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�Introduction

Humans are psychological beings who also are 
biological beings. Much of what we experience 
in our own development into adulthood and as 
parents, as well as the processes that influence 
the development of our children, operates through 
evolved biochemical processes involving mole-
cules, cells and cell systems, and organs and 
organ systems. These biological complexes have 
evolved to provide sustainable structures in the 
body that would support a vast array of pheno-
types (i.e., observable characteristics)—but this 
arrangement need not be equated with determin-
ism. On the contrary, these biological complexes 
have evolved to be responsive to information 
coming in from the external environment. 
Parenting, and its influences on children’s devel-
opment, is no exception. Sexual reproduction, 
complex social structures of kinship (that often 
transcend genetic relatedness), and sustained 
periods of child-rearing ensure opportunities for 
stability and change that support adaptive plastic-
ity in biological, psychological, behavioral, and 
ecological systems. This plasticity is necessary 

for increasing the odds of survival of individuals 
and of the species.

In this chapter on parenting, we examine the 
intersection of children’s development and bio-
logical factors. Biology is a vast concept. We 
have included information in this chapter on a 
specific set of factors that have been examined in 
child and adolescent development research. 
These factors span levels of structures and their 
functions with respect to psychological and 
behavioral outcomes: genetics, groups of neu-
rons and neural systems, and hormones. Much of 
the literature has focused on monoamine neu-
rotransmitters (e.g., dopamine, serotonin, 
norepinephrine), and the hypothalamus–pitu-
itary–adrenal or HPA axis in the body. These are 
major domains of biological research in parent-
ing, in part because of their central roles in 
healthy and maladaptive development and func-
tioning. These domains also lend themselves to 
empirical inquiry in human and animal model 
studies, making it feasible to examine biological 
structures and functions in laboratory and field 
settings.

Child development is another broad and 
encompassing concept. For our purposes, while 
considering the three biological domains just 
defined above (genetics, neural systems, hor-
mones), we address a variety of aspects of devel-
opment spanning social-emotional (including 
aspects of emerging psychopathology), and 
cognitive (including processing of information). 
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At the intersection of these three biological and 
two broad developmental domains, we have 
organized the chapter around two major founda-
tions in parenting research and children’s devel-
opment: attachment security, and harsh adverse 
child-rearing experiences. Because so much of 
the biologically informed research on parenting 
is on adults and parents themselves, we conclude 
the chapter on that topic, to set the stage for con-
sidering the role of bio-environmental processes 
in the intergenerational transmission of parenting 
behaviors. Rather than attempting to comprehen-
sively review the vast literature in all these areas 
of biopsychological research, we instead provide 
an overview of the major methods and levels of 
analysis being used, and cite studies that exem-
plify the use of each of these approaches. At 
times, we also make reference to the most recent 
edited handbooks that are relevant for each 
domain, for any readers who are interested in 
delving more deeply into specific topics or 
methods.

�Background on Biological Measures

The most comprehensive theory that has guided 
research on biological factors in parenting is the 
bioecological model (Bronfenbrenner & Ceci, 
1994). This model was a revision of 
Bronfenbrenner’s earlier theory, in which the 
authors elaborated many premises about how 
biological factors develop and interact with non-
biological factors at many levels of a constantly 
developing system within and outside of the child 
(e.g., family, school/peer, neighborhood, cul-
ture). Development of the bioecological interface 
operates via proximal processes in the interaction 
between neurobiology and environment within 
each person, operating in a multilevel context of 
ecological niches that change over time. Two 
other theories also have played a major role in the 
integration of biological measures: attachment 
theory, and a group of parenting stress theories. 
These will be elaborated on later.

There are a wide variety of measurement 
approaches for examining the role of biological 
factors in child development, and these 
approaches are no different in that subset of the 

literature that focuses more specifically on par-
enting and home environments. There are far too 
many potential biological markers to consider in 
just one chapter. In what follows, we highlight 
the main domains of biological factors used in 
parenting and child development research: genet-
ics, neural structure and activity, and hormones.

�Genetics

At their smallest and most molecular, biological 
influences in parenting and children’s develop-
ment involve structural and functional variations 
in genes in the DNA molecule, as well as RNA 
molecules that transmit information from DNA 
into proteins. But long before our sciences had 
the capacity to measure and study DNA and RNA 
variation directly, researchers applied quasi-
experimental epidemiological approaches to 
make inferences about the relative contributions 
of genetic and nongenetic (i.e., environmental) 
influences on observed phenotypes. These behav-
ioral genetics methods, still in use today, utilize 
comparisons of genetically identical and non-
identical or fraternal twin pairs, genetically 
related and unrelated (i.e., adoptive and step) sib-
lings, and genetically related and unrelated par-
ent–offspring pairs. Genetic similarity of each 
pair is then used to account for variance in the 
phenotype similarity of each pair. This yields 
variance estimates representing genetic influ-
ences (i.e., heritability), and nongenetic influ-
ences that contribute either to the pairs’ similarity 
or not (i.e., shared and nonshared environment; 
for an overview see Knopik, Neiderhiser, 
DeFries, & Plomin, 2016).

Increasingly, scientists directly measure struc-
tural variations in DNA and RNA molecules, 
especially with automation, making the process 
fast, highly reliable, and relatively inexpensive 
compared to older technology (Demkow & 
Ploski, 2016). In family and developmental sci-
ences, much of the work to date has focused on 
so-called candidate gene methods, whereby 
structural variations in genes thought to play a 
causal role in phenotypes of interest are measured 
and compared to estimate their statistical effects. 
Most common are studies of whole classes of 
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genes involved in the production and regulation 
of monoamine neurotransmitters, such as dopa-
mine, serotonin, and norepinephrine. This genetic 
information can also be used to test for potential 
interaction effects with measured environmental 
factors—including family and parenting vari-
ables (Deater-Deckard, Chen, & El Mallah, 
2016). In addition, scientists increasingly are 
studying epigenetic alterations to DNA—bio-
chemical modifications (e.g., methylation, acety-
lation, histone modification) that alter gene 
expression in response to input from outside the 
nuclei in the cells (Zhang & Meaney, 2010). In 
this chapter, we present an illustrative handful of 
examples of behavioral and molecular genetic 
studies that illustrate some of the important prin-
ciples of how scientists make inferences about 
gene–environment transactions in parenting and 
children’s development. Those who wish to 
explore these genetics literatures more thor-
oughly can explore the work presented in hand-
books by Hood and colleagues (2010), and 
Horwitz and Neiderhiser (2015).

