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1. Introduction

It is well established that pregnancy complications and adverse birth outcomes are impor-
tant public health concerns in both developed and developing countries. Prenatal develop-
ment refers to the process in which an embryo and later fetus develop during gestation. Each
pregnancy can be divided into three trimesters of approximately 3 months each. A normal,
tull-term pregnancy lasts about 40 weeks. During the 40 weeks of pregnancy, the embryo and
fetus are heavily influenced by environment (Figure 1).

The human placenta is the highly specialized organ of pregnancy that is responsible normal
fetal growth and development [1]. It plays an important role in substance exchange between the
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Figure 1. The embryo and fetus are heavily influenced by environment during the 40 weeks of pregnancy.
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2 Pregnancy and Birth Outcomes
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Figure 2. Several risk factors may affect fetal growth and development during pregnancy.

mother and the fetus during pregnancy. Many chemicals can transfer across the placenta and
influence the development of the embryo and fetus [2]. The fetus is unable to detoxify substances
efficiently because of their weak capability to detoxify toxic chemicals. Additionally, there are
many different factors which can cause abnormalities of the placenta, such as environmental risk
factors [3], genetic risk factors [4], and epigenetic risk factors [5]. Several studies have demon-
strated that placental disorders are associated with pregnancy complications and adverse birth
outcomes, including gestational diabetes mellitus (GDM), preeclampsia, miscarriage, preterm
birth, stillbirth, macrosomia, and fetal growth restriction (FGR) [6-9]. The cause of pregnancy
complications and adverse birth outcomes remains largely unknown but accumulating evidence
have proved that environmental risk factors, genetic risk factors, and epigenetic risk factors may
play important roles in the etiology and susceptibility of these diseases (Figure 2).

The pathogenesis of adverse pregnancy and birth outcomes is multifactorial, involving com-
plex interactions between environmental influences, genetics, and epigenetic mechanisms.
This introductory chapter mainly discusses the evidence linking several kinds of risk factors
and adverse pregnancy and birth outcomes, such as environmental risk factors, genetic risk
factors, and epigenetic risk factors.

2. Environmental impacts on prenatal development

The environment can have an important influence on fetal development. Variety of chemicals
have been reported to be present in urine, blood, and amniotic fluid, which indicated that preg-
nant women around the world are highly exposed to chemicals [10-12]. Additionally, several
studies also have shown that a wide range of chemicals has been detected in cord blood and
fetal tissues, including bisphenol-A (BPA), phthalates, pesticides, and heavy metals [10, 13].

Environmental risk factors have a deleterious effect on prenatal development leading to prob-
lems including premature birth, stillbirth, and low birth weight [14-16]. While environmen-
tal hazards pose a definite threat to the developing fetus, they do not always cause adverse
effects. The harmful health effect of environmental risk factors is determined by the timing of



Introductory Chapter: Environmental, Genetic, and Epigenetic Risk Factors in Adverse Pregnancy...
http://dx.doi.org/10.5772/intechopen.76902

the exposure, the dose/duration of the exposure, genetic susceptibility, and gene-environment
interactions [17, 18]. The fetus is particularly vulnerable to environmental hazards that dis-
rupt developmental processes during relatively narrow developmental periods. For example,
a birth cohort study of 1390 women found that arsenic concentrations in the third trimester,
but not in the first and second trimesters, were negatively associated with birth weight and
birth length [19]. Therefore, the timing of exposure during pregnancy is an important factor
that may influence the outcome of exposure.

Multiple environmental risk factors, such as exposure to endocrine disrupting chemicals
(EDCs), smoking, air pollution, can have a range of impacts on the health of a growing fetus
[20, 21]. EDCs have the potential to interfere with endogenous hormone action. Several stud-
ies have suggested adverse endocrine disruptive effects of EDCs on the fetus, such as miscar-
riage, low birth weight, hypospadias, cryptorchidism, and other birth defects [20, 22]. For
example, BPA is an EDC that is ubiquitous in modern environments, which provides great
potential for exposure of the developing fetus. Links between BPA and endocrine disrup-
tion has been implicated in the etiology of several kinds of adverse reproductive outcomes
[23, 24]. There is a large body of evidence showing that maternal smoking during pregnancy
and secondhand smoking exposure can result in placental problems (previa and/or abrup-
tion), miscarriage, stillbirth, premature birth, and FGR [25, 26]. However, quitting smoking
(even during pregnancy) greatly reduces the risks of these problems [25].

