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Abstract
This article provides an integrative review of the effectiveness of and possible developmental
mechanisms associated with preventive interventions for preterm children. An analysis of
randomized clinical trials carried out within the last 15 years was framed within a contemporary
developmental model emphasizing the role of parental adjustments to preterm children’s
characteristics. Evidence suggested positive outcomes could be understood in terms of
improvements in developmental pathways associated with parental sensitive-responsiveness and
child participation in intensive intervention-oriented child care. Implications for the critical role of
the Medical Home model for preventive interventions for preterm children were discussed.
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The adverse neurodevelopmental consequences of preterm birth remain major concerns
world-wide. Despite the identification of risk factors contributing to preterm birth,
preventive efforts have not been effective.1 Moreover, increased survival of very preterm
infants in particular has added substantially to this burden as the severity of the impact of
preterm birth on children’s social and cognitive competence increases in an almost linear
fashion with decreasing gestational age.2–4 It is also the case that follow-up of children at
low biomedical risk (30 – 34 weeks gestational age) without apparent disabilities has
revealed an increased risk for many minor but nevertheless developmentally significant
problems.5,6 Even late preterm children (34–37 weeks gestational age) manifest poorer
developmental outcomes than do full-term children.7–9 Increased risks for sensory and
motor problems create additional complexities for these children.3

The diversity of neurodevelopmental outcomes is quite remarkable but can be understood
primarily in relation to variations in biomedical risk and the neurobiological mechanisms
involved.10,11 As manifested at the behavioral level, a wide range of risks to basic
developmental processes are evident including visual motor skills, visual memory, spatial
processing, language, as well as more complex and higher order organizational processes
including metacognition, executive function, and motivation.12–18 Difficulties regulating
attention have been noted as well.13,19 Correspondingly, numerous socioemotional and
emotion regulation concerns have been observed. Early on, preterm children exhibit arousal,
regulatory, organizational, and attentional difficulties that often manifest as increased
irritability, reduced emotional expression, and lower levels of social initiations.13, 20–22
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Taken together, risks to these and related developmental resources and organizational
processes combine to adversely influence children’s emerging cognitive and social
competence throughout early childhood. Indeed, from a cognitive perspective alone, on
average preterm children’s intelligence quotients are lower by one-half to three-quarters of a
standard deviation compared to those born full term.2, 23 Correspondingly, academic
difficulties become apparent over time as do increased risks for a range of behavioral and
social skills problems.24–26

Complementing ongoing biomedical efforts to counter the potential adverse consequences of
preterm birth is the wide range of behavioral and developmentally oriented post-natal
interventions that have been designed and implemented in an attempt to prevent entirely or
at least minimize risks to children’s social and cognitive competence. Developmental
research has strongly suggested that experientially-based environmental influences are
closely linked to a preterm child’s developmental level.27 When translated into preventive
interventions, behavioral/developmental approaches have varied extensively in terms of
rationale, timing, comprehensiveness, intensity, professional staff involved, and numerous
other factors. Although some interventions have been highly focused, such as those that are
oriented toward physiotherapy, the vast majority have had a broader but common goal, i.e.,
to assist parents and other caretakers to adjust effectively to a preterm child’s developmental
and behavioral characteristics in order to optimize their social and cognitive competence. As
will be seen, this is clearly a co-regulatory process.

In this article, the possible developmental mechanisms through which preventive
interventions emphasizing parental adjustments to preterm children may operate and their
effectiveness are examined. This analysis is framed within a contemporary developmental
model, the Developmental Systems Approach (DSA)28,29 and is summarized following this
introduction in the first section of this article. As will be seen, the DSA is organized in terms
of the risk and protective factors associated with each of three hierarchically arranged but
interrelated levels: (1) children’s social and cognitive competence; (2) family patterns of
interaction that influence children’s competence; and (3) family resources that directly affect
family patterns of interaction (see Figure 1). The second and major section of this article
provides a summary of the outcomes of recent randomized clinical trials that have focused
on assisting parents to adjust to their child’s characteristics. More specifically, these
outcomes and their effectiveness are evaluated in terms of the developmental mechanisms
described within the framework of the DSA. The implications of this analysis for the design
of intervention programs for preterm children from a systems perspective are discussed in
the final section.

Developmental Systems Approach
The DSA framework is designed specifically to address issues related to children at risk for
developmental delays and disabilities as well as young children with established disabilities
in relation to the design and implementation of early intervention programs. This includes
preventive interventions for preterm children. For ease of communication, preventive
intervention will be referred to here as intervention in most instances. As illustrated in
Figure 1, as children seek to accomplish goals and demonstrate their social and cognitive
competence, they rely upon a series of developmental resources (fundamental
developmental domains of cognitive, language, motor, socio-emotional, and sensory-
perceptual) as well as organizational processes (executive function, metacognition, social
cognition, motivation, and emotion regulation).30 As noted earlier, preterm children are at
increased risk with respect to many developmental resources (and components of these
resources such as visual memory) as well as organizational processes. Accordingly, these
child-specific risks interact with protective factors at the level of child development to
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establish a child’s level of social and cognitive competence at various points in time. For
preterm children, these child-specific risk factors often exert an influence sufficient to
reduce their overall levels of social and cognitive competence in relation to full-term
children.26

Family Patterns of Interaction
As is the case for all children, however, their competence is substantially influenced by the
environmental context as primarily established by their families.31, 32 In most instances,
through an array of family patterns of interaction, families are able to adjust to their child’s
unique and changing developmental patterns to support child development in as optimal a
manner as possible. This adjustment process is represented by the dotted arrow from the
level of child social and cognitive competence to the level of family patterns of interaction
in Figure 1. Three types of family patterns of interaction (parent-child transactions, family
orchestrated child experiences, and health and safety provided by the family) can be
identified, and their major components are depicted in the figure. Within the DSA, these
three components constitute the major developmental pathways directly influencing the
level of child competence.

Especially during the first three years of the child’s life, parent-child transactions are most
influential and salient at this level and are emphasized in this article. These parent-child
transactions are considered to be relationships necessary for promoting optimal child
development that take the following three forms: (1) discourse framework; (2) instructional
partnership; and (3) socioemotional connectedness. Each relationship creates a
psychological state in which both partners (parent and child) have expectations about each
others’ roles in the transaction.33 Although it is beyond the scope of this article to discuss
details, these relationship processes encompass, for example, active and elaborate
“conversations” (discourse framework),34,35 scaffolding of tasks (instructional
partnership),36,37 and the formation of a shared or mutually responsive orientation including
a secure attachment (socioemotional connectedness).38,39 Parent-child transactions are core
features of the DSA and have received widespread conceptual and empirical support.30 It is
these three relationship processes that are thought to be the mechanisms that mediate many
of the effects of family influences on children’s competence especially during the child’s
first three years of life.

Most often, however, as will be seen, interventions for preterm children focus not on the
three relationship processes themselves but on their building blocks; i.e., sensitive and
responsive interactions occurring between parents and children. Measures of parental
“sensitive responsiveness” take many forms and include assessments of contingent
responsiveness, affective warmth, and intrusiveness of exchanges when interacting with
their child. Sensitive-responsiveness is best assessed in different contexts and family
routines as well as evaluated in terms of frequency of interactions. That is, parents and
children should be engaged with one another to a sufficient extent. High quality parental
sensitive-responsiveness occurring during parent-child interactions represents an awareness
of their child’s interests, skills, and abilities as well as their emotional and motivational
state. It is suggested that the three relationship processes emerge over time as a result of
ongoing sensitive-responsive exchanges. Moreover, these processes are clearly interrelated
but yet sufficiently differentiated to produce varying effects on children’s competence.40