�Neural Structures and Functions

Individual nervous system cells, neurons, operate 
in groups as part of cell networks that connect 
specialized brain regions (e.g., prefrontal cortex, 
intraparietal sulcus) and structures (e.g., amyg-
dala, hippocampus), as well as connections to 
neurons throughout the body via the spinal col-
umn. In parenting and family science, by far the 
most widely studied domain of the nervous sys-
tem is the autonomic nervous system (ANS). The 
ANS is comprised of sympathetic and parasym-
pathetic branches that interact to produce contin-
uous responses to changes in the environment, 
and regulation of the body to maintain homeosta-
sis (Sapolsky, Romero, & Munck, 2000). There 
are a wide variety of techniques used to measure, 
directly or indirectly, the neural activity of spe-
cific groups of neurons and their functional role 
in an observed phenotype.

By far the most common (and oldest) such 
approaches in parenting and family science are 
psychophysiological methods that record indi-
vidual differences in changes in neural and car-

diovascular functions. Electroencephalography 
(EEG) is a method of testing electrical activity in 
the brain, and electrocardiography (ECG) is a 
method of measuring the heart’s electrical activ-
ity, using sensory electrodes placed on specific 
locations on the body. Both methods have been 
used in parenting and child development research 
to examine individual differences and ontogeny 
(for an overview of psychophysiological methods 
in developmental and family science, see Schmidt 
& Segalowitz, 2008).

Most recently, scientists have begun applying 
neuroimaging using structural and functional 
magnetic resonance imaging (sMRI and fMRI, 
respectively) methods, to explore and test hypoth-
eses about biosocial processes in parenting and 
children’s development. sMRI captures variations 
in the absolute and relative (to others) brain vol-
umes in specific locations as well as the whole 
brain, and proportions of white matter (i.e., 
myelinated axons connecting brain cells) and 
gray matter (i.e., neuronal cell bodies, axons, glial 
cells, synapses between neurons, and blood ves-
sels). fMRI assesses changes in blood flow in the 
brain that are thought to correspond with shifts in 
neural activation during and after the presentation 
of stimuli (Johnstone, Kim, & Whalen, 2009). 
Although the field is rapidly adopting MRI tech-
niques to study aspects of parenting and children’s 
development and the parent’s brain (e.g., Abraham 
et al., 2014; Kim et al., 2010), MRI studies of par-
enting and the child’s brain are rare because it is 
difficult, if not impossible, to gather functional 
brain activity information with young children in 
a wakeful state (Johnson, Page, Williams, 
Wassemer, & Whitehouse, 2002). However, there 
have been several highly cited studies of anatomi-
cal differences in the brains of children exposed to 
different child-rearing environments, and we 
review those in this chapter.

�Hormones

A third major domain of biological factors and 
their role in parenting and children’s develop-
ment focuses on hormones—molecules produced 
by glands throughout the body, that convey infor-
mation to nearby and distant organs and bodily 
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systems to maintain or alter current functions. Of 
particular interest to developmental and family 
scientists are molecules involved in the stress 
response—cortisol and alpha amylase, in particu-
lar. The stress response is intimately tied to the 
functioning of the HPA axis, which is the funda-
mental neuroendocrine vector that prepares for 
and executes responses to potential and actual 
threats, then enables regulation so that the indi-
vidual can return to a calmer, non-stressed state 
(i.e., homeostasis; Sapolsky et al., 2000).

Cortisol plays a key role in short-term stress 
responses, but this cortisol reactivity can signal 
dysfunction in the stress and self-regulation 
endocrine and physiological system if it is chron-
ically hyperactive or hypoactive. Furthermore, 
HPA development is influenced by caregiving 
from early in life, such that warm and sensitive 
parenting (including secure attachment) predicts 
subsequent healthy HPA functioning (Francis & 
Meaney, 1999). In contrast, prenatal distress and 
postnatal maltreatment may have long-lasting 
deleterious effects on HPA functioning as indi-
cated by cortisol reactivity (Hostinar & Gunnar, 
2013; Matthews, 2002). In this chapter, we pres-
ent illustrative correlational and experimental 
studies that show the critical role that cortisol and 
other hormones (e.g., oxytocin) play in parenting 
and children’s developmental outcomes.

We now turn to several key substantive areas 
of parenting research and biological factors, chief 
among them the literatures on attachment secu-
rity, and harsh parenting and adverse environ-
ments. We also consider the smaller literature on 
fathering, to bring special attention to that grow-
ing literature—given that nearly all relevant 
research to date has focused on mothers. We 
complete the review by examining biological fac-
tors on parenting itself, and how this can inform 
us about the likely effects on child and adolescent 
development and the intergenerational transmis-
sion of parenting.

�Attachment

One of the foundational concepts in parenting 
science and developmental psychology is that of 
attachment security and its importance in healthy 

development (van Bakel & Hall, 2018). The 
study of this key aspect of human development is 
rooted in attachment theory, which posits a criti-
cal causal role of the child’s developing social 
cognitive model of human relationships that 
influence feelings of safety and being loved, that 
have extensive strong links with variability in a 
wide range of social-emotional, cognitive, and 
physical outcomes (for an overview, see Cassidy 
& Shaver, 2016). According to this theory and 
empirical evidence, attachment security is 
derived from the earliest experiences in infancy 
based on sensitive, responsive caregiving—or, 
insecure attachment can arise from insensitive, 
nonresponsive, or harsh caregiving. There has 
been a long-standing interest in the potential role 
of biological factors in the attachment relation-
ship, and how deficiencies in those biological 
factors might interfere in healthy development by 
altering the trajectory of attachment security 
from early in childhood. Some of the founda-
tional work in this area sought to tease apart the 
roles of genetic and environmental factors using 
twin and adoption quasi-experiments (e.g., 
Fearon, Shmueli-Goetz, Viding, Fonagy, & 
Plomin, 2014; O’Connor & Croft, 2001; Roisman 
& Fraley, 2008).

