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Abstract: Children born prematurely (<37 weeks’ gestation) have an increased risk for chronic health
problems and developmental challenges compared to their term-born peers. The threats to health and
development posed by prematurity, the unintended effects of life-sustaining neonatal intensive care,
the associated neonatal morbidities, and the profound stressors to families affect well-being during
infancy, childhood, adolescence, and beyond. Specialized clinical programs provide medical and
developmental follow-up care for preterm infants after hospital discharge. High-risk infant follow-up,
like most post-discharge health services, has many shortcomings, including unclear goals, inadequate
support for infants, parents, and families, fragmented service provisions, poor coordination among
providers, and an artificially foreshortened time horizon. There are well-documented inequities
in care access and delivery. We propose applying a life course health development framework to
clinical follow-up for children born prematurely that is contextually appropriate, developmentally
responsive, and equitably deployed. The concepts of health development, unfolding, complexity,
timing, plasticity, thriving, and harmony can be mapped to key components of follow-up care delivery
to address pressing health challenges. This new approach envisions a more effective version of clinical
follow-up to support the best possible functional outcomes and the opportunity for every premature
infant to thrive within their family and community environments over their life course.

Keywords: life course health development; preterm birth; high-risk infant follow-up; long-term
outcomes; thriving; flourishing; neurodiversity

1. Introduction

Infants born preterm (<37 weeks’ gestation) are at risk for health and developmen-
tal challenges in childhood and beyond when compared to term-born peers [1]. These
problems include chronic diseases of the respiratory, cardiovascular, and renal systems,
neurosensory impairments, and delays in motor, language, and social development [2,3].
This risk increases as gestational age at birth decreases [4]. Despite increasing survival
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for infants born at the earliest gestations, rates of neurodevelopmental impairment have
not similarly improved [5]. Children born preterm have high rates of rehospitalization
after discharge from the neonatal intensive care unit (NICU) [6] and require considerable
medical services and developmental support as a consequence of their ongoing needs [7].
Noting the significant impact of preterm birth on physical health and neurodevelopment,
and the longitudinal needs for medical and therapeutic services, organizations from sev-
eral industrialized countries have offered guidance for clinical HRIF programs. These
efforts—sharing the best intentions to provide standard guidance for variable and often
inequitable care—differ in levels of stakeholder representation, specificity, and actionability.
In 2022, the Canadian Paediatric Society crafted a position statement on preterm infant
follow-up in Canada, including broad recommendations for medical, nutritional, and de-
velopmental surveillance and support [8]. In the United Kingdom, the National Institute
for Health and Care Excellence published a guideline for the developmental follow-up
of preterm children in 2017. Recommendations include information and support to par-
ents and caregivers prior to NICU discharge, enhanced surveillance for developmental
challenges in early childhood, and referrals to appropriate community-based therapeutic
services [9]. And the Centre of Research Excellence in Newborn Medicine is currently
creating a practice guideline for very preterm infant follow-up in Australia [10].

In the United States, the American Academy of Pediatrics recommends that all ‘high-
risk’ infants receive medical and developmental follow-up care after NICU discharge [11,12].
Though sharing some similarities in structure, content, and timing, this specialized clinical
follow-up provides a set of health services distinct from those typically used to collect
outcome data solely or primarily for research purposes or NICU quality improvement
initiatives [13]. Although considered the standard of care, the structure, content, and timing
of high-risk infant follow-up programs in the US are highly variable [14]. Participation in
follow-up programs for high-risk neonates is a required component of accredited neonatal-
perinatal medicine training programs [15]; however, there is no uniform or standardized
curriculum guiding training activities across institutions. Given that preterm birth and
early-life morbidity have a profound impact on health and development over the life
course, infants and their families face logistical, financial, and emotional challenges in the
transition from the NICU to the home and community that the existing system of follow-up
is ill-equipped to address. The fractured US healthcare environment is often unable to meet
these often highly vulnerable infants’ and families’ complex needs. Here we propose a life
course health development approach to clinical follow-up for preterm infants that holds the
potential to transform follow-through to ensure optimal trajectories of health, development,
and thriving in a coordinated proactive family and community support network.

2. Overview of Clinical High-Risk Infant Follow-Up Care

Community-based primary care pediatricians provide the majority of ongoing care
to infants and families after NICU discharge and serve as the key source of longitudinal
general pediatric care [16,17], ideally delivered in the setting of the family-centered medical
home [18,19]. Formal follow-up programs providing specialized medical and developmen-
tal surveillance and support for preterm and other high-risk infants occur separately from
primary care practices in a number of designated settings, including academic medical
centers, community-based clinics, or, in some instances, even the infant’s home. Training in
follow-up care is considered a core competency for neonatal-perinatal medicine fellowship
programs and is a requirement for training program accreditation, though specialized
follow-up may also be provided by developmental pediatricians, neurologists, or complex
care programs.

The scope and focus of follow-ups have yet to be standardized and often vary among
programs. Some programs provide neurodevelopmental support alone, while others
offer more comprehensive medical services, even integrating well and sick visits with
developmental assessments and subspecialty care [14,20]. Multidisciplinary follow-up
programs are common and include physicians, physical and occupational therapists, speech-
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language pathologists, dietitians, social workers, psychologists, and care coordinators as
members of the care team in providing support to infants and families [21–24]. While most
follow-up care is provided in the clinic setting, a novel transition to home programs has
successfully integrated home visits after NICU discharge [25,26]. Many programs began
using telehealth platforms for follow-up care during the COVID-19 pandemic [27,28]. A
recent systematic review found that care coordination for infants with complex care needs
reduces costs for families and health systems and leads to improved care quality [29].

There is no standard guiding the optimal timing of clinical follow-up visits. Some
programs have an early visit to help the family with the transition home. More commonly,
programs offer visits to eligible infants at regular intervals: 3–6 months, 8–12 months,
18–24 months, and 30–36 months corrected age [12,14]. This cadence of visits has roots
in clinical research studies in the NICU that often use a predetermined sequence of de-
velopmental assessments at these ages as the standard measure of primary or secondary
outcomes. Clinical follow-up programs typically end at 2 or 3 years, with some extending
into early school ages (5–8 years). Alternatively, the frequency of visits may be dictated
by medical or developmental needs rather than strict age ranges. For example, a novel
Canadian follow-up program focuses on specific developmental “touchpoints” for the child
and family to support the unique needs of each developmental stage [30]. This type of
approach is more reflective of, and responsive to, infant and family needs as they evolve
over the whole of childhood and promotes collaboration with developmental, educational,
and behavioral systems of care.

3. Challenges, Obstacles, and Shortcomings

There is a myriad of material, logistical, and philosophical challenges to providing
high-quality, equitable follow-up care after NICU discharge so that children optimize
their physical and behavioral health and thrive in school and the community throughout
childhood and adolescence. Foremost is an overall lack of clear goals, mission, and vision
for clinical follow-up for preterm infants. Programs are largely based on a medical model
that focuses on the child alone without explicit attention to the developmental context in
which he or she lives. Absent the moral urgency to, in the words of Jeffrey Horbar [31],
“follow-through” on the investments made in the NICU after discharge and beyond, centers
are left to make individual determinations about the scope and resources allocated to
medical and developmental supports locally.

