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Abstract: The World Health Organization in its recommendations for the care of preterm infants has
drawn attention to the need to address issues related to family involvement and support, including
education, counseling, discharge preparation, and peer support. A failure to address these issues
may translate into poor outcomes that extend across the lifespan. In this paper, we review the
often far-reaching impact of preterm birth on the health and wellbeing of the parents and highlight
the ways in which psychological stress may have a negative long-term impact on the parent-child
interaction, attachment, and the styles of parenting. This paper addresses the following topics:
(1) neurodevelopmental outcomes in preterm infants, including cognitive, sensory, and motor diffi-
culties, (2) long-term mental health issues in premature infants that include elevated rates of anxiety
and depressive disorders, autism, and somatization, which may affect social relationships and quality
of life, (3) adverse mental health outcomes for parents that include elevated rates of depression,
anxiety, and symptoms of post-traumatic stress, as well as increased rates of substance abuse, and
relationship strain, (4) negative impacts on the parent-infant relationship, potentially mediated by
maternal sensitivity, parent child-interactions, and attachment, and (5) impact on the parenting
behaviors, including patterns of overprotective parenting, and development of Vulnerable Child
Syndrome. Greater awareness of these issues has led to the development of programs in neonatal
mental health and developmental care with some data suggesting benefits in terms of shorter lengths
of stay and decreased health care costs.

Keywords: preterm infants; mental health; parenting; attachment; parent-infant interactions

1. Introduction

Global estimates of preterm (<37 weeks gestation) and low birth weight (LBW) infants
range from 15–20% of all live births. Infants in this category have a two- to 10-fold
higher risk of mortality than the term and normal birth weight infants and are at greater
risk of medical complications and developmental problems including growth failure and
developmental disabilities [1]. Preterm birth rates decreased between 2007–2014 but have
increased since that date with one in 10 babies in the US being born prematurely. Rates of
prematurity and low birth weight vary depending on race and ethnicity with higher rates
in Black women [2].

While much attention has been focused on the medical and developmental issues of
preterm infants, an appreciation of the psychological impact of the preterm birth and the
neonatal intensive care unit (NICU) experience on the parents has been less well studied.
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This is reflected in the hospital NICU practices that have emphasized interventions to
improve infant outcomes rather than the psychological health of the parents. However,
the recent World Health Organization Recommendations for Care of the Preterm or Low-
Birth-Weight Infant [3] have drawn attention to the need to address the issues related to
family involvement and support including education, counseling, discharge preparation,
and peer support.

The birth and hospitalization of a preterm or LBW infant in the NICU is typically an
unexpected and traumatic experience for parents. Parents frequently report feelings of
guilt, anxiety, and sadness about the loss of the “perfect” child. Sources of stress include
aspects of the NICU environment, unexpected physical characteristics and behaviors of
the infant, difficult interactions with NICU staff, and the inability to take on the expected
parenting role [4]. The psychological models used to explain parental reactions include
those of grief and loss, but also the trauma model, in which the baby’s preterm birth is
experienced as a traumatic event.

In this paper, we review the often far-reaching impact of preterm birth on the health
and wellbeing of the parents and highlight the ways in which psychological stress may
have a negative long-term impact on parent-child interaction, attachment, and styles of
parenting. A failure to recognize these issues may translate into poor outcomes that may
extend across the lifespan.

2. Neurodevelopmental Outcomes

To provide a context to the impact of preterm birth, we start with a review of neu-
rodevelopmental outcomes in the preterm infants. As improvements in survival have
occurred among preterm infants, focus has shifted somewhat from preventing mortality
to reducing neurodevelopmental impairment [5,6]. In the second half of gestation, brain
volumes increase over 10-fold, making this a particularly vulnerable stage for neurological
injury and disordered development [7,8]. The brains of preterm infants over time may
show poor oligodendrocyte maturation, delayed myelination and neurite formation, and
glial activation [9]. Rates of cognitive, motor, and sensory impairments are higher among
preterm born than term born children and have been studied extensively [10–12]. The
highest rates of impairment occur among the most premature, although even late preterm
and early term born children may have outcomes below term norms. In a meta-analysis
of studies performed after 2000, the rates of cognitive and motor delays were found in
roughly 16% and 20% of preterm born children [10] with mild delays being more frequent
than moderate to severe delays. Among those extremely preterm (EPT: born at less than
28 weeks gestation) and very preterm (VPT: born between 28–31 weeks gestation), the rates
are higher and estimated to be 52% and 24%, respectively, in an international cohort [11].

It is important to note that challenges exist in interpreting the existing data regarding
neurodevelopmental outcomes due to a variation in the individual center approaches to
high-risk infants [13,14], varying definitions of impairment in the literature, changes in
testing models, and a limited predictability of early-stage testing to predict school age
outcomes [15–17]. There is a relative paucity of data on neurodevelopmental outcomes up to
school age with some concern that early estimates of cognitive and motor impairment may
underestimate issues identifiable at later ages [18,19]. In addition, the post discharge care
environment may have a profound impact on the developmental trajectories, particularly
for the highest risk infants [20–22].

Specific neurodevelopmental challenges among former preterm children include
abnormalities of motor, cognitive, and sensory capabilities [6]. A composite of these three
factors, often a combination of Bayley Scales of Infant Development (BSID) cognitive and
motor scores and sensory impairment data, is commonly used as a primary outcome in
neonatal research but misses other important challenges faced by preterm born children.
Social, attentional, executive function, and communication skills may be undermeasured,
either due to a test construct or the age of administration, but may represent more important
functional and life-impacting issues to children and families. Attention has been brought
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by former NICU families on the need to include factors valued by the family, or those
themselves who were born preterm, in the delineation of research outcomes [23–25].

Motor disturbances were among the earliest described and may encompass both
cerebral palsy (CP), and movement disorders. The rates of CP have fallen in recent years
with an estimate of 6.8% in preterm born children [10], down from previous estimates of
~11% [12] in more historical cohorts. Higher rates of CP are found in EPT-born children but
have similarly fallen from estimates of ~14% [26] to 10% [10]. The rates of overall motor
delay are higher than of CP, being up to 44% of EPT children and 16% of VPT children
with moderate to severe delays in 11% and 6%, respectively [10]. Although movement
disorders may be ameliorated by therapies, some may have a significant impact on daily
living activities and are associated with an increased risk of reading and attention issues,
speech and language impairment, and social-emotional problems [27,28].

Sensory impairments, including profound hearing and vision impairment, are less
frequent than cognitive and motor delays but may have important long-term consequences
for the preterm infant. Bilateral hearing impairment requiring intervention occurs in
1–9% of preterm infants [29]. As auditory input is important for language development, a
failure to recognize and mitigate the deficits may have a significant impact on functional
abilities and academic performance. Visual impairments, including acuity, convergence,
and strabismus issues, are also more common in preterm infants and may lead to academic
challenges [30,31].

Cognitive disabilities represent the most common neurodevelopmental impairment
and may include difficulties in executive function, language processing, and working
memory [18,32–36]. The rates of cognitive neurodevelopmental impairment are more
common in EPT children with a pooled prevalence of 29% in recent studies, and 10.9%
being moderate or severe. VPT children in this same review had a 14% rate of cognitive
impairment with 5.8% being moderate or severe. Language skills are often commonly
affected with VPT children who are eight times more likely to exhibit a poorer language
trajectory during development [37]. IQ scores are 12–13 points lower than term infants
in VPT born children [38] and up to 25 points lower for children born less than 26 weeks
gestation [39].

Intelligence tests may fail to detect other issues that are important to cognitive func-
tion, including executive function, and a collection of abilities related to goal-direction and
adaptive behavior. The included domains are working memory, impulse control, cognitive
flexibility, planning, and organization. EPT children have higher rates of executive dys-
function at school age, particularly in working memory, planning, and organization [40].
Working memory, in particular, is a strong, independent predictor of academic achievement,
even after accounting for IQ [41]. Attention disorders are more common among preterm
infants and may significantly impact academic performance. VPT children have shown
higher levels of attention problems, social impairment, and compromised communication
skills than their term born counterparts [42].

3. Speech and Language Delays

Children born preterm demonstrate an increased risk for poor outcomes in language
development. Early difficulties with language have been documented across all degrees of
prematurity, including among children born extremely preterm [43,44], moderately and
late preterm [45], late preterm [46,47], and preterm or at a low birthweight [48]. Children
born preterm display difficulties on the measures of receptive language [43], expressive
language [43,45,46], receptive and expressive language considered together [44,46], and
articulation [43]. While an extensive literature documents the challenges that children born
preterm experience with the acquisition of language skills, there is a paucity of research
that has investigated how to mitigate the risk of prematurity on language development
during the earliest opportunity to intervene—in the NICU environment [49]. More research
is needed on NICU-based language interventions to provide children born preterm with a
robust foundation from which to build language competence.
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4. Infant Mental Health Outcomes

Children born preterm demonstrate a heightened risk for a wide range of mental
health and neurodevelopmental conditions. A variety of psychobiological factors have
been implicated in the development and maintenance of these conditions. An appreciation
of both the risk for and complexity of psychiatric and neurodevelopmental concerns can
support the delivery of effective, tailored care to children born preterm.

4.1. Internalizing and Externalizing Disorders

Children born preterm may display behavioral difficulties as they progress through
childhood, however, research findings in the literature are mixed. Several unique behavioral
profiles have been detected. Some children born preterm may show the highest levels
of behavioral problems in the period between two and three years of age [50]. However,
Bosch and colleagues [51] found limited behavioral challenges among two-year-olds with
a history of preterm birth. Some children born preterm may show few externalizing and
internalizing behaviors, with relatively more internalizing behaviors as they age [52].

Variables that account for the outcomes in behavioral concerns include gestational
age, skin-breaking procedures and morphine administration in the NICU [52], maternal
depression, parenting stress, caregiver hostility, parental view of child vulnerability, and
socioeconomic status [50,53]. The emerging research has focused on investigating the
neural correlates of behavioral difficulties of the children born preterm. Results from
Gilchrist and colleagues [54] have revealed that decreased neural network integration is
linked to greater internalizing challenges when children are seven years of age.

Heightened risk for psychiatric disorders has been reported in the literature, although
findings have been inconsistent. Among three- to six-year-olds, late preterm birth has been
shown to relate to elevated odds of developing an anxiety disorder [55]. Late preterm birth
has also been linked to elevated teacher reports of attention and internalizing concerns at
six years [56]. Individuals born preterm display 1.5–2.9 times greater odds of developing
depression, 2.7–7.4 times greater odds of developing bipolar disorder, and 1.6–2.5 times
greater odds of developing psychosis [57]. The findings from Upadhyaya et al. [58] sim-
ilarly demonstrate heightened risk for depression between the ages of 5 and 25 years in
individuals born preterm. A history of preterm birth has also been found to relate to
elevated odds of psychiatric hospitalization later in life [57]. Lower gestational age has
been found to be linked to higher odds of psychiatric hospitalization [59]. However, in a
report from Burnett and colleagues [60] on adolescents, mood and anxiety disorders were
present at comparable levels between subjects who had been born preterm and subjects
who served as controls.

