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Seventy-nine 3-year olds and their mothers participated in a laboratory-based task to assess maternal hostility.
Mothers also reported their behavioral regulation of their child. Seven years later, functional magnetic reso-
nance imaging data were acquired while viewing emotional faces and completing a reward processing task.
Maternal hostility predicted more negative amygdala connectivity during exposure to sad relative to neutral
faces with frontal and parietal regions as well as more negative left ventral striatal connectivity during mone-
tary gain relative to loss feedback with the right posterior orbital frontal cortex and right inferior frontal
gyrus. In contrast, maternal regulation predicted enhanced cingulo-frontal connectivity during monetary gain
relative to loss feedback. Results suggest parenting is associated with alterations in emotion and reward
processing circuitry 7–8 years later.

Parenting has long been recognized as an important
influence on children’s psychosocial development
(Baumrind, 1991; Belsky & de Haan, 2011; Bradley
& Vandell, 2007; McLeod, Weisz, & Wood, 2007;
Rose, Roman, Mwaba, & Ismail, 2017; Waite, Whit-
tington, & Creswell, 2014) with this effect likely
mediated by altered neural development. As such,
numerous studies have examined associations
between parenting behaviors or styles and the neu-
ral functioning of offspring. Understanding the
links between parenting and brain development
will further understanding of both normative and
maladaptive neural development as well as why

early childhood experiences are linked to diverse
psychosocial outcomes.

The current study examined seventy-nine 3-year-
olds who completed laboratory-based interaction
tasks with a parent to assess parenting behaviors
and who were then followed up for 7–8 years, at
which point they underwent functional magnetic
resonance imaging (fMRI) during emotion and
reward processing tasks. Examining the influence of
parenting in childhood is important given that
although the brain is rapidly developing in utero
and during infancy, parents appear to have a par-
ticularly important effect on brain development in
childhood (Belsky & de Haan, 2011; Tost, Cham-
pagne, & Meyer-Lindenberg, 2015) and in particular
on connectivity between subcortical and cortical
regions (Hart & Rubia, 2012; Herringa et al., 2013).
This study focuses on maternal hostility and regula-
tion of the child’s behavior, as each has been
widely studied and represent core aspects of par-
enting that are particularly influential for children’s
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psychosocial development (e.g., Baumrind, 1991;
Belsky & de Haan, 2011; Bradley & Vandell, 2007;
McLeod et al., 2007; Rose et al., 2017; Waite et al.,
2014).

Although fMRI studies have examined associa-
tions between parenting and a range of aspects of
neural functioning, the current study focuses on
functional connectivity in affective processing-
related circuitry, including emotional face process-
ing and reward processing circuitry. Emotion and
reward processing circuits are argued to both
underpin affective processing and overlap substan-
tially in terms of brain regions involved (see Pechtel
& Pizzagalli, 2011; Tottenham & Galvan, 2016). For
instance, key components of reward processing
include the basal ganglia involving the ventral stria-
tum (VS), whereas the recognition and understand-
ing of emotions recruits the amygdala, fusiform
gyrus, superior temporal gyrus, and thalamus.
However, both processes involve the amygdala,
prefrontal cortex (PFC) regions, and the VS (re-
viewed in Tottenham & Galvan, 2016), although the
VS is more primarily involved in reward-based
learning and prediction of outcomes (Haber, 2011;
Li, Schiller, Schoenbaum, Phelps, & Daw, 2011),
and the amygdala is more strongly implicated in
identifying highly salient emotional stimuli (Pearce
& Hall, 1980). Both, however, are implicated in
associative learning (Li et al., 2011). Models of
affective behavior posit that the organization
among the PFC, amygdala, and VS allows for the
dynamic coordination of emotional learning and
responding through Pavlovian and instrumental
processes that link emotion to action (reviewed in
Tottenham & Galvan, 2016). The PFC is an associa-
tion area that coordinates and regulates information
throughout the brain. The amygdala has strong
bidirectional projections with the PFC (Barbas,
Saha, Rempel-Clower, & Ghashghaei, 2003),
whereas the VS receives unidirectional projections
from the amygdala and PFC, including excitatory
projections that facilitate reward learning (Stuber
et al., 2011), and sends indirect projections back to
the PFC (Cardinal, Parkinson, Hall, & Everitt, 2002;
Casey, 2015; Cho, Ernst, & Fudge, 2013). Thus,
given the importance of affective processing for a
range of psychosocial outcomes, understanding
how parenting influences the development of these
circuits may further knowledge of the mechanisms
through which parenting influences children’s psy-
chosocial development.

Moreover, functioning in each of these circuits
has important and wide-ranging implications for
psychosocial functioning and underpin core aspects

of psychosocial functioning in a variety of domains
(reviewed in Galvan, 2017; Tottenham & Galvan,
2016). Specifically, we examined amygdala func-
tional connectivity during an emotional face pro-
cessing task and VS as well as anterior cingulate
functional connectivity during a monetary gain ver-
sus loss task. Moreover, we sought to test the speci-
ficity of relationships between two parenting
behaviors and multiple aspects of brain functional
connectivity in offspring.

Parenting and Emotion Processing Neural Circuitry

The amygdala’s role in the automatic processing
of emotionally salient stimuli and production of
emotional responses to stimuli is well-established
(reviewed in Callaghan & Tottenham, 2016; Serg-
erie, Chochol, & Armony, 2008) and appears to
change with age (Somerville, Fani, & McClure-
Tone, 2011). The PFC sends projections to the
amygdala that modulate amygdala reactivity. These
projections can attenuate or potentiate amygdala
reactivity to emotional stimuli, thereby respectively
resulting in a dampening or potentiating of auto-
matic emotional responding (Milad, Rauch, Pitman,
& Quirk, 2006). For example, at least in adults,
during emotion regulation tasks, the extent of
amygdala coupling with the dorsolateral PFC, orbi-
tofrontal cortex (OFC), anterior cingulate cortex
(ACC), and dorsomedial PFC is positively associ-
ated with postreappraisal attenuation of negative
affect (Banks, Eddy, Angstadt, Nathan, & Phan,
2007), whereas weak amygdala–PFC connections
are correlated with emotional overarousal in adults
(Motzkin, Philippi, Wolf, Baskaya, & Koenigs,
2015).

Amygdala–PFC connectivity, as well as amyg-
dala connectivity with other brain regions (Guyer
et al., 2008), appears to show particular patterns of
change over development, as measured by age-
related differences. Cross-sectional research in
nonpsychiatric samples ranging in age from early
childhood to early adulthood (Gee, Gabard-
Durnam, et al., 2013; Gee, Humphreys, et al., 2013;
Silvers et al., 2016; Wu et al., 2016) indicates that
the amygdala and PFC show positive functional
connectivity (i.e., positive temporal correlation
between their neuronal signals) during emotion
processing in early childhood. During late child-
hood, these regions become increasingly uncon-
nected (i.e., uncorrelated) and then become
increasingly negatively connected (i.e., negatively
correlated) with further development. This suggests
that increased negative connectivity between these
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regions represents a normative maturational process
from late childhood through early adulthood (Gee,
Gabard-Durnam, et al., 2013; Gee, Humphreys,
et al., 2013; Silvers et al., 2016; Wu et al., 2016). We
note here that a stronger negative correlation refers
to a correlation that is moving further away from
zero and becoming more negative. This is inter-
preted as stronger but more negative connectivity
between two regions as a function of levels of the
predictor.