Next, there is significant variability in the availability and utilization of follow-up
services among programs, centers, and regions, due in large part to a fractured healthcare
system, with multiple siloed services and programs. The likelihood of missing needed
services and experiencing unmet care needs is all too common. For example, nearly 30% of
extremely low birth weight infants are rehospitalized in the first two years of life. Nearly
50% miss recommended neurosensory screening [32]. Children born preterm are less
likely to have a family-centered medical home compared to term-born peers [33]. There
are frequent barriers to early intervention service receipt [34] and many have missing
or delayed childhood vaccinations [35]. Minority maternal race/ethnicity status and
higher infant gestational age or birthweight are associated with missed referrals. Because
of differences in personnel, resources, and approaches among HRIF clinics as well as
variations in NICU discharge planning, there are substantial gaps in implementing the best
preventive, coordinated, and proactive support for the family and the developmental care
team. Other barriers include dissemination of the knowledge of HRIF eligibility criteria
and referral processes that influence referral and follow-up rates [14,20,36].

Last, there are additional obstacles to HRIF posed by structural and interpersonal
racism, classism, anti-immigrant bias, and financial stress that compound the burdens
experienced by preterm infants and their families. There are marked racial inequities
between hospitals in the rates of follow-up [37]. A study from the California Perinatal
Quality Care Collaborative found that infants born to Black (OR 0.58, 0.47–0.71) and
Hispanic (OR 0.65, 0.55–0.76) mothers compared to white were less likely to be referred
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to follow-up programs [38]. Infants born to a Black mother, having a family with limited
English proficiency, or residing in a neighborhood with very low economic and educational
opportunities decrease the likelihood of HRIF participation [39]. This is also true of having
public insurance, living in a rural area, or residing at a significant distance from the
follow-up location [40]. Parents report that travel logistics and costs prohibit adhering
to recommended follow-up [41–43]. Limited clinic hours and conflicts with parent work
schedules posed additional barriers to participation [44]. Having an initial follow-up visit
increases the likelihood of attending future visits [45], highlighting the importance of
addressing inequities in the discharge preparation processes and transition to home.

In sum, a preponderance of evidence indicates that much of the routine clinical
follow-up may constitute low-value, low-quality care, given the high degree of systematic
fragmentation, incompleteness or redundancy of services, and inequity in distribution.
This is not due to the lack of commitment, passion, knowledge, or good will from those
dedicated clinicians providing follow-up care in both academic and community settings.
Rather, to the contrary, it is a failure of care systems, with a lack of a clear and unified vision,
chronic underinvestment in human capital and material resources, and constraints imposed
by quixotic health and social policy landscapes. To chart a new course, we propose using the
life course health development framework to ground a coherent system of follow-up care
for preterm infants beyond the first 2 years of life. Ahead, we define the seven principles of
life course health development and map each to critical aspects of HRIF. In this way, we
offer a theory-based approach to designing follow-up systems that are developmentally
responsive, family-centered, contextually appropriate, and enablement-informed.

4. Life Course Health Development

The life course health development (LCHD) approach regards health not as a static
phenomenon but as a dynamic, emergent capacity that develops continuously over the
lifespan through a complex non-linear process [46]. This process can be represented as
a health development trajectory that changes over time in response to multiple risk and
protective factors transmitted in a relational developmental matrix, designated the child’s
developmental ecosystem. These risk and protective factors can have an “outsize” influence
during critical and sensitive developmental periods, many of which occur at the start of
life, when biological and behavioral regulatory systems are being programmed [46,47]. In
2018, Drs. Neal Halfon and Christopher Forrest proposed the seven principles of life course
health development. Drawing from foundational, empirically grounded work in life course
epidemiology [48], biologic and social ecology [49], and the developmental origins of health
and disease [50] among other theories and frameworks, the LCHD perspective incorporates
fundamental questions about biological and behavioral plasticity and adaptation and
how interactions between biology and environmental contexts lead to disease or health
in individuals and populations [51]. Since its publication, the LCHD framework has been
applied by numerous investigators in fields as varied as congenital heart disease [52],
neuropsychiatric disorders [53,54], and healthcare delivery [55,56]. Msall et al. applied
this framework in identifying research strategies to inform evidence-based interventions
for “optimizing physical and behavioral health, educational achievement, and adaptive
competencies” among preterm infants [57]. In this paper, we employ the seven principles
of the LCHD framework (see Table 1, Figure 1) to highlight the core functions of follow-up
care for infants born preterm and, in so doing, propose a series of transformative changes
to the system by which we might achieve optimal health development outcomes for this
vulnerable population.
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Table 1. Life course health development principles applied to follow-up for preterm infants *.

Principle Brief Description Current Approach New Approach

1. Health
Development

Health development
integrates the concepts of
health and developmental
processes into a unified whole

Medical and developmental care
and support conceived as
separate strands of care and
provided by discrete practitioners
in siloed settings

Child- and family-centered health
development care provided by integrated
teams utilizing tools to enhance shared
goal-setting and
inter-team communication

2. Unfolding

Health development unfolds
continuously over the lifespan,
from conception to death, and
is shaped by prior
experiences and
environmental interactions

High-risk infant follow-up
programs provide time-limited
support to infants and families
through age 2 or 3 years

Embracing foresight and anticipating
future needs, systems of care must
consider a longitudinal approach to
supporting those affected by preterm
birth starting in the antepartum period
and spanning key transitions during
childhood and beyond

3. Complexity

Health development results
from adaptive, multilevel, and
reciprocal interactions
between individuals and their
physical, natural, and
social environments

Narrow, biomedical focus on
clinical needs, often ignoring the
direct impact of family and
social context

Systems approach to understanding,
assessing, and addressing multilevel
drivers of health development, including
social, structural, and
developmental determinants
Creation of tailored, agile, adaptive,
multilevel interventions

4. Timing

Health development is
sensitive to the timing and
social structuring of
environmental exposures
and experiences

Developmental assessments
performed according to a
pre-determined timetable (e.g., 6,
12, 24 months of age), ignoring
sensitive periods and transitions
and turning points in
developmental pathways

Follow-up visits are arranged as clinical
needs arise; the timing and cadence of
developmental assessments and
interventions reflect the unfolding needs
and skills of the child during sensitive
periods of development

5. Plasticity

Health development
phenotypes are systematically
malleable and enabled and
constrained by evolution to
enhance adaptability to
diverse environments

Medical language of ‘risk’ for
‘poor outcomes’ and ‘bad
diagnoses’ communicates fatalism
around the fixed impact of
gestational age on
health development

Language and practices to optimize
resilience are incorporated into
discussions of diagnoses, goal setting,
and expected outcomes, emphasizing
functioning and participation

6. Thriving

Optimal health development
promotes survival, enhances
well-being, protects against
disease and promotes
functioning in physical,
behavioral, and social health

The structure, content, and
cadence of follow-up visits
determined by medical experts to
serve pre-determined clinical
goals. The focus is on diagnosing
and managing impairments

Follow-up programs reflect the expressed
needs and values of parents for their
children with an emphasis on optimizing
function and participation.
The focus is on optimizing health
development at all stages of life so that
measurable successes occur

7. Harmony

Health development results
from the balanced interactions
of molecular, physiological,
behavioral, cultural, and
evolutionary processes

