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Abstract

Background

Polycyclic aromatic hydrocarbons (PAHs) are a kind of endocrine disruptors, which can

enter human body by the inhalation of PAH-containing matter and the ingestion of PAH-con-

taining foodstuffs. Studies showed that PAHs can cross the placental barrier and might

cause adverse effects on the fetus.

Objectives

This meta-analysis aimed to estimate the associations between prenatal exposure to PAHs

and birth weight.

Methods

Articles published in English until May 8, 2020 and reported the effects of prenatal exposure

to PAHs on birth weight were searched in multiple electronic databases including PubMed,

the Web of Science, EMBASE and the Cochrane Library. The included studies were divided

into three groups in accordance with the measurement of PAHs exposure. Then coefficient

was extracted, conversed and synthesized by random-effects meta-analysis. And risk of

bias was assessed for each study.

Results

A total of 3488 citations were searched and only 11 studies were included finally after double

assessment. We found that there were no association between PAH-DNA adducts in cord

blood (low/high) (OR: 1.0, 95%CI: 0.97, 1.03), 1-hydroxy pyrene (1-HP) concentration in

maternal urine (OR: 1.0, 95%CI: 0.97, 1.03) and prenatal maternal airborne PAHs exposure

(OR: 0.97, 95%CI: 0.93, 1.01) and birth weight. However, we observed ethnicity may

change the effects of PAHs exposure on birth weight.
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Conclusions

There is no significant relationship between prenatal exposure to PAHs and birth weight in

our meta-analysis. Further studies are still needed for determining the effects of prenatal

PAHs exposure on birth weight.

Introduction

Growing number of studies showed that air pollution might play an important role in the

occurrence of adverse pregnancy outcomes [1–3]. A number of meta-analyses conducted in

recent years have also provided more evidence to clarify the relationship between air pollution

and birth outcomes [4, 5].

The fetal period is a critical period in the development of various systems, during which

even slight exposure to chemicals might adversely affect morphology and functions of the sys-

tems. Birth weight is an important indicator of fetal growth and nutritional status, which is

closely associated with a series of adult health outcomes. Previous studies have suggested that

lower birth weight was associated with infant mortality, cardiovascular disease, stroke and type

2 diabetes [6–8]. Additionally, some studies also reported that birth weight loss was also associ-

ated with lower intelligence quotient, poorer cognitive functioning and poorer school perfor-

mance during childhood [9, 10]. Birth weight is affected by many factors, such as maternal

age, nutrition and smoking. Studies have found that maternal exposure to lower concentra-

tions of pollutants may also affect fetal health, such as PAHs are a kind of endocrine disruptors

that can cross the placental barrier into the fetus from the mother [11–13].

PAHs are generally produced during incomplete combustion processes. Over the past few

centuries, as the abundant use of fossil fuels for industrial applications, heating, transport, the

emissions of PAHs have become more and more serious. Thus, PAHs are ubiquitous pollut-

ants in both the general environment and in certain working environment [14, 15]. As lipo-

philic compounds, PAHs can easily cross cell membranes by passive diffusion after inhalation,

which might cause an adverse impact on fertility. And since the most of PAHs are present in

both in ultrafine size mode (<0.12 μm) and accumulation size mode (0.12–2 μm) [14], it can

even get through the placental barrier and enter the fetus from the mother, which may increase

the risk of congenital heart defects, neural tube defects and cleft lip/plate [11–13, 16].

A number of recent studies have estimated the association between PAHs exposure during

pregnancy and birth weight, but the conclusions were inconsistent and controversial [17–20].

Although some studies suggested that maternal exposure to PAHs was not significantly associ-

ated with term low birth weight (LBW, birth weight less than 2500g), some studies have found

negative impacts of maternal exposures to PAHs on birth weight [21–27]. A nationwide cohort

study in Sweden has suggested that maternal occupational exposure to PAHs significantly

increased the risk of LBW (OR:1.49, 95%CI: 1.27, 1.75) [28]. Another study found similar

results that placental PAHs levels were negatively associated with birth weight (r: -0.223,

P = 0.037) [29]. Choi et al. conducted two parallel prospective cohort studies and found that

prenatal PAH exposure was significantly associated with reduced birth weight in both Krakow

Caucasians (β: -0.02, 95%CI: -0.03372, -0.00628) and New York City (NYC) African Ameri-

cans (β: -0.055, 95%CI: -0.0942, -0.0158), but not in NYC Dominicans (β: -0.018, 95%CI:

-0.00356, 0.03956) [21]. However, to our knowledge, there is no meta-analysis specifically

addressing the association of prenatal exposure to PAHs and birth weight.