However, a limited number of studies suggest
that this normative trajectory may be altered by
adverse developmental experiences. Several studies
following community samples have examined the
associations between different forms of develop-
mental adversity and amygdala–PFC connectivity.
For instance, among older children with an average
age of 12, greater early childhood stress predicted
weaker amygdala–anterior cingulate connectivity
while at rest (Pagliaccio et al., 2015), although they
did not examine parenting per se. Among late ado-
lescents aged 18–20 (Herringa et al., 2013), greater
levels of recalled childhood parental maltreatment
predicted more negative amygdala–PFC connectiv-
ity. Similarly, in a sample ranging in age from 6.5
to 17.5 (Gee, Gabard-Durnam, et al., 2013), children
and adolescents with a history of early institutional
care exhibited increased negative amygdala–PFC
connectivity when viewing stimuli such as nega-
tively valenced emotional faces relative to never-
institutionalized children. These findings indicate
that the PFC is more strongly downregulating the
amygdala’s response to emotional stimuli in chil-
dren who experienced high levels of developmental
adversity relative to those who experienced less.
This negative correlation is similar to that seen in
adults and is consistent with theoretical models that
predict a more rapid development of inverse func-
tional connectivity between these regions in the
context of developmental adversity but an ultimate
blunting of this connectivity later in development
(Tottenham & Galvan, 2016). Adverse parenting
may affect amygdala–PFC functional connectivity
because of the absence of developmentally neces-
sary regulation from the parent (see Tottenham,
2012). That is, over the course of development, chil-
dren learn from their parents how to respond to
stress and how to regulate their emotions based in
part on how their parents act toward them and
help (or do not help) them in times of stress. The
development of amygdala–PFC connectivity may
neurally mediate this effect. Maternal hostility may
be related to a decreased capacity for emotional
regulation as it likely exacerbates rather than

assuages or teaches the child how to regulate nega-
tive emotions. Importantly, almost all prior work is
cross-sectional, with some exceptions (Burghy et al.,
2012; Herringa et al., 2016). Given that emotional
processing and regulation have implications for risk
for an array of psychopathologies as well as psy-
chosocial functioning more generally, understand-
ing the effects of developmental experiences of
amygdala connectivity is likely highly important.

Parenting and Reward Processing Circuitry

The VS is the striatal region most closely associ-
ated with reward processing (Haber, 2011). It is
connected with the prefrontal, insular, and cingu-
late cortex in that it both sends efferent information
to and receives top-down information from them
(Haber, 2011). These areas, particularly the orbital
and insular cortices, receive sensory information
from all modalities. Additionally, the VS receives
dopaminergic inputs from the ventral tegmental
area and substantia nigra (Haber, 2011). fMRI stud-
ies have shown that healthy adolescents show
stronger VS activation to reward compared to
adults (see Galvan, 2013, for a review). Adolescents
also typically show heightened reward sensitivity
and risk taking compared to other age groups (Gal-
van, 2013). However, some models contend that
adolescents’ VS responsivity to reward should be
blunted relative to adults as adolescents do not find
modest rewards, such as those in monetary gain-
loss, tasks, sufficiently appetitive (Spear, 2000).
Some research has found that adolescents show
reduced VS activation in response to anticipating
monetary gains relative to adults but do not differ
from adults in their VS response following gains
(see Geier & Luna, 2009 for a review of this topic).
Much prior work has examined adolescents,
whereas the current study examines a sample of
older children.

VS sensitivity to reward also appears to be influ-
enced by early developmental experiences. For
instance, a history of emotional neglect by parents
predicted blunted VS activation to monetary
rewards in a community sample of adolescents
(Hanson, Hariri, & Williamson, 2015). Moreover,
adolescents with a childhood history of inhibition, a
temperament trait characterized by a tendency to
experience distress and to withdraw when faced
with unfamiliar environments, people, or situations,
which may be influenced by parenting (Fox et al.,
2005), in comparison to those with no such history,
showed greater striatal activation in anticipation of
both monetary gain and loss (Guyer et al., 2006).

Parenting and Brain Development 3



Evidence also suggests that the ACC plays an
important role in reward processing across the life
span (Lavin et al., 2013). In particular, fMRI studies
in adults show activation in the ACC following
losses in decision-making tasks (Bush et al., 2002).
More broadly, the ACC is part of a network that
involves activity in the PFC during decision making
(Buckley et al., 2009). It is also part of the cingulo-
opercular circuit, connecting to the insula and the
operculum, which provide input relative to the dif-
ferences between expected and actual outcomes of
a given decision. The ACC also provides outputs to
coordinate dorsolateral prefrontal structures in
order to organize behavioral responses (Lavin et al.,
2013). Given that reward sensitivity and processing
are related to risk taking, addictive behaviors, and
depression, the fronto-striatal and cingulo-opercular
circuits connecting the PFC, VS, ACC, and insula
also likely have important implications for
understanding the neural bases of psychosocial
development and functioning.

No literature of which we are aware has
examined whether parenting predicts altered
fronto-striatal and cingulo-opercular connectivity
during reward processing. However, maternal hos-
tility, which is a stressful experience that is threat-
ening to the well-being of the child, may over time
promote excessive attention to threats (Troller-Ren-
free, McDermott, Nelson, Zeanah, & Fox, 2015) and
blunted attention to rewards (Starcke & Brand,
2012), which may be less salient as they do not
threaten the child’s well-being. Given that the PFC
sends excitatory projections to the VS and ACC that
influence reward processing and facilitate reward-
based learning (Haber, 2011), maternal hostility
may influence the PFC to downregulate these
regions’ responses to reward in order to focus
attention on threats and away from rewards that
may appear less salient due to chronic experiences
of maternal hostility. Thus, maternal hostility may
promote increasingly negative connectivity in these
regions during reward processing.

Maternal regulation may also influence amyg-
dala–PFC connectivity during emotion processing
and fronto-striatal and cingulo-opercular connectiv-
ity during reward processing. Gee et al. (2014)
found that children aged 4–10 showed negative
amygdala–PFC connectivity when viewing images
of their mother’s happy or neutral face over and
above a stranger’s face. This parental effect on con-
nectivity seemed to attenuate by adolescence. Gee
et al. (2014) therefore suggested that a visual paren-
tal cue instantiates momentary increased negative
connectivity in the child. Maternal regulation may

therefore scaffold emotional regulation in the child
through regular periods of negative connectivity,
thereby promoting the normative transition from
positive connectivity in childhood to negative con-
nectivity in adolescence (argued in Callaghan &
Tottenham, 2016). In the absence of parental cues,
the amygdala and PFC normatively switch from
positive (“nonregulatory”) to negative (“regula-
tory”) connectivity, with a transition point between
childhood and adolescence (where connectivity
hovers around zero; Gee, Gabard-Durnam, et al.,
2013; Gee, Humphreys, et al., 2013; Silvers et al.,
2016). Maternal regulation in the current study may
facilitate children’s regulation of their emotions in
times of stress, with this effect potentially mediated
by weaker (i.e., closer to zero) amygdala–PFC
connectivity. This would indicate a normative
pattern of development of amygdala–PFC connec-
tivity in the current sample of 10- to 11-year-old
children (Gee, Gabard-Durnam, et al., 2013; Gee,
Humphreys, et al., 2013; Gee et al., 2014).

