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BONDING: A BRILLIANT BRAIN BUILDER

The importance of supporting parents to bond with their child from the earliest years

Overview

Although it has long been acknowledged that children benefit from a strong bond with their parents,
the precise ways bonding helps the child - through improved brain development and building
specific skills necessary for lifelong wellbeing - are only now becoming clearer. New evidence also
reveals specific ways parents can interact with their child to help promote bonding. These new
insights demonstrate the critical need to develop social policies around ways to support parents in
caring for children, such as through improved paid parental leave.

Key points:

- The brain develops rapidly in utero and during infancy, and optimal early life brain development
helps children achieve lifelong success.

- Strong bonds between children and their parents/caregivers, facilitated by a supportive and
nurturing parenting style, help promote early brain development, including a set of skills known as
executive functions.

- Conversely, the absence of a strong parent-child bond may negatively affect brain development,
with lifelong consequences.

- The development of a warm, secure relationship between parent and child is also affected by the
family/whanau context and broader environmental factors.

- Bonding should involve the people most important in the child’s life, but despite the desire, many
fathers are less able to engage in early life bonding due to lack of structural support.

- Factors such as paid parental leave, screen time of parents and children, parental mental health
and greater paternal involvement warrant special attention.

Dramatic brain development occurs in the early years

The early years of life are inarguably the most important period for brain development. From the
time of conception through to infancy and early childhood, children’s brains undergo massive
growth, with potentially more than a million new neural connections being formed every second.?
This rapid neurological growth serves to establish key physiological and behavioural functions and
capacities, including sensory abilities, early language skills, learning and memory, and cognitive and
socioemotional development.?

The period between conception to the age of two - often denoted the first 1,000 days - is particularly
crucial. Substantial brain growth occurs in utero, and at birth babies’ brains are just over a quarter
the size of the adult brain. By the first year, the brain has already more than doubled in volume, and it
reaches 80% of adult size by the age of two (Figure 1).*
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Figure 1: Brain mass shows tremendous growth by the age of two, and growth rates gradually slow as the child gets
older. Data compiled from Dekaban & Sadowsky.*

Optimally developed brains provide the best foundation for lifelong wellbeing

Most of the brain architecture established in early life comprises the primary structures and
connectivities that support fundamental aspects of brain function. These aspects serve as the
scaffold on which more complex brain circuitry can later be laid down. Because of this, optimal brain
development in early life provides a strong foundation for lifelong wellbeing and success.**

Of special importance is the development of the complex brain circuitry that includes a set of cognitive
processes collectively known as executive functions. These processes help with paying attention,
planning ahead, working towards goals and restricting impulsive behaviours; they are therefore
essential for success in school and working life, and for maintaining good relationships with others.* It
is well established that experiences during early life, including receiving warm, responsive and sensitive
parenting, enhance executive functioning.®

Given that the human brain is most malleable to change (‘plastic’) during early life, there is tremendous
opportunity to help children develop to their full potential by providing them with appropriate
experiences. Conversely, adverse exposures may lead to suboptimal brain development, which can lead
to snowballing impacts throughout life in the form of school failure, losses in work productivity, poorer
mental and physical health, and poorer interpersonal relationships.

The importance of parent-child bonding

To survive, children require basic necessities such as food, water, clothing and shelter. However, in
order to thrive, children also require emotional security, for which they depend almost entirely on their
parents (or primary caregivers).' Humans are social creatures, and infants are born to innately seek
meaningful relationships. Having a secure relationship with a parent provides a child with a safe and
secure base from which they can explore their environments and to which they can return in times of
distress.” Importantly, this has physiological benefits through brain growth, as well as psychological
benefits through improved socioemotional development, cognitive coping skills and resilience
mechanisms. Psychological resilience helps to act as a critical buffer against stress and poor mental
health later in life.®

While the term “parent’ is used for simplicity throughout this brief, this may also refer to other primary caregivers who are the
people consistently closest to the child during their early life, regardless of biological relationship.
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The strength of the parent-child bond, and in turn a child’s socioemotional development, depends

on a range of factors relating to the individual child, their family/whanau, and wider environmental
factors including the social and cultural milieu (Figure 2).% A child raised in a nurturing and supportive
environment is more likely to have secure parental attachment and thus thrive, compared to a child
exposed to emotional neglect, physical abuse, household conflict and other toxic stressors.** A chaotic
home environment characterised by greater disorganisation and instability impacts negatively on
parental responsiveness.'? Additionally, parental stress can affect their capacity to responsively care for
their children, and some parents facing mental health issues or relationship difficulties may also find it
harder to be responsive or provide a loving and secure environment.*?

The family/whanau environment itself is situated within the broader context of the wider environment.
Socioeconomic status, the availability of appropriate social support, and supportive workplace or
government policies can all feed into the ability of parents to establish a strong bond with their child.