Therefore, we performed a meta-analysis to assess the effects of prenatal exposure to PAHs

on birth weight. Since humans can be exposed to PAHs through the respiratory tract by
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inhalation of PAH-containing matter (cigarette smoke, vehicle exhaust, PAH contaminated

air emitted from certain industries, etc.) and the digestive tract by intake of PAH-containing

foodstuffs (fried and charcoal-grilled meat and PAH contaminated vegetables, etc.) [14]. The

exposure levels of PAHs were measured by monitoring station or portable personal air moni-

toring, PAH-DNA adducts in extracted WBC DNA from cord blood and maternal urinary

1-hydroxy pyrene (1-HP) [30, 31]. Therefore, our meta-analysis also simultaneously included

all three method of measuring PAHs exposure. Based on this, to further understand the associ-

ation between PAHs exposure and birth weight, we collected all data presently available and

conducted a meta-analysis on the effects of prenatal exposure to airborne PAHs, PAH-DNA

adducts in cord blood and 1-HP in maternal urine on birth weight.

Materials and methods

Our review was registered with PROSPERO (www.crd.york.ac.uk/PROSPERO) under proto-

col number CRD42019147060 and developed in accordance with the PRISMA Guidelines in

the preparation of this manuscript (www.prisma-statement.org).

PECO question

The research question was determined using the PECO strategy: Population–newborn and

their mother; Exposure–airborne PAHs, PAH-DNA adducts in the umbilical cord blood and

1-HP in maternal urine; Comparison–per Natural logarithm (ln) unit (about 2.72 ng/m3)

incremental increase in airborne PAHs, high versus low PAH-DNA adducts in the umbilical

cord blood and per ln unit μg/g creatinine (about 2.72 μg/g Cr) incremental increase in con-

centration of 1-HP in maternal urine; and Outcome–birth weight. Based on this, the following

research question was established: for newborns, what are the incremental effects of per ln unit

exposure to airborne PAHs, high level of PAH-DNA adducts in the umbilical cord blood and

per ln unit increase of 1-HP in maternal urine during gestation on birth weight.

Eligibility criteria

To choose the related articles, we first filtered the titles and abstracts of all studies retrieved

from databases. Studies were excluded if they did not related to PAHs and birth weight. Then,

from the identified studies, articles were concluded if they: 1) were written in English; 2) just

included singleton live birth; 3) were cohort, cross-sectional studies or case control study

included only human subject; 4) studied maternal exposure to PAHs during pregnancy and in

trimester-specific periods; 5) had excluded women with pregnancy complications or adjusted

pregnancy complications as confounding factors; 6) presented the sample sizes and linear

regression coefficient (β) with 95% confidence intervals (CIs). In addition, some studies with

following criteria were excluded: 1) included premature birth (< 37 weeks) and post-term

birth (> 42 weeks) but the gestational week was not adjusted. Studies met all of the above selec-

tion criteria were listed for inclusion in the review. When more than one study was determined

for a given population, only one study including either the most recent population data or the

last information, or both, was selected. Urinary 1-HP is associated with genotoxicity and can

serve as a biomarker for internal exposure to PAHs, and the PAH-DNA adducts are also suit-

able biomarkers for effective dose of PAHs [32]. Previous studies on the detection of PAHs

exposure mainly adopt three methods, detecting concentrations of PAHs in the air by portable

personal air monitor, detecting the concentration of PAH-DNA adducts in the umbilical cord

blood by high-performance liquid chromatography (HPLC) and detecting the concentration

of metabolites of 1-HP in urine by HPLC categories. Therefore, we combined and analyzed

the included articles according to these three methods.
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Information sources

We searched on PUBMED, the Cochrane Central Register of Controlled Trials (the Cochrane

Library), the Web of Science and EMBASE.