More recently, parenting and developmental 
scientists interested in biological factors have 
focused on more direct indicators of potential 
genetic influences on attachment using molecular 
genetic methods. From this literature, several 
studies have shown that maternal responsive par-
enting—along with a secure attachment relation-
ship with the child—mitigates a genetic risk for 
insecure attachment and behavioral/emotional 
problems thought to be associated with dysfunc-
tional serotonin regulation (i.e., serotonin 
transporter gene 5-HTT; Barry, Kochanska, & 
Philibert, 2008; Gilissen, Bakermans-
Kranenburg, van IJzendoorn, & Linting, 2008). 
In a more recent study, researchers found evi-
dence to suggest that a genetic risk factor for an 
overreactive stress response in the child (i.e., a 
single nucleotide polymorphism [SNP] in a glu-
cocorticoid receptor gene FKBP5) is enhanced 
within dyads in which the child has an insecure 
attachment relationship with the mother (Luijk 
et al., 2010). What is apparent from this nascent 
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field of research in attachment security and 
genetic factors in children is that there are likely 
to be interactions between insecure versus secure 
attachment and specific genetic risks for dis-
rupted stress reactivity and self-regulation, in the 
prediction of trajectories of healthy versus mal-
adaptive social-emotional and behavioral 
outcomes.

Turning to attachment research examining 
psychophysiological and neural activity factors, a 
number of studies have examined these biologi-
cal parameters during the strange situation, a 
separation and reunion manipulation in the labo-
ratory that challenges the young child’s attach-
ment system to reveal likely attachment security 
or insecurity. These neurophysiological studies 
have shown that insecurely attached infants are 
more likely to have higher heart rates prior to and 
during the strange situation; they also may show 
reduced left frontal lobe brain activation, a pat-
tern implicated in growth in behavioral with-
drawal and avoidance strategies that predict 
subsequent internalizing problems (Dawson 
et  al., 2001). More broadly, children with an 
avoidant attachment style tend to show physio-
logical hypo-arousal prior to a stressor, such as 
entering an unfamiliar playroom with adult and 
peer strangers (i.e., lower resting heart rate, 
higher resting baseline respiratory sinus arrhyth-
mia (RSA; Burgess, Marshall, Rubin, & Fox, 
2003)). However, these same children may show 
hyper-arousal during and following such social 
stressors, such as those experienced in the sepa-
ration phase of the strange situation (i.e., greater 
vagal withdrawal and higher salivary alpha-
amylase levels [an indicator of HPA axis activ-
ity]; Hill-Soderlund et al., 2008). Similar types of 
disturbances in cardiophysiology have been 
observed among foster children who experienced 
early life adversity, such as physical neglect or 
sexual abuse. Foster children with disorganized 
attachment internal working models may have a 
hyperactive sympathetic nervous system, as seen 
during the strange situation (Oosterman, De 
Schipper, Fisher, Dozier, & Schuengel, 2010). 
Perhaps not surprisingly, these biological risks 
associated with avoidant attachment in early 
childhood may combine with broader aspects of 
temperament, to predict maladaptive outcomes 

later. Illustrative of this, Burgess et  al. (2003) 
found that avoidant attachment in infancy, when 
coupled with uninhibited temperament, predicted 
externalizing behavior problems at 4  years of 
age.

Psychophysiological and hormonal indicators 
of HPA axis activity and neural functioning more 
broadly have also been applied to studies of 
attachment at older ages. In one such study, 
secure attachment at 4-years of age was linked 
with better social skills at 8-years of age among 
children with more mature cortical develop-
ment—itself indicated by higher EEG alpha 
power (Almas et  al., 2012). In a more recent 
study of adolescents, investigators found that 
those with a dismissing attachment style showed 
greater amplitudes of negative left frontal slow-
waves after experiencing rejection from peers in 
a virtual ball toss game; characteristically, these 
same individuals also underreported feeling dis-
tressed following their peer rejection (White 
et al., 2012).

An event-related potential (ERP) is a specific 
indicator from the EEG capturing a measured 
brain response that is the result of a specific sen-
sory, cognitive, or motor event. ERP studies in 
combination with EEG readings are often used to 
study underlying emotional or cognitive pro-
cesses in children. It allows for precise temporal 
measurement of early cognitive processing; for 
example, a certain wave component of ERP may 
reflect attentional resource allocation. Insecure 
attachment in adolescence has been linked with 
ERP indicators. For example, in one study, ado-
lescents who were characterized as having an 
insecure attachment with their parents had longer 
reaction times when processing negative emotion 
faces and words; these behavioral biases were 
accompanied by neural signals—larger P1 and 
smaller N170 amplitudes—that indicate greater 
vigilance and a negativity bias when viewing 
faces (Escobar et al., 2013).

More broadly, insecure attachment in child-
hood is associated with greater cortisol reactivity 
in response to a stressor (Ahnert, Gunnar, Lamb, 
& Barthel, 2004; Bernard & Dozier, 2010; 
Schieche & Spangler, 2005). This effect and its 
link with behavior are even more pronounced 
when insecure attachment is coupled with high 
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levels of behavioral inhibition (Schieche & 
Spangler, 2005). When taken together, the bio-
logically informed studies in this growing litera-
ture on attachment and neurophysiological 
reactivity and regulation all point to the critical 
role that attachment security plays in the 
development of typical, healthy cerebral, cardio-
vascular and neuroendocrine responses to 
stressors—and the effective self-regulation of 
those stress responses.