Moreover, psychological autonomy support, of
which appropriate behavioral regulation of the
child is a core component, results in intrinsic moti-
vation in children for reward and desired goals
(Ryan & Deci, 2000). If fronto-striatal and cingulo-
opercular connectivity during reward processing
are neural mechanisms underpinning response to
reward, maternal regulation may be related to
enhanced functional connectivity in these circuits as
regulation may influence prefrontal and opercular
regions to upregulate the VS and ACC responses to
reward.

Limitations of Developmental Literature Predicting
Functional Brain Connectivity

Although informative, studies examining devel-
opmental predictors of brain functional connectivity
have been commonly hampered by several limita-
tions. First, the majority have been cross-sectional.
Second, parenting and other forms of developmen-
tal adversity has largely been measured via self- or
parent report in child and adolescent samples
(Burghy et al., 2012; Herringa et al., 2013, 2016;
Pagliaccio et al., 2015; Thomason et al., 2015).
Although informative, parent- and self-reports may
be subject to errors or biases in recall due to current
neural functioning, psychopathology, current mood,
personality, or other factors (Hardt & Rutter, 2004).
Moreover, although laboratory-based observations
of parent–child interactions converge well with in-
home observations of parent–child interactions, nei-
ther converges well with parent or child reports of
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parenting (Zaslow et al., 2006). Laboratory- or
home-based observations of parenting have also
been found in some research to be better predictors
of child psychopathological outcomes than
parent-reports (Zaslow et al., 2006). This suggests
parent or self-reports alone may not provide a com-
prehensive picture of a child’s parenting experi-
ences. We should note there may also be limitations
to laboratory-based observations of parenting, such
as concerns about ecological validity, transient
influences such as mood states, and restrictions in
the range of affect and behavior elicited in the par-
ent and child. It is therefore likely that parent-
reports and laboratory-based observations provide
unique perspectives, and so both are used in the
current study. Third, the literature to date has lar-
gely examined relatively extreme forms of adver-
sity, and examined them categorically, such as the
presence or absence of physical or emotional mal-
treatment, poverty, or institutional rearing (for a
review, see Tottenham & Galvan, 2016), although
some studies in adolescents have examined adver-
sity continuously (Burghy et al., 2012; Herringa
et al., 2013, 2016). More subtle and prevalent influ-
ences, such as parental behavioral regulation of the
child and hostility, each measured continuously
rather than categorically, may influence a larger
proportion of the population and better capture the
nature of most developmental experiences. Fourth,
with only two exceptions of which we are aware
(Burghy et al., 2012; Herringa et al., 2016), the few
longitudinal studies to date examining the influence
of parenting on neural functional connectivity in
these circuits have not followed children for more
than a few years. Fifth, although not a limitation
per se, prior studies have focused on adolescents
and young adults (e.g., Burghy et al., 2012; Her-
ringa et al., 2013, 2016), rather than focusing on
children, despite the presumed important role of
parenting in early childhood on children’s func-
tional brain development. Thus, examining children
provides a unique test of the theorized effects of
parenting in early childhood on brain functional
connectivity in late childhood and stands to further
knowledge of this developmental process.

A related issue is that this literature has exclusively
examined adverse or negative developmental experi-
ences and has not examined the influence of positive
parenting. This is despite evidence that positive par-
enting, such as high levels of warmth, care, or sup-
port, promotes a range of positive child psychological
and academic outcomes (Landry, Smith, Swank, &
Guttentag, 2008) as well as altered brain structure
(Whittle et al., 2009, 2014). This lack of research may

stem from the assumption that positive parenting lies
on a continuum with adverse parenting, which often
does not (see Whittle et al., 2014 for a discussion).
That is, low levels of developmental adversity (e.g.,
hostility) do not necessarily indicate high levels of
positive parenting. The only related research to date
of which we are aware suggests that positive parent-
ing practices predict altered volume of limbic regions
and thickness of various cortical regions in children
and adolescents (Luby et al., 2012; Whittle et al.,
2009, 2014). Taken together with the literature on
developmental adversity and neural functional con-
nectivity, the field’s current knowledge of the effects
of parenting on offspring functional connectivity is
therefore confounded or limited by multiple impor-
tant factors. The current study overcomes many of
these limitations by using a 7- to 8-year longitudinal
follow-up and observational assessments in addition
to parent reports of parenting in early childhood. To
our knowledge, no study to date has used these
methods, rendering the current study unique in the
parenting and fMRI literature.

Overview and Hypotheses

This study examined whether maternal hostility
and regulation of the child’s behaviors, assessed
when the child was 3 years old, relate to amygdala–
whole brain connectivity during processing of emo-
tional faces and VS– and ACC–whole brain connec-
tivity during a monetary reward task 7–8 years
later. This study focuses on these two parenting
variables as each has been widely studied and rep-
resent core aspects of parenting that are particularly
influential for children’s psychosocial development
(e.g., Bradley & Vandell, 2007; McLeod et al., 2007).
Based on prior literature that suggests that maternal
hostility and regulation may influence emotional
and reward processing circuitry in the developing
brain (reviewed in Hanson et al., 2015; Tottenham
& Galvan, 2016), we expected high levels of mater-
nal hostility, assessed observationally, to predict (a)
increased negative amygdala connectivity (i.e., a
stronger but more negative correlation) with pre-
frontal regions while viewing sad versus neutral
faces, and (b) increased negative ventral fronto-stria-
tal and cingulo-opercular connectivity during mone-
tary gain versus loss feedback. We also expected
high levels of maternal regulation of the child,
assessed via mother report, to predict (a) enhanced
connectivity (i.e., stronger and positive) of fronto-
striatal and cingulo-opercular circuits during mone-
tary gain relative to loss and (b) weaker (i.e., closer
to zero) amygdala–PFC connectivity, reflecting
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typical amygdala–PFC patterns seen in children
raised in positive environments (reviwed in Totten-
ham & Galvan, 2016).

Method

Participants

This study was part of a larger longitudinal study
of children and their parents. Of the 559 children
assessed at age 3 (M = 3.44, SD = 0.25), 79 partici-
pants (32 female) completed fMRI scans approxi-
mately 7–8 years later. Of those, 13 did not have
usable face processing data and 10 did not have use-
able reward processing data because of excessive
head motion. Thus, 66 had useable fMRI scans dur-
ing face processing tasks, whereas 69 had useable
fMRI scans during reward processing. A total of 73
participants had useable data for one of the two
tasks (Mage = 10.27 years, SD = 0.92 years). Of those
who had usable imaging data, four had missing data
on mother reports of regulation. Thus, our effective
sample size for the Faces task was N = 62 (i.e., 66
useable scans � 4 missing on maternal regulation)
and our effective sample size for the Doors task was
N = 65 (i.e., 69 useable scans � 4 missing on mater-
nal regulation). Participants with unusable imaging
data or who had missing data on maternal regula-
tion did not differ from those with usable data on
sex (p = .09), race/ethnicity (p = .43), socioeconomic
status (SES; p = .38), the likelihood of coming from a
two-parent home (p = .24), maternal hostility
(p = .42), or maternal regulation (p = .98). Partici-
pants were recruited from the community utilizing
commercial mailing lists, screened for any major
medical conditions, and required to have at least one
English-speaking biological parent. Exclusionary cri-
teria included any developmental disabilities, metal
or electronic implants, a history of head trauma, or
use of medications known to affect brain functioning
(e.g., antihistamines, pain killers). Participants were
oversampled based on their temperamental negative
emotionality, low positive emotionality, or behav-
ioral inhibition, assessed observationally when they
were 3 years old (see Kann, O’Rawe, Huang, Klein,
& Leung, 2017). This oversampling was done as the
broader goal of the study from which this sample
was derived was to understand early childhood risk
factors for later depressive and anxiety disorders, for
which high negative emotionality, low positive emo-
tionality, and high behavioral inhibition are risk fac-
tors (see Olino, Klein, Dyson, Rose, & Durbin, 2010,
for details). Negative and positive emotionality as
well as behavioral inhibition were assessed via the

