2004) [80] Pollutants: SO n=92 588 N g in I-IV Q: >26.1 Exposure cut-offs of CO, O3, or NO; exposure
PMyo C O o z g pprr21 ' ' NO; in1Q: <26.1 and TLBW occurrence.
10~ 3
and NO, ppm
Number of Second-trimester exposure
1996-1998 Number of exposed nonexposed were not to NO; increased the risk
Lee et al Seoul, Korea Retrospective were not specified. speci ﬁ}; d for TLBW (aOR 1.03,
) Pollutants: CO, stud Exposure cut-offs of p ’ 95%CI: 1.01-1.06).
(2003) [81] y P Exposure cut-offs of
PMlO/ SO2 and n= 388,105 NOQ in [I-IV QZ NO» inI Q 10.2-25.0 CO, PMlO/ 502 and N02
NO, 25.0-65.1 ppb bz U ’ during 1-2 trimesters is
PP related with TLBW.
Higher exposure of SO,
1993-1996 1677 pregnant women 868 pregnant women  NO,, PM;, S042~,NO;5~,
Lin-Yuan and from Lin-Yuan from Taicei petrochemical
Taicei Taiwan  Retrospective municipality. municipality. municipality in Lin-Yuan
Lin et al. Polluta,mtS’ SO stug Exposure cut-offs in Exposure cut-offsinI  leads to 3.22% TLBW
(2001) [86] P y -1V Q: Q: occurrence in comparison
NO,, PM n = 2545 P
S0 ol NI}IO’* - NO, (12.1 £ 2.2 ppb), NO; (8.6 £ 1.4 ppb),  tolower exposure in
N I‘f 10 4 NO;~ (1247 £ 1.9 NO;~ (103.9 &+ 2.0 control municipality Taicei
3

nmol/m?)

nmol/ m3)

which lead to 1.84% TLBW
occurrence.
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A total of 12 studies showed an association between O3 and the occurrence of SGA or
TLBW. Approximately 66% of the works selected for review showed a positive association
between O3 and SGA or TLBW [26,28,36,37,43,47,53,58,64,73,74,79]. One study showed a
protective effect of prenatal exposure to O3 [43]. The average OR of the influence of O3
exposure on TLBW occurrence was 1.173 (min-max: 1.02-1.48). Only two papers performed
analyses to estimate the influence of O3 on SGA occurrence [43,64]. Interestingly, two
studies reported that O3 exposure is associated with an increased incidence of macrosomia
with OR 1.02 (95%CI: 1.017-1.03) [30,36]. Table 5 provides a detailed description of the
included studies.

Table 5. Characteristics of the included studies about the influence of ozone (O3).

Character
Time and Place of the
Study of]]?xpos?re ;T:lz:;:f Study Group Control Group Outcomes
ypeo
Pollutant Included
Patients
2015-2020 O3 exposure is related
Chonggqing Number of exposed Number of with VLBW occurrence in
China ’ Retrospective were not specified nonexposed were not the entire pregnancy (RR
Zhou et al. P p ) specified. o preg Y
Pollutants: study Ex Exposure cut-offs of 1.08, 95%CI: 1.01-1.15),
(2023) [26] PM,s, PMjy, n=572106 Oy in[I-IV Q: 30.2-105.7 g"piislug ;“;;‘;gfs’;f and in the second
NO,, CO and ng/m?3 3 i trimester (RR 1.08, 95%Cl:
O3 He 1:02-1.14).
2017-2018 Number of exposed ?;::Ee(r):ef d were not
Guangzhou, were not specified. P . . .
; . specified. TLBW is associated with
China Prospective  Exposure cut-offs of O3
Gan et al. Pollutants: stud in -1V Q: Exposure cut-offs of maternal exposure to SO,
(2022) [28] ) y 8 O3inIQ: and O3 (OR 1.24, 95%CL:
PM; 5, NO;, n=916 Cut-off point of .
e 1 Cut-off point of 1.05-1.48).
50O;, O3, and exposure not specified in
PM study exposure not
10 ' specified in study.
2015-2016 No associations were
Wen Zhou, Number of exposed Number of observed between O3
China Retrospective were not specified. none‘x‘posed werenot exposure and TLBW
Huang et al. ) specified.
(2022) [30] Pollutants: study Exposure cut-offs of O3 Exposure cut-offs of occurrence. Moreover, O
PM,; 5, PMyy, n=213959 in II—I;/ Q: 83.6-102.4 O in10Q: <83.6 §eems to have posmv.e
SO,, NO,, and pg/m s impact on Macrosomia
O3 K8 occurrence.
2015-2018
Xi’an city of Number of E £On i
Shaanxi, China umber o xposure ot +'s 1S
. . Number of exposed nonexposed were not  associated with increased
Pollutants: high  Retrospective S s . .
Shang et al. level of air stud were not specified. specified. term birth weight (§ 4.15,
(2021) [36] uality index ne 321}]521 Exposure cut-offs of O3 Exposure cut-offs of 95%ClI: 3.49-4.81) and
?A QI;YPM T in I[I-1V Q: >43.6 ug/ m®  O3inIQ:<43.6 macrosomia (OR 1.02,
1S ug/m3 95%Cl: 1.017-1.03).
PM;, SOy, CO,

O3 and NO,
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Table 5. Cont.

Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
Maximal 1 h exposure to
higher level of during O3
the whole pregnancy (aOR
1.3, 95%CI: 1.06-1.58),
Number of exposed Number of fﬁﬁg;iélry(;rlosﬁclogf
2015-2017 Retrospective Vere not specified. nonexposed were not 05%CT: 1.07-1.3 6’) a;l d
Wang et al. Guangzhou, s tug Exposure with 1-h specified. ma;im.al.S h e'x osure to
(2021) [37] China y maximum Oj3 lever Exposure with 8-h . P
Pollutant: O n = 444,09 within a day 84.5-112.9  maximum Oj lever slightly lower level of O3
P L3 e yoRom s o Jmd  (@OR 1.24,95%CI:
& & 1.01-1.52), and in second
trimester (aOR 1.17,
95%Cl: 1.03-1.33) are
associated with higher risk
of TLBW.
2002-2010 Number of exposed E;Tfezsoef d were not
20 hospitals in Retrospective "Vere not specified. spedi fiI:z d O3 exposure in the third
Nobles et al USA t (Ij) Exposure cut-offs of O3 EF:( p : t-offs of trimester is associated
(2001;)8 [Z;} " Pollutants: SO;, n _51169}712 6 inII-IV Q: o p.?lslu (5 CHtols o with a lower risk of SGA
03, NO, NO,, "7 Cut-off point of e o (RR 0.95, 95%CT:
CO, PM;p and s exposure not specified in ot pomnt o 0.92-0.97).
P P exposure not
PM;5 study. POSHIE]
: specified in study.
Exposure to O3 was
2012-2013 . Number of exposed Number of significantly associated
Costa < . . Retrospective b nonexposed were not -
Nascimento Sao José do Rio longitudi- were not specified. specified with TLBW after 90 days
ot al Preto, Brazil nal stud Exposure cut-offs of O3 Ex osure; cut-offs of of exposure (aOR = 1.48,
(2017) ['47] Pollutants: NO,, n =89 48y in II-IV Q: 52.36-81.98 o pin 1Q: <5236 95%CI: 1.10-2.0) and after
PMjg and O3 - ng/m3 3 s S 30 days of exposure (aOR
HE 1.38, 95%CT: 1.03-1.84).
2005-2012 Number of exposed Number of .-
. . e nonexposed were not  No associations were
. Ontario, Canada  Retrospective were not specified. s
Lavigne et al. Pollutants: study Exposure cut-offs of >5 specified. observed between PM; 5,
(2016) [52] PMs - N O. = 818 400 ercentile of Oy (523 Exposure cut-offs of NO;, or O3 exposure and
2‘3’ o > T p b) 3 <5 percentile of O3 SGA or TLBW occurrence.
and Us ppP (<23 ppb)
Number of exposed Number of exposed There was paradoxical
2001-2006 . i S
Brown et al New York USA Retrospective were not specified. were not specified. effect of decreased SGA
(2015) [53] ’ Pollutant,S’ o study Exposure cut-offs of O3 Exposure cut-offs of occurrence after exposure
) and PM. 3 n=480430 inI-IV Q: 35.62-60.35 O3in1Q:15.52-35.61 of NI Q of O3 (aOR 0.86,
2.5 ppb ppb 95%ClI: 0.81-0.92).
Number of exposed II:I(;EEE ef):efd were not
2003-2005 were not specified. oo ﬁlz 4 Exposure to Oj is
Vinikoor- North Carolina, Retrospective Exposure cut-offs of O3 EI::< osure; cut-offs of correlated with SGA (aOR
Imler et al. USA study in -1V Q: o pin 1Q: 1.16, 95%CI: 1.11-1.22)
(2014) [58] Pollutants: n=312,638 Cut-off point of C131 t-off ’ int of and TLBW (aOR 2.03,
PM; 5 and O3 exposure not specified in Ot pomto 95%CI: 1.80-2.30).