�Adverse Environments and Stress

In addition to the foundational work on attach-
ment relationships and security in children’s 
development, biological factors have been exam-
ined in an even broader sense with respect to a 
wide range of adverse parenting and home envi-
ronments and experiences in childhood that are 
well established risk factors in child and adoles-
cent development. Chief among the multitude of 
potential adverse experiences are exposure to 
chronic parenting stress; this emerges as child 
maltreatment (i.e., abuse and neglect) and, far 
more commonly, harsh reactive parenting. 
According to a group of distinct yet complemen-
tary parenting stress theories (e.g., Abidin’s the-
ory, Crnic’s theory; for an overview, see 
Deater-Deckard & Panneton, 2017), these early 
child-rearing experiences—particularly if they 
occur at sensitive periods in development or are 
chronic and severe—usually have lasting effects 
not only on children and adolescents but on par-
ents and parenting behavior. According to these 
theories, parenting stress emerges in contexts in 
which the parent’s resources for managing the 
roles and demands of caregiving are exceeded by 
those demands—an imbalance that produces a 
sustained stress response within the parent that 
spills over into relationship dynamics and house-
hold environments that have a big impact on the 
developing child (See Box 1). As with the attach-
ment literature reviewed above, researchers 
studying parenting stress and adverse child-
rearing experiences have incorporated a variety 
of biological factors into their theories and meth-
ods, to examine the interface of these more 

Box 1 The Importance of Parental Leave 
Policies

A wealth of research, some of which is 
highlighted in this chapter, demonstrates 
the essential nature of developing healthy 
and nurturing relationships with caregivers 
early in life. Secure attachment to a care-
giver has been shown to contribute to social 
and academic competencies (Drake, 
Belsky, & Fearon, 2014) and decreased risk 
for behavioral problems (Kochanska & 
Kim, 2013). Of particular relevance, posi-
tive caregiver relationships can serve as a 
protective factor even in the context of 
early adversity (Fisher et  al., 2006; Luby 
et al., 2013). Positive behavioral and aca-
demic associations like these are not only 
limited to parental caregiving bonds, but 
also are found in high-quality childcare 
environments (NICHD Early Child Care 
Research Network, 2002).

The USA is one of the only countries in 
the world where employers are not required 
to provide paid time off for parents follow-
ing the birth or adoption of a child (OECD, 
2017). Current parental and family leave 
policies are insufficient, and parents of 
infants and young children often struggle 
with access to high quality childcare 
options. Given the importance of early 
healthy relationships for later success, 
nations should continually review and 
improve equity in access to, and extent and 
quality of, their parental leave and child-
care policies and programs (Nomaguchi & 
Milkie, 2017). Examples of new or long-
standing policies can be found in many 
countries; these policies are particularly 
prominent in the Nordic and Baltic nations 
(e.g., Sweden, Denmark, Estonia). Policy 
analysis has shown that national differ-
ences in these policies help explain some of 
the nation-level variation in caregiving and 
family division of labor, work-family role 
conflict and stress, and children’s develop-
mental outcomes (e.g., Altintas & Sullivan, 

(continued)
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extreme environments and underlying biological 
risk and resilience indicators that enhance or 
dampen the effects of those experiences.

Considering first the genetics research litera-
ture, studies have examined early adversity, mal-
treatment, and harsh parenting exposure—and 
how these experiences may interact with genetic 
factors in predicting subsequent trajectories of 
adaptive versus maladaptive functioning. 
Numerous behavioral genetic studies of parent-
ing and children’s development have been con-
ducted. These rely on designs assessing twins 
and adoptive siblings or parent–child dyads, to 
examine the interface of genetic and nongenetic 
influences on parenting and child outcomes alike 
(for an overview, see Horwitz & Neiderhiser, 
2015). Perhaps the most important finding to 
emerge from this broader behavioral genetic lit-
erature is that children who are genetically at risk 
for more challenging behavioral and emotional 
problems, are more likely to experience harsher 
parenting—a so-called evocative gene–environ-
ment correlation or child effect on the parenting 
environment (for a meta-analysis, see Avinun & 
Knafo, 2014).

Turning to molecular genetic research that has 
examined actual variations in DNA structure, 
most of the relevant studies have focused on 
dopamine and serotonin neurotransmitter genes 
and their role in parent–child antagonistic rela-
tionship processes. The first such study of humans 
found that a functional polymorphism in the gene 
that expresses monoamine oxidase A or MAOA (a 
neurotransmitter-metabolizing enzyme) inter-
acted with boys’ childhood maltreatment history 

to predict different antisocial behavioral out-
comes years later, depending on the version of 
the gene (Caspi et al., 2002). Since then, the field 
has witnessed an explosion of studies—an excit-
ing direction in research, though notably, few if 
any of the gene–environment interaction effects 
have been replicated consistently. Still, poten-
tially promising findings have emerged regarding 
harsh versus supportive child-rearing and its 
interactions with dopamine receptor 2 gene (e.g., 
Mills-Koonce et al., 2007; Propper et al., 2008), 
dopamine receptor 4 gene (e.g., Bakermans-
Kranenburg, van Ijzendoorn, Pijlman, Mesman, 
& Juffer, 2008; Berry, Deater-Deckard, 
McCartney, Wang, & Petrill, 2013), catechol-O-
methyltransferase gene (COMT; Voelker, Sheese, 
Rothbart, & Posner, 2009), and serotonin trans-
porter gene (e.g., Fox et  al., 2005; Koss, 
Cummings, Davies, Hetzel, & Cicchetti, 2016; 
Stein, Schork, & Gelernter, 2008). Although little 
is known currently about precisely how adverse 
experiences interact with gene variants in pre-
dicting developmental outcomes, the current pre-
vailing view is that these effects are explained by 
proximal changes in gene expression of neu-
rotransmitters, via epigenetic modifications to 
the DNA molecule (for recent reviews, see 
Deater-Deckard, Chen, & El Mallah, 2016). This 
nascent literature on epigenetic changes in chil-
dren following exposure to stressors in utero and 
postnatally suggests that such modifications to 
gene expression can occur, and may ultimately 
help explain some of the gene–environment 
interaction effects already published and yet to be 
found. However, major challenges remain with 
respect to methodology and inferences, given the 
nature of the molecular biological mechanisms 
involved.

