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Abstract We introduce and discuss a special issue on

prenatal factors in genetics research, that includes 14

papers ranging from studies on chorionicity, smoking

during pregnancy, and more general prenatal risks to

papers about theory, methods and measurement. There are

two review papers, one focused on chorioncity and the

second on pre- and perinatal ischemia-hypoxia, that help to

frame the state of research in these areas with a focus on

the relevance across multiple fields of study. Taken toge-

ther, these papers clearly demonstrate the importance of

considering prenatal environment influences on functioning

in offspring across the lifespan while also underscoring the

importance of using genetically informed designs as a

means to clarify causality.

Introduction

Over the past three decades, there has been growing

interest in the prenatal environment as a critical window of

fetal development as well as an important factor in later

child, adolescent, and adult outcomes. This has occurred

both in the popular news media (e.g., Paul 2010) and in the

research domain; although reviews on this issue can be

found as early as 1950 (Price 1950, 1978). Epidemiological

studies have explored the links between adverse prenatal

conditions and increased risk for diseases, health problems,

and psychological outcomes later in life. Such studies have

historically examined the Dutch Famine Birth Cohort,

which consists of men and women born as term singletons

in the western part of The Netherlands during or immedi-

ately following the Dutch Famine of 1944–1945 (de Rooij

et al. 2010; Stein et al. 1972). The use of this particular

cohort allowed the opportunity to examine the effects of

one particular adverse exposure—starvation during preg-

nancy, even as a function of trimester—which was asso-

ciated with outcomes such as schizophrenia, type 2

diabetes mellitus, cardiovascular disease, other metabolic

disorders, and decreased cognitive function later in life

(Argente et al. 2010; Barker and Clark 1997; de Rooij et al.

2010).

The theory of fetal programming, which was influenced

by observations from the Dutch Famine Birth Cohort and

initially proposed in the late 1980s, explains the influence

of the in utero environment on the molecular character of

development (Barker and Clark 1997; Hales and Barker

1992). David Barker coined the term fetal programming to

describe his findings from epidemiological studies that

linked health problems in middle-aged adults with low

birthweight. The ‘‘Barker’s hypothesis,’’ also known as the

‘‘fetal origins’’ or the ‘‘thrifty phenotype hypothesis,’’

suggested that maternal undernutrition during pregnancy

affected later outcomes via fetal programming that per-

manently shaped the body’s structure, function, and

metabolism and contributed to later disease (Veenendaal

et al. 2012; Wadhwa et al. 2009). Research aimed at better

understanding the underlying mechanisms of fetal
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programming is ongoing and includes areas devoted to

potential genetic/epigenetic mechanisms and adaptive

responses of the fetus to a broader range of environmental

cues, such as viruses, increased levels of stress during

pregnancy and maternal substance use during pregnancy.

To follow one specific example, maternal smoking during

pregnancy certainly contributes to an adverse intrauterine

environment. However, evidence that maternal cigarette

smoking during pregnancy is correlated with other poten-

tial contributors to adverse prenatal environmental condi-

tions can make causal attribution difficult (see Knopik

2009; D’Onofrio et al. 2013 for reviews). This is supported

by recent work from our own groups and others suggesting

that maternal smoking during pregnancy is correlated with

many risk factors, such as obstetric complications and

exposures (e.g., exposure to toxins like chemicals, pesti-

cides) experienced in utero (Marceau et al. 2013), lower

levels of maternal education (D’Onofrio et al. 2010),

spousal/significant other substance dependence (Knopik

et al. 2005, 2006), nicotine dependence (Agrawal et al.

2008), as well as maternal ADHD and other psy-

chopathology (D’Onofrio et al. 2010; Huizink and Mulder

2006; Knopik 2009; Knopik et al. 2009), all of which may

come with a host of additional influences on the

intrauterine environment that also predict later offspring

behavior.