study.

exposure not
specified in study.
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Table 5. Cont.

Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ypeo
Pollutant Included
Patients
Number of exposed E;TE ef)soefd were not
1997-2006 were not specified. specifilzd No associations were
Olsson et al. Stsovcvljézﬁn, Ret;:)jgectlve i(g(ﬁ\t}rg.cut—offs of O3 Exposure cut-offs of observed between O3 or
(2013) [62] Y 8 O3inIQ: NOy exposure and SGA or
Pollutants: O3 n=120,755 Cut-off point of Cut-off point of TLBW occurrence
and NOx exposure not specified in P '
study exposure not
' specified in study.
1990-2001 Number of
Detroit, Retrospective Number of exposed nonexposed were not SGA was associated with
Leetal. Michigan, USA stug were not specified. speci fii d exposure to O3 in third
(2012) [64] Pollutants: CO, n=16 4}]905 Exposure cut-offs of O3 EI::< posuré cut-offs of trimester (aOR 1.11,
NO,, POMlo and in II-IV Q: >92 ppb O3 05 in1Q: <92 ppb 95%CI: 1.02-1.20).
3
Number of exposed Number of .
2001 were not specified. nonetx.posed werenot Oy §h9wed.b0.rc.1erhne‘
Nascimento Sao José dos Retrospective Exposure cut-offs of O3 specified. stz?tlstlcal S}gmfl?ance m
and Moreira ~ Campos, Brazil study inII-IV Q: Exppsure cut-offs of Fhlrd quartile, with ar:) .
(2009)[73]  Pollutants: SO,  n=2529  Cut-off point of 831 tl-r;;f%&nt of tﬁzrggzes‘f;ﬁg%’vla%/&‘“
O3 and PMyp Ei‘fg’wre not specifiedin o cure not 1.26, 95%CTI: 1.00-1.58).
¥ specified in study.
50 m distance to highways
Number of is related to increased SGA
\1721912831(\)/(& S:;:ii (s)If)z:i};ioeided nonexposed were not  occurrence (OR 1.26,
Canada Retrospective Exposure cut-offs of O3 specified. 95%CI: 1.07-1.49) a;n d
Brauer et al. Pollutants: NO study in 11V Q: Exposure cut-offs of ~ TLBW (OR 1.11, 95%CI:
(2008) [74] NO, PM; 5, O3 n=70,249  Cut-off point of 8131’cl-rcl>fIfQ:oint of %\.I(Z)lgsls.iigtions were
and proximity exposure not specified in P
to major roads study: exposure not observed between O3
' specified in study. exposure and SGA
occurrence was shown.
2000-2003 Number of
Brisbane, Retrospective Number of exposed nonexposed were not No associations were
Hansen et al. Australia stug were not specified. sped fiz d observed between O3
(2007) [75] Pollutants: n=2 217 Exposure cut-offs of O3 EF:( osure; cut-offs of exposure and SGA or
PM;y, NO; and B in II-IV Q: 21.0-61.1 ppb P TLBW occurrence.
05 O3in1Q: <21.0 ppb
1995-1997 Retrospective Higher exposure of SO,,
Taipei and study 31,530 pregnant women 60,758 pregnant PM;, CO, O3, NO; in
Lin et al Kaohsiung, n=31,530 from Kaohsiung women from Taipei Kaohsiung leads to 13%
: Taiwan (Kaohsi- exposed with mean exposed with mean higher TLBW occurrence
(2004) [79] p P &
Pollutants: SO,, ung) concentration of O3 concentration of O3 than lower exposure in
PM;, CO, O3 n=60,758  (29.4-49.5 ppm) (14.1-20.4 ppm) Taipei (OR 1.13, 95%CI:
and NO, (Taipei) 1.03-1.24).
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Table 5. Cont.
Character
Time and Place of the
Study of Exposure ;:lxgz:rn(;if Study Group Control Group Outcomes
Included
Patients
1995-1997
Ta1pe1.and . Number of exposed Number of No associations were
. Kaohsiung, Retrospective tpe nonexposed were not
Lin et al. were not specified. o observed between PMyy,
study specified.

(2004) [80]

Pollutants: SO,, n=92,288
PMyy, CO, O3

Exposure cut-offs of O3
in I[I-IV Q: >19.6 ppm

CO, O3, or NO, exposure

Exposure cut-offs of and TLBW occurrence.

O3in1Q: <19.6 ppm

1991-1999
Nevada State,

Chen et al.

(2002) [84] Pollutants:
PM10 P COand

32,682 pregnant women 3623 pregnant women
exposed with Oz atthe ~ with low exposure to
third trimester (>17.93 Oj at the third

ppb) trimester (<17.93 ppb)

Retrospective
study
n = 39,338

O3 exposure was found
not to be related to birth
weight.

A total of 14 Studies examined SO, [24,25,28,36,38,54,57,73,77,79,80,82,86,87] and
12 studies on CO [25,32,36,57,59,64,78,80,81,87,88,90] analyzed in the review showed a
significant association with SGA and TLBW, with 87% of papers indicating an association
for SO, and 73% for CO, respectively. Table 6 provides a detailed description of the in-
cluded studies. The average OR of the influence of SO, exposure on TLBW occurrence was
1.29 (min-max: 1.03-1.81), and for CO, the OR was 1.23 (min-max: 1.01-1.49). Three studies
estimated the influence on SGA occurrence [24,25,64]. All eight studies about VOCs showed
the influence of exposure on the incidence of SGA or TLBW [29,32,38,45,83,85,86,89]. How-
ever, the influence of the VOC could not be compared as each study analyzed a different
molecule.

Proximity to major roads was shown to be a risk factor for SGA and TLBW in four
studies [63,69,70,74].