Considering next the relevant neural activity 
research, scalp electrophysiology and neuroim-
aging methods have been used to examine the 
potential impact of maltreatment and other early 
adversities on children’s developmental out-
comes. In one such study (Hanson et al., 2010), 
children who had experienced physical abuse had 
smaller brain volumes in the right orbitofrontal 
cortex (a region of the prefrontal cortex that has 
been implicated in many aspects of emotion and 

2017; Cooke & Baxter, 2010; Patton, 
Costich, & Lidströmer, 2017). The positive 
effects of such policies are seen in behavior 
and health (Hahn, 2015). It remains to be 
seen in future research whether such effects 
also are observed on underlying biological 
pathways and structures throughout the 
nervous and endocrine systems, through 
reductions in parental stress.

Box 1  (continued)
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decision making; see Stalnaker, Cooch, & 
Schoenbaum, 2015), compared to those who had 
not been abused. This variation in brain volume 
was, in turn, associated with poorer social rela-
tionships and social behaviors. In another study 
(De Bellis et  al., 2002), researchers found that 
maltreated children had larger gray matter and 
smaller white matter volumes in the superior 
temporal gyrus. Anomalies in this structure have 
been implicated in language and social cognitive 
deficits in children and adolescents (e.g., Bigler 
et al., 2007).

In a longitudinal study of infants from institu-
tions (McLaughlin, Fox, Zeanah, & Nelson, 
2011), investigators found that these children 
were more likely to have longer periods of right-
lateralized EEG alpha power and a blunted 
rebound in left-hemisphere alpha power. This 
right-lateralized pattern was associated with sub-
sequent internalizing symptoms at 54 months of 
age—a finding that is consistent with other stud-
ies showing that right-lateralized alpha power is 
indicative of poorer emotion regulation and 
higher levels of fear and sadness (Bell, Schwartz, 
Hardin, Baldwin, & Kline, 1998; Gotlib, 
Ranganath, & Rosenfeld, 1998). Interestingly, 
McLaughlin et  al. found that the children who 
were placed into foster care prior to 24-months of 
age generally fared better, suggesting that earlier 
removal from institutional care and placement in 
an enriched, loving home can ameliorate or miti-
gate these effects.

Psychophysiological studies of parenting and 
children’s development also have incorporated 
ECG indicators of heart rate variability (HRV), 
respiratory sinus arrhythmia (RSA), or vagal tone 
(so named because it represents the activity of the 
vagus nerve, which inhibits heart beats). These 
are three closely related concepts that all reflect 
the degree to which heart rate varies from beat to 
beat. Lower levels indicate relatively poor para-
sympathetic regulation of heart rate, whereas 
higher levels indicate better parasympathetic 
regulation in children, adolescents and adults 
(Porges, 2003; Thayer & Lane, 2009). Better car-
diac parasympathetic regulation has been linked 
to a host of cognitive, social-emotional and 
behavioral indicators of social competence, 

efficient cognitive processing, and self-regulation 
(Bridgett, Burt, Edwards, & Deater-Deckard, 
2015; Calkins, Graziano, & Keane, 2007).

Higher HRV or vagal tone are indicative of 
resilience and well-regulated stress reactivity, 
and may be particularly important for children 
living in chronically stressful homes and parent-
ing environments (Obradović, Bush, Stamperdahl, 
Adler, & Boyce, 2010). For example, children 
with higher vagal tone may be protected from the 
negative effects of parental marital conflict on 
internalizing and externalizing symptoms, as 
well as physical health problems (El-Sheikh, 
Harger, & Whitson, 2001; Katz & Gottman, 
1997). Similarly, children with higher vagal sup-
pression, which is associated with fewer behavior 
problems and better social skills, may be pro-
tected from the negative effects of mothers’ 
poorer emotion socialization behaviors (Perry, 
Calkins, Nelson, Leerkes, & Marcovitch, 2012).

Turning to brain-imaged neural factors, chil-
dren with a history of parental maltreatment may 
develop less gray matter volume in the right tem-
poral lobe, especially if coupled with posttrau-
matic stress disorder (De Bellis et al., 2002). This 
population of children may also have smaller 
total volume in the superior posterior cellular 
lobes (Bauer, Hanson, Pierson, Davidson, & 
Pollak, 2009) and hippocampus (Bremner et al., 
2003), yet greater amygdala volume (Tottenham 
et  al., 2010). Maltreated children tend to show 
less white matter connectivity (Eluvathingal 
et al., 2006), and less efficient neural activity in 
the orbital frontal cortex, prefrontal infralimbic 
cortex, lateral temporal cortex, medial temporal 
structures, and brain stem (Chugani et al., 2001). 
In part because of these structural changes, mal-
treated children do not perform as well as non-
maltreated peers on a wide range of cognitive 
tasks involving memory, attention, and executive 
functions—even though maltreated children 
show greater brain activation during these tasks 
because they must allocate more resources to do 
them (Carrion, Garrett, Menon, Weems, & Reiss, 
2008; Mueller et al., 2010).

In addition to MRI variables, ERP signals 
have been used to study neural activity and 
maltreatment. Institutionalized children have 
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been shown to display larger N170 amplitude (a 
general signal indicated during face processing) 
when viewing fearful faces (Parker & Nelson, 
2005). In several studies, physically abused chil-
dren have been found to display a larger “P3b” 
amplitude—a component reflecting allocation of 
resources for attention—while viewing their 
mothers’ angry faces (Pollak & Sinha, 2002; 
Shackman, Shackman, & Pollak, 2007). In a sim-
ilar study of behavior, children who had been 
physically maltreated displayed more negative 
affect and allocated more attention to social 
threat (as measured by higher P3b amplitudes) 
when they had to control their frustration with a 
virtual child who was performing poorly on a 
task and losing points on the game for the target 
child (Shackman & Pollak, 2014). Another ERP 
signal, the error-related negativity or ERN, has 
been studied because it is an indicator of the neu-
ral response to errors. Previous research estab-
lished that higher error related brain activity is 
associated with internalizing symptoms, but 
lower error related activity is linked to external-
izing symptoms (Olvet & Hajcak, 2008). Two 
studies have shown that greater ERN amplitudes 
are found during inhibitory control or attention 
task performance, among children who experi-
enced harsher, more punitive parenting when 
they were toddlers (Brooker & Buss, 2014; 
Meyer, Hajcak, Torpey-Newman, Kujawa, & 
Klein, 2015).