4.2. Social Relationships and Autism

The extant literature has demonstrated a link between a history of preterm birth and
social functioning. At seven to nine months of age, children born preterm demonstrate
lowered social attentional preference relative to children born full term, although this
difference is no longer present at five years [61]. Preterm birth is also related to an elevated
risk for autism spectrum disorder (ASD; [62]). One report indicates a prevalence rate
of ASD of 28–40% in a local sample of adolescents with a history of preterm birth [63].
Research from Chang and colleagues [64] has demonstrated that earlier gestational age is
linked with an elevated risk for ASD. Among the children with ASD, the children born
preterm show poorer nonverbal behaviors but better socioemotional reciprocity and peer
relationships relative to the children born full term [62]. The candidate etiological pathways
for the onset of ASD in children born preterm are underlying inflammatory and genetic
processes [65,66].

4.3. Somatization

Given that children born preterm undergo a multitude of painful procedures over
the course of a NICU admission, it is critical to understand the degree to which early,
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concentrated experiences of pain are related to later pain processing and management.
Grunau and colleagues have found that young children with a history of extremely low
birth weight and preterm birth demonstrate clinically elevated levels of somatization [67].
Variables that have been found to relate to somatization in the children born preterm
include family relations, maternal sensitivity, and NICU admission history [67].

4.4. Quality of Life

Quality of life is an important consideration when caring for infants born preterm
who have a greater likelihood of enduring the painful and extensive medical interventions
from the earliest moments of life. An examination of the quality of life of individuals born
preterm has resulted in mixed findings, depending in part on the source of data and the
age of the subjects. The parents of children born preterm have indicated a lower quality
of life for their children at 10 years of age as compared to the parents of children born
full-term [68]. Subject- and caregiver assessment of quality of life has demonstrated a less
favorable quality of life relative to the controls at 13 and 26 years [69]. On the other hand,
Roberts and colleagues [70] reported that adolescents with a history of extremely preterm
or extremely low birth weight have quality of life ratings that are comparable to control
peers. Similarly, adults with a history of moderately preterm birth demonstrate a quality of
life that is similar to their peers with a history of full-term birth [71].

The early life experiences of children born preterm, and their families may contribute
to cascading consequences in the areas of mental health and neurodevelopment. It is
important to recognize that the etiology of psychiatric and neurodevelopmental conditions
is often multifactorial, encompassing factors across the social and biological realms. A
keen understanding of the key factors and processes that contribute to the differences in
development can facilitate the development of interventions that ameliorate the impact
of preterm birth and promote child and family well-being. Parental and child health are
inextricably linked. In order to support the development of children, clinical attention
should also address the needs of parents.

5. Parental Mental Health Outcomes

When considering mental health issues related to preterm birth, it is important to take
into account the impact on parents. For many parents, an infant’s admission to the NICU
can evoke feelings of shock, guilt, fear, sadness, and helplessness. In summarizing the NICU
parent experience, Miles [72] categorized stressors for NICU parents into four categories:
(1) the infant’s appearance and behaviors, (2) the sights and sounds in the NICU, (3) parental
relationship and communication with staff, and (4) parental role alteration. NICU parents
are faced with seeing their sick infant exposed to intensive medical intervention in an
unfamiliar environment, while simultaneously learning how to effectively communicate
with staff, and to trust in one’s own abilities as a parent. If unaddressed, the mental
health sequelae of these stressors can disrupt a parent’s ability to be present and engaged
in their infant’s care, potentially causing a negative impact on both the short-term and
long-term child-parent relationship, child developmental outcomes, and overall parent
mental health [73–75].

5.1. Grief and Loss

Experiences of grief and loss are also commonly reported by NICU parents. For NICU
parents, the time around the end of their infant’s life can be especially challenging due to
issues related to decision making, saying goodbye to their infant, and making preparations
for after the death [76,77]. In addition, NICU parents have reported experiencing anticipa-
tory grief, or the psychological challenges associated with hoping for the infant’s survival
while simultaneously preparing for their death [78]. Ambiguous loss is also commonly
reported by NICU parents, including feelings of loss related to important milestones or
experiences such as the imagined pregnancy or birth, having a baby shower, or being
able to hold one’s baby immediately after birth [79,80]. Additionally, the developmental
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trajectories of infants in the NICU related to prematurity or other complex medical needs
can often be very different than what a parent imagined for their child, themselves, and
their family [81].

5.2. Depression

Despite what can often be a very vulnerable time for all new parents, stressors unique
to the NICU experience likely contribute to the higher reported rates of depression among
NICU parents when compared to the general population [82]. For example, when compared
to the parents of full-term infants, the parents of very premature infants reported much
higher rates of depression shortly after birth [83]. Moreover, while approximately one
in seven mothers and one in 10 fathers in the general population experience postpartum
depression [75], this number may be as high as four in 10 mothers of preterm infants [84].
With reported feelings of inadequacy, helplessness, and guilt, depressive symptoms have
been found in as many as 38% of all NICU parents [85], often with depressive symptoms
decreasing over time [86,87].

5.3. Anxiety and Traumatic Stress

In addition to symptoms of depression, parental stressors associated with an infant’s
NICU admission have been reported to lead to increased rates of parental anxiety and
traumatic stress. Malouf and colleagues [88] found that among NICU parents, 41.9% re-
ported experiencing anxiety, and 39.9% experienced post-traumatic stress. Critical medical
diagnoses such as prematurity, traumatic birth experiences, and witnessing infants receive
intensive medical intervention can lead to higher rates of anxiety and traumatic stress that
may meet criteria for acute stress disorder or post-traumatic stress disorder (PTSD; [89–92]).
Commonly reported traumatic stress symptoms include symptoms of arousal and intrusion,
as well as either a difficulty leaving the infant’s bedside or an avoidance of the NICU [93,94].
Despite remaining higher than the general population of parents, NICU parent reports of
anxiety and traumatic stress have also been found to decrease over time [88]. Lefkowitz
and colleagues [95] found that while 35% of mothers and 24% of fathers met the criteria
for acute stress disorder a few days after their infant’s NICU admission, when screened
30 days later, 15% of mothers and 8% of fathers went on to meet the criteria for PTSD.

5.4. Substance Use

In the United States, every 25 min a baby is born who will experience symptoms of
Neonatal Abstinence Syndrome (NAS) due to the discontinuance of in-utero exposure to
substances [96,97]. Parents of these children are often forced to find ways to cope with their
infant’s prolonged NICU admission, as well as with managing their own psychological
adjustment and substance use [98]. While little is known about the link between traumatic
stress and substance use in NICU parents specifically, the literature suggests that the
prevalence of PTSD among those with substance use disorders can range from 25.3% to
49% [99]. In addition to potentially suffering from the biopsychosocial consequences of
addiction [100], a newborn’s withdrawal symptoms and need for intensive and sensitive
care can cause a parent distress, guilt, and create challenges for a parent’s ability to bond
and connect with their baby [101,102].

5.5. Relationship Strain

Parenting a child with a serious or chronic illness increases the risk for breakups or
divorce [74,103]. The relationship strain experienced by NICU parents can be especially
challenging because the infant has never left the hospital and parents have yet to experience
their baby on their own and may be excluded from care [104]. The differences in coping
styles, gender roles and expectations, and communication styles can add additional stress
for parents [105]. For example, some fathers are forced to return to work while also feeling
responsible for caring for the mother, the newborn baby, and older children [106]. In
addition, many NICU hospitalizations can last for months at a time, placing increased
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strain on the parents to make arrangements for other children and to navigate a return
to work, potentially causing parents to be separated from each other for long periods
of time [107]. The social and emotional strain placed on NICU parents can persist after
discharge and have lasting effects on family relations, including the critical parent-infant
relationship and attachment.

6. Parent-Infant Relationship and Attachment

The quality of caregiving relationships during infancy and early childhood has sig-
nificant and lasting psychological and biological impacts on the developing child. The
parent-infant relationship is one of the infant’s most proximal environmental exposures,
and preterm infants are considered to be neurologically and biologically more vulnerable
to their environmental exposures, hence [108], it is critical to understand the barriers and
challenges in developing optimal relationships in the NICU parents and infants. Prematu-
rity, particularly when leading to a NICU admission, can cause a disruption in the normal
process of parent-infant bonding [109]. Preterm infants are less interactive, less alert and,
and more easily dysregulated, and as a result their parents can have a harder time read-
ing their cues [110,111]. NICU admission leads to parent-infant separation and makes it
challenging, and at times impossible, for parents to hold their infant and to help soothe or
regulate them when in distress [112]. The parents of preterm infants also experience higher
rates of psychiatric distress [86] and can experience lower parental self-efficacy (parent’s
self confidence in being able to carry out their parental role) [113] which can add to their
difficulties in bonding with their infant.

The parent-infant relationship is complex and multidimensional. Maternal sensitivity
(defined as the mother’s ability to detect, interpret, and respond to their infant’s emotional
and physical needs [114]), the quality of the parent-infant interactions, and the patterns of
attachment are among the main dimensions studied in both the general and the preterm
parent-infant population. Sensitive parenting and high-quality parent-infant interactions
are associated with better neurocognitive, socioemotional, and language development, and
higher academic achievement later in childhood in preterm infants [115–118]. Inversely,
less sensitive parenting has been associated with an increase in externalizing behaviors in
early childhood, and in particular, in those preterm infants who experience higher levels
of distress in infancy [119]. Drawing on this literature and our general understanding of
the effects of the parent-infant relationship in full-term infants, higher levels of parental
sensitivity and higher quality of parent-infant interactions are thought to be protective
factors in the face of the increased developmental risks that preterm infants face.

Given the importance of high-quality parent-infant relationships in the NICU popu-
lation and the many challenges these infants and parents face in establishing an optimal
bond in the beginning, many researchers have looked at the various aspects of the parent-
infant relationship in this population to discern if there are any differences when compared
to the general population. The results are heterogenous and difficult to interpret. The
heterogeneity in the results is likely due to several factors: (1) as mentioned above, the
parent-infant relationship is complex and multidimensional and therefore, different studies
have looked at different aspects of this relationship, and even those that have looked at the
same dimension, at times, have used different assessment tools and methods, (2) among
preterm infants there is a significant diversity in terms of the degree of prematurity, medical
comorbidities, and the length of stay in the NICU, all of which can affect the quality of the
parent-infant relationship, (3) NICUs and the supportive/therapeutic services they offer
(family based developmental care practices, mental health services, psychosocial support
services, etc.) differ widely, (4) factors such as race, ethnicity, and psychosocial adversity
play an important role in the quality of the care patients receive and in their outcomes, and
(5) differences in the study designs in terms of the timeline of assessments, and whether
the study is longitudinal vs. cross sectional, and if longitudinal the follow up timelines can
all create a heterogeneity in the findings. Here, we summarize some of the findings on the
three core dimensions of the preterm parent-infant relationship.
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6.1. Preterm Parent-Child Interactions

The majority of the studies that look at the preterm infant behavior have found
preterm infants to be less interactive, less responsive, and to demonstrate less positive
affect [120,121]. However, some studies found no differences between the preterm and
full-term infant behaviors and a small number of studies found mixed results, or more
favorable infant behavior among the preterm infants [122–124]. It is important to note
that the degree of prematurity, other medical comorbidities, pain and distress, or sedation
can all impact the degree of a preterm infant’s responsiveness and engagement in dyadic
interactions. A larger number of studies have looked at the maternal interactive patterns in
the mothers of preterm infants. The findings here are more heterogeneous and therefore,
it is not easy to draw any universal conclusions based on these studies. About half the
studies have shown less favorable maternal interactive patterns such as lower sensitivity,
more controlling and intrusive behavior, and lower responsiveness [125,126]. There are,
however, studies that show higher levels of attunement and maternal sensitivity, and
responsiveness in the mothers of preterm infants, and a fair number of studies that have
found no statistically significant differences between these mothers and the mothers of
full-term infants [125,127–131]. Finally, a smaller subset of studies has looked at the quality
of the dyadic interaction in the preterm population. About half of these studies have found
a lower quality of dyadic interactions in these mothers and infants [121–133]. These studies
have found less dyadic coregulation, less cooperation, synchrony, and positive affect in
the preterm mothers and infants. Others have found no statistically significant differences,
although the majority of the studies that found no differences were performed when infants
were six months or older [134–136].