Although a large number of studies have examined the association between environmen-
tal risk factors exposure during pregnancy and adverse pregnancy and birth outcomes, the
molecular mechanism of environment-induced adverse pregnancy and birth outcomes is still
not fully understood. Thus, further researches are needed to investigate the molecular mecha-
nisms underlying environment-induced adverse pregnancy and birth outcomes.

3. Genetic risk factors and pregnancy complications and adverse
birth outcomes

It has been estimated that single nucleotide polymorphisms constitute approximately 90%
of all genetic variations in the human populations. Over the past few decades, a number
of epidemiologic studies, using both the candidate gene and genome-wide approach, have
examined associations between genetic variants and the risk of pregnancy complications and
adverse birth outcomes, such as GDM, preeclampsia, preterm birth, small for gestational age,
and birth defects [18, 27-30]. Several genetic loci in genes have been identified to be associated
with risks of pregnancy complications and adverse birth outcomes [27-29].

Several studies have found that gene polymorphism plays important roles in the susceptibil-
ity of pregnancy complications and adverse birth outcomes. A study conducted in the SCOPE
pregnancy cohort found that the maternal and infant FTO (rs9939609) polymorphism AA
genotype was significantly associated with increased risk of small for gestational age preg-
nancy and spontaneous preterm birth [31]. In a meta-analysis, Zhang et al. identified that
nine polymorphisms in seven genes involved in the regulation of insulin secretion were sig-
nificantly associated with risk of GDM. Among the nine polymorphisms, the rs7903146 in
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TCF7L2 showed the strongest association with risk of GDM [27]. The MTHFR C677T poly-
morphism as a common genetic cause for hyperhomocysteinemia was associated with hyper-
tension in pregnancy, preterm birth, and low birth weight [32, 33]. Nurk et al. examined the
association between two polymorphisms of MTHFR gene (677C > T and 1298A > C) and preg-
nancy complications, adverse outcomes, and birth defects in 5883 women of the Hordaland
Homocysteine Study. They found that the maternal carriage of the MTHFR 677C > T poly-
morphism was associated with the risk of placental abruption. However, they did not find
significant associations between MTHFR polymorphisms and birth defects [34].

Though a large number of epidemiologic studies have examined the association between
gene polymorphisms and adverse pregnancy and birth outcomes, a large portion of the
results are inconsistent. Therefore, future studies with larger sample size, genomic-wide asso-
ciation studies (GWAS), and large-scale replications of identified associations are needed to
illustrate the most significant genetic variants that associated with risk of adverse pregnancy
and birth outcomes. Furthermore, as the genetic association of a polymorphism with adverse
pregnancy and birth outcomes does not equate to a casual role, functional analysis should be
performed to identify the causal variants.

4. Epigenetics and adverse pregnancy and birth outcomes

In addition to the sequence of the genome, the contribution of epigenetics to adverse preg-
nancy and birth outcomes is increasingly recognized. Epigenetics refers to heritable changes
in gene expression patterns which do not alter DNA sequence. Epigenetics is now recognized
as playing an important role in the etiology of human disease [7, 35, 36]. The main epigenetic
mechanisms responsible for adverse pregnancy and birth outcomes are represented by DNA
methylation, histone modifications, and noncoding RNA [37].

A growing body of evidence demonstrates that aberrant epigenetic modifications are asso-
ciated with adverse pregnancy and birth outcomes [9, 38]. Using 1030 placental samples,
Reichetzeder and colleagues reported that global placental DNA methylation was signifi-
cantly increased in women with GDM [9]. In the study by Co6té et al., maternal glycemia at
the second and third trimester of pregnancy is correlated with variations in DNA methylation
levels at PRDM16, BMP7, and PPARGCla and with cord blood leptin levels [38].