We are therefore faced with the looming question of

causality. Do adverse intrauterine conditions cause unde-

sirable outcomes? Or is it the host of correlated factors,

such as the genetic predisposition of the mother, the

genetic predisposition of father through mechanisms of

assortment, and thus genetic predisposition of the child,

that leads to later behavioral and health outcomes? Further,

the results of research in the prenatal domain are only as

robust as the phenotypes (both prenatal environment and

outcomes) that are assessed. While prospective study

designs may be the gold standard, in situations where this is

impossible, to what extent can we rely on retrospective

reporting of prenatal variables? Are birth records or med-

ical records accurate? The use of carefully designed studies

using quality assessment of the prenatal environment in

addition to behavioral genetic and molecular genetic

designs can begin to resolve questions of causality (e.g.,

Katan 1986; Keavney 2004; D’Onofrio et al. 2016). Given

the growing interest in this area, we felt a special issue of

Behavior Genetics devoted to these topics was warranted.

Contents of the special issue

The breadth and depth of articles in this issue is notable. A

variety of genetically-informed approaches are utilized to

examine the importance of the prenatal environment

resulting in a set of studies that may be more representative

than any one study alone. These approaches include within-

family (twin, discordant twin, sibling and cousin compar-

isons), adoption, propensity score analysis, polygenic risk

scores, and the incorporation of additional observational

data regarding mothers’ behavior during pregnancy (i.e.,

partner report of maternal behavior) as well as additional

indices of perinatal risk (e.g., partner smoking in addition

to maternal smoking during pregnancy). These varied

approaches investigate multiple facets of the prenatal

environment, including chorionicity in twins, obstetric

complications, prenatal substance exposure, and maternal

stress during pregnancy, while also addressing issues of

how best to assess the prenatal environment in genetically-

informed approaches and beyond. Finally, and perhaps

more striking, is the application of these various modeling

approaches to test the importance of the prenatal environ-

ment on a variety of health and behavior outcomes that

capture the developmental spectrum from infancy to

adulthood. These include, but are not limited to gestational

age, birthweight, internalizing and externalizing behaviors

in toddlers and in preschoolers, cognitive ability in child-

hood/early adolescence, substance use initiation, and self-

perceived health in adults.

There are five general themes of the papers in this

special issue: chorionicity, theory and methods, measure-

ment, maternal smoking during pregnancy, and maternal/

perinatal factors. Each of these themes is addressed by at

least two papers, with a total of fourteen papers comprising

this special issue. We believe that taken as a whole this

work highlights the importance of both prenatal environ-

ment and genetic influences on understanding outcomes,

and most critically, for considering both prenatal and

genetic influences for a more complete and nuanced

understanding of human development.

We open with two papers on chorionicity; whereas

dizygotic twins always have two chorions, monozygotic

twins can have two chorions or share one chorion. This is a

topic that has received some recent attention from

researchers as a challenge to the validity of twin designs,

especially in regard to the equal environments assumption.

In the Marceau et al. (2016a) review, the published liter-

ature examining chorionicity was summarized to clarify

how often this has been considered in relation to heri-

tability estimates and, further, whether chorionicity effects

may systematically bias heritability estimates. The most

consistent finding was that heritability for birth weight and

early growth was underestimated when chorionicity was

not taken into account. A second paper examined three

different types of MZ twins: those who share one chorion

and one amnion, those who share one chorion but have

their own amnion, and those who share neither (van

Beijsterveldt et al. 2016). For over 60 developmental
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phenotypes, some differences in MZ twin similarity were

found as a function of these categories, but the overall

effects of these differences were small and do not bias

heritability estimates from twin studies.