In the reviewed studies, air pollution measurements were based on data from research
stations monitoring air quality in the area inhabited by the study cohorts. In all works,
exposure assessment consisted of extracting pollution data from national or regional air
quality databases. The assessment of individual pollution exposure was determined based
on the residence location of a mother relative to the locations of the monitoring sites during
a given time window using models such as Distributed Lag Models (DLMs), the General
Additive Model (GAM), and the Land Use Regression Model (LUR). This process is called
spatial-temporal exposure assessment and is one of the most popular methods used in
air quality research. It involves using statistical models to determine the relationship
between the level of air pollution and landscape characteristics and land use within a given
area. This method can be used to estimate the level of air pollution based on geographic
data, such as terrain maps, traffic flow, pollutant emission sources, and other variables.
Geocoding the addresses of study participants is also a popular method used in air quality
research. It involves assigning geographic coordinates to the addresses of study participants,
enabling a comprehensive analysis of the relationship between the level of air pollution
and geographical location.
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Table 6. Characteristics of the included studies about the influence of sulfur dioxide (SO,), carbon

monoxide (CO), and volatile organic compounds (VOCs).

Character
Time and Place of the
of Exposure Study and Out
Study Type of Number of Study Group Control Group utcomes
Pollutant Included
Patients
2013-2017 Retr;)sgectlve Number of exposed Et;mfer of d were not
Durban, South nS _U 6§]6 were not specified. 5 Oeceifi}e)zgse e Increased SGA occurrence
. Africa - Exposure with SO, in P Lo L ) .
Mitku et al. Pollutants: from low 11V O: Exposure with PMy 5,  risk is associated with
(2023) [24] ) socioeco- o SO, and NOy in1Q: exposure to SO, (aOR 1.1,
PMps, SOy and 7 i Cutoff point of Cut-off point of 95%CL 1011 13)
NOx (NO and . exposure not specified in P o~ e
NO,) neighbour- study exposure not
2 hoods ’ specified in study.
2017-2021 APS exposure in second
Wuhan, China . .
Pollutants: Air Number of exposed Number of trimester is related to SGA
Pollution Score were not specified. nonexposed werenot  (OR 143, 95%Cl:
(APS)-6 Retrospective Exposure with APS in specified. 1.23-1.65) and during the
P P . . .
Zhang et al. llutant tud 11-V Quintil Exposure with APSin  entire pregnancy (OR 1.35,
(2023) [25] poriutan's Stidy e, I Quintile. 95%Cl: 1.16-1.56).
assessed n=231283  Cut-off point of . )
simultaneously exposure not specified in Cut-off point of APS exposure increased
(PMy 5, PM stud exposure not 2.5% risk of SGA for each
NO 2'5é o 60' Y specified in study. 10 pg/ m? elevated (aOR
o rf(’i 0. ) 3 1.025, 95%CI: 1.005-1.046).
p)
Number of
2015-2020 VI\\IIurmEeI; of exi};iosded nonexposed were not
Zhou et al China Retrospective SOP in -1V Q: Exposure with CO No association between
(20‘2’;)"[22]' Pollutants: study U6 o 089152 MASO2in1Q: CO and SO; and SGA or
PM; 5, PMy, n =572,106 - /md) ’ ’ 1Q CO (0.54-0.89 LBTW was shown.
NO,, CO, SO, mg/m3)
and O -1V Q SO, (7.3-22.1 1Q S0, (32-7.3
3 ug /m3) 32
pHg/m?)
TLBW is associated with
Number of maternal exposure to:
G%?iriéi(})lloi vl\\rl:ng; (S);E?ﬁii;ed nonexposed were not SO, and NO, (OR1.26,
China Prospective  Exposure with SO, in specified. . . 95%Cl: 1.05-1.51)
Gan et al. Pollutants: stud -1V Q: Exposure with SO, in SO, and O3 (OR 1.24,
(2022) [28] ) y Co 1Q: 95%CI: 1.05-1.48)
PM; 5, NO;, n=916 Cut-off point of £ voint of
SO;, O3, and exposure not specified in Cut-off point o SO, and PM, 5 (OR 1.28,
I,’M ! study exposure not 95%CI: 1.07-1.52)
10 .

specified in study.