The epigenetic signature inherited from the gametes is erased and established after fertiliza-
tion [39]. The requirement of a high degree of spatial-temporal coordination of epigenetic
changes during this process provides opportunities for disruption by environmental chem-
icals [40]. Unlike inherited genetic variation that is static through the course of a lifetime,
epigenetic changes are sensitive indicators of the effects of acute and chronic environmental
exposure [41]. Epigenetic mechanisms have been shown to be influenced by environmental
factors. Abnormal epigenetic modifications represent an important mechanism for environ-
mental factors influencing the risk of adverse pregnancy and birth outcomes. Exposure to
EDCs during pregnancy has been shown to influence epigenetic programming of endocrine
signaling and other important physiological pathways, thus further disrupt normal fetal
development [42, 43]. The low-dose BPA administration to pregnant mice has been found to
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cause hypomethylation at NotI loci that is involved in brain development [44]. Recent animal
study has reported that prenatal exposure to di-n-butyl phthalate (DBP) can lead to marked
changes in the epigenetic regulation of gene expression [45].

Previous studies have demonstrated that prenatal exposure to some EDCs (such as vinclo-
zolin, methoxychlor, DBP, and DDT) may cause the transgenerational effect of adult disease
[45, 46]. In recent years, a growing body of research has spotlighted the role of epigenetic
mechanism in the transgenerational effect of prenatal exposure to EDCs [45-47]. Many of the
environmentally induced epigenetic changes can be transmitted to future generations and
associated with disease phenotypes in the unexposed individuals of subsequent generations.
It has been reported that prenatal exposure to DBP may have the transgenerational effect
of spermatogenic failure [45]. These adverse outcomes were accompanied by global DNA
hypomethylation and spermatogenesis modulator gene (FstI3) promoter hypomethylation,
suggesting that prenatal DBP exposure can be imprinted through epigenetic alterations.
Additionally, epigenetic markers may be useful as biomarkers for environmental exposure
and disease and as potential targets for preventive and therapeutic interventions [48, 49].

This chapter puts an updated overview of the risk factors of adverse pregnancy outcomes and
birth outcomes, transgenerational effect of prenatal environmental exposure on health in later
life, and epigenetic mechanisms of environmental risk factor-induced adverse pregnancy out-
comes and birth outcomes. By this way, these observations can be used to advise pregnant
women or women of reproductive age to avoid such exposures and adopt a positive lifestyle
to protect pregnancy and normal fetal development. Overall, avoidance of potential risk fac-
tors, identification of high susceptible women, and provision of personalized medical care are
important in the healthcare management of pregnant women.

Author details

Wei Wu
Address all correspondence to: wwu@njmu.edu.cn

Nanjing Medical University, Nanjing, China

References

[1] JohnR, Hemberger M. A placenta for life. Reproductive Biomedicine Online. 2012;25:5-11

[2] Giaginis C, Theocharis S, Tsantili-Kakoulidou A. Current toxicological aspects on drug
and chemical transport and metabolism across the human placental barrier. Expert
Opinion on Drug Metabolism & Toxicology. 2012;8:1263-1275

[3] Vrooman LA, Xin F, Bartolomei MS. Morphologic and molecular changes in the pla-
centa: What we can learn from environmental exposures. Fertility and Sterility. 2016;
106:930-940

5



6

Pregnancy and Birth Outcomes

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Gundacker C et al. Genetics of the human placenta: Implications for toxicokinetics.
Archives of Toxicology. 2016;90:2563-2581

Vaiman D. Genes, epigenetics and miRNA regulation in the placenta. Placenta. 2017;
52:127-133

Khot VV et al. Hypermethylated CpG sites in the MTR gene promoter in preterm pla-
centa. Epigenomics. 2017;9:985-996

Li] et al. The role, mechanism and potentially novel biomarker of microRNA-17-92 clus-
ter in macrosomia. Scientific Reports. 2015;5:17212