Looking at the findings of the research on preterm parent-infant interaction highlights
the fact that preterm mothers and infants constitute a heterogeneous population. There
are differences in the infants’ medical condition and birth weight, parents bring their
own varying psychosocial and personal backgrounds and histories of trauma or adversity,
and the NICUs differ significantly in terms of the resources (including early screening,
psychological support, and interventions) that they provide. The timing of assessment can
significantly affect the findings: while preterm infants are less interactive and neurologically
premature, in many cases they eventually catch up with their full-term counterparts.
Similarly, during the early postpartum period and the NICU admission, many parents
experience higher degrees of psychological distress and uncertainty about their infant’s
developmental and medical outcomes. Therefore, depending on the population studied and
considering the variations in methodological designs discussed earlier, it is not surprising
to see the heterogeneity in the findings.

Nevertheless, a number of points can be more definitely concluded based on these
studies: (1) preterm infants, in particular very preterm and extremely preterm infants and
those with medical complications, contribute substantially less to the dyadic interactive
flow and use different ways of communicating their needs and distress. This in turn, can
affect parental interactive patterns with these infants, (2) there are subsets of vulnerable
groups among parents of the preterm infants when it comes to parental sensitivity and
interactive style. Some of the factors leading to vulnerability are better known, however,
we need to better understand which parental and infant factors can lead to an increased
vulnerability in developing optimal parent-infant interactions in the preterm population,
and (3) preterm infants and their parents may undergo periods during which the quality
of their interactions are more challenged (including during the NICU stay, the immediate
period post-discharge, and the times when there are medical crises or complications). These
periods of increased vulnerability need to be better studied and understood.

6.2. Preterm Parent-Infant Attachment

Another important framework to assess the parent-infant relationship is through
attachment classification. Attachment theory and science describe the role that parents
play for their infants in making them feel safe, secure, and protected [137]. Children who
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consistently receive sensitive, loving, and responsive parenting are able to use their parents
as a safe haven when feeling in danger and a secure base from which to explore their
environment. These children develop what is classified as a secure attachment. Unlike
children who develop secure attachment, those who develop insecure attachment often
are faced with inconsistent or distant, insensitive, or unresponsive caregiving. Broadly, the
insecurely attached children are divided into the anxious-ambivalent group (children who
have received an inconsistent quality of responsiveness and sensitivity and therefore act
in ambivalent ways toward their caregivers) and the anxious-avoidant group (children
who have received an insensitive, unresponsive, and absent caregiving who are unable to
use their caregiver as a safe haven or a secure base). A fourth category of disorganized
attachment was later added to this classification. Children who have disorganized attach-
ment style often have caregivers who are at times frightening or frightened due to their
own significant history of unresolved trauma. These children do not have an identifiable
pattern of relating to their caregivers at times of separation, reunion, or distress. Even
though a disorganized attachment is the only category that is directly associated with later
psychopathology, insecure attachment styles are also associated with problematic patterns
of emotional regulation, interpersonal, and academic skills. The gold standard for the
assessment of attachment style is the Strange Situation Protocol (SSP) which is often used
when the infant is nine to 18 months old [113].

Many of the studies that have looked at the preterm infant’s attachment styles have
reported higher rates of insecure attachment in this group compared to the full-term
infants [138–142]. Studies have also found higher rates of disorganized attachment [143,144].
However, these findings are not consistent, and some research has not demonstrated any
statistically significant difference in the rates of the various categories of attachment styles
between the preterm and full-term infants and their caregivers [144–146]. Looking more
closely at some studies, there are again subpopulations of preterm infants who might be at a
higher risk of developing insecure or disorganized attachment styles: VLBW infants, infants
with respiratory illness, those with longer lengths of hospitalization, and children with more
significant developmental delays [147,148]. These findings highlight the importance of
understanding the infant, parental, and environmental factors that can impede or promote
the child’s attachment to their caregiver. Identifying the infants and parents who are
biologically, medically, developmentally, or psychologically at risk of developing insecure
or disorganized attachment styles can help us tailor interventions and support systems
specific to their needs.

7. Impact on Parenting

In addition to the impact of preterm birth on the attachment and parent-child inter-
actions, it is important to consider how these early life experiences for both parent and
child affect parenting behaviors. Parents have a critical impact on an infant’s learning
and development through parenting interactions. Parental emotional trauma during a
neonatal intensive care unit (NICU) admission often has a significant impact on the parents’
mental health and distorted parental perceptions of their child’s vulnerability (PPCV). This
impacts their parenting styles and can result in a style of overprotective parenting. NICU
parents are at a high risk for developing increased PPCV. Parents of preterm infants had
significantly higher PPCV for their healthy children at age 36–42 months old compared
to healthy term infants [149]. Sixty four percent of the mothers of ex-premature infants
viewed their children as vulnerable in one study [150]. Additionally, about 83% of mothers
who experienced significant emotional trauma during the NICU stay also say they have
distorted vulnerability views of their infants [151,152]. It has been found that the medical
complexity of the infants does not correspond with the PPCV ratings, and that NICU
parents have high ratings of PPCV compared to healthy term infants [153].

The effects of increased PPCV on the parents and child can persist after the infant’s
discharge from the NICU, such as compromises in optimal parenting skills and stunted
learning and developmental outcomes for the child. This is described in the concept of
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Vulnerable Child Syndrome (VCS). Green et al. [154] first described the theory that VCS
affected parents with children whose ages and diagnoses varied, but that a fear for the
child’s survival persisted even after the resolution of a traumatic health event. This fear led
to increased PPCV and then overprotective parenting skills. The final common point was
associated poor outcomes for the child’s behavior, social skills, over somatization of bodily
symptoms, school problems, health care utilization, and psychological problems. In 2015,
Horwitz et al. [155] developed a theoretical model specifically for VCS in NICU children
and showed that the maternal responses and sequelae to traumatic events, maternal dys-
functional coping methods to trauma, and the levels of family support were most influential
in the development of VCS, per a multi-regression analysis model. Hoge et al. [156] have
further explored the concept of utilizing trauma-informed cognitive behavioral therapy
models to predict the risk and progression of the development of VCS.

The reported incidence of VCS in the general pediatrics literature has been around
10–21%; however, the incidence in the NICU families is unknown [157]. Given that the
risk factors of anxiety, depression, trauma, and distorted views of vulnerability are high
in this population, more so than the general population, it could be assumed that the
incidence is at least as high as in the general population, and likely higher. Thus, it is
important to support the NICU parents during the infant’s hospital stay by finding ways to
ameliorate their ability to effectively cope with the emotional trauma during, and after a
NICU admission, and help them have realistic and healthy perceptions of their child for
the future.

Cognitive behavioral therapy (CBT) could be an effective mode of treatment to prevent
VCS in the NICU population. Manualized CBT has been shown to be feasible to address
concepts of PPCV and VCS in the NICU parents of premature infants with very high
parental satisfaction [158]. These parents have expressed stories of utilizing the techniques
and improving situations once discharged from the NICU. Ongoing analysis is underway
to assess the effects on PPCV scores and long-term outcomes of the children.

8. Discussion

With increased rates of survival of preterm infants, attention is now being focused
on the long-term issues affecting both infants and their caregivers. These include not only
chronic medical complications and neurodevelopmental delays, but also the parenting and
mental health issues that have been referenced above. For many parents, the trauma of a
preterm birth may have a lifelong impact, not only on styles of attachment and parenting
approaches, but also on their own mental health and well-being.

Interest in these issues has led to the growth of new specialties, including neonatal
mental health and developmental care. While still a relatively young field, it is fortunate that
researchers are starting to develop a number of effective and evidence-based interventions
that have the potential to improve both the infant and parent outcomes. These include:
(1) developmental care interventions involving measures to reduce infant pain and stress,
sensory interventions to stimulate development, and educational interventions that teach
parents how to recognize their infant’s developmental needs and foster healthy parenting
skills [156], (2) interventions that include parent-infant psychotherapy that address the
relationship and interactions between the parent and infant with the goal of fostering
parental sensitivity and engagement, and (3) interventions directed specifically at the
parents to address parental stress and trauma.

Although these interventions have proven efficacy and long-term benefits, access to
psychological and developmental care services is not uniform across the NICUs. Even in
those hospitals that fund psychological services, there are often gaps and disparities in
their implementation and utilization based on cultural and systemic variables. In part,
these gaps exist due to the absence of robust mental health screening for parents. Although
many obstetrical programs now offer screening for depression, it is rare for the NICUs to
routinely screen parents of preterm infants, in particular, the non-birth parents who may
be equally impacted by the birth trauma. In addition, access to follow-up mental health
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care after the infants are discharged is often variable and, in many cases, completely absent.
Similarly, preventative mental health care in the prenatal period is generally not available
even in well-funded academic programs.

Looking forward, there is a strong need for research and program development in
the areas of neonatal mental health and developmental care. Although there is some data
that has shown shorter lengths of stay and decreased health care costs, there has been no
systematic evaluation of the risks associated with not offering early intervention or the
potential benefits of providing these services. Patterns of overprotective parenting and
symptoms of VCS, for example, as described above, have been linked with the overutiliza-
tion of healthcare services in pediatric care, as well as increased rates of somatization, which
also burden the healthcare system. However, without robust evidence to demonstrate the
financial benefits of early childhood and parent interventions, it will be difficult to convince
both hospital programs and insurance companies to provide adequate mental health care
and parent support. Future research would do well to demonstrate the benefits of mental
health and developmental care interventions for the well-being of infants, families, and the
health care systems that serve them.

Author Contributions: Conceptualization, R.J.S., S.G., C.P., E.C.L., M.K.H. and M.S.; writing—
original draft preparation, R.J.S., S.G., C.P., E.C.L., M.K.H. and M.S.; writing—review and editing,
R.J.S., S.G., C.P., E.C.L., M.K.H. and M.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Van Meurs, K.P.; Hintz, S.R. Medical and neurodevelopmental consequences of prematurity. In Treatment of Psychological Distress

in Parents of Premature Infants: PTSD in the NICE; Shaw, R.J., Horwitz, S.M., Eds.; American Psychiatric Association Publishing:
Washington, DC, USA, 2021; pp. 1–66.

2. Centers for Disease Control and Prevention. National Center for Health Statistical Statistics, National Vital Statistic System.
Available online: https://www.cdc.gov/nchs/nvss (accessed on 8 July 2023).

3. World Health Organization. WHO Recommendations for Care of the Preterm or Low-Birth-Weight Infant. Available online:
https://www.who.int/publications/i/item/9789240058262 (accessed on 8 July 2023).

4. Shaw, R.J.; Moreyra, A.; Dowtin, L.L.; Horwitz, S.M. Psychological adjustment in mothers of premature infants. In Treatment
of Psychological Distress in Parents of Premature Infants: PTSD in the NICU; Shaw, R.J., Horwitz, S.M., Eds.; American Psychiatric
Association Publishing: Washington, DC, USA, 2021; pp. 67–91.