Laboratory Temperament Assessment Battery (Gold-
smith, Reilly, Lemery, Longley, & Prescott, 1995),
which involves a standardized set of tasks designed
to elicit children’s bodily, vocal, and facial expres-
sions of a range of emotions (see Olino et al., 2010).
Approximately equal groups of children were
selected from each of five “cells”: four cells created
by crossing high negative emotionality (25th per-
centile and above) versus average negative emotion-
ality (30–70th percentile) with low positive
emotionality (75th percentile or below) versus aver-
age positive emotionality (30–70th percentile), and a
fifth cell with children who were not in the other
cells but were in the top 25% of the distribution on
fear/inhibition. See Appendix S1 for further details
of participant selection from the original sample. In
order to confirm that results were not due to partici-
pant’s temperament group, analyses were repeated
after covarying temperament group status. Kann
et al. (2017) found that greater early negative emo-
tionality predicted increased amygdala reactivity but
more negative connectivity between the amygdala
and the fusiform gyrus while viewing faces relative
to houses.

Pubertal status was assessed with the Pubertal
Development Scale (PDS; Petersen, Crockett, Richards,
& Boxer, 1988). Participants had a mean puberty score
of 8.37 � 2.36, indicating age-appropriate levels of
pubertal development. One male participant did not
complete the PDS. There was no significant difference
in PDS scores between boys (8.14 � 2.13) and girls
(8.65 � 2.67; t < 1). Age was not significantly corre-
lated with puberty scores (r = .28, p = .089), probably
due to the restricted age range.

Demographic information is shown in Table 1.
Children primarily came from middle- and work-
ing-class families as measured by Hollingshead’s
four-factor index of social status (Hollingshead,
1975), which is based on a combination of parental
education and occupational prestige. At age 3, most
children lived with both biological parents and the
large majority were Caucasian and non-Hispanic.

Age 3 data were collected between 2004 and
2006 and fMRI scans were completed over the
course of 2013. Informed consent was obtained
from the children’s parents, and the protocol was
approved by our institutional review board.

Procedure

Parenting Measures

The mother’s expressions of hostility toward the
child were coded while both participated in the
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Teaching Tasks Battery (Egeland et al., 1995) during
the age 3 assessment. The teaching tasks battery
is a widely used, standardized, laboratory-based
method of assessing parenting behaviors toward
young children. The battery consisted of six stan-
dardized parent–child interaction tasks lasting a
total of 25–30 min. The tasks, which occurred in the
order listed here, were designed to elicit a variety
of parent and child behaviors and consisted of book
reading, naming objects with wheels, block build-
ing, matching shapes, completing a maze using an
etch-a-sketch, and receiving a gift. Maternal hostil-
ity (a = .76) in each of the six tasks was coded on a
5-point scale ranging from very low to very high and
averaged across tasks to yield a total score. Ratings
of maternal hostility measure the mother’s expres-
sion of anger, frustration, annoyance, discounting,
or rejection of the child. A mother scoring high on
this scale clearly and openly rejects the child,
blames him or her for mistakes, and otherwise
makes explicit the message that she does not sup-
port the child emotionally. A score of 1, or “very
low,” indicates that the mother shows no signs of
anger, annoyance, frustration, or rejection. This
does not necessarily indicate that she is supportive,
but she does not put the child down or reject them.
A score of 2, or “moderately low,” indicates that
signs of hostility, such as anger, irritation, or rejec-
tion, are fleeting but occurred on several occasions
during the session, and at least one sign could be
identified as clear and overt expressed or unex-
pressed anger toward the child. A score of 3, or
“moderate,” indicates several instances of hostile or
rejecting behaviors. Two or more of these events
are reliably clear to observers, although the expres-
sions are brief and do not set the tone of the
mother’s interactions immediately following the
episodes. Scores of 1.5 or 2.5 were for behaviors
judged to be more hostile than a particular

category but not sufficiently hostile to merit a 1-
point increase. The interrater intraclass correlation
(n = 35) for maternal hostility was .83, indicating
excellent interrater reliability.

Two participants were outliers on maternal hos-
tility in that they showed particularly elevated
scores (Figure 1) and introduced both skew
(skew = 3.04) and kurtosis (kurtosis = 12.42) to the
overall distribution. It should first be noted that
these were not erroneous outliers. Rather, they were
two children in the sample who experienced sub-
stantially elevated levels of maternal hostility dur-
ing their lab visit. Given the pernicious nature of
this variable, it is reasonable to expect a positively
skewed distribution and important to retain such
extreme cases.

However, in order to examine robustness of
results after normalizing data, where results
showed an effect of maternal hostility on functional
connectivity, ancillary confirmatory analyses were
conducted both after log-transforming maternal
hostility as well as winsorizing the two outliers to
within the 95th percentile. Transformation removed
outliers, removed skewness (skew = 0.11), and sub-
stantially reduced kurtosis, although the data
remained mildly kurtotic (kurtosis = �2.01).

Maternal regulation of the child’s behaviors at
age 3 was assessed via the regulation subscale of
the Parenting Styles and Dimensions Questionnaire
(PSDQ; Robinson, Mandleco, Olsen, & Hart, 2001),
a widely used parent-report measure of parenting
styles. Regulation refers to appropriate rule and
limit setting for the child along with appropriate,
rational explanations for those rules and limits. It
comprises five items. Sample items include “Gives
child reasons why rules should be obeyed” and
“Explains to child how we feel about the child’s
good and bad behavior.” Parents are asked “for
each item, rate how often you exhibit this behavior
with your child.” Response options range from 1
(never) to 3 (about half of the time) to 5 (always). The
PSDQ has shown good internal consistency, agree-
ment with informants, and convergent validity with
child psychosocial functioning (see Olivari, Tagli-
abue, & Confalonieri, 2013 for a review; Robinson
et al., 2001). Maternal regulation was normally
distributed (skew = �0.60, kurtosis = 0.69). In the
current sample, internal consistency for regulation
was .79.

fMRI Emotional Faces Task

Each participant performed three iterations of
four kinds of task blocks that lasted 16 s each in

Table 1
Demographic Information

Variable Descriptive information

Sex 34 male; 29 female
Age 10.27 years, SD = 0.92 years
Race 81.0% Caucasian
Socioeconomic
status