Child

- Brain development
- Executive functions
- Socioemotional
development

$ ParcdiiCRIRIEENE

Parents/whanau

- Interactions with child
- Amount of screen time
- Maternal mental health
- Other family dynamics
- Safe and healthy homes

Community/wider environment

- Socioeconomic status

- Social support

- Workplace/government policies
e.g. paid parental leave

Figure 2: Multiple factors impact on the quality of parent-child bonding. A child’s emotional security and brain
development occur within the wider context of their family/whanau, the broader environment and the interplay
between each setting (arrows).

Poor bonding disrupts brain development and long-term wellbeing

Emotional neglect is a form of child maltreatment that involves poor bonding. It refers to the failure by
the parent, within the limits of their resources, to attend to the child’s emotional needs, as reflected
through emotional unresponsiveness and limited interactions with the child. Its estimated global
prevalence is about 18%.** New Zealand data are sparse, although a nearly 50-year-old analysis from
the longitudinal Dunedin Multidisciplinary Health and Development Study found that 16% of 3-year-old
children experienced maternal behaviours such as indifference and being unaware or unresponsive to
their needs.*®

i This brief focuses on the social, psychological and environmental contexts; however, bonding is also influenced by biological
factors such as the child being born prematurely or having some types of chronic illnesses.*®
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The adverse impact of emotional neglect on a child’s immediate and longer-term health is well
established.'” Much of the research is centred on children who had been previously placed in
institutionalised care, with limited responsive caregiving, one-on-one interaction and cognitive
stimulation. Previously institutionalised children have been found to exhibit persistently poorer
executive functioning skills.*® The Christchurch Health & Development study found that higher levels of
exposure to emotional neglect were associated with a higher risk of psychosocial adjustment problems
at age 18, including anxiety and substance abuse.'® More recent data from the 2019 New Zealand
Family Violence Survey has linked childhood emotional abuse (another form of child maltreatment)

to an increased risk of a wide range of poor health outcomes in adulthood such as heart disease,
psychological and cognitive disability, depression, anxiety and other mental health conditions.?® Other
studies that specifically measured the adult’s reported feelings of a low level of support and love
experienced as a child have similarly found adverse impacts on mental health.?! On the other hand,
children with more secure parent-child relationships report experiencing greater positive emotions such
as hope, love and gratitude in middle childhood.??

Brain imaging data, which provides biological evidence of brain developmental dysfunction, has shown
that children who remain in institutionalised care have relatively immature brain activation patterns
during adolescence, and among those placed in foster care, those who experienced more disruption
through multiple placements had altered brain activity.>® Experience of early institutionalisation has
also been reported to be linked to smaller total brain volume, decreased volumes of gray matter and
white matter, and reduced cortical thickness, with associated changes in behaviour.2* 2* Other imaging
studies involving people who experienced low to moderate levels of childhood emotional neglect have
shown that associated depressive symptoms could be partly explained by disruptions in brain circuitry
involved in reward responsiveness.?®

Building the bond

Building an emotionally secure relationship with a child depends on early engagement that is frequent
and meaningful, beginning as early as the prenatal period (Figure 3).

Pregnancy Birth Infancy Preschool
Talking, Skin-to-skin Serve and return: Frequent meaningful activities,

singing contact Talking, smiling, singing, e.g. reading books, having
engaging in interactive conversations, playing, telling
play stories, snuggling

Figure 3: Ways to promote parent-child bonding during early life.

Prenatal

Many components of the fetus’ hearing system are functional by the second trimester, and there is

evidence that sound recognition and learning occur in utero. For example, newborns tend to prefer
their mother’s voice to a stranger’s, their mother’s native language to another language, and even a
story that had been read aloud during gestation compared to a new story.?’

Neonatal

After birth, repeated skin-to-skin contact (also known as kangaroo care for premature infants)
stimulates many physiological changes in both mother and newborn that help establish bonding
immediately and in the longer term.28 Skin-to-skin care promotes the release of maternal oxytocin,
a hormone that plays a role in social interaction and bonding by countering stress responses and
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promoting growth.?® Breastfeeding may help with bonding, with more months of breastfeeding
associated with greater maternal sensitivity (responsiveness to the baby and its cues) even up to a
decade later.2 3° Non-breastfed babies can be bottle fed with skin-to-skin contact to also promote
bonding.

Infancy (O to 2 years)

Consistent affectionate touch from a parent has established benefits for the infant, including regulating
stress responses and immune function, and promoting psychosocial development and secure
attachment.®!

Parent-infant bonding can also be strengthened by exposing the growing infant to an environment

rich in so-called ‘serve-and-return’ interactions.3? This sporting metaphor describes how children
continually seek interaction from their caregivers through ‘serves’ - in infants, these cues include
vocalising, facial expressions and crying - which prompt the adult to respond with eye contact,
reassuring words or a hug (‘returning the serve’). Adult-child play inherently provides opportunities for
serve-and-return exchanges. For young infants, simple games such as copycat, peekaboo and naming
objects can help to focus attention, use working memory, build language connections, develop self-
control and build trust in the adult.??