Two papers on theory and methods take advantage of

genetically informative designs in novel ways. Specifically,

D’Onofrio et al. (2016) describes a strategy of using

measured covariates within the sibling-comparison and

other related designs to better specify the sources of

covariation between perinatal exposures and later out-

comes. The use of such strategies is critical for clarifying

possible biological mechanisms, especially when multiple

genetically informed approaches are combined with careful

measurement. Loehlin (2016) provides an insightful con-

cept paper that highlights the ability of adoption studies to

estimate the effects of the prenatal and the postnatal

environment when information from adoptive parents, birth

mother, and birth father is available. The example corre-

lations for IQ in the adopted child with adoptive mother,

birth mother, and birth father clearly indicate that genetic

and prenatal environmental influences have the largest

effect on offspring IQ scores, although the postnatal envi-

ronment also has a modest effect. Both of these papers

remind us of the importance of collecting data from mul-

tiple family members and of the need to use a variety of

strategies and designs to best understand how genes, pre-

natal environment, and postnatal environments may influ-

ence outcomes.

The papers by Knopik et al. (2016) and Neiderhiser et al.

(2016) both address the value of self-report data for

assessment of the prenatal environment. In both projects

self-report data were collected retrospectively, but other

strategies were also used to enhance both the accuracy of

the self-report data and the detail of the information col-

lected. Generally, Neiderhiser et al. found relatively high

agreement between self-report and medical records’ data

with greater sensitivity for severity of commonly used

substances in the self-report data. This study also reported

that the combined effects of genetic, perinatal, and post-

natal risks interact to influence internalizing and external-

izing symptoms during early childhood. Knopik et al.

(2016) focused on identifying the optimal method for

assessing smoking during pregnancy (SDP) by comparing

rates of agreement across maternal reports, paternal reports

of maternal smoking behavior and birth records. These

findings support the use of self-report data from mothers

and fathers and found a causal association between SDP

and birth weight, after controlling for genetic and familial

confounds using a sibling comparison approach. Taken

together, these two reports both highlight the importance of

collecting data on the prenatal (and postnatal) environ-

ments and support the utility of using retrospective reports

from mothers and fathers, increasing the feasibility of

including data on the prenatal environment in large

research studies.

The role of SDP on later offspring behavior was the

focus of five papers in this special issue. This reflects, in

part, the relatively high prevalence of SDP (about 15 % in

the United States), the straightforward assessment of SDP,

and the fact that SDP has been found to relate to a variety

of behavioral and health outcomes in children and in

adults. The first of these papers (Marceau et al. 2016b)

proposes a strategy for distinguishing between passive

gene-environment correlation (rGE) and a cascading effect

due to shared genes for smoking behavior and exposure

that then result in environmental influences of SDP on

child behavioral outcomes. This paper is the first one to

combine a polygenic risk score approach with research into

prenatal environmental exposures. While first results were

nonsignificant by traditional standards, this conceptual

framework provides a research strategy for considering

these two possible pathways for the impact of SDP on

offspring outcomes. In the second paper focused on SDP,

data from the large Netherlands Twin Register were ana-

lyzed to examine SDP and internalizing and externalizing

behaviors during early childhood. Dolan et al. (2016)

incorporated paternal smoking into the model and also

considered the possible beneficial effect of quitting smok-

ing before pregnancy in mothers who were established

smokers. Findings suggest that maternal SDP showed a

greater effect than paternal smoking and that quitting

smoking before pregnancy was linked with lower levels of

externalizing behaviors in 3-year-old children, indicating a

causal effect of SDP on externalizing problems during

childhood. No such effect was observed for internalizing

problems.

Estabrook et al. (2016) focused on examining how

maternal SDP is linked with externalizing symptoms in

preschool-aged children using a within-family design that

assesses variation in smoking across multiple children in

the same family. This report found unique effects of

maternal SDP on disruptive externalizing behaviors after

genetic and familial factors were accounted for. This report

also found that measuring the variation in prenatal smoking

patterns within and across pregnancies and families is

critical for detecting direct effects of SDP on child out-

comes. The two final SDP papers used a propensity scoring

approach in the Missouri Adolescent Female Twin Study.