Stressors to Parent-Child Transactions
For many families, adjustments to create high quality parent-child transactions are not
entirely successful as a result of child-specific characteristics. Within the DSA, these child
characteristics are said to constitute stressors (see Figure 1). Available evidence suggests
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that, in fact, preterm children’s characteristics discussed above substantially increase the risk
that they will serve as stressors and affect numerous components of a family’s pattern of
interactions, especially parent-child transactions. In general, mothers’ difficulties in adapting
to their preterm child to support development in as sensitive and responsive a manner as
possible have been well described. Indeed, problems establishing an overall synchronous
relationship with their infant are evident even in the Neonatal Intensive Care Unit
(NICU).20,41 Specific maternal behaviors of concern include increased intrusiveness,
frequently re-directing their child, and failure to recognize and adjust to their child’s signals,
among others. These difficulties often continue through various periods of early
childhood.13,42

A series of studies by Landry and her colleagues27 as well as by other investigators have
clearly demonstrated the close association between levels of sensitive-responsiveness and
numerous child developmental resources and organizational processes for preterm children.
Toy play, language development, and executive function have been especially well
studied.27, 43 Moreover, associations between sensitive-responsiveness and child outcomes
closely co-vary over time, as changes in maternal behaviors at different time points in early
childhood are associated with corresponding changes in children’s social and cognitive
competence.44 Of significance, various studies of these interactions indicate that the
direction of influence on preterm children’s development is from parent to child.13,42,45,46

When stressors are extensive and sensitive-responsiveness is of correspondingly low quality,
preterm children’s competence appears to be more adversely affected than that of full-term
children.47 Fortunately, higher levels of sensitive-responsiveness may also provide a special
benefit for preterm children.44 This moderating effect is illustrated in Figure 1 by the dashed
line from the level of child social and cognitive competence to the level of family patterns of
interaction. Accordingly, interventions that enhance parent sensitive-responsiveness to the
extent that improvements in the quality of parent-child transactions occur can be expected to
promote children’s competence.

Family Resources
Finally, characteristics of preterm children (in terms of both their health and development)
can create stressors that can also affect a family’s resources (see bottom section of Figure 1).
Among the most common effects are unusually high levels of parental distress (a mix of
anxiety and depression), especially during the first year of the child’s life20,48–50 as well as
perceptions of child vulnerability that may persist for long periods of time.51 In turn, these
and other stressors affecting the level of family resources can adversely influence one or
more components of a family’s pattern of interactions, especially parent-child transactions
(see Figure 1). For example, increased maternal distress in the child’s first year is associated
with lower levels of sensitive-responsiveness.20,52 Moreover, given the co-occurrence of
limited family resources (high environmental risk) and the likelihood of a preterm birth,
these pre-existing family resource problems are certain to also adversely influence family
patterns of interaction over time. Problems associated with families at high environmental
risk are often exacerbated by the stressors created by the birth of a preterm child. As
discussed later, these “doubly vulnerable” children create unusually complex problems for
interventions seeking to improve the quality of parent-child transactions.53

In partial summary, at each of the three levels of the DSA (child social and cognitive
competence, family patterns of interaction, family resources) a series of components have
been identified each capable of serving as a risk or protective factor for all children,
including preterm children. These risk and protective factors interact with one another
within each level and also exert influences between levels as illustrated in Figure 1 and
described above. Optimal child development occurs when children consistently experience
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high quality family patterns of interaction. Most families are able to make necessary
adjustments to their child’s characteristics to achieve sufficient levels of high quality family
patterns of interaction. However, others experience considerable problems. The consequence
is to create stressors that elevate risk factors at the level of family patterns of interaction or
at the level of family resources.

Especially for the first three years of life, a major stressor to family patterns of interaction
created by preterm children’s characteristics is the ability of parents to engage in sensitive-
responsive interactions as effectively as parents of full-term children. It is suggested that this
circumstance impairs the formation of relationship processes - - discourse framework,
instructional partnership, and socioemotional connectedness - - processes essential for
supporting all children’s social and cognitive competence across the early childhood period.
Accordingly, successful intervention programs for preterm children will have effectively
maximized parent-child transactions and other family patterns of interaction.

Preventive Interventions
In this section, the effectiveness of recent preventive intervention programs for preterm
children is reviewed from the perspective of the DSA. As suggested, interventions for
preterm children should be most effective if the quality of family patterns of interaction
improves, with a primary developmental mechanism being enhanced parent-child
transactions. High quality parent-child transactions that are established early in the child’s
life may well provide the continuity of relationships necessary to permit adjustments to
children’s characteristics and to minimize stressors that may emerge over time. As a
consequence, a child’s development will be maximized in the context of biological
constraints. As noted, most intervention studies address the building blocks of those
transactions, referred to as parental sensitive-responsiveness. However, these measures serve
as useful indices for the three key relationship processes and their associations with child
outcomes.

In addition to targeting parent-child transactions, another potentially important intervention
approach at the level of family patterns of interaction is enrollment of their child in quality
child care or preschool programs. Intervention-oriented child development programs may be
especially valuable for children at risk as school readiness may be improved and enhanced
child competence may contribute to better quality interactions between parents and children.
It is in this context that teacher-child relationships can be formed in a manner that parallels
parent-child relationships. As discussed later, this suggests the operation of similar
developmental mechanisms identified by the DSA functioning with different caregivers in
different contexts. This circumstance may also provide a line of continuity needed to
establish longer-term benefits of early childhood interventions.

Finally, these developmental mechanisms directly addressing the level of family patterns of
interaction can be supplemented by interventions utilizing more indirect approaches, i.e.,
those focused at the level of family resources, including reducing parent distress, providing
professional support, or improving parent coping skills (see Figure 1). The expectation is
that components at this level in which intervention successfully reduces risk factors will
support higher quality family patterns of interaction and, as a consequence, improved child
competence will result. Accordingly, a more complete understanding of the developmental
mechanisms that have been influenced or failed to have been influenced by intervention
programs can contribute to a better understanding of the current status of the effectiveness of
preventive intervention programs for preterm children and provide a framework for future
research and practice.

Guralnick Page 5

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Organization of This Review
With this background, randomized clinical trials carried out in the last 15 years will be
evaluated. Interventions initiated at earlier points are included if warranted by follow-up
studies of earlier cohorts. Studies were identified based on a comprehensive search of the
literature using standard databases. Only studies that addressed outcomes related to
children’s social and cognitive competence and provided sufficient detail about the
interventions to permit an assessment of possible developmental mechanisms were included.

The review is organized into sections defined by the timing of intervention initiation.
Accordingly, the first section describes interventions carried out entirely while the child was
in the Neonatal Intensive Care Unit (NICU). The prospect of capitalizing on sensitive
periods was central to the rationale for intervening while infants were in the NICU.41,54 The
second section addresses studies that were initiated in the NICU but were continued into the
home setting for various periods of time. The intent here was to facilitate the transition from
the NICU to home, often by providing ongoing professional support as well as by assisting
parents to maximize family patterns of interaction. The third section focuses exclusively on
interventions that were initiated following discharge from the NICU. By having
interventions begin after a period of time has elapsed since discharge from the hospital,
parents may be more aware of issues and perhaps more receptive and comfortable with the
intervention program. As will be seen, post-discharge interventions, in particular, varied
extensively in terms of the intervention length and other characteristics. Please note that
children’s ages in the studies described in the three sections represent a correction for
preterm birth.

Neonatal Intensive Care Unit Interventions (NICU)
Despite the challenging circumstances for all involved in the NICU environment, a
concerted effort was made beginning in the late 1980’s to assist infants to organize their
behavior and to reduce stress.55 The term “developmental care” has been used to
characterize this shift in NICU practices that included structural and staffing
modifications.56 However, central to developmental care were efforts to assist parents to
recognize and then adjust to their child’s behavioral capacities. The primary approach was to
foster sensitive and responsive exchanges to establish a foundation for the development of
synchronous parent-child relationships. From the perspective of the DSA, over time these
more global relationships would become more differentiated, ultimately supporting all three
critical forms of parent-child transactions (discourse framework, instructional partnership,
socioemotional connectedness). Accordingly, relationship processes constituted the primary
developmental mechanisms intended to produce the hoped for long-term gains in children’s
social and cognitive competence for this form of intervention.

The most well known intervention carried out within the developmental care framework is
the Neonatal Individualized Developmental Care Program (NIDCAP).55 Briefly, although
there are a number of variations of this approach, well-trained developmental specialists
carry out observations, including those related to the infant’s autonomic, motor, and state
organization as well as attentional and self-regulating patterns. This information then forms
the basis for designing individualized strategies to enhance parent-child transactions.