M = 46.25, SD = 9.95

% Living with both parents
age at 3

85.70

Note. Based on sample of 63 children who provided useable
faces and doors data.
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Figure 1. Effects of age 3 maternal hostility on functional connectivity of the left and right amygdala while viewing sad relative to neu-
tral faces.
Note. N = 61. Effects on connectivity of left amygdala significant at peak p < .001 with cluster-wise, family-wise error cluster. Labels
refer to entire cluster, including but not limited to those brain regions visible in the slice. Scatterplots based on effects in peak voxel in
each cluster (see Table 2). R2 values represent the effect of the labeled predictor when entered alone in the regression model.
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one of two pseudorandom orders. The task blocks
were interleaved with fixation blocks of 14 s each.
The four task conditions were defined by the type
of stimuli presented in each: neutral faces, sad
faces, happy faces, and houses. At the beginning of
each block, there was a 1 s warning period, in
which the fixation cross changed in color from
black to blue cuing the starting of the block, fol-
lowed by four trials, two match trials and two non-
match trials. Each trial began with a fixation cross
that lasted 600 ms followed by the simultaneous
presentation of two images for 3,000 ms. Partici-
pants were asked to make a button press to indi-
cate whether or not the two images were identical
or different. The task lasted a total of 6.2 min for
each subject. Within the entire task, 186 volumes
were collected.

fMRI Monetary Reward Task

An event-related design for the monetary reward
task was used. On each trial, participants viewed
two doors on the screen and were asked to choose
a door. One door led to feedback of monetary gain
and the other loss, with a 50% chance of a win or
loss after each choice. Participants completed a total
of 60 trials (30 win, 30 loss). There were two pseu-
dorandom sequences of win/loss trials that lasted
16 s each. At the beginning of each trial, partici-
pants were presented with a fixation point lasting
2 s. The two doors were then presented for 2 s for
the participants to make their choice of the left or
right door with a button press. After a fixation per-
iod of 800 ms, feedback (i.e., “You Win” vs. “You
Lose”) was presented for 1.2 s. The interstimulus
interval was jittered (M = 2 s, range = 0–14 s). The
average trial duration was 8 s. The task lasted a
total of 8.2 min for each subject. Within this task,
there were two runs and each consisted of 130
volumes.

Scanning Procedure

On the day of scanning, children first partici-
pated in mock scanning to acclimate them to the
experimental environment utilizing an MRI simula-
tor (Model number: PST-100355 from Psychological
Software Tools; Sharpsburg, PA). During the mock
scanning session, children were given feedback
regarding their head motion utilizing the Flock of
Birds motion tracking system (Ascension Technol-
ogy Corporation; Shelburne, VT) and MoTrack
motion tracking software (Psychology Software
Tools). During both the mock and the actual

scanning, foam pads were placed around the partic-
ipant’s head to reduce head movement.

Data Acquisition, Preprocessing, and Analysis

All images were acquired utilizing a Siemens Trio
3 T scanner (Siemens Healthcare, Malvern, PA). For
each child, the scanning session began with the
acquisition of T1-weighted high resolution structural
images using the following magnetization prepared
rapid gradient echo (MPRAGE) sequence: slices =
176, slice thickness = 1 mm, repetition time (TR) =
2,400 ms, echo time (TE) = 3.16 ms, flip angle = 8°,
matrix size = 256 9 256, field of view (FOV) =
256 9256, resolution = 1 9 1 9 1 mm3. After that,
a set of inplane T2-weighted structural images were
collected in the axial oblique plane, parallel to the
anterior commissure-posterior commissure (AC-PC)
plane with the following parameters: slices = 37,
slice thickness = 3.5 mm, TR = 6,450 ms, TE =
88 ms, flip angle = 120°, matrix size = 256 9 256,
FOV = 256 9 256, resolution = 1 9 1 9 3.5 mm3.
Slice orientation used T2*-weighted axial images,
acquired using the following echo-planar imaging
(EPI) sequence: 37 interleaved axial slices, slice
thickness = 3.5 mm, TR = 2,000 ms, TE = 30 ms,
flip angle = 90°, matrix size = 64 9 64, FOV =
224 9 224 mm, resolution = 3.5 9 3.5 9 3.5 mm3.

All images were processed using SPM8 (http://
www.fil.ion.ucl.ac.uk/spm8/). Motion outliers were
defined as volumes with a scan-to-scan motion
> 0.5 mm in either the x, y, or z plane, or 0.01 radi-
ans in either the roll, pitch or yaw rotation, using
the Artifact Detection Tools (http://www.nitrc.
org/projects/artifact_detect/). On average, 17% of
scans were identified as outliers per run (ranging
from 5% to 31% across subjects). Runs were
excluded from analysis if more than one third of
volumes were outliers. Prior to analysis, images
were corrected for slice timing, realigned to the
middle scan, and from this realignment six parame-
ter rigid body transformations were calculated.
Structural images were coregistered with the mean
functional image, segmented, and then normalized
to a standard space using the Montreal Neurologi-
cal Institute (MNI) template. Functional images
were then normalized using the same parameters
as the structural normalization. Finally, the func-
tional images were smoothed using a 6 mm full
width at half maximum (FWHM) Gaussian kernel.

Univariate analysis was conducted using the gen-
eral linear model (GLM). Each stimulus condition was
modeled in the GLM as a regressor using a boxcar
function convolved with the canonical hemodynamic
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response function. The six motion parameters and vol-
umes with high motion, composite motion ≥ 0.5 mm,
mean global signal (z) ≥ 3.0, were entered into the
model as covariates of no interest. For the faces task,
beta values were estimated for each voxel for each of
the two conditions of interest (i.e., neutral, sad), and
these estimated parameters were used to generate the
contrasts of interest. For the monetary reward task,
the same procedure was followed, but the conditions
were monetary gain feedback versus loss feedback.
The respective sad versus neutral faces and the gain
versus loss contrast images from the Emotional Faces
and the Monetary Reward tasks were then entered in
second-level one-sample t-test models.

Seed regions for emotional face processing were
functionally defined following a small volume
search of the left and right amygdala and the sam-
ple’s average peak voxel reactivity in each. Seed
regions for reward processing were functionally
defined based on the sample’s average peak voxel
reactivity in left and right VS and medial (bilateral)
ACC during processing of monetary gains versus
loss. Spheres with a 6 mm radius centered on those
peak voxel coordinates were created and used as
seed regions for each respective task. These seeds
were then constrained within the boundaries of the
regions of interest as defined by the automated ana-
tomic labeling (AAL) atlas. Psychophysiological
Interaction (PPI; O’Reilly, Woolrich, Behrens, Smith,
& Johansen-Berg, 2012) analyses were conducted to
examine task-dependent connectivity of the amyg-
dala with the whole brain during the processing of
sad versus neutral faces and of the VS and ACC
with the whole brain during the processing of mon-
etary gain versus loss as a function of early parent-
ing experiences. That is, PPI analyses tested the
extent to which the connectivity of the amygdala,
VS, or ACC with other brain regions during one
task condition relative to another correlated with
early parenting experiences.

All functional connectivity whole brain maps at
the group level were thresholded using a cluster-
defining threshold (i.e., voxel-wise threshold) of
p < .001 and a family-wise error cluster (FWEc) cor-
rection of p < .05, as implemented in SPM. Using
this correction method based on Gaussian random
field theory, the FWE corrected significance of each
cluster is obtained and can be further corrected
(e.g., with a Bonferroni correction) for the multiple
parenting variables and PPI seeds tested. We thus
performed a Bonferroni correction based on two
parenting variables and five seed regions, therefore
correcting for 10 comparisons in total. This resulted
in a p-threshold of .005 (.05/10 = .005). If an effect

did not survive this level of correction, we also
report whether it survived correction for two sepa-
rate parenting predictors, which yields a p-thresh-
old of .025 (.05/2 = .025).