Follow-up focuses on
de-contextualized individual
deficits and offers medical
solutions to socially mediated
problems in siloed,
fragmented settings

An integrated, systems- and
strengths-based approach to supporting
health development over the life course,
utilizing family-generated assessments
harmonized with their needs and goals
and providing accessible medical,
educational, and community supports

* Based on the original with permission of the authors. Halfon N, Forrest CB. The Emerging Theoretical
Framework of Life Course Health Development. 21 November 2017. In: Halfon N, Forrest CB, Lerner RM,
et al., editors. Handbook of Life Course Health Development [Internet]. Cham (CH): Springer; 2018. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK543722/ (accessed on 10 January 2023) doi: 10.1007/978-3-
319-47143-3_2 [51].

https://www.ncbi.nlm.nih.gov/books/NBK543722/
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the active process of development by which health attributes change over time [51]. 
The interdependence of health and development may seem obvious to parents, 
teachers, and pediatricians, yet the institutions and systems charged with studying 
disease mechanisms, developing health interventions, and implementing evidence-
based solutions treat health and development as distinct entities. This is exempli-
fied by increasingly deep yet narrow biomedical research interests and ever-discon-
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comprehensive understanding of the impact of prematurity on well-being over time and 
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monary dysplasia, necrotizing enterocolitis, and intraventricular hemorrhage to name but 
a few—have common and well-documented associations with neurocognitive develop-
ment in early childhood [58,59]. Related chronic health problems, especially those affect-
ing lung function, are associated with inattention [60], executive function challenges [61], 
dysregulated mood and behavior [62], and suboptimal academic achievement [63]. With 
few exceptions, investigators treat static diagnoses of biological health in the perinatal 
period as individual threats to development in later life. Such cross-sectional approaches 
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Figure 1. The life course health development (LCHD) approach to optimizing health and development
for preterm infants and families after NICU discharge. The current approach (gray box) creates and
perpetuates barriers to achieving optimal health potential. The proposed LCHD approach (blue box)
guides the building of care models and integrated health, education, and social support systems to
foster positive trajectories of health potential over the life course. Bolded words represent each of the
seven LCHD principles.

I. Health Development. Fundamental to the LCHD framework, the concept of health
development integrates the notion of health, as defined as a set of attributes “. . .that
are desirable, acquired, optimized, and maintained during the life course, enabling
growth of an individual, survival, and adaptation to manifold environments” and the
active process of development by which health attributes change over time [51]. The
interdependence of health and development may seem obvious to parents, teachers,
and pediatricians, yet the institutions and systems charged with studying disease
mechanisms, developing health interventions, and implementing evidence-based
solutions treat health and development as distinct entities. This is exemplified by
increasingly deep yet narrow biomedical research interests and ever-disconnected
organ-based clinical subspecialties.

For children born preterm, the schism between health and development obscures a
comprehensive understanding of the impact of prematurity on well-being over time and
limits the scope of potential interventions to improve functional outcomes. The multimor-
bid conditions for which preterm infants are at risk in the neonatal period—bronchopul-
monary dysplasia, necrotizing enterocolitis, and intraventricular hemorrhage to name but a
few—have common and well-documented associations with neurocognitive development
in early childhood [58,59]. Related chronic health problems, especially those affecting
lung function, are associated with inattention [60], executive function challenges [61],
dysregulated mood and behavior [62], and suboptimal academic achievement [63]. With
few exceptions, investigators treat static diagnoses of biological health in the perinatal
period as individual threats to development in later life. Such cross-sectional approaches
neglect the co-occurring and likely interacting trajectories of physical symptoms, behavior,
and developmental functional skills. This is reflected by the typical approach to clinical
follow-up care that silos organ systems with disease- or symptom-specific assessments
and therapies isolated in time and space. A more dynamic approach would not only give
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insight into the underlying mechanisms and pathways by which preterm birth leads to
adverse health, developmental, and educational outcomes but also lead to potentially
more effective holistic interventions to improve those outcomes. To optimize health (state
of being) and development (process), outcomes research and the follow-up care that ensues must
be interdisciplinary, collaborative, and integrated among providers and across settings of health,
education, and community support.

II. Unfolding. Health development is a process that occurs continuously over one’s
lifetime. Unfolding describes a dynamic and non-linear evolutionary process of
development from simple to ever more complex forms and behaviors, shaped in
response to experience and environmental interactions. Physiologic and behavioral
adaptation to external stimuli is achieved through iterative loops of cellular and bodily
sensing, signaling, and regulation (self-organization) [51] that are also the basis of
maternal–child interactions, early child developmental competencies, and learning at
school and with peers.

Preterm birth is a disruption of the typical unfolding process, leading to maturational
immaturity that can have lifelong consequences for health development [64]. Studies have
shown changes to telomeres and DNA methylation—markers of cellular age—associated
with being born preterm [65,66]. NICU interventions and environments can exacerbate this
underlying threat. The short-term impact on health development is often readily apparent,
given the multi-organ morbidities and prolonged hospital stays associated with prematurity.
The near-term effects on growth, and motor, cognitive, and language development, are
well-documented. The long-term behavior, mood, and social relatedness problems are often
latent, appearing only as the child grows to adolescence and adulthood. Follow-up should
reflect that the impact of prematurity is not limited to the perinatal period or even early childhood
but, rather, constitutes a lifelong interrelated cascade of vulnerabilities that pose ongoing challenges
to the typical processes of developmental unfolding and opportunities for resiliency. Medical care and
other support services must provide the anticipatory foresight necessary to consider a longitudinal
approach starting in the antepartum period and spanning childhood and beyond. This must include
population data for kindergarten readiness, school success in literacy and numeracy, and adolescent
efficacy in physical and behavioral health and community participation. They also must integrate
emerging research on the effects that preterm birth, perinatal illness and treatments, and social and
environmental stresses have on the epigenome and the physiologic processes it regulates.

III. Complexity. Health development is an iterative, multilevel process of reciprocal inter-
actions between individuals and their physical, natural, and social environments [51].
This concept has been articulated by Urie Bronfenbrenner in his bioecological theory,
in which a child’s growth and development occur at the center of an ever-expanding
ring of social contexts, from the nuclear family (microsystem) to community institu-
tions (mesosystem) to local, state, and national policies (exosystem) to widespread
cultural norms and ideologies (macrosystem), all unfolding over time (chronosys-
tem) [67]. The pivotal role of the environment and context on health development
is supported by robust and longstanding evidence from medical and developmen-
tal biology, public health, psychology, and education literature. Adverse childhood
experiences (ACEs) that manifest and emerge out of complex family developmen-
tal ecosystems, which may include maltreatment, exposure to domestic violence,
or untreated and unresolved mental health needs, are often associated with poor
physical and mental health in adulthood [68]. Another complex emergent process
is the phenomena known as toxic stress, i.e., the process by which early-life mate-
rial deprivation and adversity, often embedded in a historically structured network
of racist policies and processes, become embodied and expressed as poor physical,
behavioral, and social health in adulthood [69]. Both seat health development in
context, highlighting the need for multilevel interventions to abate adverse exposures
and support resilience and growth. Effective, dynamic multilevel interventions that
incorporate action on the social and structural determinants of health could prove
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transformative in supporting health equity from the start and in reducing or even
eliminating longstanding inequalities in health across the lifespan [70].