Als and her colleagues implemented this approach in a number of randomized clinical trials
yielding positive short-term outcomes (two weeks post-term) for both low and high
biological risk preterm children.54, 57–59 At the level of child competence, available
evidence suggests that certain developmental resources (e.g., motor responses) and even the
rudiments of organizational processes (e.g., emotion regulation and attentional mechanisms)
can be enhanced by the intervention.57 These more organized behavioral patterns may well
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permit infants to attend to the environment and process information more effectively. The
result is improved competence, at least in the short-term, and perhaps even placing some
children on a trajectory that can support longer-term effects. Indeed, NIDCAP continued to
have a positive effect on children’s cognitive development at 9 months.54,58 In this context it
should be noted that, although not a randomized trial, rigorously carried out work
emphasizing one of the components of the multi-component NIDCAP intervention, skin-to-
skin contact with the mother generally referred to as the Kangaroo Care approach,60 has also
produced positive sustained effects in comparison to a group for whom this approach was
not part of the NICU’s standard protocol. Specifically, at six months of age, preterm
children receiving Kangaroo Care achieved higher scores on cognitive measures and on
measures of attention and exploration.61,21 Improved parental sensitive-responsiveness was
associated with positive child outcomes.61

An alternative or complementary developmental pathway which may have produced these
effects are influences that operate at the level of family resources. Indeed, all of the various
forms of developmental care provided professional and other forms of social supports to
parents while their child was in the NICU. To the extent that this supportive relationship
occurred, it can be expected to influence a number of possible components at the level of
family resources. 62–64 In fact, available evidence indicates that developmental care
interventions do reduce many risk factors associated with family resources. Specifically, as a
result of these interventions, parents perceive their child more positively, experience less
overall distress, and consider themselves to be more competent parents.57,61,65 As noted
earlier, many of these family resource components are at elevated risk as a result of preterm
birth. Reductions in these risk factors can be expected to have a positive influence on parent-
child transactions thereby augmenting any effects of the intervention focusing more directly
on these relationships.

Despite these promising results, other investigators have only partially replicated the
NIDCAP findings, producing complex outcomes and often failing to find sustained
effects.66,67–70 Compounding these inconsistencies are the many methodological problems
that have been identified.56,71 At present, it can be concluded that interventions in the NICU
may well have the potential to assist families to develop more synchronous relationships
with their child in the NICU through enhanced sensitive-responsiveness and improved
family resources related to reduced parent distress and more confident parenting. However,
firm conclusions must await the results of well-designed studies focusing on these particular
developmental mechanisms and their impact on children’s competence.

Combined NICU and Home Interventions
The transition to home provides a more comfortable and familiar setting for families but also
brings about an entirely new set of responsibilities. Moreover, the potential clearly exists for
different child-specific risk factors to emerge or now exert a stronger influence on family
patterns of interaction and family resources. To ease this transition and to try to maintain
any positive benefits that may have occurred in the NICU, a number of interventions have
been carried out with the idea of helping families adapt to these new circumstances.

Many contemporary studies followed the approach of an earlier intervention that produced
unusually promising effects. Referred to as the Mother-Infant Transaction Program (MITP),
this intervention was modeled closely after NICDAP and provided seven sessions in the
NICU during the week prior to discharge.72 Mothers were assisted in identifying child cues
to distress and provided with techniques to support their child’s self regulation. Improving
parental sensitive-responsiveness was again at the center of this intervention. The four home
visits that followed discharge from the hospital were designed to provide professional
support (e.g., caretaking advice, information on child temperament) and to enhance parental
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confidence while continuing to encourage effective parent-child exchanges. A major
influence on child competence for those participating in the MITP resulted from this modest,
eleven session intervention. Specifically, the cognitive development of control group
children (and many aspects relevant to their social development) declined over time whereas
the intervention group remained stable and eventually became comparable to a full-term
group.73,74

A reasonable interpretation of these findings, and consistent with other measures obtained in
this long-term longitudinal study, is that the MITP intervention provided families, most of
whom were not at high environmental risk, with the skills and confidence to continue to
adjust parent-child transactions and ultimately other aspects of family patterns of interaction
to changing child characteristics over time. That is, stressors to optimal family patterns of
interaction were minimized. Of note, other early studies similar to the MITP involving high
environmental risk families produced far more modest effects despite an extended home-
based component of one to two years.75, 76 The ongoing cognitive declines for both
intervention and control groups for these high environmental risk families, despite less of a
decline for intervention children, emphasizes the powerful role of limited family resources
including their influence on virtually all components of family patterns of interaction.53,77

Again, however, better outcomes for preterm children were associated with higher scores on
measures related to sensitive-responsiveness.

The results of contemporary studies using the MITP protocol or variations of this
intervention have not been nearly as promising.78–81 Either no effects or minor effects on
children’s cognitive development have been found, despite findings of improved parent
sensitive-responsiveness. In fairness, however, children have not been followed for long
periods of time. This makes it difficult to evaluate the ultimate effects of these modest
interventions as any influences of sensitive-responsiveness that might exist are often not
apparent until later periods during early childhood development. Moreover, for both high
and low environmental risk samples, those families participating in the interventions were
not only found to display higher levels of sensitive-responsiveness but also experienced less
child-related stress and considered their children to be less challenging and temperamentally
easier.81–85 These findings were not consistent across studies but do allow the possibility
that benefits to children may arise at later points in time. Although all these studies were
based on the MITP, variations in the MITP protocols emphasized by different groups of
investigators, sample differences, and the varied training levels and types of professionals
implementing the interventions (e.g., nurses, occupational therapists, and physical
therapists) make it difficult to find any meaningful patterns in the outcomes for combined
NICU and home interventions.

Interventions Initiated in the Home
As discussed below, similar and perhaps even more disappointing outcomes were obtained
from a series of studies that emphasized beginning intervention in the home after allowing
time for more stable family routines to be established and giving parents an opportunity to
identify any child-specific issues that were of concern, especially for interventions that
began a few months post-discharge. These interventions initiated in the home were generally
of modest intensity typically consisting of one to one-and-a-half hour home visits monthly
or twice monthly for periods of 6 months to as long as two years. They also tended to have
substantial didactic or educational skills features. Nevertheless, the intervention curricula
were quite diverse but sought to build a relationship between home visitors and parents,
provide professional support, and make referrals to other service providers as needed.
Supportive efforts to promote high quality parent-child transactions through strategies to
improve sensitive-responsiveness were also central to most of the home initiated
interventions. Despite many variations of this general approach, the most consistent result
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was an absence of effects on children’s competence.86- 88 Not only did these studies fail to
find short-term effects, but longer term follow-ups were equally disappointing.89

Unfortunately, limited information with respect to changes in sensitive-responsiveness was
obtained but it is likely that minimal effects occurred.88

PALS Intervention—The sole exception to the disappointing outcomes of these modest
home visiting approaches was the intervention referred to as Playing and Learning Strategies
(PALS).27 In contrast to the work noted above, this intervention incorporated more
contemporary approaches supporting sensitive-responsiveness and related developmental
mechanisms and provided extensive information with respect to the possible relationships
existing among all three levels of the DSA. Accordingly, this intervention is considered in
detail.

Initially designed to provide only ten one-and-a-half hour home visits when the child was
between 6 and 10 months of age, the intervention was supplemented by an additional 11
week home visiting program when the child was approximately 30 months of age. The
detailed curriculum was designed to promote four components representing sensitive-
responsiveness: (1) contingent responding, (2) emotional affective support, (3) supporting
the infant to focus attention (maintaining), and (4) language support consistent with the
child’s needs. Of importance, this intervention was based on years of careful developmental
research identifying the components of sensitive-responsiveness associated with optimal
child outcomes most likely to have an impact on the three DSA-based relationship
processes.