5. Stoll, B.J.; Hansen, N.I.; Bell, E.F.; Walsh, M.C.; Carlo, W.A.; Shankaran, S.; Laptook, A.R.; Sanchez, P.J.; Van Meurs, K.P.; Wyckoff,
M.; et al. Trends in care practices, morbidity, and mortality of extremely preterm neonates, 1993–2012. JAMA 2015, 314, 1039–1051.
[CrossRef] [PubMed]

6. Cheong, J.L.Y.; Spittle, A.J.; Burnett, A.C.; Anderson, P.J.; Doyle, L.W. Have outcomes following extremely preterm birth improved
over time? Semin. Fetal Neonatal Med. 2020, 25, 101114. [CrossRef]

7. Andescavage, N.N.; du Plessis, A.; McCarter, R.; Serag, A.; Evangelou, I.; Vezina, G.; Robertson, R.; Limperopoulos, C. Complex
trajectories of brain development in the healthy human fetus. Cereb. Cortex 2017, 27, 5274–5283. [CrossRef] [PubMed]

8. Roelfsema, N.M.; Hop, W.C.; Boito, S.M.; Wladimiroff, J.W. Three-dimensional sonographic measurement of normal fetal brain
volume during the second half of pregnancy. Am. J. Obstet. Gynecol. 2004, 190, 275–280. [CrossRef]

9. Volpe, J.J. Dysmaturation of premature brain: Importance, cellular mechanisms, and potential interventions. Pediatr. Neurol. 2019,
95, 42–66. [CrossRef] [PubMed]

10. Pascal, A.; Govaert, P.; Oostra, A.; Naulaers, G.; Ortibus, E.; Broeck, C.V.D. Neurodevelopmental outcome in very preterm and
very-low-birthweight infants born over the past decade: A meta-analytic review. Dev. Med. Child Neurol. 2018, 60, 342–355.
[CrossRef] [PubMed]

11. Blencowe, H.; Lee, A.C.; Cousens, S.; Bahalim, A.; Narwal, R.; Zhong, N.; Chou, D.; Say, L.; Modi, N.; Katz, J.; et al. Preterm
birth–associated neurodevelopmental impairment estimates at regional and global levels for 2010. Pediatr. Res. 2013, 74 (Suppl. 1),
17–34. [CrossRef] [PubMed]

https://www.cdc.gov/nchs/nvss
https://www.who.int/publications/i/item/9789240058262
https://doi.org/10.1001/jama.2015.10244
https://www.ncbi.nlm.nih.gov/pubmed/26348753
https://doi.org/10.1016/j.siny.2020.101114
https://doi.org/10.1093/cercor/bhw306
https://www.ncbi.nlm.nih.gov/pubmed/27799276
https://doi.org/10.1016/S0002-9378(03)00911-6
https://doi.org/10.1016/j.pediatrneurol.2019.02.016
https://www.ncbi.nlm.nih.gov/pubmed/30975474
https://doi.org/10.1111/dmcn.13675
https://www.ncbi.nlm.nih.gov/pubmed/29350401
https://doi.org/10.1038/pr.2013.204
https://www.ncbi.nlm.nih.gov/pubmed/24366461


Children 2023, 10, 1565 12 of 17

12. Mwaniki, M.K.; Atieno, M.; Lawn, J.E.; Newton, C.R. Long-term neurodevelopmental outcomes after intrauterine and neonatal
insults: A systematic review. Lancet 2012, 379, 445–452. [CrossRef] [PubMed]

13. Lee, H.C.; Green, C.; Hintz, S.R.; Tyson, J.E.; Parikh, N.A.; Langer, J.; Gould, J.B. Prediction of death for extremely premature
infants in a population-based cohort. Pediatrics 2010, 126, e644–e650. [CrossRef]

14. Rysavy, M.A.; Li, L.; Bell, E.F.; Das, A.; Hintz, S.R.; Stoll, B.J.; Vohr, B.R.; Carlo, W.A.; Shandaran, S.; Walsh, M.C.; et al.
Between-hospital variation in treatment and outcomes in extremely preterm infants. N. Engl. J. Med. 2015, 372, 1801–1811.
[CrossRef]

15. Hack, M.; Taylor, H.G.; Drotar, D.; Schluchter, M.; Cartar, L.; Wilson-Costello, D.; Klein, N.; Friedman, H.; Mercuri-Minich, N.;
Morrow, M. Poor Predictive Validity of the Bayley Scales of Infant Development for Cognitive Function of Extremely Low Birth
Weight Children at School Age. Pediatrics 2005, 116, 333–341. [CrossRef] [PubMed]

16. Roberts, G.; Anderson, P.J.; Doyle, L.W. The stability of the diagnosis of developmental disability between ages 2 and 8 in a
geographic cohort of very preterm children born in 1997. Arch. Dis. Child. 2010, 95, 786–790. [CrossRef] [PubMed]

17. Schmidt, B.; Anderson, P.J.; Doyle, L.W.; Dewey, D.; Grunau, R.E.; Asztalos, E.V.; Davis, P.G.; Tin, W.; Moddemann, D.; Solimano,
A.; et al. Survival without disability to age 5 years after neonatal caffeine therapy for apnea of prematurity. JAMA 2012, 307,
275–282. [CrossRef] [PubMed]

18. Spittle, A.J.; Walsh, J.M.; Potter, C.; Mcinnes, E.; Olsen, J.E.; Lee, K.J.; Anderson, P.J.; Doyle, L.W.; Cheong, J.L.Y. Neurobehaviour
at term-equivalent age and neurodevelopmental outcomes at 2 years in infants born moderate-to-late preterm. Dev. Med. Child
Neurol. 2017, 59, 207–215. [CrossRef]

19. Potharst, E.S.; Houtzager, B.A.; van Sonderen, L.; Tamminga, P.; Kok, J.H.; Last, B.F.; van Wassenaer, A.G. Prediction of cognitive
abilities at the age of 5 years using developmental follow-up assessments at the age of 2 and 3 years in very preterm children.
Dev. Med. Child Neurol. 2012, 54, 240–246. [CrossRef] [PubMed]

20. Spencer-Smith, M.M.; Spittle, A.J.; Lee, K.J.; Doyle, L.W.; Anderson, P.J. Bayley-III cognitive and language scales in preterm
children. Pediatrics 2015, 135, e1258–e1265. [CrossRef] [PubMed]

21. Msall, M.E.; Park, J.J. The spectrum of behavioral outcomes after extreme prematurity: Regulatory, attention, social, and adaptive
dimensions. Semin. Perinatol. 2008, 32, 42–50. [CrossRef]

22. Treyvaud, K.; Inder, T.E.; Lee, K.J.; Northam, E.A.; Doyle, L.W.; Anderson, P.J. Can the home environment promote resilience for
children born very preterm in the context of social and medical risk? J. Exp. Child Psychol. 2012, 112, 326–337. [CrossRef]

23. Hack, M. Adult outcomes of preterm children. J. Dev. Behav. Pediatr. 2009, 30, 460–470. [CrossRef]
24. Janvier, A.; Barrington, K. Trying to predict the future of ex-preterm infants: Who benefits from a brain MRI at term? Acta Paediatr.

2012, 101, 1016–1017. [CrossRef]
25. Jaworski, M.; Janvier, A.; Lefebvre, F.; Luu, T.M. Parental perspectives regarding outcomes of very preterm infants: Toward a

balanced approach. J. Pediatr. 2018, 200, 58–63.e1. [CrossRef]
26. Oskoui, M.; Coutinho, F.; Dykeman, J.; Jetté, N.; Pringsheim, T. An update on the prevalence of cerebral palsy: A systematic

review and meta-analysis. Dev. Med. Child Neurol. 2013, 55, 509–519. [CrossRef] [PubMed]
27. Kirby, A.; Sugden, D.A. Children with developmental coordination disorders. J. R. Soc. Med. 2007, 100, 182–186. [CrossRef]

[PubMed]
28. Lingam, R.; Jongmans, M.J.; Ellis, M.; Hunt, L.P.; Golding, J.; Emond, A. Mental health difficulties in children with developmental

coordination disorder. Pediatrics 2012, 129, e882–e889. [CrossRef]
29. Vohr, B.R. Language and hearing outcomes of preterm infants. Semin. Perinatol. 2016, 40, 510–519. [CrossRef] [PubMed]
30. Stephenson, T.; Wright, S.; O’connor, A.; Fielder, A.; Johnson, A.; Ratib, S.; Tobin, M. Children born weighing less than 1701 g:

Visual and cognitive outcomes at 11–14 years. Arch. Dis. Child.-Fetal Neonatal Ed. 2007, 92, F265–F270. [CrossRef] [PubMed]
31. Holmström, G.; Larsson, E. Outcome of retinopathy of prematurity. Clin. Perinatol. 2013, 40, 311–321. [CrossRef]
32. Cheong, J.L.; Doyle, L.W.; Burnett, A.C.; Lee, K.J.; Potter, C.R.; Treyvaud, K.; Thompson, D.K.; Olsen, J.E.; Anderson, P.J.; Spittle,

A.J. Association between moderate and late preterm birth and neurodevelopment and social-emotional development at age 2
years. JAMA Pediatr. 2017, 171, e164805. [CrossRef]

33. Raju, T.N.K.; Buist, A.S.; Blaisdell, C.J.; Moxey-Mims, M.; Saigal, S. Adults born preterm: A review of general health and
system-specific outcomes. Acta Paediatr. 2017, 106, 1409–1437. [CrossRef]

34. Doyle, L.W.; Cheong, J.L.; Burnett, A.; Roberts, G.; Lee, K.J.; Anderson, P.J.; Victorian Infant Collaborative Study Group. Biological
and social influences on outcomes of extreme-preterm/low-birth weight adolescents. Pediatrics 2015, 136, e1513–e1520. [CrossRef]
[PubMed]

35. Pascoe, L.; Roberts, G.; Doyle, L.W.; Lee, K.J.; Thompson, D.K.; Seal, M.L.; Josev, E.K.; Nosarti, C.; Gathercole, S.; Anderson, P.J.
Preventing academic difficulties in preterm children: A randomized controlled trial of an adaptive working memory training
intervention—IMPRINT study. BMC Pediatr. 2013, 13, 144. [CrossRef]

36. Moore, T.; Hennessy, E.M.; Myles, J.; Johnson, S.J.; Draper, E.S.; Costeloe, K.L.; Marlow, N. Neurological and developmental
outcome in extremely preterm children born in England in 1995 and 2006: The EPICure studies. BMJ 2012, 345, e7961. [CrossRef]
[PubMed]