All analyses included both maternal regulation
and hostility as simultaneous predictors to exam-
ine their independent effects adjusting for each
other. All analyses were repeated after covarying
age during the scan as well as sex and SES. None
were related to functional connectivity of any seed
with any brain region during any task, and results
reported below remained virtually identical with
age, sex, or SES in the models. Results are there-
fore reported without these covariates in the mod-
els. One-sample t-tests are reported for all results,
which is the standard approach to reporting the
effects of a covariate on seed-based functional con-
nectivity. Based on prior literature (Burghy et al.,
2012; Herringa et al., 2013, 2016), we expected
medium to large effect sizes. Power analyses indi-
cated a sample of 68 participants would provide
85% power to detect medium to large effects
(R2 = .20) at p < .01. Finally, no correlation was
found between any of the parenting measures and
mean frame-wise displacement on any of the
tasks.

Results

Bivariate Associations Between Parenting Variables

Mean maternal hostility scores were 1.19
(SD = 0.32, range = 1–3), and mean maternal regu-
lation scores were 20.61 (SD = 3.00, range = 13–25).
Maternal hostility was not significantly associated
with maternal regulation (r = �.14, p = .24,
N = 73).

Reactivity to Sad Versus Neutral Faces

At the group level, direct contrast of sad versus
neutral faces revealed significant activation in the
right inferior frontal gyrus (IFG) pars triangularis,
left middle and right inferior temporal gyrus, bilat-
eral inferior and superior parietal lobes, right angu-
lar gyrus, left inferior occipital cortex, left fusiform
gyrus, and right middle occipital cortex (see
Figure S2 and Table S1).

Reactivity to Monetary Gain Versus Loss Feedback

A direct contrast of monetary gain versus loss
revealed significant activation in the bilateral VS
and ACC, as well as various frontal, parietal,
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temporal, occipital, and cerebellar regions (see
Figure S3 and Table S2).

PPI—Effects of Early Childhood Parenting on
Amygdala–Whole Brain Connectivity During Emotional

Face Processing

With the left amygdala as a seed (Figure 1A),
increased maternal hostility predicted more nega-
tive connectivity with the right insula and opercu-
lum. With the right amygdala as a seed region
(Figure 1B), when viewing sad relative to neutral
faces, increased maternal hostility predicted more
negative connectivity with the right insula and
operculum and bilateral mPFC (i.e., medial superior
frontal gyrus; Table 2). There were no significant
effects of maternal regulation on connectivity of
either the left or right amygdala.

PPI—Effects of Early Childhood Parenting on VS– and
ACC–Whole Brain Connectivity During Monetary

Reward Processing

With the left VS as a seed region, greater mater-
nal hostility predicted more negative connectivity
with the right posterior OFC and IFG (Table 3;
Figure 2A, top). With the ACC as a seed region
(Figure 2B), greater maternal regulation predicted
more positive connectivity with bilateral insular
and opercular regions as well as the right anterior
striatum/pallidum (Table 3). There were no signifi-
cant effects of maternal hostility on connectivity of
the right VS or the ACC, or of maternal regulation
on connectivity of the left or right VS.

Ancillary Confirmatory Analyses

In order to confirm the robustness of results after
either log-transforming maternal hostility or

winsorizing the two outliers on this variable, param-
eter estimates of connectivity averaged across the
voxels within each cluster were extracted, and Pear-
son’s correlations were computed between these con-
nectivity estimates and transformed or winsorized
maternal hostility. We also applied a Bonferroni cor-
rection based on 10 comparisons (2 parenting vari-
ables multiplied 9 5 seeds). As such, our p-value
threshold was reduced to .005 (.05/10 = .005). Both
maternal regulation and hostility were simultane-
ously included as predictors in each model.

All effects of maternal hostility on amygdala con-
nectivity during the faces task and of left ventral stri-
atal connectivity during the monetary loss-gain task
survived correction for 10 comparisons. Higher levels
of maternal hostility continued to predict more nega-
tive connectivity of the left amygdala with the right
insula/operculum, log maternal hostility: b = �.49,
t(59) = �4.19, p < .001; winsorized maternal hostility:
b = �.56, t(59) = �5.10, p < .001. Higher levels of
maternal hostility also continued to predict more neg-
ative connectivity of the right amygdala and the right
insular/operculum, log maternal hostility: b = �.45,
t(59) = �3.75, p < .001; winsorized maternal hostility:
b = �.48, t(59) = �4.07, p = .002, as well as the
mPFC, log maternal hostility: b = �.44, t(59) = �3.65,
p = .001; winsorized maternal hostility: b = �.34,
t(59) =�2.74, p = .008. Greater maternal hostility also
continued to predict more negative connectivity of
the left VS with the right posterior OFC and IFG,
which were both contained in one cluster, log mater-
nal hostility: b = �.38, t(62) = �3.22, p = .002; win-
sorized maternal hostility: b = �.39, t(62) = �3.31,
p < .001.

Controlling for Temperament Group

When including temperament group as the only
predictor of functional connectivity, there were no

Table 2
Effects of Maternal Hostility on Connectivity With the Right and Left Amygdala While Viewing Sad Faces Relative to Neutral Faces (N = 61)

Region
MNI coordinates

(X, Y, Z) Cluster size
Peak-level t
(df = 59)

Cluster-level
R2

Cluster-level
p (FWEc)

Seed: left amygdala (X, Y, Z = 21, �3, �18)
Right insula and operculum 54, 6, �3 63 �4.73 .36 .005a

Seed: right amygdala (X, Y, Z = �21 �6, �18)
Right insula and operculum 51, 6, 0 79 �5.44 .36 .001a

Left medial superior
frontal gyrus

�24, 54, 30 66 �5.11 .26 .004a

Note. R2 values represent the effect of maternal hostility over and above that of maternal regulation. FWEc = family-wise error cluster.
aSurvives correction for 10 comparisons (2 parenting variables 9 5 PPI seeds); coordinates and statistics are reported for the peak voxel
in each cluster.
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significant main effects of group on functional con-
nectivity. We then computed models examining our
parenting predictors while including temperament
group as a covariate. In nearly all models, there
remained no significant effect of temperament at a
voxel-wise threshold of p < .001 with cluster correc-
tion threshold of FWEc p < .05, and most of the
main effects of parenting on functional connectivity
remained virtually unchanged. However, our find-
ing of maternal hostility predicting decreased con-
nectivity between left amygdala and right insula/
operculum during processing of sad versus neutral
faces no longer survived FWEc (p = .235), although
it survived voxel-wise threshold of p < .001 (k = 22;
Table S3). Similarly, our finding of maternal regula-
tion predicting increased connectivity between ACC
and right anterior striatum/pallidum during mone-
tary loss versus gain no longer survived FWEc
(p = .286), but it survived voxel-wise threshold of
p < .001 (k = 20; Table S4). In addition, when exam-
ining right VS functional connectivity during mone-
tary loss versus gain while including temperament
group in the model, a significant effect of maternal
hostility emerged, although no significant main
effect of temperament group was detected. Specifi-
cally, maternal hostility predicted decreased connec-
tivity of the right VS during monetary gain versus
loss with right posterior OFC and IFG, right tempo-
ral gyri, and right inferior parietal lobe (Table S4).