Highly interactive sessions including strategic use of videotapes and alternate caregivers
along with techniques to integrate interactive behaviors into everyday routines together
contributed to create a highly sophisticated intervention approach. A special challenge for
the intervention program was the fact that the children studied were doubly vulnerable, as
most families were at high environmental risk. Despite these circumstances, measures
obtained from observations of mother-child interactions, independent child play, and
interactions with an examiner at different points in time following the end of intervention
that began during the child’s first year yielded highly encouraging results. Among the
positive findings, measures related to child language and cognitive development were higher
for children in the intervention group as compared to a control group assessed three months
following completion of the initial ten sessions.90 Changes in children’s competence were
accompanied by corresponding changes in parent sensitive-responsiveness. Of note,
sensitive-responsiveness for control group mothers declined over time, likely reflecting the
influence of child-specific stressors on parent-child transactions and possibly contributing to
elevating risk factors related to other components of family patterns of interaction or
components at the level of family resources. Moreover, the cumulative effect of pre-existing
limited family resources for this high environmental risk sample also likely contributed to
the observed decline in sensitive-responsiveness for control families. That the PALS
intervention, acting directly at the level of parent-child transactions, was able to overcome
these risk factors attests to the quality of this intervention.91 Adding intervention
components at the level of family resources to provide professional supports and assist in
accessing community services would be expected to have further positive effects on child
competence. Preliminary findings suggests that this is precisely what occurs.92

The second phase of the PALS intervention allowed both a follow-up of children receiving
the initial ten intervention sessions as well as an evaluation of any additional benefits of the
second intervention implemented during the preschool period. In this second phase, an
eleven week intervention followed the same approach to increasing mother’s sensitive-
responsiveness but was adjusted to children’s characteristics at their current developmental
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level. Findings were complex, but nevertheless revealed that the second phase made an
important additional contribution to key aspects of sensitive-responsiveness, particularly
contingent responding and verbal engagement.93 Moreover, child competencies with respect
to language development and social engagement were more optimal when families
participated in both PALS interventions. Contingent responding was especially important
and reflected the ability of mothers to adapt appropriately to their child’s changing
characteristics. Although other factors such as professional support may have contributed to
these outcomes, further analysis revealed that the contingent responding and warm
sensitivity components of sensitive-responsiveness were important mediators of the
intervention effects on preterm children’s competence.

Long-term effects of the PALS intervention have not been examined but findings for
children from both phases of an intervention in the early childhood period that primarily
focused on and benefited various components of sensitive-responsiveness are encouraging.
It is unclear, however, the extent to which this modest intervention was able to substantially
alter any of the three relationship processes central to the DSA. Unless this were to occur,
only short-term effects would be expected. The added benefits of the second phase during
the preschool years did increase prospects for establishing higher quality relationships in the
form of parent-child transactions. Accordingly, this suggests the need for some form of
periodic assessment process and corresponding interventions as needed over time to
maximize long-term outcomes. As discussed earlier, child-specific stressors may emerge
over time as preterm children encounter more complex and demanding developmental tasks
that now tax developmental resources and organizational processes that are at higher risk.

Infant Health and Development Program—The Infant Health and Development
Program (IHDP) is a landmark preventive intervention effort for preterm children that can
be characterized by its comprehensiveness, high intensity, and multi-site features. The high
intensity of the intervention with its many components distinguished it from other
intervention programs, and is therefore also considered in more detail. Initial results of this
well-designed study were reported in 199094 but many of the nearly 1000 children and their
families have been followed for close to two decades. Three major intervention components
were implemented for a three year period beginning soon after discharge from the hospital
nursery. Although details have been well described elsewhere,95 a central feature of the
intervention was a home visiting component in which a home visitor assisted mothers to
develop better problem-solving skills related to everyday problems as well as with respect to
the care of their preterm child. Parent group meetings were also organized to provide an
additional form of social support. In addition, and a major focus of the home visiting
program, was the implementation of two formal educational/developmental curricula. The
first was implemented soon after the infant was discharged from the hospital and was similar
to most other curricula designed to assist mothers to recognize children’s cues and to help
them self-regulate. The second was adopted from a curriculum for full-term children whose
families were at high environmental risk focused on promoting advances in the major
developmental domains guided by each child’s developmental pattern. Activities were
carried out to maximize sensitive-responsiveness and affective warmth and there was a
strong “educational skills” emphasis to the curriculum. This same curriculum was
implemented by well-trained educational staff for children enrolled in an intervention-
oriented child care center operated by the researchers. Families were encouraged to enroll
their child in the center during years two and three of the intervention. Both intervention and
control groups received regular pediatric follow-up care, related assessments, and referrals
as needed to community specialists. Numerous measures were obtained at various points
during and following completion of the intervention.
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At the end of the three year period, highly positive effects of the intervention were found.
Focusing on overall cognitive development, both intervention and control groups showed
declines over time, but much less so for children participating in the intervention. In general,
these effects were more pronounced for children at lower biological risk based on birth
weight and for mothers at higher environmental risk.96 Follow-up of children at later ages
revealed some residual positive effects varying with birth weight, but the major differences
between the groups were no longer apparent.97–99

Additional analyses were carried out in an effort to identify likely developmental
mechanisms and perhaps provide an understanding as to the pattern of short-and long-term
results. With respect to short-term benefits, the IHDP intervention appeared to have only
minor effects on components assessed at the level of family resources. Specifically, less
emotional distress was reported by mothers in the intervention group but maternal distress
did not appear to mediate child outcomes nor were any effects found for maternal coping
strategies.96,100 Focusing on the level of family patterns of interaction, in view of the home
visiting component positive short-term effects may well have been due to direct changes in
sensitive-responsiveness, as appeared to be the case for the PALS intervention. Some
differences between IHDP intervention and control groups were, in fact, found for relevant
measures but appeared to revolve entirely around instructional issues designed to promote
their child’s development. Specifically, intervention group mothers were observed to
provide higher quality assistance in a problem-solving task with their child, although the
effects were quite small.101 They also provided more appropriate and stimulating learning
materials at home.53 However, other measures relevant to parent-child transactions
including a general assessment of sensitive-responsiveness as well as language stimulation
did not differ between the groups.53 In addition, no long-term effects of parental style or the
provision of developmentally supportive activities in the home were found but opportunities
for earlier employment due to the availability of the child care center may have had a
positive effect.102

Although the cumulative impact of this comprehensive intervention must be considered, the
pattern of findings suggested that the experiences of the child in the child development
center were most likely responsible for the between-group improvements in children’s
competence. Both short-term and the longer-term outcomes were closely associated with
participation in the center and engagement with the curriculum.103,104 Of note, mothers at
higher environmental risk for whom the program was most effective appeared to have less
of an interest in the educational materials provided by the home visitor component.105

Accordingly, particularly in instances in which engagement with teachers was high in the
child care center, the quality of teacher-child relationships formed in the child development
center appear to have created conditions for improving children’s social and cognitive
competence. Intensive, high quality child care or preschool programs which foster teacher-
child relationships especially for children in high environmental risk families are much more
likely to develop a discourse framework, an instructional partnership, and socioemotional
connectedness. 106,107

It is clear that many parents of preterm children, particularly those at low environmental
risk, were able to adapt to any emerging child-specific risk factors. Family resources such as
the ability to cope and utilize their social support networks, including professional supports,
were likely among the characteristics of these families which ensured that high quality
family patterns of interaction were provided. The IHDP was apparently not able to enhance
this pattern. Moreover, perhaps as a result of the educational skills focus of the intervention,
the IHDP did not have major effects on parent-child transactions nor family resources,
irrespective of environmental risk level. As a consequence, following termination of the
intervention, when the child was three years of age, many high environmental risk parents
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likely experienced additional difficulties adapting to their child’s changing developmental
patterns especially when children encountered more demanding but less supportive
situations such as those occurring during preschool or kindergarten programs. The advances
that were achieved through participation in the child development center, perhaps including
expectations for forming quality relationships with teachers, may have had some long-term
benefits.103 However, for the most part, in the absence of substantial changes in parent-child
transactions as reflected by minimal changes in sensitive-responsiveness, any emerging
child-specific risk factors (e.g., negative emotionality)108 were likely to constitute stressors
that persisted. These stressors would be compounded further by the many (pre-existing)
family resource problems that inevitably occurred over time for high-risk families thereby
elevating risk levels for the many components of family patterns of interaction and limiting
long-term effects.