The risk for preterm birth is not equitably distributed, with Black and poor communi-
ties at the highest risk [71]. This inequity is then reinforced by disproportionate rates of
neonatal morbidities and associated chronic health problems related to prematurity [72].
Tragically, post-discharge services for NICU graduates such as early intervention [73] and
high-risk infant follow-up programs [39,74] are also less available to Black, poor, and non-
English speaking populations, further perpetuating poor health development outcomes.
Fragmentation of health systems, social services, and education systems is common, lead-
ing to many and frequent unmet needs [33]. Administrative burdens and barriers in the
systems intended to offer support to infants and families converge to drive individual out-
comes. Yet interventions are often directed at individual patients and families, rather than
the inadequate systems with which they interface. In other words, the existing approach to
interventions is primarily driven by outdated biomedical models, with inadequate atten-
tion to the broader relational developmental ecosystems that are shaping children’s health
development and sense of well-being [75]. Interventions must be responsive to a child’s social
and developmental context and multilevel in scope, not simply delivered to the individual infant or
family, and include accessible pathways for developmental, behavioral, and educational services.

IV. Timing. Developmental processes of any kind are by definition time time-delimited.
The life course health development framework centralizes the role of timing of en-
vironmental exposures and experiences in guiding child well-being [51]. Fetal and
neonatal life represent exquisitely sensitive periods of growth and development,
particularly with respect to the nervous system [76]. Yet both vulnerability and height-
ened adaptability may persist through early childhood and beyond, during which
time physical, environmental, and social exposures may threaten or support devel-
opmental trajectories [77]. A robust literature supports the importance and potential
effectiveness of early interventions for children with medical and developmental
complexity to achieve optimal functional outcomes [78].

Providers of neonatal intensive care are acutely aware of the impact of timing on
health, where additional days or weeks of gestation may make a discernable difference in
medical outcomes. Achieving physiologic stability during the ‘golden hour’ after delivery
is understood to be critical to reducing morbidity during the NICU course [79]. A similar
approach may be applied to follow-up after hospital discharge, in which high-risk preterm
infants receive care and support that anticipates and addresses developmental problems
as they emerge. Current models of follow-up are highly regimented and protocolized.
An example of a more time-responsive and developmentally responsive approach to
follow-up is Page Church’s touchpoints model, in which assessments and interventions
are matched to the age-related developmental skills of each child and tiered to address the
learning, behavioral, social, and habilitative supports in children at risk for a spectrum of
neurodevelopmental challenges that unfold [30]. Traditional follow-up for preterm infants
stops at preschool or an early school age, yet new problems with behavior, mood, and
academic performance may arise at school ages and beyond [13]. Although it is clearly
outside the purview of neonatal medicine to provide care at these ages, there is a collective
responsibility to ensure that proactive collaborative systems exist for continued support
throughout childhood, adolescence, and young adulthood. Assessments and interventions
need to be developmentally attuned with an eye toward continuously responsive follow-through, not
administered according to predetermined timelines and age ranges.

V. Plasticity. Living organisms adapt and evolve to their changing environments. Evolu-
tionary theory posits that alterations in climate, the abundance or scarcity of food, and
the presence or absence of predators act as selective pressures that lead to adaptation
or extinction. Plasticity refers to the developmental capacity to “shift gears” to adapt
to diverse and changing environments. For individuals, this occurs at the molecular
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and behavioral level. Yet societies and cultures can evidence adaptive strategies that
help support the phases and life stages of health development [51].

Infants and young children display remarkable plasticity and adaptability in the
face of early adversity (see #3 Complexity above). Preterm infants display a range of
developmental and functional outcomes at an array of gestational ages and across postnatal
developmental epochs. There is similar variability in outcomes among medical centers,
states, and regions. The concept of reproductive casualty, the notion that a suite of certain
fixed health and developmental outcomes are to be expected for any given gestation at birth,
is not supported by evidence. On the contrary, timely antenatal and postnatal interventions,
high-quality neonatal intensive care, access to needed supportive services, and, above all,
enriched home and community environments can help buffer the developmental threats
posed by preterm birth. Thanks to a high degree of physiologic plasticity, the gestational
age at birth is indeed not destiny [80]. For this reason, follow-up programs must have a
strengths-based approach that harnesses all the potential factors in the family, community, and
wider ecosystem that can be brought to bear on enhancing each child’s developmental progress.
This approach benefits from an emphasis on individual goal setting, working toward the ‘possible,’
emphasizing supports for self-care independence, basic learning, social and community living skills,
and avoiding prognostic certainty for long-term functional outcomes.

VI. Thriving. Health development, and the environments and resources that optimally
support and adaptively maintain it, “enable individuals to pursue desired goals and
live long, flourishing lives.” [51]. In this sense, health development is not merely the
absence of disease but rather a state of whole-self adaptive fulfillment. A thriving
individual has the internal capacity and external resources that provide them with the
resilience they need to avail themselves of all potential opportunities for contented
living and optimize participation in health, home, community, and social activities.

For preterm infants, successful outcomes have historically been defined as a lack
of medical morbidity and developmental delay as measured on standardized tests. Yet
parents report functional abilities, participation with family and peers, and happiness to
be of equal or greater value to medical and developmental diagnoses [81]. And adults
born preterm themselves rate their own quality of life as good or very good [82]. It is
vital to focus on achieving optimal health development for all children, not normalcy or
perfection against common standards. Thriving may look different to different families.
Outcomes need to reflect family-identified values and definitions of thriving, for both the child
and their family, and be informed by neurodiversity and enablement. In this context, there is a
strengths-based approach that is not deficit remediation and cumulative diagnostic overshadowing
and aligns with the International Classification of Functioning, Disability, and Health [83]. The ICF
framework also aligns with the 6F-Words highlighted for partnerships with children and families.
These enablement words include function by doing what you can, fitness for proactive health, fun by
having a passion for the achievable, family and friends for support and encouragement, and a future
of possibilities [84].

VII. Harmony. Health development is the end of the result of several distinct and inter-
secting processes occurring across the life course [51]. Environmental forces act on the
individual organism that has its own embodied molecular and behavioral response.
For individuals and populations alike, there is a balance between vulnerability and
resilience that leads to health and developmental outcomes [85].

Physical, cognitive, emotional, and social development require different developmen-
tal skills that all have different trajectories, with different time signatures, and that need
to be aligned and harmonized over time for preterm infants to optimally thrive as they
age [86]. Not only is that harmonization a biological necessity, but it is also a social, cultural,
and psychological goal. Children, their siblings, and their parents adapt and grow at
different paces. Cultural and political forces can derail health development—examples
include racism, xenophobia, sexism and misogyny, heterosexism and homophobia, ableism,
and poverty. Environmental exposures literally become ‘embodied’ through the allostatic
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load of toxic stressors [87]. Premature infants’ developmental trajectories across different
domains may not follow expected norms and expected time frames. Follow-up services
need to be deployed, understanding the dyssynchronous nature of these health develop-
mental processes and finding the best ways to provide individualized anticipatory guidance
and support to the entire family unit, acknowledging that developmental timings may
not follow the same course as for term infants, even beyond early childhood. Providers
and health systems must work to dismantle organizational barriers, adopt more flexible timing
for services and supports across the life course, and advocate for institutional changes and policy
solutions to remedy past and present injustices. These changes can support families as they grow
and facilitate optimal health development over the life course.