Serve-and-return interactions involve a high level of sensitivity from the parent in recognising and
responding promptly to the needs of the child. They reinforce the bond between adult and child,
promote optimal emotional development and psychological resilience, and fulfill the innate need for
the infant/young child to establish meaningful connections.®** The absence of such connections can
cause stress and confusion, and over a sustained period may impede brain development and disrupt
the child’s learning processes.

Multiple neuroimaging studies have demonstrated how the back-and-forth nature of serve-and-

return interactions helps build neural connections in brain regions important for executive functions
including learning, self-regulation and impulse control. For example, a longitudinal study found that
greater levels of a mother’s sensitivity to her five-month-old infant are associated with higher brain
activity and development as measured by resting electroencephalography at age 10 months and again
at 24 months.*? Other longitudinal studies have also shown that maternal sensitivity is associated
with forming specific functional connections in the limbic system by age four or six.3%%” The limbic
system, which includes the hippocampus and amygdala, is responsible for learning and memory, and
for regulating behavioural and emotional responses. Neuroanatomical changes appear to be stable at
least into late childhood, with another study finding that maternal sensitivity at one year of age could
predict amygdala and hippocampal volume at age 10.%8 Studies are now beginning to directly link brain
morphology changes to poorer socioemotional functioning.*°

Consistency in parental cues is emerging as another important factor. One-year-old infants exposed to
more unpredictable maternal interactions demonstrated poorer cognitive development at age two and
poorer memory at age six, and this was independent of maternal sensitivity or socioeconomic status.*®**

Importantly, the described neuroimaging studies involved infants who received care levels within the
normal range, not extreme parental neglect. This highlights the sensitivity of the developing brain to
subtle differences in experience.

Early childhood (2 to 5 years)

Spending meaningful time with a young child in a way that involves their growing interests helps
promote bonding. A good example is shared book reading. This can provide numerous serve-and-return
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experiences if the parent and child together review the book content during the process with questions,
answers and comments.

Reading together during the early years benefits children’s brain development and is a powerful tool

to improve language skills. For example, a longitudinal cohort study of Singaporean children showed
that being read to by their parents for just 10 minutes a day markedly improved their literacy skills

at age four, especially among those of lower socioeconomic status.*? A large OECD study of five-year-
olds in England, the United States and Estonia showed that the more frequently parents read with their
children, the more likely it was that the children showed better socioemotional skills and prosocial
behaviour. A gradient was seen across the range of reading frequencies - that is, every extra day or two
of being read to had a measurable effect on socioemotional skills, and children who were read to the
most (five to seven days a week) scored substantially higher than those who were read to one to two
days a week or less (Figure 4).**
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Socioemotional score

490
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480
Less than once 1-2 days 3-4 days 5-7 days

Frequency of being read to by parents each week

Emotion attribution Prosocial behaviour

Emotion identification

e TTUSE e Non-disruptive

Figure 4: Being read to five to seven times a week by a parent is associated with higher mean scores on a range of
socioemotional measures, even after accounting for socioeconomic status. Data compiled from OECD.**

Having meaningful conversations with a child also strengthens bonding. Indeed, a greater number
of conversations with parents has been directly linked to greater activation of Broca’s area (the
brain region responsible for processing language) in four to six-year-old children, independent of
socioeconomic status.**

The Growing Up in New Zealand longitudinal study has found that children who demonstrated higher
levels of self-control at age four and a half were more likely to have been read to or told stories by their
mothers. They also received more praise and encouragement, and experienced more shared mother-
child interactions not dominated by either person.*®

Importance of parental mental health

A critical factor in the fostering of a strong parent-child bond is the parent’s mental wellbeing. High
levels of stress, anxiety or depression are likely to adversely affect a parent’s ability to bond optimally
with their child. The overall prevalence of postnatal depression in New Zealand women is reported

to range from 8 to 16%,*¢*® although these figures do not account for the likely higher prevalence of
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subclinical depression,*® and also obscure the heightened risks for certain subgroups such as women
who had experienced prenatal depression or are of Asian or Pacific ethnicity. Indeed, another New
Zealand study focused on Pacific families found depressive symptoms in 31% of post-partum Tongan
women.*® An estimated 4% of fathers also develop depression following birth of their child.>°

The impact of poor maternal mental health on compromised bonding with the child can feed into

a vicious intergenerational cycle. A longitudinal study showed that women exposed to childhood
emotional neglect had more than four times the risk of experiencing prenatal depression.>* Prenatal
depression is in turn associated with altered fetal brain development and biochemistry, including
compromised development of executive functions in the child.>? These children may therefore become
more susceptible to psychological distress later in life.>?