SOZ and PM10 (OR 1.23,
95%CI: 1.03-1.46)
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Table 6. Cont.
Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
1996-2008 Ex re cut-offs of: Exposure cut-offs of: ~ TLBW is associated with
Texas, USA BeEzO;:IZhShC ude0> %% 4 Benzaldehyde 0.04 < maternal exposure to:
Pollutants: by (n = iI 87) ’ ppbv (n =162) Benzaldehyde (aOR 2.66,
benzaldehyde, ppovi = Sum of PAMS target ~ 95%CI: 1.38-5.12)
Sum of PAMS target
sum of compounds > 151.11 compounds < 151.11  Sum of PAMS target
Photochemical ppb (Pj) (n = 155) ' ppbC (n =134) compounds (aOR 2.02,
- %CI: 1.08-3.
Assessm.ent n-Undecane > 0.01 ppbv n-Undecane < 0.01 95%CI: 1.08-3.78)
Monitoring (n = 250) ppbv (n = 240) n-Undecane (aOR 2.04,
Stations (PAMS) m-Tolualdehyde > 0.01 m-Tolualdehyde < 95%CI: 1.22-3.40)
target ppbv (n = 181) 0.01 ppbv (n = 161) m-Tolualdehyde (aOR
Gong and compounds,  Retrospective -, ) oq e /m? (n = 0C20.83 ug/m3 (n=  2.02,95%CI: 1.05-3.89)
Zhan n-undecane, m- study 235) ’ & 208) 0OC2 (aOR 1.98, 95%CI:
(2022) [29] tolua%dehyde, n = 470,684 Ethylene dibromide > Ethylene dibromide = 1.21-3.26)
organic carbon 0.00 ppbv (n = 84) 0.00 ppbv (n = 1684) Valeraldehyde (aOR 1.96,
fraction 2 (OC2), Valegli) oo 5 0.03 Valeraldehyde < 0.03  95%CI: 1.14-3.38)
ethylene by (n = 2yO 6) ’ ppbv (n=191) Propionaldehyde (aOR
dibromide, glr’opioml dehyde > 017  [ropionaldehyde < 1.92,05%CI: 1.01-3.65)
valeraldehyde, by (n = 173) ' 0.17 ppbv (n = 159) Ethylene dibromide (aOR
propionalde- Z?Me ALl Pentene s 4Methyl-1-Pentene = 1.97, 95%C: 1.24-3.15)
hyde, 0.00 {)V ( = 400) 0.00 ppbv (n=2027)  4-Methyl-1-Pentene (aOR
4-methyl-1- PP y Zirconium PM, 5 LC 1.4, 95%CI: 1.14-1.82)
Zirconium PM, 5 LC > 3 . .
pentene, and 0.00 pg/m? (n= 220) =0.00 ug/m> (n = Zirconium PM, 5 LC (aOR
zirconium e B 203) 1.88, 95%CTI: 1.02-3.45)
2015-2016 TLBW is associated with
Wen Zhou, Number of exposed Number of ?ﬁ;ﬁniiexioﬁs:re t0 50,
H tal China Retrospective were not specified. nonexposed were not g the (e ORel 3
uang et at Pollutants: stud Exposure with SO, in specified. preghancy 'a g
(2022) [30] y P p 95%CL: 1.07-1.64). The
PM, 5, PMyy, n=213959 II-IV Q: 13.3-19.3 Exposure with SOy in 77" 7" "7
S0,, NO,, and hg/md 1Q: <133 pg/m> significant influence was
z o ! o shown especially in the
3 2nd trimester.
PM, 5 exposure during
. pregnancy is associated
2015 .2016 . Number of with 16%, 95%CI: 3-30%
24 provinces in Number of exposed . .
China were not specified nonexposed were not  higher risk of SGA.
. . ] ) specified. SGA is also associated
Pollutants: Retrospective Exposure cut-offs of .
Shen et al. Exposure cut-offs of I ~ with maternal exposure to:
PM, 5, CO, study II-1V Q: o
(2022) [32] + 3 Q: CO (OR 1.15, 95%CT:
NH,4 n=70206 CO (8-31 pug/m") 3
(ammonium) NH,* (716 pg/m®) CO (<8 ug/m>) 1.00-1.32),
and SO.2— ! 50,2 (12-24 pg/m?) NH,* (<7 pg/m?) NH;* (OR 1.12, 95%CIL:
(oulph ;te) 4 8 SO42~ (<12 pg/m®)  1.01-1.25), and
P SO,2~ (OR 1.12, 95%CT:
1.04-1.21)
2915—2018 Number of exppsed Number of TLBW is associated with
Xi’an city of were not specified. nonexposed were not maternal expostre to:
Shaanxi, China, Exposure cut-offs of specified. P o) 1.
Ny . 5 ] ) AQI (OR 1.02, 95%CTL:
Shane et al Pollutants: high  Retrospective II-IV Q: Exposure cut-offs of I 1.006-1.03)
(2021g) [36]' level of air study II-IV Q AQI (>66.2) Q: S'O (Oi? 1.03. 95%CI:
quality index n=321,521 II-IVQSO, (>11.1 I1Q AQI (<66.2) 1 0%_1 06) e
(AQI), PM 5, ug/m?) 1QS0; (<11.1 0O o
PMjg, SO, CO, II-IV Q CO (>1.3 ug/m?) fooogf 011'2)0 7,95t
O3 and NO, ug/m3) IQCO (<13 ug/m3) s
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Table 6. Cont.
Character
Time and Place of the
Study of Exposure ;:lxgz:rn(;if Study Group Control Group Outcomes
Included
Patients
20122017 IIT;IEE;:)SOefd were not
ﬁ?ﬂiﬁ;ﬁ? vl\\fl:;lif; (S)f ::ipf’i(z;ded specified. TLBW is associated with
Berestra et al PMyn. NO ' Exposure fu t-offs ;) ¢ Exposure cut-offs of I  maternal exposure to SO,
(2§21) [38] : 5 C;S and H_II’V o: Q: (OR 1.20, 95%CI: 1.0-1.43)
L . ) 3 SO, (0.21-0.63 and VOC (OR 1.21, 95%CI:
volatile organic SO, (0.63-2.33 pug/m>) /m®) 1.08-1.35)
compounds VOC (1.31-9.04 pg/m®) 18 B
VOC (0.34-1.31
(VOC) 3
ug/m?)
2002-2010 Number of exposed Number of . . .
20 hospitals in were not specified nonexposed were not  Risk of SGA increases in
USA Retrospective Expostre with CO' and specified. the third trimester every
Nobles et al. Pollutants: SO SOP in [-1V Q: Exposure with CO 10th percentile per
(2019) [43] o Lll\TO 'NO 2 n= 109,126 Cui—o £ point o.f and SO, in 1 Q: interquartile increase in
S Y P .. 1. Cut-off point of exposure of CO (RR 1.05,
CO, PM;j and exposure not specified in s
PM stud exposure not 95%CI 1.00, 1.10).
25 Y specified in study.
TLBW is associated with
maternal exposure to:
benzene (aOR 1.06, 95%Cl:
1.04-1.08),
benzo(g,h,i)perylene (aOR
1.04, 95%CT: 1.02-1.07),
1996-2008 cumene (aOR 1.05, 95%CI:
Texas, USA 1.03-1.07),
Pollutants: cyclohexane (aOR 1.04,
Multiple VOC 95%CI: 1.02-1.07),
o E n dichloromethane (aOR
benzoe( Zl'lei)e,er lene Number of exposed Number of 1.04, 95%CI: 1.03-1.07),
Curgr{eglep y ! were not s eci};ie d nonexposed were not  ethylbenzene (aOR 1.05,
C clohexa1/1e Retrospective Pregnant £omen m specified. 95%Cl: 1.03-1.06),
Gong et al. dici]llorometha’n o P ”IOV%T’} rmedium” and Pregnant women in ethylene (aOR 1.06, 95%CI:
(2018) [45] ’ e 1 “zero” exposure 1.03-1.09),
ethylbenzene, n=470,530 “high” exposure group . t naphthalene (2OR 1.03
ethylene, to pollution—defined by sroup to . ag) aene’d o
pollution—defined by ~ 95%CI: 1.01-1.05),
naphthalene, authors.
n-hexane authors. n-hexane (aOR 1.06,
o lene/ 95%CI: 1.04-1.08),
pst}gr}:ane ’ propylene (aOR 1.06,

toluene), zinc
and mercury

95%CI: 1.03-1.10),

styrene (aOR 1.06, 95%CI:
1.04-1.08),

toluene (aOR 1.05, 95%CI:
1.03-1.07),

mercury (aOR 1.04, 95%CI:
1.02-1.07),

zinc (fume or dust) (aOR
1.10, 95%CI: 1.06-1.13)
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Table 6. Cont.

Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
2013-2016 Number of exposed rlj;rzfe;soef d were not
Jinan, China Retrospective were not specified. P No association of SO,
Wu (2018) ) specified.
[46] Pollutants: study Exposure cut-offs of SO, Exposure cut-offs of exposure and SGA or
PM;5, NOyand n=43855 inll-IV Q:42.6-148.0 . ) TLBW was shown.
50, ug/m? SO, inIQ: <42.5
ug/m3
Number of exposed E;IZE ef)soefd were not
2005-2012 were not specified. speci fiz d
Capobussi Como, Italy Retrospective Exposure cut-offs of CO El::( osure; cut-offs of No association of CO or
etal. Pollutants: NOy, study and SO, in II-1V Q: C g and SO, in 1 O: SO, exposure and SGA or
(2016) [49] NO;,, SO,, O3, n=27,128  Cut-off point of 2 ’ TLBW was shown.
.. 1. Cut-off point of
CO and PMyg exposure not specified in
study exposure not
' specified in study.
Retrospective
study
2008-2012 nbizr 3}1’41?10 Number of exposed Eol;r:fe(i:ef d were not Compared with women in
- were not specified. P the I quartile of exposure
Nova Scotia, NO,, PM; 5 specified. .
.. = Exposure cut-offs of SO, to SO,, those in the IV
Poirier et al. Canada PMy, in II-1V Q: Exposure cut-offs of uartile of expostre were
(2015) [54] Pollutants: NO,, benzene, g SO, inIQ: quart po .
SO, PM» = and toluene Cut-off point of Cut-off point of positively associated with
2 V25 exposure not specified in P TLBW (aOR 1.52, 95%CI:
PMg group stud exposure not 1.03,2.26)
n=12,834 Y specified in study. e
births in
SO, group
NOy, NO,, CO, PM; 5,
PM; is related with
increased risk of SGA
infant.
2004-2008 Number of Small statistically
Number of exposed significant association was
Northwest . o nonexposed were not
Hannam et al England, UK Retrospective were not specified. specified observed for PMy; and
’ ! study Exposure cut-offs of CO : SGA, particularly with
(2014) [57] Pollutants: NOy, . ) Exposure cut-offs of . 4
NO, CO. PM n=203,562 inII-IV Q:0.8-1.3 COinIQ: exposure in the first and
:r,1 d PI,\/I 25 ng/m3 0.2-04 '/m3 third trimesters. Similar
10 il effects on SGA were also
found for NO,, PM, 5, and
CO in later pregnancy, but
no overall increased risk
was observed.
Number of exposed Number of .
e nonexposed were not  Second trimester exposure
2004-2005 were not specified. o
Mato Grosso Retrospective Exposure with CO in specified. (IV Q) to CO (aOR 149,
da Silva et al. Brazil ! stud -1V Q: Exposure with COin  95%CI: 1.03-2.14) is
(2014) [59] y o IQ: related to increased risk of
Pollutants: n = 6642 Cut-off point of Cut-off point of TLBW
PM, 5 and CO exposure not specified in p ’

study.

exposure not
specified in study.
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Table 6. Cont.