5. Conclusions and Future Steps

True, lasting improvement to the current medical model of high-risk infant follow-up
requires three key actions. First, clinicians and program leaders must engage with all
stakeholders, starting with families, and including community-based pediatricians and
family practice providers, physiatrists, therapists, educators, health systems, and policy-
makers to co-design a new system of follow-up that is responsive to new knowledge from
epigenetics and neurobiology about the nature of health development. Second, effective,
high-quality, high-value follow-up care can only be achieved through a multilevel systems
approach and not only through individual-level interventions. Third, there must be a
commitment to equity at every step. The principles of life course health development offer
a framework and set of principles to guide innovative, developmentally responsive, and
context-specific care for preterm infants after NICzU discharge, providing follow-through
on the commitments made to infants and their parents at the outset to achieve the best
possible outcomes for health, development, functioning, participation, and fulfillment.

Author Contributions: Conceptualization, J.S.L., N.H., M.E.M., S.A.R. and S.R.H.; Writing—Original
Draft Preparation, J.S.L.; Writing—Review and Editing, J.S.L., N.H., M.E.M., S.A.R. and S.R.H.;
Visualization, J.S.L., N.H., M.E.M., S.A.R. and S.R.H.; Supervision, N.H.; Project Administration,
S.A.R.; Funding Acquisition, N.H. and S.A.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This project was supported by the Health Resources and Services Administration (HRSA)
of the U.S. Department of Health and Human Services (HHS) under award UA6MC32492, the Life
Course Intervention Research Network, and award U9DMC49250, The Life Course Translational
Research Network. The information, content and/or conclusions are those of the authors and should
not be construed as the official position or policy of, nor should any endorsements be inferred by
HRSA, HHS or the U.S. Government.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

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

References
1. Luu, T.M.; Rehman Mian, M.O.; Nuyt, A.M. Long-Term Impact of Preterm Birth: Neurodevelopmental and Physical Health

Outcomes. Clin. Perinatol. 2017, 44, 305–314. [CrossRef] [PubMed]
2. Barfield, W.D. Public Health Implications of Very Preterm Birth. Clin. Perinatol. 2018, 45, 565–577. [CrossRef] [PubMed]
3. Platt, M.J. Outcomes in preterm infants. Public Health 2014, 128, 399–403. [CrossRef]
4. Glass, H.C.; Costarino, A.T.; Stayer, S.A.; Brett, C.M.; Cladis, F.; Davis, P.J. Outcomes for extremely premature infants. Anesth.

Analg. 2015, 120, 1337–1351. [CrossRef] [PubMed]
5. Kaempf, J.W.; Guillen, U.; Litt, J.S.; Zupancic, J.A.F.; Kirpalani, H. Change in neurodevelopmental outcomes for extremely

premature infants over time: A systematic review and meta-analysis. Arch. Dis. Child. Fetal Neonatal Ed. 2022, 108, 458–463.
[CrossRef]

https://doi.org/10.1016/j.clp.2017.01.003
https://www.ncbi.nlm.nih.gov/pubmed/28477662
https://doi.org/10.1016/j.clp.2018.05.007
https://www.ncbi.nlm.nih.gov/pubmed/30144856
https://doi.org/10.1016/j.puhe.2014.03.010
https://doi.org/10.1213/ANE.0000000000000705
https://www.ncbi.nlm.nih.gov/pubmed/25988638
https://doi.org/10.1136/archdischild-2022-324457


Children 2024, 11, 146 11 of 14

6. Hannan, K.E.; Hwang, S.S.; Bourque, S.L. Readmissions among NICU graduates: Who, when and why? Semin. Perinatol. 2020,
44, 151245. [CrossRef]

7. Doyle, L.W.; Ford, G.; Davis, N. Health and hospitalistions after discharge in extremely low birth weight infants. Semin. Neonatol.
2003, 8, 137–145. [CrossRef]

8. Hendson, L.; Church, P.T.; Banihani, R. Follow-up care of the extremely preterm infant after discharge from the neonatal intensive
care unit. Paediatr. Child Health 2022, 27, 359–371. [CrossRef]

9. National Guideline Alliance (UK). Developmental Follow-Up of Children and Young People Born Preterm. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK447731/ (accessed on 23 November 2022).

10. Centre of Research Excellence in Newborn Medicine. Creating a Guideline for Health and Developmental Follow-Up for Children
Born very Preterm and Their Caregivers. Available online: https://www.crenewbornmedicine.org.au/our-projects/long-term-
development/ (accessed on 10 January 2023).

11. Committee on Fetus and Newborn. Hospital discharge of the high-risk neonate. Pediatrics 2008, 122, 1119–1126. [CrossRef]
12. Follow-up Care of High-Risk Infants. Pediatrics 2004, 114, 1377–1397. [CrossRef]
13. Litt, J.S.; Hintz, S.R. Quality improvement for NICU graduates: Feasible, relevant, impactful. Semin. Fetal Neonatal Med. 2021,

26, 101205. [CrossRef]
14. Kuppala, V.S.; Tabangin, M.; Haberman, B.; Steichen, J.; Yolton, K. Current state of high-risk infant follow-up care in the United

States: Results of a national survey of academic follow-up programs. J. Perinatol. 2012, 32, 293–298. [CrossRef]
15. Accreditation Council for Graduate Medical Education. ACGME Program Requirements for Graduate Medical Education in Neonatal-

Perinatal Medicine; ACGME: Chicago, IL, USA, 2020.
16. McCourt, M.F.; Griffin, C.M. Comprehensive primary care follow-up for premature infants. J. Pediatr. Health Care 2000, 14, 270–279.

[CrossRef] [PubMed]
17. Voller, S.M.B. Follow-Up Care for High-Risk Preterm Infants. Pediatr. Ann. 2018, 47, e142–e146. [CrossRef]
18. Medical Home Initiatives for Children with Special Needs Project Advisory Committee. American Academy of Pediatrics. The

medical home. Pediatrics 2002, 110, 184–186. [CrossRef]
19. Council on Children with Disabilities and Medical Home Implementation Project Advisory Committee. Patient- and family-

centered care coordination: A framework for integrating care for children and youth across multiple systems. Pediatrics 2014, 133,
e1451–e1460. [CrossRef] [PubMed]

20. Bockli, K.; Andrews, B.; Pellerite, M.; Meadow, W. Trends and challenges in United States neonatal intensive care units follow-up
clinics. J. Perinatol. 2014, 34, 71–74. [CrossRef] [PubMed]

21. Orton, J.L.; Olsen, J.E.; Ong, K.; Lester, R.; Spittle, A.J. NICU Graduates: The Role of the Allied Health Team in Follow-Up. Pediatr.
Ann. 2018, 47, e165–e171. [CrossRef]

22. Feehan, K.; Kehinde, F.; Sachs, K.; Mossabeb, R.; Berhane, Z.; Pachter, L.M.; Brody, S.; Turchi, R.M. Development of a Multidisci-
plinary Medical Home Program for NICU Graduates. Matern. Child Health J. 2020, 24, 11–21. [CrossRef]