Palmer et al. (2016) examined how the effects of maternal

SDP on offspring externalizing behavior may differ if the

mother smoked only during her first trimester as compared

to smoking throughout her pregnancy. The findings indi-

cated that there was a direct effect of maternal SDP on

offspring externalizing behavior, but that this direct asso-

ciation varied in a way consistent with a dose–response

effect and was confounded, in part, with familial factors.

Behav Genet (2016) 46:281–285 283

123



Finally, Bidwell et al. (2016) examined initial reactions to

alcohol and cigarettes as a function of maternal SDP.

Maternal SDP throughout the pregnancy was a unique risk

factor for specific alcohol initiation reactions in the middle

range of the risk distribution, but not in the lowest and

highest risk quartiles. Taken together these five papers

support a causal effect of SDP, with effect sizes depending

on the phenotype studied. In all instances, the direct effects

of maternal SDP were attenuated when familial confounds

were included. Thus, they illustrate the importance of

examining the effects of maternal SDP within the context

of genetically informed designs. Studies that do not take

familial confounds into account will likely overestimate the

effects of maternal SDP.

The final three papers of this special issue address

distinct perinatal factors that have been shown to be

related to adverse outcomes in offspring throughout the

lifespan. First, Sujan et al. (2016) examined maternal age

at childbearing as a risk factor for shorter gestational age

and lower fetal growth using two genetically informed

designs (cousin and sibling comparisons) and data from

two cohorts. This report found that only a shorter gesta-

tional age was associated with increased maternal age

after controlling for shared familial factors. Mosing et al.

(2016) used a co-twin control study to examine the long-

lasting effects of low birth weight on self-perceived

health in early and later adulthood. This study is con-

sistent with a growing literature linking early risk factors

from prenatal to early childhood on adult and aging

outcomes. Although lower birth weight was associated

with poorer self-perceived health, the effect size was

small and the co-twin control analyses suggested that

shared familial factors may account for this association.

Finally, Smith et al. (2016) provided a comprehensive

review of the literature examining insufficient blood and

oxygen supply—prenatal ischemia-hypoxia—in utero as

a mechanism for producing neurodevelopmental risk for

ADHD. Prenatal ischemia-hypoxia may initiate a com-

mon early etiological pathway to ADHD which, if iden-

tified early, may provide a strong early target for

intervention. Smith et al. go on to propose a number of

strategies to better identify when prenatal ischemia-hy-

poxia may have occurred during pregnancy and birth as

well as a multi-omic approach that would allow the

interplay among prenatal environmental risk, genomic,

epigenomic, and transcriptomic factors to be clarified in

the development of ADHD. An important suggestion

contained in this future framework is that researchers

interest in the prenatal environment as a critical window

of fetal development should invest in collecting birth

tissues as an important source of reconstructing the

molecular biological events during pregnancy.

Summary

The overarching conclusions arising from this special issue

are two-fold. First, an adverse prenatal environment can

have detrimental effects on later behavioral and health

outcomes. Second, the size of the effect of the prenatal

environment is, in many cases, reduced when familial fac-

tors are taken into account. Correct effect-size estimation is

vital for studies on the (cost)effectiveness of behavioral or

other interventions during this first and critical phase of life.

Thus, the importance of using genetically informed designs

when examining the existence and extent of causal peri-

natal effects cannot be underestimated (e.g., De Moor et al.

2008; D’Onofrio et al. 2016; Eaves et al. 2014). One of the

strengths of behavioral genetic designs is the ability to

replicate using a variety of specific designs and related

measures (Plomin et al. 2016). The studies described in this

special issue encourage others to continue examining the

role of the prenatal environment, to incorporate careful

measurement (both of the prenatal environment but also of

the offspring outcomes of interest) and to use theory-driven

approaches in this effort. We would also encourage future

studies to include careful measurement of the postnatal

environment as one strategy for identifying specific factors

that comprise ‘‘familial confounds’’ often indicated in this

body of work.
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