Biologically informed research of adverse 
child-rearing effects has also incorporated neuro-
endocrine assessment methods to examine stress 
hormones as indicators of HPA axis dysfunction 
among high-risk youth. This approach is well 
illustrated in a recent longitudinal study spanning 
the first 6 years of life, which showed that chil-
dren of depressed mothers had higher cortisol 
levels and less cortisol variability compared to 
children of non-depressed mothers (Apter-Levi 
et  al., 2016). The investigators also found that 
lower levels of cortisol variability were associ-
ated with higher levels of child behavioral and 
emotional problems, as well as social withdrawal. 
Even more robust effects on stress hormones are 
seen among previously institutionalized children 
placed in foster care or adoptive homes. Children 

from the most severe neglectful early environ-
ments, often show the highest cortisol levels prior 
to a laboratory task, as well as following interac-
tions with their foster or adoptive mothers (Fries, 
Shirtcliff, & Pollak, 2008).

There have been several relevant hormone 
studies that have focused specifically on father-
ing—a very neglected domain of parenting 
research in the larger field of biopsychological 
studies of children’s development. In one study, 
fathers who received external oxytocin displayed 
warmer parenting behavior and higher RSA dur-
ing observed parent–child interaction. In turn, 
infants of these fathers displayed elevations in 
oxytocin and RSA, as well as greater social reci-
procity during interaction with their fathers 
(Weisman, Zagoory-Sharon, & Feldman, 2012). 
In another study, higher levels of paternal nega-
tivity toward his infant were associated with 
greater increases in cortisol reactivity in response 
to emotionally arousing tasks at 2-years of age; 
this finding suggests that harsher fathering behav-
ior may increase stress reactivity and impede 
emotion and stress regulation, as these systems 
develop rapidly in very early childhood (Mills-
Koonce et al., 2011). Conversely, these investiga-
tors also found that positive fathering behavior, 
such as high levels of involvement in infancy, can 
serve as a buffer against mental health problems 
when the children are older—especially among 
those infants who had hyperreactive cortisol 
increases in response to social stressors.

Overall, the human research literature on hor-
mones, parenting and children’s development has 
relied on correlational studies. However, experi-
ments have shown the key role that hormones 
play. Family and parenting interventions with 
foster children (a population that is at risk for 
insecure attachment relationships) have shown 
that effective interventions result in developmen-
tally typical and healthy cortisol patterns, along 
with reductions in behavioral and emotional 
problems and improvements in the attachment 
relationship (Dozier, Peloso, Lewis, Laurenceau, 
& Levine, 2008; Fisher, Gunnar, Dozier, Bruce, 
& Pears, 2006). Together, the correlational and 
experimental studies reviewed above suggest that 
deprivation in the social caregiving environment 
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early in life can have a lasting impact on the 
stress reactivity and self-regulation of children, 
even after exposure has ended.

�Parents’ Biological Factors

Parents are biological beings too. Up to this point 
in the chapter, we have focused on studies exam-
ining parenting and children’s development that 
have assessed biological indicators in the chil-
dren. However, there is a large and growing lit-
erature on the same biopsychological methods, 
applied to parents—and a much larger literature 
when one includes studies of adults more gener-
ally, that have examined parenting-relevant 
aspects of adult functioning. In this final section, 
we consider some of the key findings and their 
implications for how developmental and family 
scientists think about intergenerational transmis-
sion of biologically based risk and resiliency in 
development.

Attachment theory is a good place to return to 
at this point in our review. It was one of the first 
theories in developmental and social psychology 
to stipulate cognitive constructs that develop in 
childhood but remain active throughout the lifes-
pan—and more importantly for the present chap-
ter, constructs that influence adults’ romantic and 
platonic relationships as well as their relation-
ships with their own children (Cassidy & Shaver, 
2016). The literature on adult attachment in 
romantic partnerships is also relevant to under-
standing parenting, given that these adults are also 
responsible for coparenting when they have chil-
dren together—and both partners’ attachment 
security have been implicated in coparenting and 
parent–child relationship quality (Roisman, 
Madsen, Hennighausen, Sroufe, & Collins, 2001).

Genetically informed research has docu-
mented the evidence of heritable variance, as 
well as substantial nongenetic variance, in adult 
attachment style as well as its link to adult psy-
chopathology (Brussoni, Jang, Livesley, & 
Macbeth, 2000; Crawford et  al., 2007). One 
molecular genetic study found preliminary evi-
dence for a potential risk allele in the serotonin 
neurotransmitter system for insecure attachment 

in early adulthood—the effect of which may be 
modulated by the patterns of maternal sensitivity 
experienced earlier in childhood (Fraley, 
Roisman, Booth-LaForce, Owen, & Holland, 
2013). The adult attachment research literature 
also includes several studies that have incorpo-
rated electrophysiology methods, showing dis-
tinct patterns of arousal and alertness via EEG 
being associated with anxious and dismissive 
attachment styles (e.g., Roisman, 2007; Roisman, 
Tsai, & Chiang, 2004; Verbeke, Pozharliev, Van 
Strien, Belschak, & Bagozzi, 2014).

ERP studies have shown that insecure adults 
show distinct features of information processing 
of visual and auditory stimuli involving positive 
and negative emotions and social contexts 
(Chavis & Kisley, 2012; Cohen & Shaver, 2004; 
Dan & Raz, 2012; Rognoni, Galati, Costa, & 
Crini, 2008; Zilber, Goldstein, & Mikulincer, 
2007). Numerous fMRI studies have also been 
conducted, showing that various types of inse-
cure adult attachment are associated with distinct 
hyperactivation or hypoactivation of brain 
regions involved in emotion processing and regu-
lation such as anterior temporal pole, orbitofron-
tal and prefrontal cortex, amygdala, 
somatosensory cortex, and structures in dopami-
nergic reward circuitry (Buchheim et  al., 2006; 
DeWall et al., 2012; Donges et al., 2012; Gillath, 
Bunge, Shaver, Wendelken, & Mikulincer, 2005; 
Lemche et al., 2006; Suslow et al., 2009; Vrtička, 
Andersson, Grandjean, Sander, & Vuilleumier, 
2008; Zhang, Li, & Zhou, 2008).