23. Broyles, R.S.; Tyson, J.E.; Heyne, E.T.; Heyne, R.J.; Hickman, J.F.; Swint, M.; Adams, S.S.; West, L.A.; Pomeroy, N.; Hicks, P.J.; et al.
Comprehensive follow-up care and life-threatening illnesses among high-risk infants: A randomized controlled trial. JAMA 2000,
284, 2070–2076. [CrossRef]

24. Lipner, H.S.; Huron, R.F. Developmental and Interprofessional Care of the Preterm Infant: Neonatal Intensive Care Unit Through
High-Risk Infant Follow-up. Pediatr. Clin. N. Am. 2018, 65, 135–141. [CrossRef] [PubMed]

25. Liu, Y.; McGowan, E.; Tucker, R.; Glasgow, L.; Kluckman, M.; Vohr, B. Transition Home Plus Program Reduces Medicaid Spending
and Health Care Use for High-Risk Infants Admitted to the Neonatal Intensive Care Unit for 5 or More Days. J. Pediatr. 2018, 200,
91–97.e93. [CrossRef] [PubMed]

26. Vohr, B.; McGowan, E.; Keszler, L.; Alksninis, B.; O’Donnell, M.; Hawes, K.; Tucker, R. Impact of a Transition Home Program on
Rehospitalization Rates of Preterm Infants. J. Pediatr. 2017, 181, 86–92.e81. [CrossRef] [PubMed]

27. DeMauro, S.B.; Duncan, A.F.; Hurt, H. Telemedicine use in neonatal follow-up programs—What can we do and what we
can’t—Lessons learned from COVID-19. Semin. Perinatol. 2021, 45, 151430. [CrossRef] [PubMed]

28. Panda, S.; Somu, R.; Maitre, N.; Levin, G.; Singh, A.P. Impact of the Coronavirus Pandemic on High-Risk Infant Follow-Up (HRIF)
Programs: A Survey of Academic Programs. Children 2021, 8, 889. [CrossRef]

29. Vance, A.J.; Benjamin, A.; Hsu, J.; Berry, J.G. Care Coordination Programs for Infants with Complex Conditions: A Systematic
Review. Pediatrics 2023, 152, e2022061083. [CrossRef]

30. Church, P.T.; Banihani, R.; Watson, J.; Chen, W.T.N.; Ballantyne, M.; Asztalos, E. The E-Nurture Project: A Hybrid Virtual Neonatal
Follow up Model for 2021. Children 2021, 8, 139. [CrossRef] [PubMed]

31. Horbar, J.D.; Edwards, E.M.; Ogbolu, Y. Our Responsibility to Follow Through for NICU Infants and Their Families. Pediatrics
2020, 146, e20200360. [CrossRef]

32. Litt, J.S.; Edwards, E.M.; Lainwala, S.; Mercier, C.; Montgomery, A.; O’Reilly, D.; Rhein, L.; Woythaler, M.; Hartman, T. Optimizing
High-risk Infant Follow-up in Nonresearch-based Paradigms: The New England Follow-up Network. Pediatr. Qual. Saf. 2020,
5, e287. [CrossRef]

33. Litt, J.S.; McCormick, M.C. Preterm infants are less likely to have a family-centered medical home than term-born peers. J. Perinatol.
2018, 38, 1391–1397. [CrossRef]

https://doi.org/10.1016/j.semperi.2020.151245
https://doi.org/10.1016/S1084-2756(02)00221-X
https://doi.org/10.1093/pch/pxac058
https://www.ncbi.nlm.nih.gov/books/NBK447731/
https://www.crenewbornmedicine.org.au/our-projects/long-term-development/
https://www.crenewbornmedicine.org.au/our-projects/long-term-development/
https://doi.org/10.1542/peds.2008-2174
https://doi.org/10.1542/peds.2004-0866
https://doi.org/10.1016/j.siny.2021.101205
https://doi.org/10.1038/jp.2011.97
https://doi.org/10.1016/S0891-5245(00)17932-5
https://www.ncbi.nlm.nih.gov/pubmed/11112919
https://doi.org/10.3928/19382359-20180325-03
https://doi.org/10.1542/peds.110.1.184
https://doi.org/10.1542/peds.2014-0318
https://www.ncbi.nlm.nih.gov/pubmed/24777209
https://doi.org/10.1038/jp.2013.136
https://www.ncbi.nlm.nih.gov/pubmed/24177221
https://doi.org/10.3928/19382359-20180325-02
https://doi.org/10.1007/s10995-019-02818-0
https://doi.org/10.1001/jama.284.16.2070
https://doi.org/10.1016/j.pcl.2017.08.026
https://www.ncbi.nlm.nih.gov/pubmed/29173714
https://doi.org/10.1016/j.jpeds.2018.04.038
https://www.ncbi.nlm.nih.gov/pubmed/29793871
https://doi.org/10.1016/j.jpeds.2016.10.025
https://www.ncbi.nlm.nih.gov/pubmed/27817878
https://doi.org/10.1016/j.semperi.2021.151430
https://www.ncbi.nlm.nih.gov/pubmed/33892961
https://doi.org/10.3390/children8100889
https://doi.org/10.1542/peds.2022-061083
https://doi.org/10.3390/children8020139
https://www.ncbi.nlm.nih.gov/pubmed/33673246
https://doi.org/10.1542/peds.2020-0360
https://doi.org/10.1097/pq9.0000000000000287
https://doi.org/10.1038/s41372-018-0180-1


Children 2024, 11, 146 12 of 14

34. Little, A.A.; Kamholz, K.; Corwin, B.K.; Barrero-Castillero, A.; Wang, C.J. Understanding Barriers to Early Intervention Services
for Preterm Infants: Lessons from Two States. Acad. Pediatr. 2015, 15, 430–438. [CrossRef] [PubMed]

35. Hofstetter, A.M.; Jacobson, E.N.; deHart, M.P.; Englund, J.A. Early Childhood Vaccination Status of Preterm Infants. Pediatrics
2019, 144, e20183520. [CrossRef] [PubMed]

36. Synnes, A.R.; Lefebvre, F.; Cake, H.A. Current status of neonatal follow-up in Canada. Paediatr. Child Health 2006, 11, 271–274.
[PubMed]

37. Fraiman, Y.S.; Edwards, E.M.; Horbar, J.D.; Mercier, C.E.; Soll, R.F.; Litt, J.S. Racial Inequity in High-Risk Infant Follow-Up Among
Extremely Low Birth Weight Infants. Pediatrics 2023, 151, e2022057865. [CrossRef] [PubMed]

38. Hintz, S.R.; Gould, J.B.; Bennett, M.V.; Gray, E.E.; Kagawa, K.J.; Schulman, J.; Murphy, B.; Villarin-Duenas, G.; Lee, H.C. Referral
of very low birth weight infants to high-risk follow-up at neonatal intensive care unit discharge varies widely across California.
J. Pediatr. 2015, 166, 289–295. [CrossRef] [PubMed]

39. Fraiman, Y.S.; Stewart, J.E.; Litt, J.S. Race, language, and neighborhood predict high-risk preterm Infant Follow Up Program
participation. J. Perinatol. 2022, 42, 217–222. [CrossRef]