Search

We limited our search to papers published in English until May 8, 2020. All related terms were

used for retrieval, such as “polycyclic aromatic hydrocarbons”, “PAH�, “birth weight”, “mater-

nal exposure”, “pregnan�”, “gestation”, “conception”, “gravid�”, “maternal-fetal relations”,

“pregnancy outcome”, “birth outcomes”, “birth weight”, “infant”, “newborn”. Full details were

provided in the supplementary information (S1 File). In addition, we manually searched the

references of each included study for obtaining additional publications.

Study selection

Two authors worked independently and verified the abstracts and titles of the search results.

The differences were resolved by discussion or consultation with a third party to reach consen-

sus. All potentially relevant articles were screened for full text. Where there were differences of

opinion, the third author who did not evaluate the articles initially would review it to arrive at

a final decision among the three authors. Any reasons for rejection were clearly recorded for

the studies that met the inclusion criteria.

Data collection process

Two authors extracted data using standard template of data extraction independently. The

regression coefficients, standard errors, t-values, p-values, mean and median birth weight and

95% confidence intervals of PAHs and birth weight were collected.

Data items

A Microsoft Excel spreadsheet was used to extract information from eligible studies. The fol-

lowing information was extracted: author, year, title, study design, location and ethnicity,

study period, sample population, mean or median age and measure of dispersion, exposure

measures, birth weight measures, significance of association, confounders, etc.

Risk of bias of individual studies

The risk of bias for each included study was accessed using a novel risk of bias instructions for

assessing exposure to air pollution developed by Lam [33]. Since the instructions for exposure

and outcome assessment domain were not fit for our review, prior to assessing risk of bias, we

had modified its evaluation standard, instructions of outcome variable, instructions of incom-

plete outcome data and instructions of potential cofounding. Full details were provided in the

supplementary information (S2 File). The instructions assigned each risk of bias domain as

“low”, “probably low”, “probably high”, “high” risk of bias, or “not applicable” (risk of bias

area not applicable to study) according to specific criteria as described in the risk of bias instru-

ments. Two authors worked independently and assessed the quality of each study, the differ-

ences were resolved by discussion or consultation with a third party to reach consensus. In

addition, we evaluated the possibility of publication bias by Begg’s test and Egger’s test.
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Synthesis of results and statistical analysis

Prior to conducting the meta-analysis, coefficients and their confidence intervals for the associa-

tions between PAHs exposure and birth weight from included studies were extracted. Under

normal distribution assumption, standard errors (SEs) of the coefficients were calculated by

coefficients and their CIs, P-value, sample size and the number of regression parameters with R

version 3.6.1. When articles did not report exact P-value, the upper limit of the P value was con-

servatively taken as the estimated P value on the premise of not changing the total effect (e.g.

when P<0.05, the estimated P = 0.05, and when P>0.05, the highest value borrowed from more

other studies was taken as the estimated P) [34]. In addition, since all the studies included in

our meta-analysis used multiple linear regression model, we converted all regression coefficients

into standard regression coefficients. And general linear regression model and semi-logarithmic

regression model were converted to logarithmic regression model. Subsequently the coefficients

and SEs were converted to the same unit prior to conducting meta-analysis. The unit of the con-

centration of airborne PAHs is ng/m3, and the unit of the concentration of PAH-DNA adducts

in cord blood is adducts/108 nucleotides, while the unit of the concentration of 1-HP in mater-

nal urine is μg/g Cr. Heterogeneity was quantified by I2 statistics. When significant heterogene-

ity was present (I2> 0.5), a D-L random-effects model meta-analysis was performed to merge

effect value. Otherwise, a fixed-effect model meta-analysis was performed. Meta-analysis was

performed using “metafor” package in R version 3.6.1. Significance level was set at P< 0.05.

Result

Search result

A total of 3488 citations (excluding duplicates, n = 936) were assessed with the inclusion and

exclusion criteria, and after excluding repetition, there were 3,488 remaining. A flowchart of

the study selection process was depicted in Fig 1. Finally, a total of 11 studies meeting the

inclusion criteria were included in our review, of which 2 citations assessed airborne PAHs

exposure, 5 citations assessed PAH-DNA adducts in cord blood, and 4 citations assessed con-

centration of 1-HP in urine.