These neural features of adult attachment 
security overlap with known regions associated 
with social emotional responding (including 
amygdala, frontal cortex, insula, and medial tem-
poral cortex) that are linked with variation in sen-
sitive caregiving (for a review, see Swain, 2011).

Turning to studies of caregiving of children, 
EEG studies of mothers at various time points in 
their children’s lives have yielded evidence for a 
neural basis for parenting behaviors that have an 
influence on subsequent child development out-
comes. Mothers appear to be perceptually sensi-
tive (as evidenced by N100, N170 and left 
positive potential amplitudes) to infant-specific 
auditory and visual stimuli (Peltola et al., 2014; 
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Proverbio, Brignone, Matarazzo, Del Zotto, & 
Zani, 2006; Purhonen et  al., 2001). The ampli-
tude of this response seems to be strongest when 
viewing or hearing distress cues from infants, 
suggesting this aspect of affective processing 
may be unique and important to enabling moth-
ers to respond sensitively to their infants. These 
neural processes may not operate as well or effi-
ciently, however, for mothers who are prone to 
neglecting or abusing their young children 
(Rodrigo et al., 2011).

Most recently, a special issue on neurobiologi-
cal factors in parenting was published in which 
investigators presented physiological and neuro-
imaged indicators of attentional and emotional 
processing, stress reactivity, and self-regulation 
processes (Deater-Deckard & Sturge-Apple, 
2017). Three papers utilized ECG or EEG to 
operationalize individual differences in parental 
physiological and neurological reactivity and 
regulation. In one, investigators studied the asso-
ciation between parents’ physiological reactivity 
to experimentally induced positive and negative 
moods, and their observed positive and negative 
affect when engaging with their adolescents in a 
variety of discussion tasks. They found that RSA 
suppression in response to a sad movie clip was 
associated with less anger during a conflict dis-
cussion task, with the opposite effect found for 
parents who displayed RSA augmentation. In 
response to the amusing movie, there was an 
interaction effect with parental depression; par-
ents with low levels of depression who also dis-
played greater RSA augmentation to the amusing 
film were observed to show greater positive affect 
when discussing a recent disagreement with their 
child (Connell, Dawson, Danzo, & McKillop, 
2017).

In the second relevant study from the special 
issue, researchers examined parental heart rate 
dynamics and their links with observed parent–
child (6- to 12-year-olds) interactions in a con-
flict resolution task. Parents who displayed a 
heart rate increase followed by a decrease in 
response to the conflict task, were more likely to 
be emotionally sensitive and responsive during 
the interaction (Han, Zhang, Cui, & Yan, 2017). 
In the third study, the harshest parenting was 

found among mothers who showed a combina-
tion of deficits in executive function and the least 
well-regulated physiological response (based on 
EEG and ECG reactivity measures) to cognitive 
challenge (Deater-Deckard & Bell, 2017)—a 
finding that builds on prior evidence that poorer 
parasympathetic regulation (as indicated by 
lower vagal tone) is part of a broader matrix of 
biological and cognitive deficits in emotion regu-
lation that are particularly deleterious in their 
effects on parenting under chronic stress condi-
tions (Deater-Deckard, Li, & Bell, 2016).

Attachment and parenting research has also 
examined the role of adults’ hormones. Women 
with avoidant attachment styles show greater cor-
tisol reactivity and slower recovery following a 
conflict with their partners. In contrast, for men, 
it is an anxious attachment style that is associated 
with greater cortisol activity (Laurent & Powers, 
2007; Powers, Pietromonaco, Gunlicks, & Sayer, 
2006). In addition to cortisol, oxytocin has been 
studied in the adult’s attachment relationships 
with partners and children. Oxytocin is a hor-
mone that is associated with greater affiliation 
and feelings of warmth and that operates as a key 
component of the parent–child and parent–parent 
couple bond and relationship (Neumann, 2008). 
Oxytocin levels are higher in both mothers and 
fathers after contact with infants (Feldman, 
Gordon, Schneiderman, Weisman, & Zagoory-
Sharon, 2010; Ross & Young, 2009) and this 
response seems to modulate warm and supportive 
parenting in conjunction with increased activa-
tion in the amygdala and the frontal cortex (Kim 
et al., 2010).

Oxytocin has been manipulated experimen-
tally to show changes in parent–child closeness 
and decreased stress reactivity. This is demon-
strated in several studies examining adversity in 
early childhood (i.e., beyond attachment secu-
rity), in which externally administered oxytocin 
has been shown to reduce cortisol (a stress hor-
mone) in adults, but only among those who had 
not had childhood adverse experiences (e.g., 
parental divorce, abuse history; Meinlschmidt & 
Heim, 2007). The impact of earlier child-rearing 
experiences on oxytocin may extend to how 
adults process faces and emotions. For instance, 

Biological Factors in Parenting and Child Development



38

an experimental study of college undergradu-
ates found that it was the combination of exter-
nally administered oxytocin and a history of 
maternal love withdrawal that predicted 
enhanced processing of certain faces and emo-
tions (Huffmeijer et al., 2013). In another exper-
imental study, women were randomly assigned 
to receive external oxytocin or not, and then 
were given a handgrip dynamometer (to mea-
sure grip strength) as they listened to infants 
crying. External administration of oxytocin led 
to weaker grip responses, if the participants 
reported positive experiences with parental 
discipline in their childhoods. Those who had 
experienced harsh discipline had a strong grip 
response to infant cries, regardless of oxytocin 
exposure (Bakermans-Kranenburg, van 
IJzendoorn, Riem, Tops, & Alink, 2012). In 
sum, as the growing experimental literature 
demonstrates, increasingly researchers will be 
using experimental designs to manipulate hor-
mones and other biological factors (including 
neural activity and gene expression), which will 
permit much stronger causal inferences that will 
inform prevention and intervention efforts.