40. Fuller, M.G.; Lu, T.; Gray, E.E.; Jocson, M.A.L.; Barger, M.K.; Bennett, M.; Lee, H.C.; Hintz, S.R. Rural Residence and Factors
Associated with Attendance at the Second High-Risk Infant Follow-up Clinic Visit for Very Low Birth Weight Infants in California.
Am. J. Perinatol. 2021, 40, 546–556. [CrossRef] [PubMed]

41. Lakshmanan, A.; Kubicek, K.; Williams, R.; Robles, M.; Vanderbilt, D.L.; Mirzaian, C.B.; Friedlich, P.S.; Kipke, M. Viewpoints from
families for improving transition from NICU-to-home for infants with medical complexity at a safety net hospital: A qualitative
study. BMC Pediatr. 2019, 19, 223. [CrossRef]

42. Ballantyne, M.; Benzies, K.; Rosenbaum, P.; Lodha, A. Mothers’ and health care providers’ perspectives of the barriers and
facilitators to attendance at Canadian neonatal follow-up programs. Child. Care Health Dev. 2015, 41, 722–733. [CrossRef]

43. Harmon, S.L.; Conaway, M.; Sinkin, R.A.; Blackman, J.A. Factors associated with neonatal intensive care follow-up appointment
compliance. Clin. Pediatr. 2013, 52, 389–396. [CrossRef]

44. Tang, B.G.; Lee, H.C.; Gray, E.E.; Gould, J.B.; Hintz, S.R. Programmatic and Administrative Barriers to High-Risk Infant Follow-Up
Care. Am. J. Perinatol. 2018, 35, 940–945. [CrossRef] [PubMed]

45. Lakshmanan, A.; Rogers, E.E.; Lu, T.; Gray, E.; Vernon, L.; Briscoe, H.; Profit, J.; Jocson, M.A.L.; Hintz, S.R. Disparities and Early
Engagement Associated with the 18- to 36-Month High-Risk Infant Follow-Up Visit among Very Low Birthweight Infants in
California. J. Pediatr. 2022, 248, 30–38.e33. [CrossRef] [PubMed]

46. Halfon, N.; Hochstein, M. Life course health development: An integrated framework for developing health, policy, and research.
Milbank Q. 2002, 80, 433–479. [CrossRef] [PubMed]

47. Halfon, N.; Larson, K.; Lu, M.; Tullis, E.; Russ, S. Lifecourse health development: Past, present and future. Matern. Child Health J.
2014, 18, 344–365. [CrossRef] [PubMed]

48. Ben-Shlomo, Y.; Mishra, G.D.; Kuh, D. Life Course Epidemiology. In Handbook of Epidemiology; Ahrens, W., Pigeot, I., Eds.;
Springer: New York, NY, USA, 2019; pp. 1–31. [CrossRef]

49. Bronfenbrenner, U. Ecological models of human development. Int. Encycl. Educ. 1994, 3, 37–43.
50. Suzuki, K. The developing world of DOHaD. J. Dev. Orig. Health Dis. 2018, 9, 266–269. [CrossRef] [PubMed]
51. Halfon, N.; Forrest, C.B. The Emerging Theoretical Framework of Life Course Health Development. In Handbook of Life Course

Health Development; Halfon, N., Forrest, C.B., Lerner, R.M., Faustman, E.M., Eds.; Springer: Cham, Switzerland, 2018; pp. 19–43.
[CrossRef]

52. Smith, L.M.; Harrison, T.M. Neurodevelopment in the Congenital Heart Disease Population as Framed by the Life Course Health
Development Framework. J. Cardiovasc. Nurs. 2023, online ahead of print. [CrossRef]

53. Yu, J.; Patel, R.A.; Gilman, S.E. Childhood disadvantage, neurocognitive development and neuropsychiatric disorders: Evidence
of mechanisms. Curr. Opin. Psychiatry 2021, 34, 306–323. [CrossRef]

54. Borquez-Infante, I.; Vasquez, J.; Dupre, S.; Undurraga, E.A.; Crossley, N.A.; Undurraga, J. Childhood adversity increases risk of
psychotic experiences in patients with substance use disorder. Psychiatry Res. 2022, 316, 114733. [CrossRef]

55. Liu, P.Y.; Spiker, S.; Holguin, M.; Schickedanz, A. Innovations in social health delivery to advance equitable pediatric and
adolescent life course health development: A review and roadmap forward. Curr. Probl. Pediatr. Adolesc. Health Care 2023,
53, 101451. [CrossRef]

56. Schor, E.L. Life Course Health Development in Pediatric Practice. Pediatrics 2021, 147, e2020009308. [CrossRef] [PubMed]
57. Msall, M.E.; Sobotka, S.A.; Dmowska, A.; Hogan, D.; Sullivan, M. Life Course Health Development Outcomes After Prematurity:

Developing a Community, Clinical, and Translational Research Agenda to Optimize Health, Behavior, and Functioning. In
Handbook of Life Course Health Development; Halfon, N., Forrest, C.B., Lerner, R.M., Faustman, E.M., Eds.; Springer: Cham,
Switzerland, 2018; pp. 321–348. [CrossRef]

58. Mercier, C.E.; Dunn, M.S.; Ferrelli, K.R.; Howard, D.B.; Soll, R.F.; Vermont Oxford Network ELBW Infant Follow-Up Study Group.
Neurodevelopmental outcome of extremely low birth weight infants from the Vermont Oxford network: 1998–2003. Neonatology
2010, 97, 329–338. [CrossRef] [PubMed]

59. Bassler, D.; Stoll, B.J.; Schmidt, B.; Asztalos, E.V.; Roberts, R.S.; Robertson, C.M.; Sauve, R.S.; Trial of Indomethacin Prophylaxis in
Preterms Investigators. Using a count of neonatal morbidities to predict poor outcome in extremely low birth weight infants:
Added role of neonatal infection. Pediatrics 2009, 123, 313–318. [CrossRef] [PubMed]

https://doi.org/10.1016/j.acap.2014.12.006
https://www.ncbi.nlm.nih.gov/pubmed/26142069
https://doi.org/10.1542/peds.2018-3520
https://www.ncbi.nlm.nih.gov/pubmed/31391213
https://www.ncbi.nlm.nih.gov/pubmed/19030287
https://doi.org/10.1542/peds.2022-057865
https://www.ncbi.nlm.nih.gov/pubmed/36594226
https://doi.org/10.1016/j.jpeds.2014.10.038
https://www.ncbi.nlm.nih.gov/pubmed/25454311
https://doi.org/10.1038/s41372-021-01188-2
https://doi.org/10.1055/s-0041-1729889
https://www.ncbi.nlm.nih.gov/pubmed/34044453
https://doi.org/10.1186/s12887-019-1604-6
https://doi.org/10.1111/cch.12202
https://doi.org/10.1177/0009922813477237
https://doi.org/10.1055/s-0038-1629899
https://www.ncbi.nlm.nih.gov/pubmed/29439282
https://doi.org/10.1016/j.jpeds.2022.05.026
https://www.ncbi.nlm.nih.gov/pubmed/35597303
https://doi.org/10.1111/1468-0009.00019
https://www.ncbi.nlm.nih.gov/pubmed/12233246
https://doi.org/10.1007/s10995-013-1346-2
https://www.ncbi.nlm.nih.gov/pubmed/23975451
https://doi.org/10.1007/978-1-4614-6625-3_56-1
https://doi.org/10.1017/S2040174417000691
https://www.ncbi.nlm.nih.gov/pubmed/28870276
https://doi.org/10.1007/978-3-319-47143-3_2
https://doi.org/10.1097/JCN.0000000000000977
https://doi.org/10.1097/YCO.0000000000000701
https://doi.org/10.1016/j.psychres.2022.114733
https://doi.org/10.1016/j.cppeds.2023.101451
https://doi.org/10.1542/peds.2020-009308
https://www.ncbi.nlm.nih.gov/pubmed/33361359
https://doi.org/10.1007/978-3-319-47143-3_14
https://doi.org/10.1159/000260136
https://www.ncbi.nlm.nih.gov/pubmed/19940516
https://doi.org/10.1542/peds.2008-0377
https://www.ncbi.nlm.nih.gov/pubmed/19117897