37. Nguyen, T.-N.; Spencer-Smith, M.; Haebich, K.M.; Burnett, A.; Scratch, S.E.; Cheong, J.L.; Doyle, L.W.; Wiley, J.F.; Anderson, P.J.
Language trajectories of children born very preterm and full term from early to late childhood. J. Pediatr. 2018, 202, 86–91.e1.
[CrossRef]

https://doi.org/10.1016/S0140-6736(11)61577-8
https://www.ncbi.nlm.nih.gov/pubmed/22244654
https://doi.org/10.1542/peds.2010-0097
https://doi.org/10.1056/NEJMoa1410689
https://doi.org/10.1542/peds.2005-0173
https://www.ncbi.nlm.nih.gov/pubmed/16061586
https://doi.org/10.1136/adc.2009.160283
https://www.ncbi.nlm.nih.gov/pubmed/19828882
https://doi.org/10.1001/jama.2011.2024
https://www.ncbi.nlm.nih.gov/pubmed/22253394
https://doi.org/10.1111/dmcn.13297
https://doi.org/10.1111/j.1469-8749.2011.04181.x
https://www.ncbi.nlm.nih.gov/pubmed/22188215
https://doi.org/10.1542/peds.2014-3039
https://www.ncbi.nlm.nih.gov/pubmed/25896835
https://doi.org/10.1053/j.semperi.2007.12.006
https://doi.org/10.1016/j.jecp.2012.02.009
https://doi.org/10.1097/DBP.0b013e3181ba0fba
https://doi.org/10.1111/j.1651-2227.2012.02788.x
https://doi.org/10.1016/j.jpeds.2018.03.006
https://doi.org/10.1111/dmcn.12080
https://www.ncbi.nlm.nih.gov/pubmed/23346889
https://doi.org/10.1177/014107680710011414
https://www.ncbi.nlm.nih.gov/pubmed/17404341
https://doi.org/10.1542/peds.2011-1556
https://doi.org/10.1053/j.semperi.2016.09.003
https://www.ncbi.nlm.nih.gov/pubmed/27817912
https://doi.org/10.1136/adc.2006.104000
https://www.ncbi.nlm.nih.gov/pubmed/17307810
https://doi.org/10.1016/j.clp.2013.02.008
https://doi.org/10.1001/jamapediatrics.2016.4805
https://doi.org/10.1111/apa.13880
https://doi.org/10.1542/peds.2015-2006
https://www.ncbi.nlm.nih.gov/pubmed/26553187
https://doi.org/10.1186/1471-2431-13-144
https://doi.org/10.1136/bmj.e7961
https://www.ncbi.nlm.nih.gov/pubmed/23212880
https://doi.org/10.1016/j.jpeds.2018.06.036


Children 2023, 10, 1565 13 of 17

38. Twilhaar, E.S.; Wade, R.M.; de Kieviet, J.F.; van Goudoever, J.B.; van Elburg, R.M.; Oosterlaan, J. Cognitive outcomes of children
born extremely or very preterm since the 1990s and associated risk factors: A meta-analysis and meta-regression. JAMA Pediatr.
2018, 172, 361–367. [CrossRef]

39. Linsell, L.; Johnson, S.; Wolke, D.; O’Reilly, H.; Morris, J.K.; Kurinczuk, J.J.; Marlow, N. Cognitive trajectories from infancy to
early adulthood following birth before 26 weeks of gestation: A prospective, population-based cohort study. Arch. Dis. Child.
2018, 103, 363–370. [CrossRef]

40. Burnett, A.C.; Anderson, P.J.; Lee, K.J.; Roberts, G.; Doyle, L.W.; Cheong, J.L.; Victorian Infant Collaborative Study Group. Trends
in executive functioning in extremely preterm children across 3 birth eras. Pediatrics 2018, 141, e20171958. [CrossRef]

41. Alloway, T.P.; Alloway, R.G. Investigating the predictive roles of working memory and IQ in academic attainment. J. Exp. Child
Psychol. 2010, 106, 20–29. [CrossRef]

42. Bröring, T.; Oostrom, K.J.; van Dijk-Lokkart, E.M.; Lafeber, H.N.; Brugman, A.; Oosterlaan, J. Attention deficit hyperactivity
disorder and autism spectrum disorder symptoms in school-age children born very preterm. Res. Dev. Disabil. 2018, 74, 103–112.
[CrossRef]

43. Wolke, D.; Samara, M.; Bracewell, M.; Marlow, N. Specific Language Difficulties and School Achievement in Children Born at 25
Weeks of Gestation or Less. J. Pediatr. 2008, 152, 256–262.e1. [CrossRef]

44. Serenius, F.; Källén, K.; Blennow, M.; Ewald, U.; Fellman, V.; Holmström, G.; Lindberg, E.; Lundqvist, P.; Maršál, K.; Norman, M.;
et al. Neurodevelopmental Outcome in Extremely Preterm Infants at 2.5 Years After Active Perinatal Care in Sweden. JAMA 2013,
309, 1810–1820. [CrossRef]

45. Johnson, S.; Evans, T.A.; Draper, E.S.; Field, D.J.; Manktelow, B.N.; Marlow, N.; Matthews, R.; Petrou, S.; Seaton, S.E.; Smith, L.K.;
et al. Neurodevelopmental outcomes following late and moderate prematurity: A population-based cohort study. Arch. Dis.
Child.-Fetal Neonatal Ed. 2015, 100, F301–F308. [CrossRef]

46. Stene-Larsen, K.; Brandlistuen, R.E.; Lang, A.M.; Landolt, M.A.; Latal, B.; Vollrath, M.E. Communication Impairments in Early
Term and Late Preterm Children: A Prospective Cohort Study following Children to Age 36 Months. J. Pediatr. 2014, 165,
1123–1128. [CrossRef]

47. Rabie, N.Z.; Bird, T.M.; Magann, E.F.; Hall, R.W.; McKelvey, S.S. ADHD and developmental speech/language disorders in late
preterm, early term and term infants. J. Perinatol. 2015, 35, 660–664. [CrossRef]

48. Rautava, L.; Andersson, S.; Gissler, M.; Hallman, M.; Häkkinen, U.; Korvenranta, E.; Korvenranta, H.; Leipälä, J.; Tammela, O.;
Lehtonen, L. Development and behaviour of 5-year-old very low birthweight infants. Eur. Child Adolesc. Psychiatry 2010, 19,
669–677. [CrossRef]

49. Harding, C.; Levin, A.; Crossley, S.-L.; Murphy, R.; van den Engel–Hoek, L. Effects of early communication intervention on speech
and communication skills of preterm infants in the neonatal intensive care unit (NICU): A systematic review. J. Neonatal Nurs.
2019, 25, 177–188. [CrossRef]

50. Gerstein, E.D.; Woodman, A.C.; Burnson, C.; Cheng, E.R.; Poehlmann-Tynan, J. Trajectories of Externalizing and Internalizing
Behaviors in Preterm Children Admitted to a Neonatal Intensive Care Unit. J. Pediatr. 2017, 187, 111–118. [CrossRef]

51. Bosch, T.; Salavati, S.; Ter Horst, H.J.; Bos, A.F.; Heijer, A.E.D. Favorable parental perception of behaviour at two years’ corrected
age in very preterm-born children. Early Hum. Dev. 2021, 163, 105504. [CrossRef] [PubMed]

52. Ranger, M.; Synnes, A.; Vinall, J.; Grunau, R. Internalizing behaviours in school-age children born very preterm are predicted by
neonatal pain and morphine exposure. Eur. J. Pain 2014, 18, 844–852. [CrossRef]

53. Schappin, R.; Wijnroks, L.; Venema, M.U.; Jongmans, M. Exploring predictors of change in behavioral problems over a 1-year
period in preterm born preschoolers. Infant Behav. Dev. 2018, 50, 98–106. [CrossRef]

54. Gilchrist, C.P.; Thompson, D.K.; Kelly, C.E.; Beare, R.; Adamson, C.; Dhollander, T.; Lee, K.; Treyvaud, K.; Matthews, L.G.; Tolcos,
M.; et al. The Structural Connectome and Internalizing and Externalizing Symptoms at 7 and 13 Years in Individuals Born Very
Preterm and Full Term. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2022, 7, 424–434. [CrossRef] [PubMed]

55. Rogers, C.E.; Lenze, S.N.; Luby, J.L. Late Preterm Birth, Maternal Depression, and Risk of Preschool Psychiatric Disorders. J. Am.
Acad. Child Adolesc. Psychiatry 2013, 52, 309–318. [CrossRef]

56. Talge, N.M.; Holzman, C.; Wang, J.; Lucia, V.; Gardiner, J.; Breslau, N. Late-Preterm Birth and Its Association with Cognitive and
Socioemotional Outcomes at 6 Years of Age. Pediatrics 2010, 126, 1124–1131. [CrossRef] [PubMed]

57. Nosarti, C.; Reichenberg, A.; Murray, R.M.; Cnattingius, S.; Lambe, M.P.; Yin, L.; MacCabe, J.; Rifkin, L.; Hultman, C.M. Preterm
Birth and Psychiatric Disorders in Young Adult Life. Arch. Gen. Psychiatry 2012, 69, 610–617. [CrossRef]

58. Upadhyaya, S.; Sourander, A.; Luntamo, T.; Matinolli, H.-M.; Chudal, R.; Hinkka-Yli-Salomäki, S.; Filatova, S.; Cheslack-Postava,
K.; Sucksdorff, M.; Gissler, M.; et al. Preterm Birth Is Associated with Depression From Childhood to Early Adulthood. J. Am.
Acad. Child Adolesc. Psychiatry 2021, 60, 1127–1136. [CrossRef]

59. Lindström, K.; Lindblad, F.; Hjern, A. Psychiatric Morbidity in Adolescents and Young Adults Born Preterm: A Swedish National
Cohort Study. Pediatrics 2009, 123, e47–e53. [CrossRef]

60. Burnett, A.; Davey, C.G.; Wood, S.J.; Wilson-Ching, M.; Molloy, C.; Cheong, J.L.Y.; Doyle, L.W.; Anderson, P.J. Extremely preterm
birth and adolescent mental health in a geographical cohort born in the 1990s. Psychol. Med. 2014, 44, 1533–1544. [CrossRef]

61. Dean, B.; Ginnell, L.; Ledsham, V.; Tsanas, A.; Telford, E.; Sparrow, S.; Fletcher-Watson, S.; Boardman, J.P. Eye-tracking for
longitudinal assessment of social cognition in children born preterm. J. Child Psychol. Psychiatry 2021, 62, 470–480. [CrossRef]

https://doi.org/10.1001/jamapediatrics.2017.5323
https://doi.org/10.1136/archdischild-2017-313414
https://doi.org/10.1542/peds.2017-1958
https://doi.org/10.1016/j.jecp.2009.11.003
https://doi.org/10.1016/j.ridd.2018.01.001
https://doi.org/10.1016/j.jpeds.2007.06.043
https://doi.org/10.1001/jama.2013.3786
https://doi.org/10.1136/archdischild-2014-307684
https://doi.org/10.1016/j.jpeds.2014.08.027
https://doi.org/10.1038/jp.2015.28
https://doi.org/10.1007/s00787-010-0104-x
https://doi.org/10.1016/j.jnn.2019.04.004
https://doi.org/10.1016/j.jpeds.2017.04.047
https://doi.org/10.1016/j.earlhumdev.2021.105504
https://www.ncbi.nlm.nih.gov/pubmed/34749129
https://doi.org/10.1002/j.1532-2149.2013.00431.x
https://doi.org/10.1016/j.infbeh.2017.12.003
https://doi.org/10.1016/j.bpsc.2021.10.003
https://www.ncbi.nlm.nih.gov/pubmed/34655805
https://doi.org/10.1016/j.jaac.2012.12.005
https://doi.org/10.1542/peds.2010-1536
https://www.ncbi.nlm.nih.gov/pubmed/21098151
https://doi.org/10.1001/archgenpsychiatry.2011.1374
https://doi.org/10.1016/j.jaac.2020.09.020
https://doi.org/10.1542/peds.2008-1654
https://doi.org/10.1017/S0033291713002158
https://doi.org/10.1111/jcpp.13304