Fathers have a critical role too

Although the majority of research has focused on mother-child relationships, the increasing numbers of
working mothers and changing social norms regarding gender and caregiving have prompted growing
focus on the importance of fathers.®* There is clearly a critical role for fathers to play in their child’s
development starting from the earliest days of life: fathers, like mothers, experience increased release
of oxytocin following skin-to-skin contact with their infant.*® Secure father-child attachment during
infancy is associated with higher socioemotional development, language skills and self-esteem in early
to middle childhood, even controlling for the mother-child relationship.*® A systematic review has
demonstrated a positive association between father involvement (level of engagement, accessibility
and responsibility) and children’s cognitive skills in early to middle childhood.*” Notably, several studies
reported that this finding held across ethnicities and socioeconomic status.

Paternal involvement generally requires wider environmental factors to accommodate it, such as
workplace and government policies enabling paternal leave. Fathers who take longer periods off work
after the birth of a child are more likely to partake in caregiving and developmental activities from
infancy through to early childhood, and by middle childhood, their children report greater closeness
and communication with their father.®® *°

Implications for parenting and policy

The importance of strong parent-child bonding and its effects on brain development has many
implications for parenting guidance and policy development. However, integral to all aspects is the need
to recognise that efforts to promote a child’s brain development, particularly through establishing strong
bonds with a parent, cannot be regarded as an individual endeavour but rather as a collective behaviour
involving the family/whanau unit. Parents need to be empowered with knowledge of the importance of
bonding on brain development. Family/whanau circumstances and the wider social environment also
need to be conducive for bonding to occur (Figure 2). Multiple barriers may be in play, such as disturbed
family dynamics (e.g. family violence), lack of whanau/social support and low socioeconomic status,
leaving a busy parent little time or opportunity to engage in sustained bonding activities.

Here we highlight three areas for further discussion.
1. Paid parental leave

The current paid parental leave policy in New Zealand has multiple limitations that mean intended
benefits are not fully realised. One limitation is the length of paid parental leave. While recent
legislative changes to increase the length to 26 weeks are a step in the right direction, this covers

a small fraction of the first 1,000 days of the child’s life. Although above the OECD average of 18.4
weeks, many countries provide considerably longer leave payments, notably Greece (43 weeks), UK
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(39 weeks) and Slovak Republic (34 weeks).5° A second limitation is the low payment rate.®* Weekly
payments are currently capped at about 57% of the median weekly income,™ placing New Zealand near
the bottom among OECD countries. Fourteen other OECD countries offer a 100% payment rate.

New Zealand does not have dedicated paid paternity leave, which tends to act as a major deterrent

to fathers planning to provide primary care and establish strong bonds with their child,®* even though
there is compelling evidence that New Zealand fathers prefer to spend more time with their child than
they are able to, both after birth and during childhood; indeed, spending time with mother and baby

is a strong cultural norm for Pacific fathers.®* ¢ Another consequence of the limitations is that parents
of lower socioeconomic status are less likely to be able to afford to take unpaid parental leave, and
therefore have less time and mental energy available to regularly engage in bonding activities with their
child. In 2019, nearly half of all newborns were born into socioeconomic deprivation, and in 2021 an
estimated 187,300 children were living in poverty.®”- 58

New Zealand currently ranks fifth-lowest on public expenditure on parental leave among OECD
countries.®® Improved paid parental leave - in both payment amount and duration of payment - may
not only help provide opportunities to nurture strong bonds, but also reduce the financial stressors
that exacerbate poor parental mental health.*? This form of structural change will have numerous
downstream benefits for parents, children and wider society that continue to future generations.

2. Screen time

Another factor that is increasingly implicated as interfering with parent-child interactions is screen
time/device use, both by parents and by children. New Zealand tamariki are generally exposed to

a substantial amount of screen time, with 2019/2020 data showing that more than half of two- to
four-year-old children watch screens for two or more hours per day.° Time spent on screens tends to
substitute for time best spent interacting with parents, and exposing young children to screen time

is not recommended without attentive parental involvement.”® Further, any screen time for infants
under two years is not recommended due to potential adverse effects on cognitive and socioemotional
development. The importance of monitoring screen time is supported by real-world data in the New
Zealand context: having limits to screen time from the age of two was associated with improved self-
control in preschool children from the Growing Up in New Zealand study.*® Screen time and device
use by parents themselves needs to be monitored, as this may detract from time and attention given
to children. Preliminary research indicates that mothers of newborns tend to underestimate their own
device use, suggesting the need to inform and support new parents in choices about device use.”

3. Executive functions

There is likely to be great value in emphasising the link between parent-child bonding and executive
functions. These functions predict behavioural, emotional, academic and social competencies
throughout life. The importance of a child’s well-developed executive functions in leading to success
across multiple domains of life, and the consequent benefits to society, cannot be overstated* and
further reinforces the value of ensuring all children are able to enjoy warm, secure relationships with
their parents. Parents, too, will likely appreciate being provided with such knowledge and respond
accordingly. Again, however, this depends heavily on supportive broader environmental factors that
facilitate the establishment of such relationships.