Characteristics of the eligible studies

Table 1 summarized the main parameters from each study. Ten studies were based on prospec-

tive cohort study design, and only one was cross-sectional study [19–22, 24–26, 35–38]. The

majority of the studies were conducted in the Poland (n = 4), USA (n = 3), followed by China

(n = 2), Japan (n = 2) and Saudi Arabia (n = 1). Sample sizes of them ranged from 43 to 1497

participants. Almost all studies adjusted for potential confounders (including maternal educa-

tion, pre-pregnancy weight, weight gain during pregnancy, sex of infant, gestational age, sea-

son of birth and environmental tobacco smoke [ETS]).

Risk of bias

The results showed that these studies had moderate quality. The risk of bias ratings for

included studies showed a “PROBABLY HIGH risk of bias” about potential confounding in

PAH-DNA adducts of cord blood and 1-HP concentration of maternal urine [25, 36, 38]. Fur-

thermore, one study about PAH-DNA adducts in cord blood was considered as “PROBABLY

HIGH” risk of bias for incomplete outcome data and two studies about concentration of 1-HP

in maternal urine were considered as “PROBABLY HIGH” risk of bias for participants [24, 36,

38]. Other aspects were generally considered as “LOW” or “PROBABLY LOW” risk of bias.

And we evaluated a publication bias among the three groups with Begg’s test and Egger’s test,
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only “exposure to airborne PAHs” group had a publication bias found by Egger’s test

(P = 0.006) (Table 2)

Qualitative data synthesis

Exposure to airborne PAHs. Two articles [21, 22] were incorporated into the meta-analy-

sis about the association between airborne PAHs exposure and the risk of birth weight

Fig 1. Flow chart of studies selected in meta-analysis.

https://doi.org/10.1371/journal.pone.0236708.g001
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reduction. Overall, it showed that per ln unit ng/m3 increase of airborne PAHs was not sig-

nificantly associated with birth weight (OR: 0.97, 95%Cl, 0.93–1.01), with a high heterogeneity

(I2 = 87.17%) (Fig 2A). And ethnicity (African American, Caucasian, Dominican) and

significant differences in PAHs exposure levels might be the main factors leading to high

Table 1. Characteristics of the studies included in the meta-analysis.

Author (Year) Location

(Ethnicity)

Study

period

Study design Data source Exposure

measurement

Sample Sampling

time

β (95%cl) Exposure Range

(Median (IQR)/

Mean ± SD)

Jedrychowski

(2017) [22]

Poland

(Caucasian)

2000–

2004

Prospective birth

cohort study

Interview and

questionnaire

Portable personal

air monitor

455 Second

trimester

-0.21(-0.33434,

-0.08566)

19.0(47) (ng/m3)

Choi (2006)

[21]

Poland

(Caucasian)

2000–

2003

Prospective

cohort studies

Interview and

questionnaire

Portable personal

air monitor

340 Third

trimester

-0.02(-0.03372,

-0.00628)

39.05±47.63 (ng/

m3)

Choi (2006)

[21]

USA (African

Americans)

2000–

2003

Prospective

cohort studies

Interview and

questionnaire

Portable personal

air monitor

168 Third

trimester

-0.055(-0.0942,

-0.0158)

3.34±2.92 (ng/

m3)

USA

(Dominicans)

212 Third

trimester

0.018(-0.00356,

0.03956)

3.72±3.90 (ng/

m3)

Perera (2004)

[23]

USA (African

Americans &

Dominicans)

No

data

Parent cohort of

pregnant women

and newborns

Interview and

questionnaire

Umbilical cord

blood

261 Third

trimester

-0.02(0.0002,

0.0398)

0.22±0.14

(adducts/108

nucleotides)

Perera (1998)

[24]

Poland

(Caucasian)

1992 Polish women

and newborns

cohort

Questionnaire

and medical

record

Umbilical cord

blood

135 Third

trimester

-0.044(-0.0873,

-0.00035)

0.216±0.856

(adducts/108

nucleotides)

Perera (2005)

[20]

USA (No data) 2001–

2002

Prospective

cohort

Interview and

medical record

Umbilical cord

blood

181 Third

trimester

0.03

(-0.0137,0.0737)

0.23±0.10

(adducts/108

nucleotides)

Tang (2014)

[25]

China (Chinese) 2005 Prospective

cohort

Interview and

questionnaire

Umbilical cord

blood

158 Third

trimester

-0.015(-0.06,

0.03)

0.20±0.08

(adducts/108

nucleotides)

Tang (2006)

[26]