Character
Time and Place of the
Study Of_FXPOS‘f"e ;:lxgz:rn(;if Study Group Control Group Outcomes
ype o
Pollutant Included
Patients
1990-2001
Detroit, . Number of exposed Number of . .
Le et al Michigan, USA Retrospective were not specified nonexposed were not SGA was associated with
) ! study ) specified. CO exposure (aOR 1.14,
(2012) [64] Pollutants: CO, Exposure cut-offs of CO o
NO> PMinand 0= 164,905 in -1V Q: >0.75 ppm Exposure cut-offs of 95%CI 1.02-1.27).
z o 10 T COin1Q: <0.75 ppm
3
Number of exposed E;lrz:e;soef d were not
2001 were not specified. speci fiz d LBW was significantly
Nascimento Sao José dos Retrospective Exposure cut-offs of SO, El::( p : t-offs of associated with SO,
and Moreira ~ Campos, Brazil study in II-IV Q: SOp(;iluI eQ?u oS o exposure in the II and IIT
(2009) [73] Pollutants: SO, n = 2529 Cut-off point of Cui—o f o'int of Q (aOR 1.30, 95%CTI:
O3 and PMy exposure not specified in P 1.02-1.65).
study exposure not
’ specified in study.
1988-2000 Number of
. Nova Scotia . Number of exposed SO, exposure during the I
Dugandzic Retrospective Lo nonexposed were not - . .
ot al Atlee, Canada study were not specified. specified trimester is related with
(2006) [77] Pl\iolhét(a)mtsrzl d n=74284 i(ﬁiisreQ.c;i—g)gffs Olf) 50, Exposure cut-offs of H;EYY ;IQ)R 1.36, 95%CL:
03 24 /OO PP SO, in1Q: <7 ppb WELIO)
3
1994-2000 Number of exposed
. e Number of
South Coast Air were not specified.
. ) . nonexposed were not IV Q CO exposures
Wilhelm and Basin, Los Retrospective Exposure cut-offs of SO, oo . o) i .
Ritz Angeles, USA study in 11V Q: specified. increase 36% in risk for in
/ | Exposure cut-offs of third-trimester pregnancy
(2005) [78] Pollutants: CO, n=136,134 1-IIQ (0,91-1.82 . ) .
PMyq, PMa 5, Os pphm), SO, in1Q: <0.91 of developing TLBW.
and NO, IVQCO (>1.82 pphm) ~ PPI™
1995-1997 Retrospective Higher exposure of SO,
Taipei and study 31,530 pregnant women 60,758 pregnant PMyg, CO, O3, NO; in
Lin et al Kaohsiung, n=31,530 from Kaohsiung women from Taipei Kaohsiung leads to 13%
(2004) [79'] Taiwan (Kaohsi- exposed with mean exposed with mean higher TLBW occurrence
Pollutants: SO,, ung) concentration of CO concentration of CO than lower exposure in
PMyy, CO, O3 n=60,758 (4.8-11.7 ppm) (0.7-1.4 ppm) Taipei (OR 1.13, 95%CT:
and NO, (Taipei) 1.03-1.24).
Exposure to >12.4 ppb of
SO; in the third trimester
1995-1997 Number of exposed Number of related to 20% higher risk
Taipei and were not s ecilif)ie d nonexposed were not  (OR 1.2, 95%CI: 1.01-1.41)
. Kaohsiung, Retrospective P ) specified. of TLBW then exposure to
Lin et al. Exposure cut-offs of CO
(2004) [80] Taiwan study SO, in I-IV O: Exposure cut-offs of  <6.8 ppb (OR 1.20, 95%CI:
Pollutants: SO,, n=92,288 502 (>7.1 b). COSO,inIQ: 1.01-1.41).
PM;j, CO, O3 C 02 (>1 3 p pm) SO, (<7.1 ppb) No associations were
and NO, ~ PP CO (<1.3 ppm) observed between PMj,

CO, O3, or NO, exposure
and TLBW occurrence.
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Table 6. Cont.

Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
First-trimester CO
Number of exposure increased the
Number of exposed risk for TLBW (aOR 1.04,
1996-1998 ir nonexposed were not o .
. were not specified. e 95%CI: 1.01-1.07), as did
Seoul, Korea Retrospective specified. )

Lee et al. Pollutants: CO stud Exposure cut-offs of CO Expostire cut-offs of second-trimester exposure
(2003) [81] o y SO, in II-1V Q: P . to SO; (aOR 1.06, 95%CI:
PMjg, SO and  n =388,105 CO (0.9-3.4 ppm) COSO,inIQ: 1.02-1.11)