Extensive economic analyses strongly support the concept that investing in children from the earliest
stages is critical to obtaining the best returns in terms of health, education and productivity.”?

i Atthe time of publication, the maximum weekly paid parental leave is $621.76 while the median weekly salary is $1,093.
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Importantly, there are also intergenerational repercussions: children who lack strong bonds with
their parents may, in turn, be less likely to form a secure bond with their own children; conversely,
children who enjoy a strong bond with their parents may be more likely to later form strong bonds
with their children.”® Research from the Dunedin multidisciplinary study has shown that mothers who
had experienced warm, sensitive parenting parented their three-year-old children in a similar way,
with more positive behaviours seen in the child.” Interventions to promote parent-child bonding
opportunities would therefore provide intergenerational benefits.

A mix of targeted and universal intervention measures can be adopted. With regards to targeted
measures, overseas studies suggest that a range of interventions can be effective in at-risk families. For
example, when parents at risk for child neglect or abuse underwent a programme to increase parental
nurturance and sensitivity, their children demonstrated a range of improved outcomes in executive
functions, emotional regulation and stress responses.”® 7¢ Effective interventions, reflected by improved
post-treatment emotional bonding, have also been reported for other at-risk groups such as mothers
with postpartum depression or with preterm babies.”” On the other hand, more universal measures

- whether involving educational guidelines for parents about executive functions and screen time,
strategies to address maternal mental wellbeing, or increased financial assistance via paid parental
leave - are also needed for impact at a population-wide level, and to be most effective these must be
aimed not only at parents/whanau but also the wider societal environment.

Bonding: A brilliant brain builder 9



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

29.

Center for the Developing Child. Brain architecture. Cambridge, MA: Center for the Developing Child, Harvard
University; 2021 [accessed 23 February 2022]. Available from: https://developingchild.harvard.edu/science/
key-concepts/brain-architecture/

Gilmore JH, Knickmeyer RC, Gao W. Imaging structural and functional brain development in early childhood.
Nature Reviews Neuroscience. 2018; 19: 123-37.

Dekaban AS, Sadowsky D. Changes in brain weights during the span of human life: Relation of brain weights to
body heights and body weights. 1978; 4: 345-56.

Low F, Gluckman P, Poulton R. Executive functions: A crucial but overlooked factor for lifelong wellbeing.
Auckland: Koi Td: The Centre for Informed Futures, 2021.

Lally JR, Mangione P. Caring relationships: The heart of early brain development. YC Young Children. 2017; 72:
17-24.

Valcan DS, Davis H, Pino-Pasternak D. Parental behaviours predicting early childhood executive functions:
A meta-analysis. Educational Psychology Review. 2018; 30: 607-49.

Ainsworth MDS, Blehar MC, Waters E, Wall SN. Patterns of Attachment: A Psychological Study of the Strange
Situation. New York: Psychology Press; 2015. 466 p.

Hu T, Zhang D, Wang J. A meta-analysis of the trait resilience and mental health. Personality and Individual
Differences. 2015; 76: 18-27.

Mclintosh JE, Olsson CA, Schuijers M, Tan ES, Painter F, Schnabel A, et al. Exploring perinatal indicators of infant
social-emotional development: A review of the replicated evidence. Clinical Child and Family Psychology Review.
2021; 24: 450-83.

Pinquart M. Do the parent-child relationship and parenting behaviors differ between families with a child with
and without chronic illness? A meta-analysis. Journal of Pediatric Psychology. 2013; 38: 708-21.

World Health Organization, United Nations Children’s Fund, World Bank Group. Nurturing care for early childhood
development: A framework for helping children survive and thrive to transform health and human potential.
Geneva: World Health Organization, 2018.

Andrews K, Dunn JR, Prime H, Duku E, Atkinson L, Tiwari A, et al. Effects of household chaos and parental
responsiveness on child executive functions: a novel, multi-method approach. BMC Psychology. 2021; 9: 147.

Low R, Overall N, Cross E, Henderson A. Emotion regulation, conflict resolution, and spillover on subsequent
family functioning. Emotion. 2019; 19: 1162-892.

Barnes J, Theule J. Maternal depression and infant attachment security: A meta-analysis. Infant Mental Health
Journal. 2019; 40: 817-34.

Stoltenborgh M, Bakermans-Kranenburg MJ, Alink LRA, van IJzendoorn MH. The prevalence of child
maltreatment across the globe: Review of a series of meta-analyses. Child Abuse Review. 2015; 24: 37-50.

Caspi A, McClay J, Moffitt TE, Mill J, Martin J, Craig IW, et al. Role of genotype in the cycle of violence in
maltreated children. Science. 2002; 297: 851-4.

National Scientific Council on the Developing Child. The Science of Neglect: The Persistent Absence of
Responsive Care Disrupts the Developing Brain: Working Paper No. 12. Cambridge, MA: Center on the
Developing Child, Harvard University, 20192.

Gunnar MR, Bowen M. What was learned from studying the effects of early institutional deprivation.
Pharmacology Biochemistry and Behavior. 2021; 210:173272.