Tang Q et al. miR-141 contributes to fetal growth restriction by regulating PLAGI expres-
sion. PLoS One. 2013;8:e58737

Reichetzeder C et al. Increased global placental DNA methylation levels are associated
with gestational diabetes. Clinical Epigenetics. 2016;8:82

Maekawa R et al. Evidence of exposure to chemicals and heavy metals during pregnancy
in Japanese women. Reproductive Medicine and Biology. 2017;16:337-348

Tefre de Renzy-Martin K et al. Current exposure of 200 pregnant Danish women to
phthalates, parabens and phenols. Reproduction. 2014;147:443-453

Shekhar S et al. Detection of phenolic endocrine disrupting chemicals (EDCs) from mater-
nal blood plasma and amniotic fluid in Indian population. General and Comparative
Endocrinology. 2017;241:100-107

Gerona RR et al. Bisphenol-A (BPA), BPA glucuronide, and BPA sulfate in midgestation
umbilical cord serum in a Northern and Central California population. Environmental
Science & Technology. 2013;47:12477-12485

Cantonwine DE, Ferguson KK, Mukherjee B, McElrath TF, Meeker JD. Urinary bisphenol
Alevels during pregnancy and risk of preterm birth. Environmental Health Perspectives.
2015;123:895-901

Yang S et al. Ambient air pollution the risk of stillbirth: A prospective birth cohort study
in Wuhan, China. International Journal of Hygiene and Environmental Health. 2018. Pii:
51438-4639(17)30531-X

Smith RB et al. Impact of London's road traffic air and noise pollution on birth weight:
Retrospective population based cohort study. BM]J. 2017;359:j5299

Arroyo V, Diaz ], Carmona R, Ortiz C, Linares C. Impact of air pollution and tem-
perature on adverse birth outcomes: Madrid, 2001-2009. Environmental Pollution.
2016;218:1154-1161

Hong X et al. Genome-wide approach identifies a novel gene-maternal pre-pregnancy
BMI interaction on preterm birth. Nature Communications. 2017;8:15608



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Introductory Chapter: Environmental, Genetic, and Epigenetic Risk Factors in Adverse Pregnancy...
http://dx.doi.org/10.5772/intechopen.76902

Liu H et al. Maternal arsenic exposure and birth outcomes: A birth cohort study in
Wuhan, China. Environmental Pollution. 2018;236:817-823

Krieg SA, Shahine LK, Lathi RB. Environmental exposure to endocrine-disrupting
chemicals and miscarriage. Fertility and Sterility. 2016;106:941-947

Polanska K et al. Environmental tobacco smoke exposure during pregnancy and child
neurodevelopment. International Journal of Environmental Research and Public Health.
2017;14. pii: E796

Zhang Y et al. Phthalate levels and low birth weight: A nested case-control study of
Chinese newborns. The Journal of Pediatrics. 2009;155:500-504

Fernandez MF et al. Bisphenol A and other phenols in human placenta from children
with cryptorchidism or hypospadias. Reproductive Toxicology. 2016;59:89-95

Barrett ES et al. First-trimester urinary bisphenol A concentration in relation to ano-
genital distance, an androgen-sensitive measure of reproductive development, in infant
girls. Environmental Health Perspectives. 2017;125:077008

Phelan S. Smoking cessation in pregnancy. Obstetrics and Gynecology Clinics of North
America. 2014;41:255-266

Ananth CV, Savitz DA, Luther ER. Maternal cigarette smoking as a risk factor for placen-
tal abruption, placenta previa, and uterine bleeding in pregnancy. American Journal of
Epidemiology. 1996;144:881-889

Zhang C et al. Genetic variants and the risk of gestational diabetes mellitus: A systematic
review. Human Reproduction Update. 2013;19:376-390

Stalman SE et al. Genetic analyses in small-for-gestational-age newborns. The Journal of
Clinical Endocrinology and Metabolism. 2018;103:917-925

Yong HE]J, Murthi P, Brennecke SP, Moses EK. Genetic approaches in preeclampsia.
Methods in Molecular Biology. 2018;1710:53-72