NO, SO, (6.8-46.0 ppb) o (?3;40‘_06'981’?1‘)) CO, PM;9, SO, and NO,
2 (D070 PP during 1-2 trimesters
were related with TLBW.
1995-1997 Number of exposed Number of
Kaohsiun Retrospective “Vere not specified. nonexposed were not I trimester exposure of
Yang et al. Taiwan & s tug Exposure cut-offs of SO,  specified. SO; lead to reduced TBW
(2003) [82] Pollutants: SO n=13 ?;9 6 in [I-MI'T: Exposure cut-offs of (OR 18.1, 95%CI:
and PM' 2 T I T (26.02-36.07 ug/m®) SO, inIT < 26.02 1.88-34.34).
10 I T (>36.07 ug/m3) ug/m?3
Formaldehyde exposure is
Numberofopoel  Nmbrof| e T v LW T
Maroziene 1998 . . . Exposure with specified. (aOR 1.86, 95 /O.C L
Kaunas, Epidemiologic . 1.10-3.16) and in III T
and Grazule- . . ormaldehyde from Exposure with o
.. Lithuania study . (aOR 1.84, 95%CI:
viciene (2002) I[I-MI T. formaldehyde in I T.
Pollutants: n = 3988 . . 1.12-3.03).
[83] Tertiles of exposure Tertiles of exposure . .
Formaldehyde T . Most meaningful impact
cut-offs not specified in  cut-offs not specified .
. was observed in I
study. in study. trimester
1991-1999
Nevada, USA  Retrospective 32,683 pregnant women 36.22 pregnant women - g O3 were found
Chen et al. exposed with CO at the  with low exposure to .
Pollutants: study ; . . not to be related to birth
(2002) [84] PMu. CO and n = 39338 third trimester (>0.62 CO at the third weight
10’0 T ppm) trimester (<0.62 ppm) gt
3
132,484 pregnant
1990-1991 women exposed with 66,990 pregnant
New Jersey, II-1II T POM. women exposed with
Vassilev et al USA Retrospective Tertiles of exposure ITPOM. III T POM exposure is
(2001) [35] ' Pollutants: study cut-offs: Tertiles of exposure related with SGA (aOR
POM- n=199,474 II'T POM (0.27-0.61 cut-offs: 1.22,95%CI: 1.17-1.27).
polycyclic ug/m3) I T POM (0.04-0.27
organic matter I T POM (0.61-2.8 ug/ m?)
ug/m?)
Higher exposure of SO,,
1677 pregnant women 868 pregnant women ~ NO,, PMjg, SO4>~,NO;~,
from Lin-Yuan from Taicei petrochemical
1993-1996 municipality exposed municipality exposed municipality in Lin-Yuan
Lin-Yuan and with SO,, NO,, PMy, with SO, NO,, PMyj, leads to 3.22% TLBW
. Taicei, Taiwan Retrospective SO4%~,NH,*,NO;~ in  SO42~,NH,;*, NO;~ occurrence in comparison
Lin et al. Pollutants: SO study I-1v Q: inIQ: to lower exposure in
: h, - : .
(2001) [86] NOy, PMyy, n = 2545 SO, (6.0 £ 2.9 ppb) SO, (1.9 £ 2.3 ppb) control municipality Taicei
SO42~, NH,* SO42~ (1202 4+ 1.2 SO42~ (914 + 1.4 which lead to 1.84% TLBW
and NO3~ nmol/m?) nmol/m?) occurrence.
NH* (136.1 + 4.0 NH* (69.0 + 3.1 Exposure to NH*
nmol/m?) nmol/m?) influenced TLBW (aOR

1.77,95%CI: 1.002-3.12).
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Table 6. Cont.

Character
Time and Place of the
of Exposure Study and
Study Type of Number of Study Group Control Group Outcomes
Pollutant Included
Patients
SO, and CO are related
1994-1996 with TLBW.
Boston, Number of CO in third trimester (aOR
Hartford, Number of exposed 1.31, 95%CI: 1.06-1.62)
. . i nonexposed were not .
. Philadelphia, . were not specified. oo and SO, in second
Maisonet . . Retrospective specified. . e
ot al Pittsburgh; study Exposure cut-offs of CO Exposure cut-offs of trimester within:
. Springfield, and and SO, in II-IV Q: . ITQ (aOR 1.21, 95%CI:
(2001) [87] . n = 89,557 COand SO, inIQ:
Washington, CO (0.93-1.5 ppm) CO (<0.93 ppm) 1.07-1.37),
USA S0, (7.1-185 ug/m*) &5 <1 bp ) II Q (aOR 1.20, 95%CT:
Pollutants: CO, 2S00 HE 1.08-1.35)
PM;jg and SO, IV Q (aOR 1.21, 95%CI:
1.03-1.43)
62,786 pregnant
1989-1993 . 62,787 pregnant women ' exposed with Exposur.e to (>5.5 ppm
. Retrospective exposed with CO above . CO) during the third
Ritz and Yu Los Angeles, . CO below the median. . . .
(1999) [88] USA study the median. Exposure blow trimester is associated
Pollutant: CO n=125573 Exposure above median median of 0.65-2.1 with TLBW (OR 1.22,
© ' of 2.2-6.7 ppm CO edian oF o972 95%CI: 1.03-1.44)
ppm CO
934 pregnant women 3356 pregnant
1994 exposed with women exposed with ~ No associations were
Grazuleviciené Kaunas, Retrospective formaldehyde >3.5 formaldehyde <3.5 observed between
etal. Lithuania study ug/m3 and 442 ug/m3 and 3848 formaldehyde and O3
(1998) [89] Pollutant: n = 4290 pregnant women pregnant women exposure and SGA or
Formaldehyde exposed with O3 >30 exposed with O3 <30  TLBW occurrence.
ng/m’ ug/m?
800 pregnant women
exposed with CO form
second quintile to fifth
1975-1983 qumtlle.. Number 9f . 198 pregnant women No significant association
. women in each quintile . . was observed between CO
Alderman Colorado Retrospective . s exposed with CO in
is not specified. . - exposure and SGA or
et al. Department of study, Quintiles exposur first quintile. TLBW occurrence (OR 1.3
(1987) [90] Health, USA n = 2800 ©s exposure I Quintile exposure oecurrence "

Pollutant: CO

cut-offs of CO:
11Q (1-2 ppm)
I Q (2-3 ppm)
IV Q (34 ppm)
VQ (>4 ppm)

cut-off of CO: <1 ppm

95%CI: 1.0-1.7) for 24
ppm CO.

The studies included in the systematic review presented here usually divided patients
into two populations: those exposed to a specific air pollutant and those not exposed
to that pollutant. The most common division was the quartile (Q) division, which was
present in 54 studies [23-28,30-38,40-43,46,47,49-51,53-65,68-81,84,86,87]. The authors
provided a cut-off point for those not exposed to the pollution, set at the I Q. In two
studies, the quintile division by analogy as the exposed group establishing the I quintile
was used [25,90]. Four papers divided the population into tertiles [48,82,83,85]. Three
papers considered patients above the median concentration of air pollutants as the exposed
group [66,67,88]. In addition, three papers used the World Health Organisation (WHO),
European Union (EU), and United States of America Environmental Protection Agency
(US EPA) air quality guidelines in their exposure criteria [22,39,44]. In yet another three
papers, the authors arbitrarily set a cut-off level for the exposed and unexposed groups
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due to the lack of specific and unambiguous norms of concentration for the substances they
analyzed [29,52,89].

Upon evaluation, the majority of the included studies demonstrated a moderate
to high quality, as assessed using the Newcastle-Ottawa Scale [21]. All but 12 studies
were adjusted for associated variables such as maternal age, BMI, pregnancy, ethnicity,
and socioeconomic status. Those without aOR scored lower on the Ottawa—-Newcastle
scale [43,50,51,63,68,72,74,79,80,82,88,90]. The studies were based on retrospective and
prospective cohorts compared with adjusted healthy pregnancies, producing high-quality
results. Each study in the table has its Newcastle-Ottawa risk bias score (NOS) listed [21].
The detailed quality assessment of the included studies is presented in Supplementary
Table S2.

4. Discussion

Most of the included studies showed an established direct association between ambi-
ent air pollution and the incidence of SGA or TLBW [22-51,53-55,57-61,63-68,72-74,76-88].
The pattern in the results above suggests that pollutants such as PM, 5, PMjg, SO,, CO,
and NO; significantly impact low birth weight. Moreover, some studies indicated that
a reduction in pollution concentration (NO,, PMy, etc.) is positively associated with
increased birth weight [22,50,84]. Many studies consistently showed that there is a sig-
nificantly increased risk of SGA for each 10 pg/m3 increase in PM;g and PM; 5 during
pregnancy [26,27,33,34,51,72]. Most of the analyzed studies emphasize the harmful impact
of these pollutants on fetal birth weight. On the other hand, a small proportion of the
studies indicated a potential protective effect of certain air pollutants such as PM; 5, PMy,
O3, and NOy in reducing the incidence of SGA or TLBW [24,43,47,53]. Studies conducted
by Huang et al. and Shang et al. established that O3 exposure was linked to increased term
birth weight and a higher incidence of macrosomia [30,36].