Conclusions and Implications for Practice
Despite important medical advances, preterm birth remains a major concern with significant
consequences for children’s development. Preventive intervention programs have addressed
the challenges facing families to assist them to adapt to their child’s characteristics and to
establish as optimal a developmental environment as possible. These interventions have
been initiated at various points throughout the early childhood period and have differed
substantially not only in terms of timing, but in duration, approach, intensity,
comprehensiveness, and other dimensions. In all instances, however, the expectation was
that interventions occurring during the early childhood period will not only produce
immediate, short-term benefits but also establish conditions that will create sustained effects
over time.

The diverse characteristics of the available studies as well as the complexity and often
inconsistent results that have been found do not allow straightforward conclusions as to
effectiveness.109 Nevertheless, sufficient information is available to suggest that
interventions implemented at any point in time during the early childhood period can
produce modest short-term effects on children’s competence. Positive findings may be
related to indirect effects of reduced parental distress, an enhanced support system, or other
factors at the level of family resources that can influence parent-child transactions in
particular. However, only limited support exists for this developmental pathway. With
respect to a different pathway, especially for high environmental risk families, extensive
participation in an intervention-oriented child development center can make an important
contribution to children’s competence at least during the time it is in effect. However, it has
been difficult to demonstrate widespread sustained effects even for the high quality and
highly intensive intervention provided by IHDP.

Alternatively, important positive findings have been accompanied by improvements to many
components of parental sensitive-responsiveness. When positive effects do occur they are
likely the result of direct intervention efforts to improve parents’ ability to adapt to their
child’s characteristics. It is important to emphasize that sensitive-responsiveness is
hypothesized to be of significance because it serves as the basis for establishing high quality
relationships (i.e., discourse framework, instructional partnership, socioemotional
connectedness). As suggested by the DSA, it is these parent-child transaction processes that
provide the continuity necessary to maintain an optimal developmental environment for the
child. Unfortunately, only limited evidence indicates that interventions were sufficient to
substantially alter these relationship processes. Despite shorter-term effects produced by
increases in sensitive-responsiveness, the consequence of this is an absence of continuity of
parent-child transactions needed to sustain longer-term child social and cognitive
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competence. Strengthening these relationships constitutes a critical task for future research
and practice.

Clearly, so many diverse influences that can affect preterm children’s development are
beyond our control or current understanding. As discussed, many effects diminish
substantially soon after the intervention is complete, often failing to be sustained even
during later points in the early childhood period itself. Of note, the evidence for sustained
long-term effects may be minimal, but most studies have not carried out the necessary
follow-up work. In addition, high levels of variability are common, and many children not
receiving intervention can manifest accelerated developmental patterns under favorable
circumstances.99,110,111 This further diminishes any intervention effects over time.
Nevertheless, quality relationships formed during the early childhood period may well
provide the level of continuity sufficient to offer at least some protection from the
challenges that lie ahead.

Preventive Interventions and the Medical Home
Taken together, this analysis suggests that, to be successful, preventive intervention
programs may well require a systems perspective that extends intervention activities across
the entire early childhood period. This integrative review has emphasized the centrality of
parent-child transactions but other components noted in Figure 1 must be part of the overall
system. Such a system must ensure consistency and continuity over time as well as the
ability to integrate and coordinate all the various factors that might be involved. Within the
DSA framework this means organizing a system that is capable of addressing risk and
protective factors at all three levels: (1) level of child development, (2) level of family
patterns of interaction, and (3) level of family resources.

How to accomplish this from a practical perspective is, of course, extraordinarily
challenging as systems approaches require levels of coordination, integration, and continuity
seldom found in communities. However, the Medical Home is one model that should be
considered as a framework for constructing such a comprehensive system. Characteristics of
a successful Medical Home model are that care be accessible, family-oriented, continuous,
comprehensive, coordinated, compassionate, and culturally effective.112 This model is
clearly compatible with preventive intervention programs for preterm children that are also
likely to be most successful. Specifically, at the level of child development, the follow-up
care practices for preterm children for developmental testing113 and the American Academy
of Pediatrics’ algorithm for developmental surveillance and screening of young children in
the Medical Home114 provide essential guidance. At the next level of the DSA, by
developing a family’s trust and gaining their confidence, considerable information regarding
many components of a family’s pattern of interaction can be obtained. Eliciting parent
concerns about interactions with their child focusing on relationships or their child’s
participation in community activities can be incorporated into the components of
developmental surveillance.114 Close working relationships with educational programs for
children who qualify for special services, with child care or preschool program personnel, or
with other community service agencies, can generate additional information with respect to
risk and protective factors at the level of family patterns of interaction. These community
resources would also be engaged as part of the intervention process. Despite some existing
tools, 29 feasible measures of the various relationship processes and other components of
family patterns of interaction (see Figure 1) remain to be developed. This constitutes an
important future research effort. Nevertheless, the DSA can serve as a common framework
for all resources that are involved thereby generating more continuity and intensive efforts to
promote quality family patterns of interaction. To help address issues resulting from the
limited resources available in many pediatric practices, other community programs can share
or assume greater responsibility for coordinating interventions within this framework at
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various points in the child’s development. Proper coordination may enable a cost-effective
and developmentally effective system to emerge. Finally, surveillance and screening within
the Medical Home has also been recently recommended for many components at the level of
family resources.115 This is certainly not common practice today but psychosocial screening
tools for families are available in many domains including mental health, physical health,
substance abuse, and social support. As is the case when child-specific problems are
identified, referral to community resources will be necessary. Without question, there are
clearly many barriers including time and resources to implementing a system of preventive
interventions for preterm children but for many of these children optimal child development
is not likely to occur in its absence.

Acknowledgments
Sources of Funding: This research was facilitated by resources provided by grant P30 HD02274 from the National
Institute of Child Health and Human Development.

The author thanks Dr. Curt Bennett for comments on an earlier version of this article.

References
1. Simmons LE, Rubens CE, Darmstadt GL, Gravett MG. Preventing preterm birth and neonatal

mortality: Exploring the epidemiology, causes, and interventions. Semin Perinatol. 2010; 34:408–
415. [PubMed: 21094415]

2. Aylward GP. Cognitive and neuropsychological outcomes: more than IQ scores. Ment Retard Dev
Disabil Res Rev. 2002; 8:234–240. [PubMed: 12454899]

3. Behrman, RE.; Butler, AS., editors. Preterm Birth. Washington, D.C.: National Academies Press;
2007.

4. Stromme P, Hagberg G. Aetiology in severe and mild mental retardation: A population-based study
of Norwegian children. Dev Med Child Neurol. 2000; 42:76–86. [PubMed: 10698323]

5. Caravale B, Tozzi C, Albino G, Vicari S. Cognitive development in low risk preterm infants at 3–4
years of life. Arch Dis Child Fetal and Neonatal Ed. 2005; 90:F474–F479. [PubMed: 15956096]

6. Lindstrom K, Lindblad F, Hjern A. Preterm birth and attention-deficit/hyperactivity disorder in
schoolchildren. Pediatrics. 2011; 127:858–865. [PubMed: 21502231]

7. McGowan JE, Alderdice FA, Holmes VA, Johnston L. Early childhood development of late-preterm
infants: A systematic review. Pediatrics. 2011; 127:1111–1124. [PubMed: 21624885]

8. Petrini JR. Increased risk of adverse neurological development for late preterm infants. J Pediatr.
2009; 154:169–176. [PubMed: 19081113]

9. Woythaler MA, McCormick MC, Smith VC. Late preterm infants have worse 24-month
neurodevelopmental outcomes than term infants. Pediatrics. 2011; 127:e622–629. [PubMed:
21321024]

10. Luciana M. Cognitive development in children born preterm: Implications for theories of brain
plasticity following early injury. Dev Psychopathol. 2003; 15:1017–1047. [PubMed: 14984136]