�Caveats and Future Directions

Humans have evolved as part of an exquisitely 
complex set of biological systems that work to 
ensure survival and reproductive success. These 
systems span hormones, neurons and neural sys-
tems, and genes within our cells. Parenting 
behavior, and the effects of parenting on chil-
dren’s developmental trajectories, all involve bio-
logical influences across levels of these systems. 
These influences do not determine outcomes, but 
they do reflect meaningful information about 
individuals’ acute/phasic and chronic/tonic 
responses to their environments.

In the long history of parenting and develop-
mental science, scientists have incorporated 
direct measures of biological factors only rela-
tively recently. The scope and depth of this recent 
growth in biopsychological methods has been 
astonishing, and its impact on our understanding 
of the causes and consequences of parenting 

behaviors is hard to refute. Instead of relying on 
assumptions about genetic factors in traditional 
behavioral genetic predictive models of parenting 
and children’s outcomes, now scientists are 
directly measuring genetic and epigenetic varia-
tion in specific regions of the genome, to test 
competing theories of gene–environment trans-
actions in development. In the past, researchers 
relied on precise measurement of specific behav-
iors that were thought to be tied to underlying 
neural factors (based largely on animal models), 
but today they are relying on assessments of 
physiological changes in neurological and neuro-
endocrine chemical and hematic information 
throughout the central and peripheral nervous 
system.

As important and rigorous as much of the 
advances in this area of research may be, it 
comes with new limitations—some of which can 
be addressed through further advances in tech-
nology, but some of which cannot. The most fun-
damental limitation in most of the human 
parenting research remains, regardless of mea-
surement techniques and indicators—that the 
vast majority of the empirical base has used cor-
relational designs. This is because for many (and 
perhaps most) of the questions parenting scien-
tists and practitioners seek to answer, it would be 
unethical to conduct rigorous experiments with 
random assignment (e.g., randomly assigning 
children to parents), let alone executing such 
designs that involve direct manipulation of bio-
logical parameters (e.g., using drugs to alter 
gene expression).

There are two major exceptions to this funda-
mental limitation. The first is that rigorous exper-
iments on caregiving are conducted with animal 
models—but even this exception raises another 
limitation regarding whether such experiments 
generalize to humans. The second is that it is fea-
sible to incorporate biological measures of rele-
vant biological processes into human experiments 
when done as part of clinical trials to measure 
efficacy of parenting interventions. It is already 
apparent that this second exception is the main 
route through which parenting science will be 
most successful in incorporating biological mea-
sures into true experiments.
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�Implications for Policy and Practice

With every technological advancement in geno-
typing, electrophysiology, and neuroimaging, 
parenting and developmental scientists will have 
even greater access to reliable methods for mea-
suring species-typical change and individual dif-
ferences in developmental trajectories across 
many levels of these biological systems. This is 
exciting; in our view, there is no better way to 
demonstrate the power of improving the environ-
ments and lives of children and their parents, than 
to show how biological markers of stress and 
health can be changed as a result of such environ-
mental enrichment. Therein lies much of the 
future of biopsychological research in parenting 
science: examining the biosocial interface 
through quasi experiments and experiments that 
are part of the broader effort to create parenting 
intervention tools that are evidence-based.

What we do with the mounting information on 
biological factors will need to be informed by the 
next generation of biopsychological theories of 
human development that will evolve from attach-
ment theory (Cassidy & Shaver, 2016), parenting 
stress theories (Deater-Deckard & Panneton, 
2017), and the bioecological model of 
Bronfenbrenner and Ceci (1994). These future-
generation theories will drive the hypothesis test-
ing that will inform innovations in policy and 
practice regarding children and parenting. These 
innovations will more fully integrate biological 
factors into prevention and intervention tools and 
delivery methods.

There are two broad implications already 
known, and others will emerge as theory and 
empirical work evolve. First, there is great poten-
tial for assessment and understanding of specific 
biological parameters to create new prevention 
and intervention targets and tools—ways to 
directly or indirectly manipulate a biological pro-
cess in ways that directly alter the cognitive or 
behavioral outcome of concern. This has always 
been the premise of pharmacological interven-
tions. More recent examples of new intervention 
tools include transcranial direct current stimula-
tion (tDCS) for treatment-resistant chronic 
depression and anxiety (Lefaucheur et al., 2017), 
and gene therapies for a host of diseases (as seen 

in any issue of The Journal of Gene Medicine, 
Gene Therapy, and many others).

Second, there also is potential that our under-
standing of biological pathways will help inter-
ventionists deliver tools that are individualized to 
each person, in a way that is more likely to be 
effective and have the fewest side effects—so-
called personalized intervention (e.g., Ng & 
Weisz, 2016). The potential of this premise is that 
individualizing prevention and intervention that 
best fits each parent’s or child’s biological and 
cognitive-behavioral profile, will yield the most 
effective and longest lasting changes that benefit 
the family. Both implications are only beginning 
to be realized in actual practice.

Finally, at the level of broad family and child 
policies in communities, states/regions, and 
nations, some policy makers will always take evi-
dence of biological contributions as proof that 
social and economic interventions will not be 
effective—a biological determinism that has 
been the root of policy that either neglects fami-
lies and their needs, or attempts to decide who 
gets to become a parent (e.g., eugenics; Berryessa 
& Cho, 2013). Today, scientists and policy mak-
ers alike increasingly realize that the information 
about how biology contributes to child develop-
ment, in part through sexual reproduction and 
parenting environments, informs and does not 
negate the need for relevant social and economic 
policy (for an overview see Hatemi & McDermott, 
2011). The challenge for parenting scientists and 
policy makers is to build consensus about how to 
utilize the empirical evidence when changing 
legislation and regulations, in ways that acknowl-
edge the complex, transactional interface of biol-
ogy and environment.

Disclosure  The authors declare that they have no 
disclosure.
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