Children 2023, 10, 1565 14 of 17

62. Chen, L.-W.; Wang, S.-T.; Wang, L.-W.; Kao, Y.-C.; Chu, C.-L.; Wu, C.-C.; Hsieh, Y.-T.; Chiang, C.-H.; Huang, C.-C. Behavioral
characteristics of autism spectrum disorder in very preterm birth children. Mol. Autism 2019, 10, 32. [CrossRef]

63. Verhaeghe, L.; Dereu, M.; Warreyn, P.; De Groote, I.; Vanhaesebrouck, P.; Roeyers, H. Extremely Preterm Born Children at Very
High Risk for Developing Autism Spectrum Disorder. Child Psychiatry Hum. Dev. 2016, 47, 729–739. [CrossRef]

64. Chang, Y.-S.; Chen, L.-W.; Yu, T.; Lin, S.-H.; Kuo, P.-L. Preterm birth and weight-for-gestational age for risks of autism spectrum
disorder and intellectual disability: A nationwide population-based cohort study. J. Formos. Med. Assoc. 2023, 122, 493–504.
[CrossRef]

65. Bokobza, C.; Van Steenwinckel, J.; Mani, S.; Mezger, V.; Fleiss, B.; Gressens, P. Neuroinflammation in preterm babies and autism
spectrum disorders. Pediatr. Res. 2019, 85, 155–165. [CrossRef]

66. Behnia, F.; Parets, S.E.; Kechichian, T.; Yin, H.; Dutta, E.H.; Saade, G.R.; Smith, A.K.; Menon, R. Fetal DNA methylation of autism
spectrum disorders candidate genes: Association with spontaneous preterm birth. Am. J. Obstet. Gynecol. 2015, 212, 533.e1–533.e9.
[CrossRef]

67. Grunau, R.V.; Whitfield, M.F.; Petrie, J.H.; Fryer, L.E. Early pain experience, child and family factors, as precursors of somatization:
A prospective study of extremely premature and fullterm children. Pain 1994, 56, 353–359. [CrossRef] [PubMed]

68. Vederhus, B.J.; Markestad, T.; Eide, G.E.; Graue, M.; Halvorsen, T. Health related quality of life after extremely preterm birth:
A matched controlled cohort study. Health Qual. Life Outcomes 2010, 8, 53. [CrossRef] [PubMed]

69. Baumann, N.; Bartmann, P.; Wolke, D. Health-Related Quality of Life into Adulthood after Very Preterm Birth. Pediatrics 2016,
137, e20153148. [CrossRef]

70. Roberts, G.; Burnett, A.C.; Lee, K.J.; Cheong, J.; Wood, S.J.; Anderson, P.J.; Doyle, L.W.; Victorian Infant Collaborative Study
Group. Quality of Life at Age 18 Years after Extremely Preterm Birth in the Post-Surfactant Era. J. Pediatr. 2013, 163, 1008–1013.
[CrossRef] [PubMed]

71. Dalziel, S.R.; Lim, V.K.; Lambert, A.; McCarthy, D.; Parag, V.; Rodgers, A.; Harding, J.E. Psychological functioning and health-
related quality of life in adulthood after preterm birth. Dev. Med. Child Neurol. 2007, 49, 597–602. [CrossRef]

72. Miles, M.S. Parents of critically ill premature infants: Sources of stress. Crit. Care Nurs. Q. 1989, 12, 69–74. [CrossRef]
73. Doering, L.; Moser, D.; Dracup, K. Correlates of anxiety, hostility, depression, and psychosocial adjustment in parents of NICU

infants. Neonatal Netw. 2000, 19, 15–23. [CrossRef]
74. Feeley, N.; Zelkowitz, P.; Cormier, C.; Charbonneau, L.; Lacroix, A.; Papageorgiou, A. Posttraumatic stress among mothers of very

low birthweight infants at 6 months after discharge from the neonatal intensive care unit. Appl. Nurs. Res. 2011, 24, 114–117.
[CrossRef]

75. Paulson, J.F.; Dauber, S.; Leiferman, J.A. Individual and combined effects of postpartum depression in mothers and fathers on
parenting behavior. Pediatrics 2006, 118, 659–668. [CrossRef]

76. Callaghan, W.M.; MacDorman, M.F.; Rasmussen, S.A.; Qin, C.; Lackritz, E.M. The contribution of preterm birth to infant mortality
rates in the United States. Pediatrics 2006, 118, 1566–1573. [CrossRef] [PubMed]

77. Caeymaex, L.; Jousselme, C.; Vasilescu, C.; Danan, C.; Falissard, B.; Bourrat, M.-M.; Garel, M.; Speranza, M. Perceived role in
end-of-life decision making in the NICU affects long-term parental grief response. Arch. Dis. Child.-Fetal Neonatal Ed. 2013, 98,
F26–F31. [CrossRef] [PubMed]

78. Levick, J.; Fannon, J.; Bodemann, J.; Munch, S. NICU bereavement care and follow-up support for families and staff. Adv. Neonatal
Care 2017, 17, 451–460. [CrossRef] [PubMed]

79. Valizadeh, L.; Zamanzadeh, V.; Rahiminia, E. Comparison of anticipatory grief reaction between fathers and mothers of premature
infants in neonatal intensive care unit. Scand. J. Caring Sci. 2013, 27, 921–926. [CrossRef]

80. Golish, T.D.; Powell, K.A. ‘Ambiguous Loss’: Managing the Dialectics of Grief Associated with Premature Birth. J. Soc. Pers.
Relatsh. 2003, 20, 309–334. [CrossRef]

81. Whittingham, K.; Boyd, R.N.; Sanders, M.R.; Colditz, P. Parenting and prematurity: Understanding parent experience and
preferences for support. J. Child Fam. Stud. 2014, 23, 1050–1061. [CrossRef]

82. Dyer, K. Identifying, understanding, and working with grieving parents in the NICU, part I: Identifying and understanding loss
and the grief response. Neonatal Netw. 2005, 24, 35–46. [CrossRef]

83. Roque, A.T.F.; Lasiuk, G.C.; Radünz, V.; Hegadoren, K. Scoping review of the mental health of parents of infants in the NICU. J.
Obstet. Gynecol. Neonatal Nurs. 2017, 46, 576–587. [CrossRef]

84. Pace, C.C.; Spittle, A.J.; Molesworth, C.M.-L.; Lee, K.J.; Northam, E.A.; Cheong, J.L.Y.; Davis, P.G.; Doyle, L.W.; Treyvaud, K.;
Anderson, P.J. Evolution of depression and anxiety symptoms in parents of very preterm infants during the newborn period.
JAMA Pediatr. 2016, 170, 863–870. [CrossRef]

85. Vigod, S.; Villegas, L.; Dennis, C.-L.; Ross, L. Prevalence and risk factors for postpartum depression among women with preterm
and low-birth-weight infants: A systematic review. BJOG 2010, 117, 540–550. [CrossRef]

86. Alkozei, A.; McMahon, E.; Lahav, A. Stress levels and depressive symptoms in NICU mothers in the early postpartum period. J.
Matern. Neonatal Med. 2014, 27, 1738–1743. [CrossRef] [PubMed]

87. Garfield, C.F.; Lee, Y.S.; Warner-Shifflett, L.; Christie, R.; Jackson, K.L.; Miller, E. Maternal and paternal depression symptoms
during nicu stay and transition home. Pediatrics 2021, 148, e2020042747. [CrossRef] [PubMed]

https://doi.org/10.1186/s13229-019-0282-4
https://doi.org/10.1007/s10578-015-0606-3
https://doi.org/10.1016/j.jfma.2022.10.005
https://doi.org/10.1038/s41390-018-0208-4
https://doi.org/10.1016/j.ajog.2015.02.011
https://doi.org/10.1016/0304-3959(94)90174-0
https://www.ncbi.nlm.nih.gov/pubmed/8022628
https://doi.org/10.1186/1477-7525-8-53
https://www.ncbi.nlm.nih.gov/pubmed/20492724
https://doi.org/10.1542/peds.2015-3148
https://doi.org/10.1016/j.jpeds.2013.05.048
https://www.ncbi.nlm.nih.gov/pubmed/23885966
https://doi.org/10.1111/j.1469-8749.2007.00597.x
https://doi.org/10.1097/00002727-198912000-00008
https://doi.org/10.1891/0730-0832.19.5.15
https://doi.org/10.1016/j.apnr.2009.04.004
https://doi.org/10.1542/peds.2005-2948
https://doi.org/10.1542/peds.2006-0860
https://www.ncbi.nlm.nih.gov/pubmed/17015548
https://doi.org/10.1136/archdischild-2011-301548
https://www.ncbi.nlm.nih.gov/pubmed/22732115
https://doi.org/10.1097/ANC.0000000000000435
https://www.ncbi.nlm.nih.gov/pubmed/29059069
https://doi.org/10.1111/scs.12005
https://doi.org/10.1177/0265407503020003003
https://doi.org/10.1007/s10826-013-9762-x
https://doi.org/10.1891/0730-0832.24.3.35
https://doi.org/10.1016/j.jogn.2017.02.005
https://doi.org/10.1001/jamapediatrics.2016.0810
https://doi.org/10.1111/j.1471-0528.2009.02493.x
https://doi.org/10.3109/14767058.2014.942626
https://www.ncbi.nlm.nih.gov/pubmed/25005861
https://doi.org/10.1542/peds.2020-042747
https://www.ncbi.nlm.nih.gov/pubmed/34341101


Children 2023, 10, 1565 15 of 17

88. Malouf, R.; Harrison, S.; Burton, H.A.; Gale, C.; Stein, A.; Franck, L.S.; Alderdice, F. Prevalence of anxiety and post-traumatic
stress (PTS) among the parents of babies admitted to neonatal units: A systematic review and meta-analysis. EClinicalMedicine
2022, 43, 101233. [CrossRef]

89. Joseph, R.A.; Mackley, A.B.; Davis, C.G.; Spear, M.L.; Locke, R.G. Stress in fathers of surgical neonatal intensive care unit babies.
Adv. Neonatal Care 2007, 7, 321–325. [CrossRef]

90. Sharp, M.; Huber, N.M.; Ward, L.G.; Dolbier, C. NICU-specific stress following traumatic childbirth and its relationship with
posttraumatic stress. J. Perinat. Neonatal Nurs. 2021, 35, 57–67. [CrossRef]

91. Vanderbilt, D.; Bushley, T.R.; Young, R.M.; Frank, D.A. Acute posttraumatic stress symptoms among urban mothers with
newborns in the neonatal intensive care unit: A preliminary study. J. Dev. Behav. Pediatr. 2009, 30, 50–56. [CrossRef] [PubMed]

92. Vinall, J.; Noel, M.; Disher, T.B.; Caddell, K.R.; Campbell-Yeo, M.P. Memories of infant pain in the neonatal intensive care unit
influence posttraumatic stress symptoms in mothers of infants born preterm. Clin. J. Pain 2018, 34, 936–943. [CrossRef]

93. Holditch-Davis, D.; Bartlett, T.R.; Blickman, A.L.; Miles, M.S. Posttraumatic stress symptoms in mothers of premature infants. J.
Obstet. Gynecol. Neonatal Nurs. 2003, 32, 161–171. [CrossRef]

94. Ionio, C.; Colombo, C.; Brazzoduro, V.; Mascheroni, E.; Confalonieri, E.; Castoldi, F.; Lista, G. Mothers and fathers in NICU: The
impact of preterm birth on parental distress. Eur. J. Psychol. 2016, 12, 604–621. [CrossRef]