Fergusson DM, Horwood LJ. Exposure to interparental violence in childhood and psychosocial adjustment in
young adulthood. Child Abuse & Neglect. 1998; 22: 339-57.

Hashemi L, Fanslow J, Gulliver P, McIntosh T. Exploring the health burden of cumulative and specific adverse
childhood experiences in New Zealand: Results from a population-based study. Child Abuse & Neglect. 2021;
1929:105372.

Salokangas RKR, Schultze-Lutter F, Schmidt SJ, Pesonen H, Luutonen S, Patterson P, et al. Childhood physical
abuse and emotional neglect are specifically associated with adult mental disorders. Journal of Mental Health.
2020; 29: 376-84.

Obeldobel CA, Kerns KA. Attachment security is associated with the experience of specific positive emotions in
middle childhood. Attachment & Human Development. 2020; 22: 555-67.

Bonding: A brilliant brain builder 10


https://developingchild.harvard.edu/science/key-concepts/brain-architecture/
https://developingchild.harvard.edu/science/key-concepts/brain-architecture/

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

49.
43.

44,

Debnath R, Tang A, Zeanah CH, Nelson CA, Fox NA. The long-term effects of institutional rearing, foster care
intervention and disruptions in care on brain electrical activity in adolescence. Developmental Science. 2020;
23:€12872.

Herzberg MP, Gunnar MR. Early life stress and brain function: Activity and connectivity associated with processing
emotion and reward. Neurolmage. 2020; 209: 116493.

Sheridan MA, Fox NA, Zeanah CH, McLaughlin KA, Nelson CA. Variation in neural development as a result of
exposure to institutionalization early in childhood. Proceedings of the National Academy of Sciences. 2012; 109:
12927-32.

Hanson JL, Hariri AR, Williamson DE. Blunted ventral striatum development in adolescence reflects emotional
neglect and predicts depressive symptoms. Biological Psychiatry. 2015; 78: 598-605.

Ghio M, Cara C, Tettamanti M. The prenatal brain readiness for speech processing: A review on foetal
development of auditory and primordial language networks. Neuroscience & Biobehavioral Reviews. 2021; 128:
709-19.

Moberg KU, Handlin L, Petersson M. Neuroendocrine mechanisms involved in the physiological effects caused
by skin-to-skin contact - With a particular focus on the oxytocinergic system. Infant Behavior and Development.
2020; 61:101482.

Tharner A, Luijk M, Raat H, IJzendoorn M, Bakermans-Kranenburg M, Moll HA, et al. Breastfeeding and its relation to
maternal sensitivity and infant attachment. Journal of Developmental & Behavioral Pediatrics. 2012; 33: 396-404.

Weaver JM, Schofield TJ, Papp LM. Breastfeeding duration predicts greater maternal sensitivity over the next
decade. Developmental Psychology. 2018; 54: 220-7.

Carozza S, Leong V. The role of affectionate caregiver touch in early neurodevelopment and parent-infant
interactional synchrony. Frontiers in Neuroscience. 2021; 14: 613378.

Shonkoff JP. Breakthrough impacts: What science tells us about supporting early childhood development. Young
Children. 2017; 72: 8-16.

Yogman M, Garner A, Hutchinson J, Hirsh-Pasek K, Golinkoff RM, Committee on Psychosocial Aspects of Child
and Family Health, et al. The power of play: A pediatric role in enhancing development in young children.
Pediatrics. 2018; 142:e20182058.

Perry RE, Blair C, Sullivan RM. Neurobiology of infant attachment: attachment despite adversity and parental
programming of emotionality. Current Opinion in Psychology. 2017; 17: 1-6.

Bernier A, Calkins SD, Bell MA. Longitudinal associations between the quality of mother-infant interactions and
brain development across infancy. Child Development. 2016; 87: 1159-74.

Wang Q, Zhang H, Wee C-Y, Lee A, Poh JS, Chong Y-S, et al. Maternal sensitivity predicts anterior hippocampal
functional networks in early childhood. Brain Structure and Function. 2019; 224: 1885-95.

Lee A, Poh JS, Wen DJ, Tan HM, Chong Y-S, Tan KH, et al. Maternal care in infancy and the course of limbic
development. Developmental Cognitive Neuroscience. 2019; 40: 100714.

Bernier A, Dégeilh F, Leblanc E, Daneault V, Bailey HN, Beauchamp MH. Mother-infant interaction and child brain
morphology: A multidimensional approach to maternal sensitivity. Infancy. 2019; 24: 120-38.

Leblanc E, Dégeilh F, Beauchamp MH, Bernier A. Disorganized attachment behaviors in infancy as predictors of
brain morphology and peer rejection in late childhood. Cognitive, Affective, & Behavioral Neuroscience. 2022:
DOI: 10.3758/s13415-022-00987-0. Epub ahead of print.

Davis EP, Stout SA, Molet J, Vegetabile B, Glynn LM, Sandman CA, et al. Exposure to unpredictable maternal
sensory signals influences cognitive development across species. Proceedings of the National Academy of
Sciences. 2017; 114: 10390-5.