11. Volpe JJ. Brain injury in premature infants: a complex amalgam of destructive and developmental
disturbances. Lancet Neurol. 2009; 8:110–124. [PubMed: 19081519]

12. Anderson PJ, Doyle LW. Victorian Infant Collaborative Study Group. Executive functioning in
school-aged children who were born very preterm or with extremely low birth weight in the 1990s.
Pediatrics. 2004; 114:50–57. [PubMed: 15231907]

13. Clark CA, Woodward LJ, Horwood LJ, 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. [PubMed: 18826535]

14. Edgin JO, Inder TE, Anderson PJ, Hood KM, Clark CAC, Woodward LJ. Executive functioning in
preschool children born very preterm: Relationship with early white matter pathology. J Int
Neuropsychol Soc. 2008; 14:90–101. [PubMed: 18078535]

Guralnick Page 14

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15. Landry SH, Smith KE, Swank PR. Environmental effects on language development in normal and
high-risk child populations. Semin Pediatr Neurol. 2002; 9:192–200. [PubMed: 12350040]

16. Marlow N, Hennessy EM, Bracewell MA, Wolke D. Motor and executive function at 6 years of
age after extremely preterm birth. Pediatrics. 2007; 120:793–804. [PubMed: 17908767]

17. Roberts G, Lim J, Doyle LW, Anderson PJ. Very high rates of school readiness difficulties at 5
years of age in very preterm infants compared with term controls. J Dev Behav Pediatr. 2011;
32:117–124. [PubMed: 21169858]

18. Rose SA, Feldman JF, Jankowski JJ. Information processing in toddlers: Continuity from infancy
and persistence of preterm deficits. Intelligence. 2009; 37:311–320. [PubMed: 20161244]

19. Landry SH, Chapieski ML. Joint attention and infant toy exploration: Effects of Down syndrome
and prematurity. Child Dev. 1989; 60:103–118. [PubMed: 2522872]

20. Feldman R. Maternal versus child risk and the development of parent-child and family
relationships in five high-risk populations. Dev Psychopathol. 2007; 19:293–312. [PubMed:
17459172]

21. Feldman R, Weller A, Sirota L, Eidelman AI. Skin-to-Skin contact (Kangaroo care) promotes self-
regulation in premature infants: Sleep-wake cyclicity, arousal modulation, and sustained
exploration. Dev Psychol. 2002; 38:194–207. [PubMed: 11881756]

22. Goldberg, S.; Di Vitto, B. Parenting children born preterm. In: Bornstein, MH., editor. Handbook
of parenting. 2. Vol. 1. Mahwah, NJ: Lawrence Erlbaum; 2002. p. 329-354.Children and parenting

23. Aylward G. Neurodevelopmental outcomes of infants born prematurely. J Dev Behav Pediatr.
2005; 26:427–440. [PubMed: 16344661]

24. Hack M, Taylor HG, Schluchter M, Andreias L, Drotar D, Klein N. Behavioral outcomes of
extremely low birth weight children at age 8 years. J Dev Behav Pediatr. 2009; 30:122–130.
[PubMed: 19322106]

25. Hebert-Myers H, Guttentag CL, Swank PR, Smith KE, Landry SH. The importance of language,
social, and behavioral skills across early and later childhood as predictors of social competence
with peers. Appl Dev Sci. 2006; 10:174–187.

26. Stephens BE, Vohr BR. Neurodevelopmental outcome of the premature infant. Pediatr Clin North
Am. 2009; 56:631–646. [PubMed: 19501696]

27. Landry, SH.; Taylor, HB.; Guttentag, C.; Smith, KE. Responsive parenting: Closing the learning
gap for children with early developmental problems. In: Glidden, LM., editor. International review
of research in mental retardation. Vol. 36. St. Mary’s City, MD: Elsevier; 2008. p. 27-60.

28. Guralnick MJ. A developmental systems model for early intervention. Infants Young Child. 2001;
14:1–18.

29. Guralnick, MJ., editor. The developmental systems approach to early intervention. Baltimore:
Brookes; 2005.

30. Guralnick MJ. Why early intervention works: A systems perspective. Infants Young Child. 2011;
24:6–28. [PubMed: 21532932]

31. Bradley, RH.; Corwyn, RF. “Family process” investments that matter for child well-being. In:
Kalil, A.; DeLeire, T., editors. Family investment in children’s potential. Mahwah, NJ: Lawrence
Erlbaum; 2004. p. 1-32.

32. Collins WA, Maccoby EE, Steinberg L, Hetherington EM, Bornstein MH. Contemporary research
on parenting. The case for nature and nurture. Am Psychol. 2000; 55:218–232. [PubMed:
10717969]

33. Tomasello M, Carpenter M. Shared intentionality. Dev Sci. 2007; 10:121–125. [PubMed:
17181709]

34. Chouinard MM. Children’s questions: A mechanism for cognitive development. Monogr Soc Res
Child Dev (2007/03/31). 2007; 72:1–112. [PubMed: 17661895]

35. Thompson, RA. The development of the person: Social understanding, relationships, conscience,
self. In: Eisenberg, N.; Damon, W.; Lerner, RM., editors. Handbook of child psychology. 6. Vol.
3. Hoboken, NJ: John Wiley & Sons Inc; 2006. p. 24-98.Social, emotional, and personality
development

Guralnick Page 15

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



36. Pratt MW, Kerig P, Cowan PA, Cowan CP. Mothers and fathers teaching 3-year-olds:
Authoritative parenting and adult scaffolding of young children’s learning. Dev Psychol. 1988;
24:832–839.

37. Vygotsky, LS. Mind in society. Cambridge, MA: Harvard University Press; 1978.

38. Kochanska G. Mutually responsive orientation between mothers and their young children: A
context for the early development of conscience. Curr Dir Psychol Sci. 2002; 11:191–195.

39. Leerkes EM, Blankson N, O’Brien M. Differential effects of maternal sensitivity to infant distress
and nondistress on social-emotional functioning. Child Dev. 2009; 80:762–775. [PubMed:
19489902]

40. Grusec JE, Davidov M. Integrating different perspectives on socialization theory and research: A
domain-specific approach. Child Dev. 2010; 81:687–709. [PubMed: 20573097]

41. Feldman R. Parent-infant synchrony and the construction of shared timing; physiological
precursors, developmental outcomes, and risk conditions. J Child Psychol Psychiatry. 2007;
48:329–354. [PubMed: 17355401]

42. Forcada-Guex M, Pierrehumbert B, Borghini A, Moessinger A, Muller-Nix C. Early dyadic
patterns of mother-infant interactions and outcomes of prematurity at 18 months. Pediatrics. 2006;
118:e107–114. [PubMed: 16818525]

43. Landry, SH.; Smith, KE. Early social and cognitive precursors and parental support for self-
regulation and executive function: Relations from early childhood into adolescence. In: Sokol,
BW.; Muller, U.; Carpendale, J.; Young, A.; Iarocci, G., editors. Self and social regulation: Social
interaction and the development of social understanding and executive functions. New York:
Oxford University Press; 2010. p. 386-417.

44. Landry SH, Smith KE, Miller-Loncar CL, Swank PR. The relation of change in maternal
interactive styles to the developing social competence of full-term and preterm children. Child
Dev. 1998; 69:105–123. [PubMed: 9499561]

45. Feldman R, Eidelman AI. Neonatal state organization, neuromaturation, mother-infant interaction,
and cognitive development in small-for-gestational-age premature infants. Pediatrics. 2006;
118:e869–878. [PubMed: 16880249]

46. Landry SH, Smith KE, Swank PR, Miller-Loncar CL. Early maternal and child influences on
children’s later independent cognitive and social functioning. Child Dev. 2000; 71:358–375.
[PubMed: 10834470]

47. Landry SH, Smith KE, Swank PR, Assel MA, Vellet S. Does early responsive parenting have a
special importance for children’s development or is consistency across early childhood necessary?
Dev Psychol. 2001; 37:387–403. [PubMed: 11370914]

48. Davis L, Edwards H, Mohay H, Wollin J. The impact of very premature birth on the psychological
health of mothers. Ear Hum Dev. 2003; 73:61–70.