95. Lefkowitz, D.S.; Baxt, C.; Evans, J.R. Prevalence and correlates of posttraumatic stress and postpartum depression in parents of
infants in the Neonatal Intensive Care Unit (NICU). J. Clin. Psychol. Med. Settings 2010, 17, 230–237. [CrossRef]

96. Patrick, S.W.; Davis, M.M.; Lehmann, C.U.; Cooper, W.O. Increasing incidence and geographic distribution of neonatal abstinence
syndrome: United States 2009 to 2012. J. Perinatol. 2015, 35, 650–655. [CrossRef]

97. Cleveland, L.M.; Bonugli, R. Experiences of mothers of infants with neonatal abstinence syndrome in the neonatal intensive care
unit. J. Obstet. Gynecol. Neonatal Nurs. 2014, 43, 318–329. [CrossRef] [PubMed]

98. Gielen, N.; Havermans, R.C.; Tekelenburg, M.; Jansen, A. Prevalence of post-traumatic stress disorder among patients with
substance use disorder: It is higher than clinicians think it is. Eur. J. Psychotraumatology 2012, 3, 17734. [CrossRef] [PubMed]

99. Maguire, D. Care of the infant with neonatal abstinence syndrome: Strength of the evidence. J. Perinat. Neonatal Nurs. 2014, 28,
204–211. [CrossRef]

100. Fraser, J.A.; Barnes, M.; Biggs, H.C.; Kain, V.J. Caring, chaos and the vulnerable family: Experiences in caring for newborns of
drug-dependent parents. Int. J. Nurs. Stud. 2007, 44, 1363–1370. [CrossRef]

101. Sarkar, S.; Donn, S.M. Management of neonatal abstinence syndrome in neonatal intensive care units: A national survey. J.
Perinatol. 2006, 26, 15–17. [CrossRef] [PubMed]

102. Corman, H.; Kaestner, R. The effects of child health on marital status and family structure. Demography 1992, 29, 389–408.
[CrossRef]

103. Reichman, N.E.; Corman, H.; Noonan, K. Effects of child health on parents’ relationship status. Demography 2004, 41, 569–584.
[CrossRef] [PubMed]

104. Gooding, J.S.; Cooper, L.G.; Blaine, A.I.; Franck, L.S.; Howse, J.L.; Berns, S.D. Family support and family-centered care in the
neonatal intensive care unit: Origins, advances, impact. Semin. Perinatol. 2011, 35, 20–28. [CrossRef]

105. Lau, R.; Morse, C.A. Parents’ coping in the neonatal intensive care unit: A theoretical framework. J. Psychosom. Obstet. Gynecol.
2001, 22, 41–47. [CrossRef] [PubMed]

106. Mackley, A.B.; Locke, R.G.; Spear, M.L.; Joseph, R. Forgotten parent: NICU paternal emotional response. Adv. Neonatal Care 2010,
10, 200–203. [CrossRef] [PubMed]

107. Manning, A.N. The NICU experience: How does it affect the parents’ relationship? J. Perinat. Neonatal Nurs. 2012, 26, 353–357.
[CrossRef]

108. Krugers, H.J.; Arp, J.M.; Xiong, H.; Kanatsou, S.; Lesuis, S.L.; Korosi, A.; Joels, M.; Lucassen, P.J. Early life adversity: Lasting
consequences for emotional learning. Neurobiol. Stress 2017, 6, 14–21. [CrossRef]

109. Givrad, S.; Hartzell, G.; Scala, M. Promoting infant mental health in the neonatal intensive care unit (NICU): A review of nurturing
factors and interventions for NICU infant-parent relationships. Early Hum. Dev. 2021, 154, 105281. [CrossRef] [PubMed]

110. Gerstein, E.D.; Poehlmann-Tynan, J.; Clark, R. Mother-child interactions in the NICU: Relevance and implications for later
parenting. J. Pediatr. Psychol. 2015, 40, 33–44. [CrossRef]

111. Cho, J.; Holditch-Davis, D.; Miles, M.S. Effects of maternal depressive symptoms and infant gender on the interactions between
mothers and their medically at-risk infants. J. Obstet. Gynecol. Neonatal Nurs. 2008, 37, 58–70. [CrossRef]

112. Flacking, R.; Lehtonen, L.; Thomson, G.; Axelin, A.; Ahlqvist, S.; Moran, V.H.; Ewald, U.; Dykes, F. The SCENE group Closeness
and separation in neonatal intensive care: Closeness and separation. Acta Paediatr. 2012, 101, 1032–1037. [CrossRef]

113. Givrad, S.; Paul, J.; Wittman, C.; Nadal-Vicens, M.; St John-Larkin, C. Infant Mental Health and the Parent-Infant Relationship. In
Textbook of Women’s Reproductive Mental Health, 1st ed.; Hutner, L., Catapano, L., Nagle-Yang, S., Williams, K., Osborne, L., Eds.;
American Psychiatric Association Publishing: Washington, DC, USA, 2022; pp. 311–342.

114. Ainsworth, M.; Bell, S.; Stayton, D. Infant–mother attachment and social development: Socialisation as a product of reciprocal
responsiveness to signals. In The Introduction of the Child into a Social World; Richards, M., Ed.; Cambridge University Press:
London, UK, 1974; pp. 99–135.

115. Clark, C.A.C.; Woodward, L.J.; Horwood, L.J.; Moor, S. Development of emotional and behavioral regulation in children born
extremely preterm and very preterm: Biological and social influences. Child Dev. 2008, 79, 1444–1462. [CrossRef]

https://doi.org/10.1016/j.eclinm.2021.101233
https://doi.org/10.1097/01.ANC.0000304973.77202.1b
https://doi.org/10.1097/JPN.0000000000000543
https://doi.org/10.1097/DBP.0b013e318196b0de
https://www.ncbi.nlm.nih.gov/pubmed/19194322
https://doi.org/10.1097/AJP.0000000000000620
https://doi.org/10.1177/0884217503252035
https://doi.org/10.5964/ejop.v12i4.1093
https://doi.org/10.1007/s10880-010-9202-7
https://doi.org/10.1038/jp.2015.36
https://doi.org/10.1111/1552-6909.12306
https://www.ncbi.nlm.nih.gov/pubmed/24754258
https://doi.org/10.3402/ejpt.v3i0.17734
https://www.ncbi.nlm.nih.gov/pubmed/22893849
https://doi.org/10.1097/JPN.0000000000000042
https://doi.org/10.1016/j.ijnurstu.2006.06.004
https://doi.org/10.1038/sj.jp.7211427
https://www.ncbi.nlm.nih.gov/pubmed/16355103
https://doi.org/10.2307/2061825
https://doi.org/10.1353/dem.2004.0026
https://www.ncbi.nlm.nih.gov/pubmed/15461015
https://doi.org/10.1053/j.semperi.2010.10.004
https://doi.org/10.3109/01674820109049949
https://www.ncbi.nlm.nih.gov/pubmed/11317609
https://doi.org/10.1097/ANC.0b013e3181e946f0
https://www.ncbi.nlm.nih.gov/pubmed/20697219
https://doi.org/10.1097/JPN.0b013e3182710002
https://doi.org/10.1016/j.ynstr.2016.11.005
https://doi.org/10.1016/j.earlhumdev.2020.105281
https://www.ncbi.nlm.nih.gov/pubmed/33229068
https://doi.org/10.1093/jpepsy/jsu064
https://doi.org/10.1111/j.1552-6909.2007.00206.x
https://doi.org/10.1111/j.1651-2227.2012.02787.x
https://doi.org/10.1111/j.1467-8624.2008.01198.x


Children 2023, 10, 1565 16 of 17

116. Neri, E.; Agostini, F.; Salvatori, P.; Biasini, A.; Monti, F. Mother-preterm infant interactions at 3 months of corrected age: Influence
of maternal depression, anxiety and neonatal birth weight. Front. Psychol. 2015, 6, 1234. [CrossRef]

117. Jaekel, J.; Pluess, M.; Belsky, J.; Wolke, D. Effects of maternal sensitivity on low birth weight children’s academic achievement:
A test of differential susceptibility versus diathesis stress. J. Child Psychol. Psychiatry 2015, 56, 693–701. [CrossRef]

118. Breeman, L.D.; Jaekel, J.; Baumann, N.; Bartmann, P.; Wolke, D. Neonatal predictors of cognitive ability in adults born very
preterm: A prospective cohort study. Dev. Med. Child Neurol. 2017, 59, 477–483. [CrossRef]

119. Singer, L.T.; Fulton, S.; Davillier, M.; Koshy, D.; Salvator, A.; Baley, J.E. Effects of infant risk status and maternal psychological
distress on maternal-infant interactions during the first year of life. J. Dev. Behav. Pediatr. 2003, 24, 233–241. [CrossRef]

120. Woolard, A.; Coleman, A.; Johnson, T.; Wakely, K.; Campbell, L.; Mallise, C.; Whalen, O.; Murphy, V.; Karayanidis, F.; Lane,
A. Parent-infant interaction quality is related to preterm status and sensory processing. Infant Behav. Dev. 2022, 68, 101746.
[CrossRef] [PubMed]

121. Poehlmann, J.; Schwichtenberg, A.J.M.; Shlafer, R.J.; Hahn, E.; Bianchi, J.-P.; Warner, R. Emerging self-regulation in toddlers born
preterm or low birth weight: Differential susceptibility to parenting? Dev. Psychopathol. 2011, 23, 177–193. [CrossRef] [PubMed]

122. Halpern, L.F.; Mclean, W.E. “Hey mom, look at me!”. Infant Behav. Dev. 1997, 20, 515–529. [CrossRef]
123. Rahkonen, P.; Heinonen, K.; Pesonen, A.-K.; Lano, A.; Autti, T.; Puosi, R.; Huhtala, E.; Andersson, S.; Metsäranta, M.; Räikkönen,

K. Mother-child interaction is associated with neurocognitive outcome in extremely low gestational age children. Scand. J. Psychol.
2014, 55, 311–318. [CrossRef]

124. Barratt, M.S.; Roach, M.A.; Leavitt, L.A. Early channels of mother-infant communication: Preterm and term infants. J. Child
Psychol. Psychiatry 1992, 33, 1193–1204. [CrossRef]

125. Bilgin, A.; Wolke, D. Maternal sensitivity in parenting preterm children: A meta-analysis. Pediatrics 2015, 136, e177–e193.
[CrossRef]

126. Korja, R.; Latva, R.; Lehtonen, L. The effects of preterm birth on mother-infant interaction and attachment during the infant’s first
two years. Acta Obstet. Gynecol. Scand. 2012, 91, 164–173. [CrossRef]

127. Laucht, M.; Esser, G.; Schmidt, M.H. Differential development of infants at risk for psychopathology: The moderating role of
early maternal responsivity. Dev. Med. Child Neurol. 2001, 43, 292–300. [CrossRef] [PubMed]

128. Levy-Shiff, R.; Mogilner, M.B. Mothers’ and fathers’ interactions with their preterm infants during the initial period at home. J.
Reprod. Infant Psychol. 1989, 7, 25–37. [CrossRef]

129. Jean, A.D.; Stack, D.M. Full-term and very-low-birth-weight preterm infants’ self-regulating behaviors during a Still-Face
interaction: Influences of maternal touch. Infant Behav. Dev. 2012, 35, 779–791. [CrossRef] [PubMed]