Discussion

This study examined the associations, over
7–8 years, between parenting experiences, assessed
in early childhood at age 3 years, and late

childhood neural functional connectivity during
affective processing tasks including emotional faces
and monetary gain versus loss, between the ages of
10 and 11 years, as assessed via fMRI. This is, to
our knowledge, the first study to prospectively
examine the relationships between parenting in
early childhood on neural development over such a
long time period (with two exceptions, Burghy
et al., 2012; Herringa et al., 2016) and to overcome
limitations of much prior work by using both labo-
ratory-based observations of parenting as well as
parent reports. This is also the first study to simul-
taneously examine the association of both positive
and aversive parenting in early childhood with
multiple aspects of late childhood neural functional
connectivity. Specifically, greater maternal hostility
was associated with increased negative connectivity
of the amygdala with frontal, temporal, parietal,
and insular regions, including the mPFC, during
processing of sad faces, as well as increased nega-
tive VS connectivity with the ventrolateral PFC (i.e.,
the IFG) during processing of reward. In addition,
elevated maternal regulation was related to more
positive ACC connectivity with the bilateral insula
during processing of reward.

Research into developmental predictors of neural
functional connectivity during emotional and
reward processing has largely relied on adults’ ret-
rospective reports of developmental experiences or
has examined cross-sectional associations between
parental reports and children’s and adolescents’
neural function in community samples (with some
exceptions, e.g., Burghy et al., 2012; Herringa et al.,
2016). The current study’s incorporation of both
direct observations and maternal reports of parent-
ing, as well as our finding that these relationships

Table 3
Effects of Maternal Hostility and Regulation on Connectivity of the Left Ventral Striatum (VS) and the Anterior Cingulate Cortex (ACC) While
Viewing Monetary Gain Versus Loss (N = 65)

Region
MNI coordinates

(X, Y, Z) Cluster size
Peak-level t
(df = 62) Cluster-level R2

Cluster-level
p (FWEc)

Seed: ACC (X, Y, Z = 3, 47, 0) predictor: maternal regulation
Right insula and operculum 54, 0, 3 84 4.69 .29 .001a

Left insula and operculum �45, 3, �6 125 4.45 .27 < .001a

Right anterior striatum/pallidum 12, 6, 0 40 4.31 .25 .041
Seed: left VS (X, Y, Z = �12, 9, �3) predictor: maternal hostility
Right orbital and inferior
frontal gyri

48, 21, �9 79 �4.25 .14 .002*

Note. R2 values represent the effect of the labeled predictor (i.e., maternal hostility or maternal regulation) over and above that of the
other predictor (i.e., maternal regulation or maternal hostility). FWEc = family-wise error cluster.
aSurvives correction for 10 comparisons (2 parenting variables 9 5 PPI seeds); coordinates and statistics are reported for the peak voxel
in each cluster.

12 Kopala-Sibley et al.



persist 7–8 years later, extend our knowledge of the
relationship between parenting and late childhood
neural functional connectivity. Moreover, in con-
trast to most prior research (Gee, Gabard-Durnam,
et al., 2013; Gee, Humphreys, et al., 2013; Herringa
et al., 2013; Wolf & Herringa, 2016), the current
study sampled a normative range of early experi-
ences (although for an exception, see Graham, Pfei-
fer, Fisher, Carpenter, & Fair, 2015). Results suggest
that relatively subtle forms of adverse parenting,

such as maternal hostility and regulation, relate to
brain functional connectivity over childhood. Given
we did not examine more extreme forms of adver-
sity, it is unclear whether effects found in the cur-
rent study would be comparable to the effects of
more extreme adversity found in other studies.
Prior studies have also not examined the influence
of positive rather than aversive or negative parent-
ing. These more subtle forms of parenting, both
negative and positive, affect a greater proportion of

Figure 2. Effects of age 3 maternal hostility on functional connectivity of the left ventral striatum (top) and of age 3 maternal regulation
on functional connectivity of the anterior cingulate cortex during monetary gain relative to loss (bottom).
Note. N = 65. All effects significant at peak p < .001 with cluster-wise, family-wise error cluster. Labels refer to entire cluster, including
but not limited to those brain regions visible on the brain sections. Scatterplots based on effects in peak voxel in each cluster (see
Table 3). R2 values represent the effect of the labeled predictor when entered alone in the regression model.
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the population than do more extreme experiences,
making their influence on neural development par-
ticularly important to understand.

Parenting and Emotional Processing Neural Circuitry

Only maternal hostility predicted increased nega-
tive amygdala connectivity with frontal, parietal,
and insular regions. The literature, which is largely
cross-sectional (with some exceptions, Burghy et al.,
2012; Herringa et al., 2016), indicates that early
adversity, such as early childhood stress (Pagliaccio
et al., 2015), childhood maltreatment (Herringa et al.,
2013; Thomason et al., 2015), and institutional rear-
ing (Gee, Gabard-Durnam, et al., 2013) is associated
with the development of increasingly negative amyg-
dala-frontal connectivity in community samples of
children and adolescents. The current study supports
this possibility and demonstrates that associations of
maternal hostility, assessed in 3-year olds, with emo-
tion processing circuitry may be visible at least 7–
8 years later. Furthermore, these results support the
contention that relatively subtle forms of adverse
early-life caregiving are associated with altered
capacity for emotional regulation in the developing
brain (see Tottenham, 2012), although we did not
examine emotional regulation in the current study.
In addition, alterations in connectivity between the
amygdala and insular/opercular regions may indi-
cate that maternal hostility adversely impacts indi-
viduals’ capacity for cognitive control or regulation
in the context of negative or aversive stimuli (Chang,
Yarkoni, Khaw, & Sanfey, 2013).

That the amygdala shows increasingly negative
connectivity at high levels of maternal hostility is
consistent with models of normative development
that suggest these regions should be less strongly
connected in late compared to early childhood (Sil-
vers et al., 2016; Wu et al., 2016; see Tottenham,
2012) but that childhood stress results in adult-like
patterns of amygdala connectivity (reviewed in
Callaghan & Tottenham, 2016; Tottenham, 2012; Tot-
tenham & Galvan, 2016). Results therefore provide
novel evidence that relatively subtle adverse parent-
ing in early childhood is associated with accelerated
development of increased negative coupling between
the amygdala and various brain regions implicated
in emotional processing as much as 7–8 years later.

Parenting and Reward Processing Neural Circuitry

Prior research suggests that developmental
adversity promotes hyporeactivity of the VS to
reward (reviewed in Tottenham & Galvan, 2016).