49. Eisengart SP, Singer LT, Fulton S, Baley JE. Coping and psychological distress in mothers of very
low birth weight young children. Parent Sci Pract. 2003; 3:49–72.

50. Singer LT, Salvator A, Guo S, Collin M, Lilien L, Baley J. Maternal psychological distress and
parenting stress after the birth of a very low-birth-weight infant. JAMA. 1999; 281:799–805.
[PubMed: 10071000]

51. Miles MS, Holditch-Davis D. Compensatory parenting: How mothers describe parenting their 3-
year-old, prematurely born children. J Pediatr Nurs. 1995; 10:243–253. [PubMed: 7562381]

52. Muller-Nix C, Forcada-Guex M, Pierrehumbert B, Jaunin L, Borghini A, Ansermet F. Prematurity,
maternal stress and mother-child interactions. Early Hum Dev. 2004; 79:145–158. [PubMed:
15324994]

53. Bradley RH, Whiteside L, Mundfrom DJ, Casey PH, Kelleher KJ, Pope SK. Early indications of
resilience and their relation to experiences in the home environments of low birthweight,
premature children living in poverty. Child Dev. 1994; 65:346–360. [PubMed: 8013226]

54. Als H, Duffy FH, McAnulty GB, et al. Early experience alters brain function and structure.
Pediatrics. 2004; 113:846–857. [PubMed: 15060237]

55. Als, H. Earliest intervention for preterm infants in the Newborn Intensive Care Unit. In: Guralnick,
MJ., editor. The effectiveness of early intervention. Baltimore: Paul H. Brookes; 1997. p. 47-76.

Guralnick Page 16

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



56. Symington AJ, Pinelli J. Developmental care for promoting development and preventing morbidity
in preterm infants. Cochrane Database Syst Rev. 2006:CD001814. [PubMed: 16625548]

57. Als H, Gilkerson L, Duffy FH, et al. A three-center, randomized, controlled trial of individualized
developmental care for very low birth weight preterm infants: Medical, neurodevelopmental,
parenting, and caregiving effects. J Dev Behav Pediatr. 2003; 24:399–408. [PubMed: 14671473]

58. Als H, Lawhon G, Duffy FH, McAnulty GB, Gibes-Grossman R, Blickman JG. Individualized
developmental care for the very low-birth-weight preterm infant: Medical and neurofunctional
effects. JAMA. 1994; 272:853–858. [PubMed: 8078162]

59. Buehler DM, Als H, Duffy FH, McAnulty GB, Liederman J. Effectiveness of individualized
developmental care for low-risk preterm infants: Behavioral and electrophysiologic evidence.
Pediatrics. 1995; 96:923–932. [PubMed: 7478837]

60. Charpak N, Ruiz-Pelaez JG, Figueroa de CZ, Charpak Y. A randomized, controlled trial of
kangaroo mother care: Results of follow-up at 1 year of corrected age. Pediatrics. 2001; 108:1072–
1079. [PubMed: 11694683]

61. Feldman R, Eidelman AI, Sirota L, Weller A. Comparison of skin-to-skin (kangaroo) and
traditional care: Parenting outcomes and preterm infant development. Pediatrics. 2002; 110:16–26.
[PubMed: 12093942]

62. Crnic, K.; Stormshak, E. The effectiveness of providing social support for families of children at
risk. In: Guralnick, MJ., editor. The effectiveness of early intervention. Baltimore, MD: Paul H.
Brookes; 1997. p. 209-225.

63. Thompson, RA.; Flood, MF.; Goodvin, R. Social support and developmental psychopathology. In:
Cicchetti, D.; Cohen, D., editors. Developmental psychopathology. Vol. III. New York: Wiley;
2006. p. 1-37.Risk, disorder, and adaptation

64. Zelkowitz P, Feeley N, Shrier I, et al. The Cues and Care randomized controlled trial of a neonatal
intensive care unit intervention: effects on maternal psychological distress and mother-infant
interaction. J Dev Behav Pediatr. 2011; 32:591–599. [PubMed: 21720259]

65. Melnyk BM, Alpert-Gillis L, Feinstein NF, et al. Improving cognitive development of low-birth-
weight premature infants with the COPE program: A pilot study of the benefit of early NICU
intervention with mothers. Res Nurs Health. 2001; 24:373–389. [PubMed: 11746067]

66. Kleberg A, Westrup B, Stjernqvist K. Developmental outcome, child behaviour and mother-child
interaction at 3 years of age following Newborn Individualized Developmental Care and
Intervention Program (NIDCAP) intervention. Early Hum Dev. 2000; 60:123–135. [PubMed:
11121675]

67. Kleberg A, Westrup B, Stjernqvist K, Lagercrantz H. Indications of improved cognitive
development at one year of age among infants born very prematurely who received care based on
the Newborn Individualized Developmental Care and Assessment Program (NIDCAP). Early Hum
Dev. 2002; 68:83–91. [PubMed: 12113994]

68. Peters KL, Rosychuk RJ, Hendson L, Cote JJ, McPherson C, Tyebkhan JM. Improvement of short-
and long-term outcomes for very low birth weight infants: Edmonton NIDCAP Trial. Pediatrics.
2009; 124:1009–1020. [PubMed: 19786440]

69. van der Pal S, Maguire CM, Le Cessie S, et al. Parental stress and child behavior and temperament
in the first year after the newborn individualized developmental care and assessment program. J
Early Interv. 2008; 30:102–115.

70. Westrup B, Böhm B, Lagercrantz H, Stjernqvist K. Preschool outcome in children born very
prematurely and cared for according to the Newborn Individualized Developmental Care and
Assessment Program (NIDCAP). Acta Paediatr. 2004; 93:498–507. [PubMed: 15188978]

71. Jacobs SE, Sokol J, Ohlsson A. The newborn individualized developmental care and assessment
program is not supported by meta-analyses of the data. J Pediatr. 2002; 140:699–706. [PubMed:
12072873]

72. Rauh VA, Achenbach TM, Nurcombe B, Howell CT, Teti DM. Minimizing adverse effects of low
birthweight: Four-year results of an early intervention program. Child Dev. 1988; 59:544–553.
[PubMed: 2454783]

73. Achenbach TM, Howell CT, Aoki MF, Rauh VA. Nine-year outcome of the Vermont intervention
program for low birth weight infants. Pediatrics. 1993; 91:45– 55. [PubMed: 7677972]

Guralnick Page 17

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



74. Achenbach TM, Phares V, Howell CT, Rauh VA, Nurcombe B. Seven-year outcome of the
Vermont Intervention Program for Low-Birthweight Infants. Child Dev. 1990; 61:1672–1681.
[PubMed: 2083491]

75. Resnick MB, Armstrong S, Carter RL. Developmental intervention program for high-risk
premature infants: Effects on development and parent-infant interactions. J Dev Behav Pediatr.
1988; 9:73–78. [PubMed: 2452838]

76. Resnick MB, Eyler FD, Nelson RM, Eitzman DV, Bucciarelli RL. Developmental intervention for
low birth weight infants: Improved early development outcome. Pediatrics. 1987; 80:68–74.
[PubMed: 2439977]

77. Evans GW. The environment of childhood poverty. Am Psychol. 2004; 59:77–92. [PubMed:
14992634]

78. Glazebrook C, Marlow N, Israel C, et al. Randomised trial of a parenting intervention during
neonatal intensive care. Arch Dis Child Fetal Neonatal Ed. 2007; 92:F438–443. [PubMed:
17301114]

79. Johnson S, Whitelaw A, Glazebrook C, et al. Randomized trial of a parenting intervention for very
preterm infants: Outcome at 2 years. J Pediatr. 2009; 155:488–494. [PubMed: 19595367]

80. Koldewijn K, Wolf MJ, van Wassenaer A, et al. The Infant Behavioral Assessment and
Intervention Program for very low birth weight infants at 6 months corrected age. J Pediatr. 2009;
154:33–38. e32. [PubMed: 18783797]

81. Teti DM, Black MM, Viscardi R, et al. Intervention with African American premature infants. J
Early Interv. 2009; 31:146–166.