130. Crawford, J.W. Mother-infant interaction in premature and full-term infants. Child Dev. 1982, 53, 957–962. [CrossRef]
131. Sansavini, A.; Zavagli, V.; Guarini, A.; Savini, S.; Alessandroni, R.; Faldella, G. Dyadic co-regulation, affective intensity and

infant’s development at 12 months: A comparison among extremely preterm and full-term dyads. Infant Behav. Dev. 2015, 40,
29–40. [CrossRef]

132. Feldman, R.; Eidelman, A.I. Maternal postpartum behavior and the emergence of infant–mother and infant–father synchrony in
preterm and full-term infants: The role of neonatal vagal tone. Dev. Psychobiol. 2007, 49, 290–302. [CrossRef]

133. Gerner, E.M. Emotional interaction in a group of preterm infants at 3 and 6 months of corrected age. Infant Child Dev. 1999, 8,
117–128. [CrossRef]

134. Greenberg, M.T.; Crnic, K.A. Longitudinal predictors of developmental status and social interaction in premature and full-term
infants at age two. Child Dev. 1988, 59, 554–570. [CrossRef] [PubMed]

135. Montirosso, R.; Borgatti, R.; Trojan, S.; Zanini, R.; Tronick, E. A comparison of dyadic interactions and coping with still-face in
healthy pre-term and full-term infants. Br. J. Dev. Psychol. 2010, 28 Pt 2, 347–368. [CrossRef]

136. Minde, K.; Perrotta, M.; Marton, P. Maternal caretaking and play with full-term and premature infants. J. Child Psychol. Psychiatry
1985, 26, 231–244. [CrossRef]

137. Benoit, D. Infant-parent attachment: Definition, types, antecedents, measurement and outcome. Paediatr. Child Health 2004, 9,
541–545. [CrossRef] [PubMed]

138. Wille, D.E. Relation of preterm birth with quality of infant—Mother attachment at one year. Infant Behav. Dev. 1991, 14, 227–240.
[CrossRef]

139. Plunkett, J.W.; Meisels, S.J.; Stiefel, G.S.; Pasick, P.L.; Roloff, D.W. Patterns of attachment among preterm infants of varying
biological risk. J. Am. Acad. Child Psychiatry 1986, 25, 794–800. [CrossRef]

140. Cassibba, R.; van Ijzendoorn, M.H.; Coppola, G. Emotional availability and attachment across generations: Variations in patterns
associated with infant health risk status. Child Care Health Dev. 2012, 38, 538–544. [CrossRef]

141. López-Maestro, M.; Sierra-Garcia, P.; Diaz-Gonzalez, C.; Torres-Valdivieso, M.J.; Lora-Pablos, D.; Ares-Segura, S.; Pallás-Alonso,
C.R. Quality of attachment in infants less than 1500 g or less than 32 weeks. Related factors. Early Hum. Dev. 2017, 104, 1–6.
[CrossRef] [PubMed]

142. Wolke, D.; Eryigit-Madzwamuse, S.; Gutbrod, T. Very preterm/very low birthweight infants’ attachment: Infant and maternal
characteristics. Arch. Dis. Child.-Fetal Neonatal Ed. 2014, 99, F70–F75. [CrossRef]

143. Pennestri, M.-H.; Gaudreau, H.; Bouvette-Turcot, A.-A.; Moss, E.; Lecompte, V.; Atkinson, L.; Lydon, J.; Steiner, M.; Meaney, M.J.
Attachment disorganization among children in Neonatal Intensive Care Unit: Preliminary results. Early Hum. Dev. 2015, 91,
601–606. [CrossRef]

https://doi.org/10.3389/fpsyg.2015.01234
https://doi.org/10.1111/jcpp.12331
https://doi.org/10.1111/dmcn.13380
https://doi.org/10.1097/00004703-200308000-00003
https://doi.org/10.1016/j.infbeh.2022.101746
https://www.ncbi.nlm.nih.gov/pubmed/35809531
https://doi.org/10.1017/S0954579410000726
https://www.ncbi.nlm.nih.gov/pubmed/21262047
https://doi.org/10.1016/S0163-6383(97)90040-0
https://doi.org/10.1111/sjop.12133
https://doi.org/10.1111/j.1469-7610.1992.tb00938.x
https://doi.org/10.1542/peds.2014-3570
https://doi.org/10.1111/j.1600-0412.2011.01304.x
https://doi.org/10.1017/S0012162201000561
https://www.ncbi.nlm.nih.gov/pubmed/11368481
https://doi.org/10.1080/02646838908403568
https://doi.org/10.1016/j.infbeh.2012.07.023
https://www.ncbi.nlm.nih.gov/pubmed/22982279
https://doi.org/10.2307/1129134
https://doi.org/10.1016/j.infbeh.2015.03.005
https://doi.org/10.1002/dev.20220
https://doi.org/10.1002/(SICI)1522-7219(199909)8:3%3C117::AID-ICD194%3E3.0.CO;2-K
https://doi.org/10.2307/1130557
https://www.ncbi.nlm.nih.gov/pubmed/3383667
https://doi.org/10.1348/026151009X416429
https://doi.org/10.1111/j.1469-7610.1985.tb02262.x
https://doi.org/10.1093/pch/9.8.541
https://www.ncbi.nlm.nih.gov/pubmed/19680481
https://doi.org/10.1016/0163-6383(91)90007-F
https://doi.org/10.1016/S0002-7138(09)60197-7
https://doi.org/10.1111/j.1365-2214.2011.01274.x
https://doi.org/10.1016/j.earlhumdev.2016.11.003
https://www.ncbi.nlm.nih.gov/pubmed/27914273
https://doi.org/10.1136/archdischild-2013-303788
https://doi.org/10.1016/j.earlhumdev.2015.07.005


Children 2023, 10, 1565 17 of 17

144. Pederson, D.R.; Moran, G. Expressions of the Attachment Relationship outside of the Strange Situation. Child Dev. 1996, 67,
915–927. [CrossRef] [PubMed]

145. Sierra-García, P.; López-Maestro, M.; Torres-Valdivieso, M.J.; Díaz-González, C.; Carrasco, M.; Ares-Segura, S.; de Blas, G.D.;
Pallás-Alonso, C. Developmental Outcomes, Attachment and Parenting: Study of a Sample of Spanish Premature Children. Span.
J. Psychol. 2018, 21, E20. [CrossRef]

146. Brisch, K.H.; Bechinger, D.; Betzler, S.; Heinemann, H.; Kachele, H.; Pohlandt, F.; Schmucker, G.; Buchheim, A. Attachment
Quality in Very Low-Birthweight Premature Infants in Relation to Maternal Attachment Representations and Neurological
Development. Parenting 2005, 5, 311–331. [CrossRef]

147. Mehler, K.; Heine, E.; Kribs, A.; Schoemig, C.; Reimann, L.; Nonhoff, C.; Kissgen, R. High rate of insecure attachment patterns in
preterm infants at early school age. Acta Paediatr. 2023, 112, 977–983. [CrossRef] [PubMed]

148. Ruiz, N.; Piskernik, B.; Witting, A.; Fuiko, R.; Ahnert, L. Parent-child attachment in children born preterm and at term:
A multigroup analysis. PLoS ONE 2018, 13, e0202972. [CrossRef] [PubMed]

149. Perrin, E.C.; West, P.D.; Culley, B.S. Is my child normal yet? Correlates of vulnerability. Pediatrics 1989, 83, 355–363.
150. Estroff, D.B.; Yando, R.; Burke, K.; Synder, D. Perceptions of Preschoolers’ Vulnerability by Mothers Who Had Delivered Preterm.

J. Pediatr. Psychol. 1994, 19, 709–721. [CrossRef] [PubMed]
151. Shaw, R.J.; St John, N.; Lilo, E.A.; Jo, B.; Benitz, W.; Stevenson, D.K.; Horwitz, S.M. Prevention of Traumatic Stress in Mothers with

Preterm Infants: A Randomized Controlled Trial. Pediatrics 2013, 132, e886–e894. [CrossRef]
152. Cohen, L.R.; Hien, D.A.; Batchelder, S. The impact of cumulative maternal trauma and diagnosis on parenting behavior. Child

Maltreatment 2008, 13, 27–38. [CrossRef]
153. De Ocampo, A.C.; Macias, M.M.; Saylor, C.F.; Katikaneni, L.D. Caretaker perception of child vulnerability predicts behavior

problems in NICU graduates. Child Psychiatry Hum. Dev. 2003, 34, 83–96. [CrossRef]
154. Green, M.; Solnit, A.J. Reactions to the threatened loss of a child: A vulnerable child syndrome. Pediatrics 1964, 34, 58–66.

[CrossRef]
155. Horwitz, S.M.; Storfer-Isser, A.; Kerker, B.D.; Lilo, E.; Leibovitz, A.; John, N.S.; Shaw, R.J. A Model for the development of mothers’

perceived vulnerability of preterm infants. J. Dev. Behav. Pediatr. 2015, 36, 371–380. [CrossRef]
156. Hoge, M.K.; Heyne, E.; Nicholson, T.D.F.; Acosta, D.; Mir, I.; Brown, L.S.; Shaw, R.J.; Chalak, L.; Heyne, R. Vulnerable child

syndrome in the neonatal intensive care unit: A review and a new preventative intervention with feasibility and parental
satisfaction data. Early Hum. Dev. 2021, 154, 105283. [CrossRef] [PubMed]

157. Forsyth, B.W.C. Early Health Crises and Vulnerable Children. In Developmental-Behavioral Pediatrics, 4th ed.; Saunders Elsevier:
Philadelphia, PA, USA, 2009; pp. 337–342.

158. Hoge, M.K.; Dowtin, L.L.; Horwitz, S.M.; Shaw, R.J.; Horwitz, S.M. Vulnerable Child Syndrome: A Review, Evaluation, and NICU
Intervention. In Treatment of Psychological Distress in Parents of Premature Infants: PTSD in the NICU; Shaw, R.J., Horwitz, S.M., Eds.;
American Psychiatric Association Publishing: Washington, DC, USA, 2021; pp. 277–307.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2307/1131870
https://www.ncbi.nlm.nih.gov/pubmed/8706535
https://doi.org/10.1017/sjp.2018.22
https://doi.org/10.1207/s15327922par0504_1
https://doi.org/10.1111/apa.16700
https://www.ncbi.nlm.nih.gov/pubmed/36740217
https://doi.org/10.1371/journal.pone.0202972
https://www.ncbi.nlm.nih.gov/pubmed/30161170
https://doi.org/10.1093/jpepsy/19.6.709
https://www.ncbi.nlm.nih.gov/pubmed/7530300
https://doi.org/10.1542/peds.2013-1331
https://doi.org/10.1177/1077559507310045
https://doi.org/10.1023/A:1027384306827
https://doi.org/10.1542/peds.34.1.58
https://doi.org/10.1097/DBP.0000000000000173
https://doi.org/10.1016/j.earlhumdev.2020.105283
https://www.ncbi.nlm.nih.gov/pubmed/33514479

	Introduction 
	Neurodevelopmental Outcomes 
	Speech and Language Delays 
	Infant Mental Health Outcomes 
	Internalizing and Externalizing Disorders 
	Social Relationships and Autism 
	Somatization 
	Quality of Life 

	Parental Mental Health Outcomes 
	Grief and Loss 
	Depression 
	Anxiety and Traumatic Stress 
	Substance Use 
	Relationship Strain 

	Parent-Infant Relationship and Attachment 
	Preterm Parent-Child Interactions 
	Preterm Parent-Infant Attachment 

	Impact on Parenting 
	Discussion 
	References