Glynn LM, Baram TZ. The influence of unpredictable, fragmented parental signals on the developing brain.
Frontiers in Neuroendocrinology. 2019; 53: 100736.

Sensaki S, Law E. Unpublished data. Singapore: Singapore Institute for Clinical Sciences.

OECD. Early Learning and Child Well-being: A Study of Five-year-Olds in England, Estonia, and the United States.
Paris: OECD Publishing; 2020.

Romeo RR, Leonard JA, Robinson ST, West MR, Mackey AP, Rowe ML, et al. Beyond the 30-million-word gap:
Children’s conversational exposure is associated with language-related brain function. Psychological Science.
2018;29: 700-10.

Bonding: A brilliant brain builder 11



45.

46.

47.

48.

49.

50.

51.

592.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

Morton SM, Peterson ER, Buckley J, Murray S. Early self-control development: Prevalence, persistence and
change in a NZ cohort. Wellington: Ministry of Social Development, 2020.

Underwood L, Waldie KE, D’Souza S, Peterson ER, Morton SM. A longitudinal study of pre-pregnancy and
pregnancy risk factors associated with antenatal and postnatal symptoms of depression: evidence from Growing
Up in New Zealand. Maternal and Child Health Journal. 2017; 21: 915-31.

Deverick Z, Guiney H. Postnatal depression in New Zealand: Findings from the 2015 New Mothers’ Mental Health
Survey. Wellington: Health Promotion Agency, 2016.

Thio IM, Browne MAQ, Coverdale JH, Argyle N. Postnatal depressive symptoms go largely untreated. Social
Psychiatry and Psychiatric Epidemiology. 2006; 41: 814-8.

Abbott MW, Williams MM. Postnatal depressive symptoms among Pacific mothers in Auckland: Prevalence and
risk factors. Australian & New Zealand Journal of Psychiatry. 2006; 40: 230-8.

Underwood L, Waldie KE, Peterson E, D’Souza S, Verbiest M, McDaid F, et al. Paternal depression symptoms
during pregnancy and after childbirth among participants in the Growing Up in New Zealand study. JAMA
Psychiatry. 2017; 74: 360-9.

LiY, Long Z, Cao D, Cao F. Maternal history of child maltreatment and maternal depression risk in the perinatal
period: A longitudinal study. Child Abuse & Neglect. 2017; 63: 192-201.

Wu'Y, Lu Y-C, Jacobs M, Pradhan S, Kapse K, Zhao L, et al. Association of prenatal maternal psychological distress
with fetal brain growth, metabolism, and cortical maturation. JAMA Network Open. 2020; 3: €1919940.

Low F, Gluckman P, Poulton R. Intergenerational disadvantage: Why maternal mental health matters. Auckland:
Koi TG: The Centre for Informed Futures, 2021.

Grau-Grau M, Las Heras Maestro M, Bowles HR, editors. Engaged Fatherhood for Men, Families and Gender
Equality: Healthcare, Social Policy, and Work Perspectives. Cham: Springer; 2022.

Vittner D, McGrath J, Robinson J, Lawhon G, Cusson R, Eisenfeld L, et al. Increase in oxytocin from skin-to-skin
contact enhances development of parent-infant relationship. Biological Research For Nursing. 2018; 20: 54-692.

Brown GL, Aytuglu HA. Father-child attachment relationships. In: Fitzgerald HE, von Klitzing K, Cabrera NJ,
Scarano de Mendonga J, Skjgthaug T, editors. Handbook of Fathers and Child Development. Cham: Springer;
2020. p. 273-90.

Rolle L, Gullotta G, Trombetta T, Curti L, Gerino E, Brustia P, et al. Father involvement and cognitive development
in early and middle childhood: A systematic review. Frontiers in Psychology. 2019; 10: 2405.

Petts RJ, Knoester C. Paternity leave-taking and father engagement. Journal of Marriage and the Family. 2018;
80:1144-62.

Petts RJ, Knoester C, Waldfogel J. Fathers' paternity leave-taking and children's perceptions of father-child
relationships in the United States. Sex Roles. 2020; 82: 173-88.

OECD. PF2.1. Parental leave systems, OECD family database. Paris: OECD, 2021.

Morrissey S. Paid parental leave for 26 weeks: Great - but what about the rate at which we pay? Policy Quarterly.
2018;14:78-83.

Employment NZ. Amount of parental leave payment. Wellington: Ministry of Business, Innovation & Employment;
2021 [accessed 20 January 2022]. Available from: https://www.employment.govt.nz/leave-and-holidays/
parental-leave/parental-leave-payment/payment-amount/

Stats NZ. Labour market statistics (income): June 2021 quarter. Wellington: Stats NZ; 2021 [accessed 20
January 2022]. Available from: https://www.stats.govt.nz/information-releases/labour-market-statistics-
income-june-2021-quarter

Growing Up in New Zealand. Growing Up in New Zealand Policy Brief. Employment and parental leave around the
time of birth: evidence from Growing Up in New Zealand. Auckland: Growing Up in New Zealand, 2014.