China (Chinese) 2002 Prospective

cohort

Interview and

questionnaire

Umbilical cord

blood

150 Third

trimester

-0.007(-0.049,

0.035)

0.33±0.14

(adducts/108

nucleotides)

Suzuki (2010)

[38]

Japan (Japanese) 2005–

2008

Prospective

cohort

Medical record (1-HP)

concentration in

maternal urine

114 9-40weeks -0.063(-0.2333,

0.01073)

0.124±0.584 (μg

/g Cr)

Niwa (2010)

[36]

Japan (Japanese) 2005–

2006

Prospective

cohort

Medical record (1-HP)

concentration in

maternal urine

43 25-

38weeks

0.032(-0.054,

0.118)

0.089±3.281 (μg

/g Cr)

Polanska

(2014) [37]

Poland

(Caucasian)

2007–

2011

Cohort Study Questionnaire (1-HP)

concentration in

maternal urine

104 20-

24weeks

-0.022(-0.0604,

0.0157)

0.430±0.300 (μg

/g Cr)

Al-Saleh (2013)

[19]

Saudi Arabia (No

data)

2005–

2006

Cross-sectional

study

Questionnaire

and clinical file

(1-HP)

concentration in

maternal urine

1497 Third

trimester

0.117(-0.1535,

0.3875)

0.216±0.856 (μg

/g Cr)

https://doi.org/10.1371/journal.pone.0236708.t001

Table 2. Pooled association between PAHs exposure and birth weight in different subgroups.

Groups P (estimate) OR (95%CI) P (heterogeneity) I2 (%) P (Egger’s) P (Begg’s)

Group A 0.1131 0.97 (0.93,1.01) <0.0001 87.17 0.0060� 0.3333

Group B 0.9805 1.00 (0.97,1.03) 0.0533 57.13 0.2911 0.4833

Group C 0.8874 1.00 (0.97,1.03) 0.5864 0.00 0.5920 0.7500

�mean that the result is statistically significant.

Group A: the association between airborne PAHs (per ln unit ng/m3 increase) and term birth weight; Group B: the association between PAH-DNA adducts in cord

blood (low/high) and term birth weight; Group C: the association between (1-HP) concentration in maternal urine (per ln unit μg/g Cr increase) and term birth weight.

https://doi.org/10.1371/journal.pone.0236708.t002
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heterogeneity. Although there was a high loss of follow-up rate and incomplete outcome data

rate in studies, no significant differences were found between the missing and including sub-

jects in each study in terms of sociodemographic characteristics or exposure levels. The risk of

bias ratings for all included studies showed there was a “PROBABLY LOW” risk of bias about

incomplete outcome data. (Fig 3)

PAH-DNA adducts in cord blood. Fig 2B showed the estimated effect of PAH-DNA

adducts in cord blood exposure on birth weight from five studies. Pooled estimates suggested

Fig 2. Forest plot showing the risks of PAHs expose and birth weight reduction during the pregnancy period. A: The association between airborne PAHs (per ln

unit ng/m3 increase) and term birth weight; B: The association between PAH-DNA adducts in cord blood (high vs low) and term birth weight; C: The association

between 1-HP concentration in maternal urine (per ln unit μg/g Cr increase) and term birth weight. a: In the cohort, the subjects gave birth between 4 March 2002 and

19 June 2002; b: In the cohort, the subjects gave birth from 2 March 2005 to 23 May 2005.

https://doi.org/10.1371/journal.pone.0236708.g002
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that, comparing with low PAH-DNA adducts, high PAH-DNA adducts exposure did not sig-

nificantly increase the risk of birth weight reduction (OR: 1.0, 95%Cl: 0.97–1.03). And the het-

erogeneity among studies assessing PAH-DNA adducts in umbilical cord blood was moderate

(I2 = 57.13%) (Fig 2B). A study was considered as “PROBABLY HIGH” risk of bias for incom-

plete outcome data, since it did not explain the reasons and further analysis of incomplete out-

come data. Two studies were considered as “PROBABLY HIGH” risk of bias since potential

confounding factors were not fully considered. (Fig 3)