Jin SC et al. Contribution of rare inherited and de novo variants in 2871 congenital heart
disease probands. Nature Genetics. 2017;49:1593-1601

Andraweera PH et al. The obesity associated FTO gene variant and the risk of adverse
pregnancy outcomes: Evidence from the SCOPE study. Obesity (Silver Spring). 2016;
24:2600-2607

Yang B et al. Associations of MTHFR gene polymorphisms with hypertension and hyper-
tension in pregnancy: A meta-analysis from 114 studies with 15411 cases and 21970 con-
trols. PLoS One. 2014;9:e87497

Wu H et al. Genetic polymorphism of MTHFR C677T with preterm birth and low
birth weight susceptibility: A meta-analysis. Archives of Gynecology and Obstetrics.
2017;295:1105-1118

Nurk E, Tell GS, Refsum H, Ueland PM, Vollset SE. Associations between mater-
nal methylenetetrahydrofolate reductase polymorphisms and adverse outcomes of

7



8

Pregnancy and Birth Outcomes

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

pregnancy: The Hordaland Homocysteine Study. The American Journal of Medicine.
2004;117:26-31

Weinhold B. Epigenetics: The science of change. Environmental Health Perspectives.
2006;114:A160-A167

Wu W et al. Genome-wide microRNA expression profiling in idiopathic non-obstructive
azoospermia: Significant up-regulation of miR-141, miR-429 and miR-7-1-3p. Human
Reproduction. 2013;28:1827-1836

Nelissen EC, van Montfoort AP, Dumoulin JC, Evers JL. Epigenetics and the placenta.
Human Reproduction Update. 2011;17:397-417

Coté S et al. PPARGC1alpha gene DNA methylation variations in human placenta medi-
ate the link between maternal hyperglycemia and leptin levels in newborns. Clinical
Epigenetics. 2016;8:72

Heard E, Martienssen RA. Transgenerational epigenetic inheritance: Myths and mecha-
nisms. Cell. 2014;157:95-109

Ho SM et al. Environmental factors, epigenetics, and developmental origin of reproduc-
tive disorders. Reproductive Toxicology. 2017;68:85-104

Bommarito PA, Martin E, Fry RC. Effects of prenatal exposure to endocrine disruptors
and toxic metals on the fetal epigenome. Epigenomics. 2017;9:333-350

Fudvoye ], Bourguignon JP, Parent AS. Endocrine-disrupting chemicals and human
growth and maturation: A focus on early critical windows of exposure. Vitamins and
Hormones. 2014,94:1-25

Vilahur N et al. Prenatal exposure to mixtures of xenoestrogens and repetitive element
DNA methylation changes in human placenta. Environment International. 2014;71:81-87

Yaoi T et al. Genome-wide analysis of epigenomic alterations in fetal mouse forebrain
after exposure to low doses of bisphenol A. Biochemical and Biophysical Research
Communications. 2008;376:563-567

Yuan B et al. From the cover: Metabolomics reveals a role of betaine in prenatal DBP
exposure-induced epigenetic transgenerational failure of spermatogenesis in rats. Toxi-
cological Sciences. 2017;158:356-366

Anway MD, Cupp AS, Uzumcu M, Skinner MK. Epigenetic transgenerational actions of
endocrine disruptors and male fertility. Science. 2005;308:1466-1469

Skinner MK et al. Alterations in sperm DNA methylation, non-coding RNA and histone
retention associate with DDT-induced epigenetic transgenerational inheritance of dis-
ease. Epigenetics & Chromatin. 2018;11:8

Laufer BI, Chater-Diehl EJ, Kapalanga J, Singh SM. Long-term alterations to DNA meth-
ylation as a biomarker of prenatal alcohol exposure: From mouse models to human chil-
dren with fetal alcohol spectrum disorders. Alcohol. 2017;60:67-75

Subramaniam D, Thombre R, Dhar A, Anant S. DNA methyltransferases: A novel target
for prevention and therapy. Frontiers in Oncology. 2014;4:80