4.1. PM; 5 and PM;jy Exposure

There are four critical pollutants that the WHO considers crucial to human health: par-
ticulate matter, O3, NOy, and SO,. Despite the relatively large amount of epidemiological
data on the impact of particulate matter, epidemiological data on gaseous pollutants are
less abundant, especially regarding nitrogen compounds and sulfur dioxide.

PMjg and PM; 5 are atmospheric aerosols smaller than 10 and 2.5 micrometers in
diameter, respectively. The toxicity of the pollutants is the result of many factors, including
the location of deposition, which is different depending on particle size and reactivity [91].
The smaller the particles are, the more they sediment into the lower airways, which allows
them to affect the alveolar—capillary barrier directly [13]. They trigger cytotoxicity, leading
to a local and systemic inflammatory response (via cytokines and mediators) [92]. Similar
results were shown in a meta-analysis conducted by Liu et al. [93].

PMs trigger pro-inflammatory signals through a Reactive Oxygen Species-dependent
mechanism [94]. Oxidative stress, characterized by an imbalance between oxidants and
antioxidants, can cause cell damage by oxidizing nucleic acids, proteins, and lipids, leading
to cell death via apoptosis or necrosis [95]. There is much high-quality evidence in the
literature from in vivo studies that chronic exposure to PM; 5 increases serum Interleucin
6 (IL-6), Tumor Necrosis Factor alpha (TNF-«), total cholesterol (TC), and Low-density
lipoprotein C (LDL-C) levels, increases the expression of oxidative stress-related genes,
causes progression of atherosclerosis, and leads to increased inflammation and redox levels
in mice [95]. Increasing the antioxidant capacity of exposed cells has been shown to reduce
the harmful effects of PM, 5 and PMy [96].

It is speculated that PM; 5 and smaller particles (<0.1 um), called ultrafine particles
(UFP), are able to reach other distant organs via the cardiovascular system [97]. The toxic
effects of PM; 5 may be realized directly at the level of the placenta and the developing fetus,
which in turn may trigger inflammation and oxidative stress, finally impeding trophoblast
invasion, placental vascularisation via anti-angiogenic factors such as the sFlt-1 pathway,
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and placental dysfunction, a pivotal contributor to SGA [98-100]. This smaller size may
explain the demonstrated significantly higher incidence of SGA for PM 5.

In studies by Fernando Costa Nascimento et al. and Brown et al., a paradoxical
protective effect of both PM;5 and PMjy on TLBW was shown [47,53]. The possible
reason for these negative associations may be the fact that high levels of exposure to air
contamination throughout gestation led to miscarriage or stillbirth, which was not included
as an outcome in those studies, thereby resulting in a selective survival bias for healthier
fetuses.

4.2. O3 Exposure

O3 has the most evidence linking it to adverse health effects among gaseous pollutants.
It is a pollutant formed by chemical reactions between nitrogen oxides (NOy) and VOCs
in the presence of sunlight. In addition to being a highly reactive molecule capable of
inducing oxidative stress, Oz has been shown to stimulate the synthesis of inflammatory
cytokines by alveolar macrophages, such as IL-18, IL-6, IL-8, and TNF-« [101]. Studies
conducted by Huang et al. and Shang et al. established that O3 exposure was linked to
increased term birth weight and a higher incidence of macrosomia [30,36], and the study of
Nobles et al. showed a protective effect of exposure to Oz [43]. This phenomenon might be
explained by the observation by Beckerman et al. that O3 concentrations increased with
proximity to the expressway, possibly due to O3 being scrubbed by NO to form NO, [102].
The negative association with O3 may suggest a low level of exposure to TRAP, which may
result in decreased SGA or TLBW occurrence.

4.3. Exposure to Traffic-Related Air Pollutants (TRAPs)

As almost every study shows, inconsistent results could result from exposure to
multiple air pollutants. For example, in the study of Gan et al., while SO, was found to
have a significant impact on the prevalence of SGA, its exposure effects were reported in
conjunction with other pollutants [28]. Evidence from car emissions studies emphasizes
that the combined effect of air pollutants should be recognized as a primary risk factor
for SGA [63,69,70,74]. While the composition of emissions may vary depending on dif-
ferences in fuel type between gasoline and diesel vehicles [103], the emissions contain
all of the pollutants evaluated in our study (PM; 5, PM;g, O3, CO, NOy, SO, VOCs, and
more) [104,105]. Hence, the studies where only the influence of one pollutant was assessed
neglect the combined, synergistic effect of other pollutants. It is also important to note that
numerous factors potentially influence placental function and increase SGA risk. Only in
some studies was the OR adjusted, and this should be considered when interpreting the
findings from those studies.

4.4. NOy Exposure

NOx contributes to oxidative stress by generating reactive oxygen species that can
overpower the placenta’s natural antioxidant barriers, causing cellular and molecular harm.
NOy exposure can cause inflammation in placental tissues, leading to functional damage
and disrupting the exchange of nutrients and oxygen between the mother and fetus [106].
The inflammatory environment in the placenta can cause decreases in placental blood flow
by constricting blood vessels and impairing endothelial function [107]. Furthermore, a
discrepancy in the levels of NO and NO, within blood vessels might lead to endothelial
dysfunction, negatively impacting placental blood flow. The severity of these adverse
outcomes depends on the level and duration of NOx exposure. These alterations could lead
to SGA and TLBW [26,28,30,38,43,48-50,57,63,64,68,72,74,81,86].

In the study by Mitku et al., the counterintuitive protective effect of exposure to
NO, was shown. The protective effect may result from simultaneous exposure to other
environmental substances with a stronger protective impact, which conceals the negative
effects of NO, [24].
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4.5. SO, Exposure

There are few studies about the mechanism of SO;-induced changes in fetal weight [24,
25,28,36,38,54,57,73,77,79,80,82,86,87]. It has been theorized that SO, may cause changes
in inflammatory factors in the blood, oxidative stress response, and deoxyribonucleic
acid (DNA) methylation. Reactome pathway analysis showed that mainly NOTCH gene
signalling was involved in genes associated with prenatal SO, exposure [108].

4.6. CO Exposure

The fetotoxic effect of CO is associated with impaired cellular respiratory function.
It irreversibly binds to the hemoproteins (cytochrome a-3 and myoglobin) that carry oxy-
gen in the cell, leading to cellular respiration dysfunction. This results in mitochondrial
degradation in CNS and heart cells, which require higher energy levels, cellular damage,
and ultimately irreversible tissue damage. It also promotes the formation of oxygen-free
radicals [109]. At the supracellular level, it prevents hemoglobin from delivering oxy-
gen to tissues. The affinity of CO for hemoglobin is stronger in the fetus compared to
children and adults. It is important to remember that fetal damage can occur even if the
mother’s CO levels are not toxic [110], which could result in the appearance of SGA or
TLBW [25,32,36,57,59,64,78,80,81,87,88,90].

4.7. VOC Exposure

Various potential processes have been proposed, including the impact of VOCs on
developing fetuses, its influence on blood viscosity, and its effect on placental perfusion
efficiency on the maternal side. Polycyclic aromatic hydrocarbons (PAHs) are believed
to have a direct impact on fetal development and DNA transcription [29,111]. These air
pollutants can impact maternal well-being by affecting the cardiovascular system and
causing metabolic alterations. Consequently, there is a reduction in blood supply to the
placenta, resulting in a higher occurrence of SGA [29,32,38,45,83,85,86,89]. Nevertheless,
there was insufficient data to compare VOC substances in different populations, as each
study analyzed a different molecule. Therefore, more studies are needed to compare these
substances to other pollutants, such as PM; 5, PMjg, SOy, O3, or NOx.