82. Kaaresen PI, Ronning JA, Ulvund SE, Dahl LB. A randomized, controlled trial of the effectiveness
of an early-intervention program in reducing parenting stress after preterm birth. Pediatrics. 2006;
118:e9–19. [PubMed: 16818541]

83. Kaaresen PI, Rønning JA, Tunby J, Nordhov SM, Ulvund SE, Dahl LB. A randomized controlled
trial of an early intervention program in low birth weight children: Outcome at 2 years. Early Hum
Dev. 2008; 84:201–209. [PubMed: 17698301]

84. Newnham CA, Milgrom J, Skouteris H. Effectiveness of a modified mother-infant transaction
program on outcomes for preterm infants from 3 to 24 months of age. Infant Behav Dev. 2009;
32:17–26. [PubMed: 19026450]

85. Olafsen KA, Rønning JA, Kaaresen PI, Ulvund SE, Handegard BH, Dahl LB. Joint attention in
term and preterm infants at 12 months corrected age: The significance of gender and intervention
based on a randomized controlled trial. Infant Behav Dev. 2006; 29:554–563. [PubMed:
17138308]

86. Avon Premature Infant Project. Randomised trial of parental support for families with very preterm
children. Arch Dis Child Fetal Neonatal Ed. 1998; 79:F4–F11. [PubMed: 9797618]

87. Gianní ML, Picciolini O, Ravasi M, et al. The effects of an early developmental mother-child
intervention program on neurodevelopment outcome in very low birth weight infants: A pilot
study. Early Hum Dev. 2006; 82:691–695. [PubMed: 16530990]

88. Sajaniemi N, Mäkelä J, Salokorpi T, von Wendt L, Hämäläinen T, Hakamies-Blomqvist L.
Cognitive performance and attachment patterns at four years of age in extremely low birth weight
infants after early intervention. Eur Child Adolesc Psychiatry. 2001; 10:122–129. [PubMed:
11469284]

89. Johnson S, Ring W, Anderson P, Marlow N. Randomised trial of parental support for families with
very preterm children: Outcome at 5 years. Arch Dis Child. 2005; 90:909–915. [PubMed:
15899921]

90. Landry SH, Smith KE, Swank PR. Responsive parenting: Establishing early foundations for social,
communication, and independent problem-solving skills. Dev Psychol. 2006; 42:627–642.
[PubMed: 16802896]

91. Guttentag CL, Pedrosa-Josic C, Landry SH, Smith KE, Swank PR. Individual variability in
parenting profiles and predictors of change: Effects of an intervention with disadvantaged mothers.
J Appl Dev Psychol. 2006; 27:349–369.

92. Dieterich SE, Landry SH, Smith KE, Swank PR, Hebert HM. Impact of community mentors on
maternal behaviors and child outcomes. J Early Interv. 2006; 28:111–124.

Guralnick Page 18

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



93. Landry SH, Smith KE, Swank PR, Guttentag C. A responsive parenting intervention: The optimal
timing across early childhood for impacting maternal behaviors and child outcomes. Dev Psychol.
2008; 44:1335–1353. [PubMed: 18793067]

94. Infant Health and Development Program. Enhancing the outcomes of low-birth-weight, premature
infants: A multisite, randomized trial. JAMA. 1990; 263:3035–3042. [PubMed: 2188023]

95. Gross, RT.; Spiker, D.; Haynes, CW. Helping low birth weight premature babies: The Infant
Health and Development Program. Stanford, CA: Stanford University Press; 1997.

96. McCormick MC, McCarton C, Brooks-Gunn J, Belt P, Gross RT. The Infant Health and
Development Program: Interim summary. J Dev Behav Pediatr. 1998; 19:359–370. [PubMed:
9809269]

97. Brooks-Gunn J, McCarton CM, Casey PH, et al. Early intervention in low-birth-weight premature
infants. Results through age 5 years from the Infant Health and Development Program. JAMA.
1994; 272:1257–1262. [PubMed: 7933370]

98. McCarton CM, Brooks-Gunn J, Wallace IF, et al. Results at age 8 years of early intervention for
low-birth-weight premature infants: The Infant Health and Development Program. JAMA. 1997;
277:126–132. [PubMed: 8990337]

99. McCormick MC, Brooks-Gunn J, Buka SL, et al. Early intervention in low birth weight premature
infants: Results at 18 years of age for the Infant Health and Development Program. Pediatrics.
2006; 117:771–780. [PubMed: 16510657]

100. Klebanov PK, Brooks-Gunn J, McCormick MC. Maternal coping strategies and emotional
distress: Results of an early intervention program for low birth weight young children. Dev
Psychol. 2001; 37:654–667. [PubMed: 11552761]

101. Spiker D, Ferguson J, Brooks-Gunn J. Enhancing maternal interactive behavior and child social
competence in low birth weight, premature infants. Child Dev. 1993; 64:754–768. [PubMed:
8339693]

102. Martin A, Brooks-Gunn J, Klebanov P, Buka SL, McCormick MC. Long-term maternal effects of
early childhood intervention: Findings from the Infant Health and Development Program (IHDP).
J Appl Dev Psychol. 2008; 29:101–117.

103. Hill JL, Brooks-Gunn J, Waldfogel J. Sustained effects of high participation in an early
intervention for low-birth-weight premature infants. Dev Psychol. 2003; 39:730–744. [PubMed:
12859126]

104. Sparling J, Lewis I, Ramey CT, Wasik BH, Bryant DM, LaVange LM. Partners: A curriculum to
help premature, low birthweight infants get off to a good start. Topics Early Child Spec Educ.
1991; 11:36–55.

105. Liaw FR, Meisels SJ, Brooks-Gunn J. The effects of experience of early intervention on low birth
weight, premature children: The Infant Health and Development Program. Early Child Res Q.
1995; 10:405–431.

106. Dickinson DK, Porche MV. Relation between language experiences in preschool classrooms and
children’s kindergarten and fourth-grade language and reading abilities. Child Dev. 2011;
82:870–886. [PubMed: 21413936]

107. Howes C, Burchinal M, Pianta R, et al. Ready to learn? Children’s pre-academic achievement in
pre-Kindergarten programs. Early Child Res Q. 2008; 23:27–50.

108. Blair C. Early intervention for low birth weight, preterm infants: The role of negative
emotionality in the specification of effects. Dev Psychopathol. 2002; 14:311–332. [PubMed:
12030694]

109. Spittle A, Orton J, Doyle LW, Boyd R. Early developmental intervention programs post hospital
discharge to prevent motor and cognitive impairments in preterm infants. Cochrane Database
Syst Rev. 2007; 2:CD005495. [PubMed: 17443595]

110. Luu TM, Vohr BR, Allan W, Schneider KC, Ment LR. Evidence for catch-up in cognition and
receptive vocabulary among adolescents born very preterm. Pediatrics. 128:313–322. [PubMed:
21768322]

111. Ment LR, Vohr B, Allan W, et al. Change in cognitive function over time in very low-birth-
weight infants. JAMA. 2003; 289:705–711. [PubMed: 12585948]

Guralnick Page 19

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



112. American Academy of Pediatrics. The Medical Home. Pediatrics. 2002; 110:184– 186. [PubMed:
12093969]

113. Johnson S, Marlow N. Developmental screen or developmental testing? Early Hum Dev. 2006;
82:173–183. [PubMed: 16504424]

114. American Academy of Pediatrics. Identifying infants and young children with developmental
disorders in the medical home: An algorithm for developmental surveillance and screening.
Pediatrics. 2006; 118:405–420. [PubMed: 16818591]

115. Garg A, Dworkin PH. Applying surveillance and screening to family psychosocial issues:
implications for the medical home. J Dev Behav Pediatr. 2011; 32:418–426. [PubMed:
21522019]

Guralnick Page 20

J Dev Behav Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
The three levels of the Developmental Systems Approach with key components illustrating
interrelationships and reciprocal influences including the effects of child-based stressors
(Adapted from Guralnick, 2011).
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