However, no studies of which we are aware have
examined the effects of developmental experiences
on functional connectivity between regions during
reward processing tasks, although Fareri et al.
(2017) found that children and adolescents with a
history of institutional care early in life but who
were adopted at varying ages into foster homes
showed increased VS–mPFC connectivity while at
rest relative to children raised by their biological
parents. Maternal hostility was associated with
more negative connectivity of the left VS with the
right IFG and posterior OFC. Maternal hostility in
childhood may therefore be associated with a more
limited capacity of the developing brain’s frontal
regions to regulate, via various aspects of executive
functioning and cognitive control (Jiang et al.,
2015), the VS response to reward. These findings
are consistent with theories (Auerbach, Admon, &
Pizzagalli, 2014) that posit that early-life stress may
confer vulnerability to later maladaptive psychoso-
cial functioning because of its effects on reward
processing neural circuitry. Greater maternal regu-
lation was also associated with more positive con-
nectivity of the ACC with the bilateral insula/
operculum. Part of the cingulo-opercular circuit, the
ACC receives inputs from the insula relative to the
differences between expected and actual outcomes
of a given decision and provides outputs to coordi-
nate dorsolateral prefrontal structures in order to
organize behavioral responses (Haber, 2011; Shack-
man et al., 2011). As such, maternal regulation may
enhance the capacity of this circuit to detect and
respond to salient or rewarding outcomes and
decide how to respond.

Implications

Whereas results suggest long-term relationships
between parenting and brain functional connectiv-
ity, they may also suggest some specificity in the
relationships of different parenting behaviors on
different aspects of neural function, although these
findings should be interpreted with caution until
they are replicated. Only maternal hostility pre-
dicted altered amygdala and VS connectivity. Given
that hostility, as measured in the current study, is
an aversive parenting behavior, it is possible that
only aversive or particularly salient developmental
experiences, although still within the normative
range of developmental experiences, influence
amygdala connectivity during emotional processing
and VS connectivity during reward processing (re-
viewed in Tottenham & Galvan, 2016). Finally,
parental regulation is characterized by appropriate
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rule and limit setting while still permitting explo-
ration and independence (Robinson et al., 2001).
Psychological autonomy support, of which appro-
priate regulation is a core component, results in
intrinsic motivation in children for reward and
desired goals, which is in turn related to increased
goal-oriented behaviors (Ryan & Deci, 2000). As
such, enhanced ACC-insula (i.e., cingulo-opercular)
functional connectivity may represent a neural
mechanism underpinning motivational states for
reward that is developmentally influenced by par-
ental regulation.

Results may also be consistent with broader
models of parental socialization of children. Grusec
and Davidov (2010) proposed that there are speci-
fic domains of socialization of children by parents
that may have unique effects on specific domains
of children’s psychosocial development. For exam-
ple, Grusec and Davidov (2010) propose that “pro-
tection” is an important domain of parenting, the
primary goal of which is to alleviate the child’s
distress. Elevated maternal hostility in the current
study may signal not just a lack of protection but
an active threat to the child’s well-being from their
primary protector during this developmental
phase. Maternal hostility may also convey to the
child that their parent will not be there in times of
need. Grusec and Davidov (2010) suggested that
children who perceive a lack of protection from
their parents will lack the ability to self-regulate
their own emotional distress; this suggestion may
be consistent with our finding of that maternal
hostility relates to increased negative connectivity
of the amygdala and prefrontal regions during
emotional processing. However, they also note that
domains of socialization and child outcomes are
interconnected. As such, maternal hostility may
also be relevant to Grusec and Davidov’s (2010)
control domain, which involves the parent control-
ling the child’s actions to promote what the parent
believes are socially acceptable behaviors. How-
ever, hostile parents may threaten the child or
withdraw rewards to control their child. This may
explain the current finding that elevated maternal
hostility relates to increased negative ventral stri-
atal connectivity during reward processing, as hos-
tility may represent an inappropriate form of
control. In contrast, behavioral regulation of the
child is likely an adaptive form of control of the
child. Grusec and Davidov (2010) suggest that chil-
dren who are appropriately controlled likely show
greater anticipation of rewards and positive out-
comes, a possibility consistent with our finding
that high levels of maternal regulation relate to

enhanced connectivity of neural reward processing
circuitry.

These results may also contribute to our under-
standing of the mechanisms underlying the well-
established relationship between parenting and
later risk for psychopathology in offspring. Deficits
in emotional regulation and reward processing are
transdiagnostically related to a wide variety of
mental illnesses including depression, anxiety, bipo-
lar disorder, schizophrenia, substance abuse, and
eating disorders (Barch, 2008; Pechtel & Pizzagalli,
2011). If replicated, such evidence would help eluci-
date the phenomenon of multifinality (Cicchetti &
Rogosch, 1996), which refers to the fact that multi-
ple outcomes (i.e., mental illnesses) can share the
same origins (i.e., adverse parenting). Examining
the effects of more specific parenting behaviors, as
opposed to examining adverse parenting as a uni-
tary construct, may help to explain why adverse
parenting when examined as a unitary construct
predicts so many diverse outcomes (i.e., multifinal-
ity). That is, specific parenting behaviors may relate
to specific aspects of neural functioning, which may
in turn relate to different psychosocial outcomes.
However, we should note that these implications
are speculative and go well beyond the data in the
current study. As such, they should be interpreted
cautiously and explored in further research specifi-
cally designed to address these issues.

Limitations

Despite several notable strengths, including
observational in addition to parent-report measures
of parenting behaviors, a 7- to 8-year longitudinal
period, and the examination of multiple aspects of
parenting and neural functional connectivity, some
limitations should be noted. Perhaps most impor-
tantly, parenting, but not neural functional connec-
tivity, was assessed at age 3, whereas neural
functioning, but not parenting, was assessed at age
10–11. Thus, it is possible that our effects are the
result of unmeasured cross-sectional associations
between parenting and child brain functioning in
early childhood or that both are influenced by some
third, unmeasured factor (Rothbart, 2007). How-
ever, disentangling this relationship would require
repeated assessments of both parenting and func-
tional connectivity over a 7- to 8-year period.

Another limitation is that the range of maternal
hostility scores was relatively restricted. Although it
is scored on a 5-point scale, the highest score was
3.0. Thus, it is unclear how maternal hostility
would relate to brain functioning if we had
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observed a full range of maternal hostility. Related
to this, although results remained significant after
log-transforming maternal hostility or winsorizing
the two outliers, effects of maternal hostility on
brain functioning are also likely partially driven by
these two outliers.

Additionally, our sample size was modest and
so may or may not generalize to a broader popula-
tion and analyses may be underpowered to detect
effects or examine if results would vary by gender.
Future research should also examine the relative
contributions of maternal and paternal parenting
behaviors to offspring brain development. Finally,
our emotion processing analyses compared sad rel-
ative to neutral faces, in contrast to the bulk of
prior literature, which has examined fearful or
angry relative to neutral faces. Although results
confirm that sad faces elicit alterations in amygdala
connectivity with various brain regions relative to
neutral faces that is related to early childhood par-
enting experiences, it is unclear whether or how
results would extend to fearful or angry faces.

Conclusion

This study provided novel evidence that parent-
ing behaviors, assessed via laboratory-based obser-
vations or parental report, when children were
3 years old, predicted a range of individual differ-
ences in brain functional connectivity in those chil-
dren when they were 10–11 years old. Specifically,
maternal hostility was associated with more nega-
tive connectivity of the amygdala with frontal and
insular regions, and of the VS with the IFG. Mater-
nal regulation was uniquely associated with more
positive connectivity of the ACC with the insula.
Results highlight an important link between parent-
ing experiences and children’s functional brain
development and indicate that these effects persist
for at least 7–8 years. Such advances in our under-
standing of the effects of parenting on the develop-
ing brain will likely be necessary in order to
develop a fuller picture of the development of indi-
vidual differences in brain functioning and its
effects on psychosocial functioning.
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