Concentration of 1-HP in maternal urine. Fig 2C showed the estimated effect of 1-HP

concentration in maternal urine on birth weight. Five studies were incorporated into the

meta-analysis of the effect of per ln unit μg/g Cr (about 2.72 μg/g Cr) increase of 1-HP in

maternal urine on the risk of birth weight reduction. The results of the meta-analysis showed

that the association between 1-HP concentration in maternal urine and birth weight was not

significant (OR: 1.00, 95%Cl: 0.97–1.03). The heterogeneity of assessing 1-HP concentration in

maternal urine (I2 = 0.00%) studies was very low. Two studies gave only brief descriptions of

the participants, so they were considered as “PROBABLY HIGH” risk of bias. Potential con-

founding of two studies were considered as “PROBABLY HIGH” risk of bias for lack of impor-

tant covariates (ETS). (Fig 3)

Discussion

Pooled estimates

In this meta-analysis, we provided a summary of the current scientific evidence, and evaluated

the overall association between prenatal exposure to PAHs and birth weight. We found that

there were no associations between prenatal maternal exposures to airborne PAHs, PAH-DNA

adducts in cord blood (low/high) and 1-HP concentration in maternal urine and birth weight.

We identified 11 previous researches that link PAHs to birth weight. The regression coefficient

of birth weight ranged from -0.21 to 0.117 across the studies. As a whole, most studies were

Fig 3. Risk of bias ratings for included studies. a: The participants were from Poland, b: The participants were from New York; c, d: The participants were from

different populations.

https://doi.org/10.1371/journal.pone.0236708.g003
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rated as “Low” or “Probably Low” risk of bias in most domains, but one third of the studies

had a “Probably High” risk of bias in potential confounding.

The pooled OR for the effect of maternal exposure to airborne PAHs (per ln unit ng/m3

increase) during gestation on term birth weight revealed a non-significant positive role (OR:

0.97, 95%CI: 0.93–1.01). This pooled result was consistent with one included study conducted

in the NYC Dominican, but the other three included studies all had suggested significantly

effects of maternal exposure to airborne PAHs on birth weight [21–23]. It may be due to the

large sample size of the former, which leaded to a large weight, thus affecting the overall results.

Most of the studies were conducted in the USA and Poland, but the results were not consistent.

Choi et al. reported per ln unit ng/m3 increase of prenatal PAHs exposure was associated with

a 2-fold increase in risk of symmetric intrauterine growth restriction among full-term African

American newborns, but this effect was not observed in Dominicans [39]. Dejmek et al. also

proved that exposure to PAHs in early gestation may influence fetal growth [40]. Veleminsky

et al. suggested that higher PAHs exposure might induce genetic damage in newborns and

deregulate genes for immunity in umbilical cord blood, which can increase the risk of intra-

uterine growth retardation (IUGR) and LBW in newborns [41].

Our meta-analysis suggested that PAH-DNA adducts in cord blood was not significantly

associated with term birth weight, which is consistent with Maciel-Ruiz et al. [42]. PAHs, as

endocrine disruptors, have antiestrogenic effects, which can bind to the human aryl hydrocar-

bon receptor to induce P450 enzymes, then DNA damage resulting in activation of apoptotic

pathways, finally bind to receptors for placental growth factors resulting in decreased exchange

of oxygen and nutrients [25, 43]. Several studies observed PAH–DNA adducts, in conjunction

with ETS exposure, were significantly associated with reduced birth weight and head circum-

ference [20, 35]. However, after adjusting ETS, the result were not statistically significant.

In this study, we found no significant association between 1-HP concentration in maternal

urine and birth weight, which was consistent with the result of Radmacher et al. [44]. Although

Polanska’s study was heavily weighted in this group, excluding it did not significantly change

the pooled result. But another study conducted in China showed that the levels of four PAHs

metabolites in urine were significantly associated with lower neonatal birth weight [18]. As a

biomarker of PAHs exposure, 1-HP has gained a strong position [14]. So in this study, we only

estimated the effect of 1-HP on birth weight and found no significant effect. But birth weight

might be associated with another particular PAHs metabolite or with a combination of multi-

ple PAHs metabolites. Therefore, further reliable studies on the effects of other PAHs metabo-

lites on birth weight are still needed.

Interesting results in different races and in high exposure dose areas

No significant effects of PAHs on birth weight were found in our study, but those results

should be interpreted with caution. Because we found that results seemed to vary by ethnicity.