Growing Up in New Zealand. Who are today’s dads? Fathers and co-parents of children in the Growing Up in
New Zealand study. Auckland: Growing Up in New Zealand, 2016.

The Southern Initiative, Social Wellbeing Agency. Towards better social sector decision making and practice:
A social wellbeing approach. Wellington: The Southern Initiative and Social Wellbeing Agency, 2020.

Ministry of Health. Report on Maternity web tool. Wellington: Ministry of Health; 2021 [accessed 30 March
2022]. Available from: https://www.health.govt.nz/publication/report-maternity-web-tool

Bonding: A brilliant brain builder 12


https://www.employment.govt.nz/leave-and-holidays/parental-leave/parental-leave-payment/payment-amount/
https://www.employment.govt.nz/leave-and-holidays/parental-leave/parental-leave-payment/payment-amount/
https://www.stats.govt.nz/information-releases/labour-market-statistics-income-june-2021-quarter
https://www.stats.govt.nz/information-releases/labour-market-statistics-income-june-2021-quarter

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Stats NZ. Child poverty statistics: Year ended June 2021. Wellington: Stats NZ; 2022 [accessed 30 March
2022]. Available from: https://www.stats.govt.nz/information-releases/child-poverty-statistics-year-ended-
june-2021

Ministry of Health. New Zealand Health Survey Annual Data Explorer. Children. Topic: Physical activity.
Wellington: Ministry of Health; 2020 [accessed 9 August 2021]. Previously available from: https://minhealthnz.
shinyapps.io/nz-health-survey-2019-20-annual-data-explorer/_w_b2aab33a/#!/explore-topics

Wilkinson C, Low F, Gluckman P. Screen time and children: What do we know about the effects on emotional,
social, and cognitive development? Auckland: Koi Ta: The Centre for Informed Futures, 2021.

McCaleb M. How does the use of smartphones change for new mothers? A pre- and post-partum, match-
controlled observational design. Christchurch: University of Canterbury; 2020.

Heckman JJ. Schools, skills, and synapses (Working Paper 14064). Cambridge, MA: National Bureau of
Economic Research, 2008.

van ljzendoorn MH, Bakermans-Kranenburg MJ. Bridges across the intergenerational transmission of attachment
gap. Current Opinion in Psychology. 2019; 25: 31-6.

Belsky J, Jaffee SR, Sligo J, Woodward L, Silva PA. Intergenerational transmission of warm-sensitive-stimulating
parenting: A prospective study of mothers and fathers of 3-year-olds. Child Development. 2005; 76: 384-96.

Korom M, Dozier M. Chapter Two - The importance of responsive parenting for vulnerable infants. In: Lockman JJ,
editor. Advances in Child Development and Behavior. Cambridge, MA: Academic Press; 2021. p. 43-71.

Valadez EA, Tottenham N, Tabachnick AR, Dozier M. Early parenting intervention effects on brain responses to
maternal cues among high-risk children. American Journal of Psychiatry. 2020; 177: 818-26.

Mascheroni E, lonio C. The efficacy of interventions aimed at improving post-partum bonding: A review of
interventions addressing parent-infant bonding in healthy and at risk populations. Journal of Neonatal Nursing.
2019; 25: 61-8.

Bonding: A brilliant brain builder 13


https://www.stats.govt.nz/information-releases/child-poverty-statistics-year-ended-june-2021
https://www.stats.govt.nz/information-releases/child-poverty-statistics-year-ended-june-2021
https://minhealthnz.shinyapps.io/nz-health-survey-2019-20-annual-data-explorer/_w_b2aab33a/#!/explore-topics
https://minhealthnz.shinyapps.io/nz-health-survey-2019-20-annual-data-explorer/_w_b2aab33a/#!/explore-topics

UNIVERSITY OF KOI TU:

AUCKLAND THE CENTRE FOR
Waipapa Taumata Rau INFORMED FUTURES

NEW ZEALAND

HELP CREATE AN INFORMED FUTURE

We engage with people and organisations focused on the long-
term development of New Zealand, and on core issues where
trustworthy and robust analysis can make a real difference.

Professor Sir Peter Gluckman
Director, Koi Tt: The Centre for Informed Futures
Phone: +64 21 775 568

Email: pd.gluckman@auckland.ac.nz

THANK YOU TO OUR SPONSORS

Andrew and Elle Grant
Anita Baldauf

Bernard Pesco

Bernard Sabrier

David Levene Foundation
The Gluckman Family

Gus Fisher Charitable Trust
Kelliher Charitable Trust
The MSA Trust

Norman Barry Foundation
Rank Group Ltd

Robert Lerner

The Tindall Foundation

The Wright Family Foundation

informedfutures.org



	_Ref79058961
	_Ref80978019
	_Hlk95421457
	_Ref93484831