4.8. Exposure at a Particular Time of Pregnancy

Another important conclusion from the study is the association regarding exposure
time. There appear to be specific windows during which the fetus is especially vulnerable
or resistant to harmful substances, including air pollutants. Some studies have shown a
positive association between SGA and exposure to harmful substances at any time during
the pregnancy [25,26,30,37,76]. Other studies show a more significant influence in the
first trimester, which is vital for organogenesis [26,34,40,57,63,64,72,76]. Nevertheless, it
is believed that the influence in the first trimester has a binary effect on the pregnancy,
either leading to a miscarriage or not leaving the pregnancy unaffected by any adverse
consequences during pregnancy [26], as was shown by Bai et al. and Liu et al. in their
meta-analyses assessing pregnancy outcomes including miscarriage [112,113]. The influ-
ence in the second and third trimesters may better reflect the influence of air pollutants
on SGA as organogenesis is almost complete, and the fetus mainly grows during this pe-
riod [25,31,33,37,43,49,59,64,72,76,81,87,88]. Compounds such as PMjy or PM; 5 can enter
the bloodstream, accumulate in the fetal circulation, and cause oxidative stress. Chronic
inflammation during pregnancy prevents the developing fetus from effectively utilizing
nutrients to build reserves of adipose tissue, which is most intense in the third trimester.

Another possible cause for SGA after exposure to pollutants in the second and third
trimesters could be individually and collaboratively mediated by increases in maternal
blood pressure and hemoglobin levels caused by PM; 5, PM;, or CO. Hence, monitoring
and controlling the mother’s blood pressure and hemoglobin levels during prenatal care
may lower the risk of SGA through gestational exposure to PM;5 [33]. An additional
analysis of fetal growth restriction, especially its early and late variants, could explain the
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influence of air pollutants during the second and third trimesters of pregnancy. The discrep-
ancies observed in the analyzed studies regarding the timing and effect on the incidence of
SGA after pollution exposure might arise due to exposure to different pollutants, varying
concentrations, or socioeconomic differences. These factors should be included in further
prospective studies and evaluated using multivariate regression models.

4.9. Clinical Implementation and Further Research Directions

This study emphasizes the pressing concern of air pollution in a broader context, ex-
tending beyond just greenhouse gases responsible for global climate change. Air pollutants,
including SO,, PM;g, PM; 5, O3, and NOx compounds, can negatively impact the maternal
body and the developing fetus. Research has shown that being exposed to air pollution
can alter placental DNA methylation, which may lead to disturbances in placental trophic
function. This, in turn, can impede the delivery of nutrients to the developing fetus and
obstruct the elimination of metabolic waste products from the fetal system [54].

Comparing all air pollutants, it seems that PM; 5 has the most influence on SGA
and TLBW occurrence, as the OR of these pollutants seems to be most associated with
the evaluated pregnancy complications. Nevertheless, further investigation of separate
components of PM should be performed to evaluate the substances that affect the fetuses
most. This knowledge is relevant as this compound could be eliminated from our ecosystem
or minimized in global production, thus improving maternal and fetal outcomes.

The precise levels of heavy metals, a notable component of PM, have not been exten-
sively examined in previous research. Prospective investigations are needed to measure
these different components in particulate matter systematically and to comprehend their
distinct impacts on air quality and potential perinatal complications, such as SGA or TLBW
occurrence. This detailed method could result in a deeper comprehension of the risks
linked to air pollution [114].

4.10. Strength and Limitations

To the best of our knowledge, this study is the latest and most comprehensive in-
vestigation of the effects of air pollution on the occurrence of SGA or TLBW infants. A
particular strength of this review is the wide range of studies included and their number.
The included research papers have evaluated the influence of exposure to different air
pollutants on SGA or TLBW, with most being of moderate to high quality. The studies in-
cluded in our analysis were mainly retrospective and did not account for specific molecular
quantities in particulate matter, such as heavy metals. This exclusion is significant since
typical pollution measurements often do not include such information. The lack of precise
data highlights the necessity for a more detailed method of measuring pollution that can
accurately quantify individual pollutant concentrations.

Nevertheless, the study has its limitations. One limitation is the absence of a cohort
entirely unexposed to air pollution. Unfortunately, such a cohort is impossible to find
because pollution-free environments are rare. Therefore, our study compared the effects
of pollution between groups experiencing the highest exposure and those with the lowest
measured exposure. Such division accurately reflects the living conditions among different
populations across continents, considering similar national, geographic, cultural, and social
backgrounds. Our outcomes might have been affected by the uneven distribution of the
study and control groups, especially in terms of air quality and related factors. The different
criteria and possible bias of the various studies may be significant weaknesses. The study
group might live in regions with more industrial activity and air pollution; however, they
also have better access to advanced healthcare facilities and higher levels of public health
awareness. This difference in comparison to the control group, who may live in less
polluted areas with restricted access to modern fetal monitoring, could unintentionally
impact the reported occurrence of SGA and TLBW because of varying standards of medical
care. However, these differences seem to be similar in the included studies.
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Another limitation is the inability to monitor individual exposure precisely. The results
of the included studies are based on estimating the level of air pollution based on the place
of residence during pregnancy. The literature indicates that about one-quarter of pregnant
women change their location during pregnancy [67]. One significant limitation was that the
results were too heterogeneous to perform a meta-analysis. A notable oversight in several
studies was that they failed to evaluate the confounding effect of maternal smoking, as
smoke also contains several air pollutants that might influence SGA or TLBW rates. Finally,
since it was effectively a combination of air pollutants that was assessed and its makeup
changes based on location, assessing the influence of each pollutant proved challenging.

5. Conclusions

Air pollution is a real threat to the health of both the mother and the fetus. It is a global
problem that is particularly pronounced in large urban areas. The ongoing industrialization
and urbanization of society, especially in developing countries, will lead to the even greater
exposure of pregnant women to air pollution, such as PM; 5, PMjp, O3, NO,, CO, SO,,
and other less-discovered pollutants. Patients in the high-risk group for SGA living in
large cities and residing close to sources of pollution increase their risk of pregnancy
complications, postpartum complications, and developmental issues. Relocating to less
polluted environments can reduce the risk of SGA and may benefit the mother and the fetus.
The nature, magnitude, and timing of pollutant exposure influence pregnancy outcomes.
Understanding the detailed mechanisms of the effect of air pollution during pregnancy
and identifying the most vulnerable windows during pregnancy require further research.
Clarifying the exact exposure—time association will improve SGA prevention, especially in
high-risk pregnancies. Using standardized exposure criteria and methods for individual
assessments of exposure to air pollutants will improve our understanding of this pressing
issue, one of the biggest challenges of our times.

There is a strong need to objectify individual exposure to pollutants, which can be
achieved by prospective cohort studies and measurement of personal exposure or blood
biomarkers. Systematizing exposures will allow better characterization of the association
between air pollution and adverse birth outcomes.

However, it is essential to note that finding a place on Earth unaffected by air pollution
is almost impossible. Thus, humans must adapt to escalating environmental pollution or
undertake significant steps to stop the pollution of the Earth.

Supplementary Materials: The following supporting information can be downloaded at: https://
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