Specifically, we found that maternal airborne PAHs exposure and PAH-DNA adducts for the

Caucasian people (Poland) can cause significant effects on birth weight (Fig 2A & 2B) [22, 24],

while exposure to airborne PAHs was significantly associated with birth weight among Afri-

can-American mothers in New York, but not among Dominican in the same city (Fig 2A)

[21]. Those differences among different ethnicity might be caused by interactions between

maternal PAHs exposure and genetics on PAH–DNA adducts. The production of these

adducts might be determined by mother and newborn genes, which can affect the levels of

individual exposure, absorption, metabolic activation, and DNA repair [14, 45].

Subtle genetic differences among different races leads to different levels of DNA adducts

under ‘PAH low’ and ‘PAH high’ conditions, which may be related to the effect of gene
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mutation on DNA damage and repair. Iyer et al. [45, 46] had reported interactions between

maternal PAHs exposure and genes on PAH-DNA adducts in an NYC and Polish cohort of

non-smoking mothers and newborns. They suggested that there was a greater genetic contribu-

tion on the adduct level in both Caucasian individuals and African Americans compared with

Dominicans. A study conducted in Shanxi, China, also showed that infants in high PAHs expo-

sure and caring for the mutation genotype had significant birth weight reduction. They sug-

gested that newborn’s XPD polymorphism may play a modificative role in the association

between PAHs exposure and birth weight, which indicated that there may be gene-environment

interaction in this relationship [17]. At present, there are few studies on the gene-environment

interaction between genes and PAHs, therefore, no definite conclusion can be drawn.

In addition, the effect difference between Polish Caucasians and NYC African Americans

and Dominicans can be explained by the threshold effect to a certain extent. Polish Caucasians

had more than 10-fold higher PAHs exposure risk than NYC African Americans and Domini-

cans, which is consistent with the higher levels of air pollution in Poland [47]. And a study had

confirmed that a significant increase for cord blood PAH-DNA adducts with increasing prena-

tal exposure to airborne PAHs [48]. PAHs are known inducers of CYP enzymes, including

CYP1A2 and CYP1B1, which are related to PAHs metabolism, detoxification and repair. And

at higher exposure levels, there may be higher baseline levels of these enzymes for PAHs induc-

tion [46]. Only when the concentration of PAHs reaches a certain level, PAHs can induce

enough related enzymes and displayed the negative effect on birth weight. And most of the

studies were conducted in the USA and Poland, only few studies were conducted in countries

with large energy consumption and large population, such as China and India, as well as coun-

tries in Europe and the Middle East, so this negative pooled estimates might be influenced by

the limited study area. Overall, our meta-analysis suggested that the effects of PAHs exposure

on birth weight may vary by ethnicity and exposure dose, which help to identify high-risk

groups.

Limitations and strengths

Several limitations should be addressed. Our review covered limited studies in each group, so

the test efficiency of publication bias might be insufficient, and the power of the tests for funnel

plot asymmetry might be too low to distinguish chance from real asymmetry [34]. There was a

significant heterogeneity in the association between maternal airborne PAHs exposure during

the third trimester on term birth weight, which might be due to the effects of variables such as

ethnicity, exposure, economic status, or study region. What’s more, we only selected studies

written in English, so included participants were mainly from the America and Poland, with a

few from China and Japan. But our meta-analysis still had some strengths. This review

included a number of high-quality studies. And we seriously assessed the risk of bias of each

included study from nine aspects. In addition, we divided the included studies into three

groups according to different exposure measurement methods and analyzed the relationship

between PAHs and birth weight from those three different angles, which strengthens the credi-

bility of the results.

Suggestion

Further large cohort studies with sufficient data and reliable exposure data are still required to

get a better understanding of the associations between PAHs and birth weight. Meanwhile,

subsequent studies should consider more comprehensive confounding factors, including more

regional populations and more ethnic participants. Subgroup analysis by race is also necessary,

which may help to identify high-risk groups.
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Conclusions

This meta-analysis showed that there was no relationship between maternal PAHs exposure

and the risk of term birth weight. Additionally, we have identified potential sources of the het-

erogeneity, including ethnicity, regions, and exposure levels. We also observed that ethnicity

may change the effects of PAHs exposure on birth weight, but the studies were too small to

conduct a subgroup analysis. Therefore, future reliable large cohort studies are required for a

better understanding of the associations, which might help to identify high-risk groups.
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