Children 2024, 11, 146 13 of 14

60. Litt, J.S.; Johnson, S.; Marlow, N.; Tiemeier, H. Impaired pulmonary function mediates inattention in young adults born extremely
preterm. Acta Paediatr. 2023, 112, 254–260. [CrossRef] [PubMed]

61. Gough, A.; Linden, M.A.; Spence, D.; Halliday, H.L.; Patterson, C.C.; McGarvey, L. Executive functioning deficits in young adult
survivors of bronchopulmonary dysplasia. Disabil. Rehabil. 2015, 37, 1940–1945. [CrossRef] [PubMed]

62. Doyle, L.W.; Anderson, P.J. Long-term outcomes of bronchopulmonary dysplasia. Semin. Fetal Neonatal Med. 2009, 14, 391–395.
[CrossRef]

63. Litt, J.S.; McCormick, M.C. The Impact of Special Health Care Needs on Academic Achievement in Children Born Prematurely.
Acad. Pediatr. 2016, 16, 350–357. [CrossRef] [PubMed]

64. Lammertink, F.; Vinkers, C.H.; Tataranno, M.L.; Benders, M. Premature Birth and Developmental Programming: Mechanisms of
Resilience and Vulnerability. Front. Psychiatry 2020, 11, 531571. [CrossRef]

65. Belfort, M.B.; Qureshi, F.; Litt, J.; Enlow, M.B.; De Vivo, I.; Gregory, K.; Tiemeier, H. Telomere length shortening in hospitalized
preterm infants: A pilot study. PLoS ONE 2021, 16, e0243468. [CrossRef]

66. Graw, S.; Camerota, M.; Carter, B.S.; Helderman, J.; Hofheimer, J.A.; McGowan, E.C.; Neal, C.R.; Pastyrnak, S.L.; Smith, L.M.;
DellaGrotta, S.A.; et al. NEOage clocks—Epigenetic clocks to estimate post-menstrual and postnatal age in preterm infants. Aging
2021, 13, 23527–23544. [CrossRef]

67. Bronfenbrenner, U. The Ecology of Human Development Experiments by Nature and Design; Harvard University Press: Cambridge,
MA, USA, 1981.

68. Hughes, K.; Bellis, M.A.; Hardcastle, K.A.; Sethi, D.; Butchart, A.; Mikton, C.; Jones, L.; Dunne, M.P. The effect of multiple adverse
childhood experiences on health: A systematic review and meta-analysis. Lancet Public Health 2017, 2, e356–e366. [CrossRef]
[PubMed]

69. Shonkoff, J.P.; Slopen, N.; Williams, D.R. Early Childhood Adversity, Toxic Stress, and the Impacts of Racism on the Foundations
of Health. Annu. Rev. Public Health 2021, 42, 115–134. [CrossRef] [PubMed]

70. Halfon, N.; Russ, S.A.; Kahn, R.S. Inequality and child health: Dynamic population health interventions. Curr. Opin. Pediatr. 2022,
34, 33–38. [CrossRef] [PubMed]

71. Burris, H.H.; Hacker, M.R. Birth outcome racial disparities: A result of intersecting social and environmental factors. Semin.
Perinatol. 2017, 41, 360–366. [CrossRef] [PubMed]

72. Janevic, T.; Zeitlin, J.; Auger, N.; Egorova, N.N.; Hebert, P.; Balbierz, A.; Howell, E.A. Association of Race/Ethnicity with Very
Preterm Neonatal Morbidities. JAMA Pediatr. 2018, 172, 1061–1069. [CrossRef] [PubMed]

73. Clements, K.M.; Barfield, W.D.; Kotelchuck, M.; Wilber, N. Maternal socio-economic and race/ethnic characteristics associated
with early intervention participation. Matern. Child Health J. 2008, 12, 708–717. [CrossRef]

74. Fraiman, Y.S.; Litt, J.S.; Davis, J.M.; Pursley, D.M.; Pediatric Policy, C. Racial and ethnic disparities in adult COVID-19 and the
future impact on child health. Pediatr. Res. 2021, 89, 1052–1054. [CrossRef] [PubMed]

75. Halfon, N.; Russ, S.A.; Schor, E.L. The Emergence of Life Course Intervention Research: Optimizing Health Development and
Child Well-Being. Pediatrics 2022, 149, e2021053509C. [CrossRef]

76. Scher, M.S. Fetal neurology: Principles and practice with a life-course perspective. In Handbook of Clinical Neurology; Elsevier:
Amsterdam, The Netherlands, 2019; Volume 162, pp. 1–29. [CrossRef]

77. Perlroth, N.H.; Castelo Branco, C.W. Current knowledge of environmental exposure in children during the sensitive developmen-
tal periods. J. Pediatr. 2017, 93, 17–27. [CrossRef]

78. Wachs, T.D.; Georgieff, M.; Cusick, S.; McEwen, B.S. Issues in the timing of integrated early interventions: Contributions from
nutrition, neuroscience, and psychological research. Ann. N. Y. Acad. Sci. 2014, 1308, 89–106. [CrossRef]

79. Lamary, M.; Bertoni, C.B.; Schwabenbauer, K.; Ibrahim, J. Neonatal Golden Hour: A review of current best practices and available
evidence. Curr. Opin. Pediatr. 2023, 35, 209–217. [CrossRef] [PubMed]

80. McCormick, M.C.; Litt, J.S. The Outcomes of Very Preterm Infants: Is It Time to Ask Different Questions? Pediatrics 2017,
139, e20161694. [CrossRef] [PubMed]

81. Janvier, A.; Farlow, B.; Baardsnes, J.; Pearce, R.; Barrington, K.J. Measuring and communicating meaningful outcomes in
neonatology: A family perspective. Semin. Perinatol. 2016, 40, 571–577. [CrossRef] [PubMed]

82. van der Pal, S.; Steinhof, M.; Grevinga, M.; Wolke, D.; Verrips, G.E. Quality of life of adults born very preterm or very low birth
weight: A systematic review. Acta Paediatr. 2020, 109, 1974–1988. [CrossRef] [PubMed]

83. World Health Organization. International Classification of Functioning, Disability, and Health: Children & Youth Version: ICF-CY;
World Health Organization: Geneva, Switzerland, 2007.

84. Rosenbaum, P.; Gorter, J.W. The ‘F-words’ in childhood disability: I swear this is how we should think! Child. Care Health Dev.
2012, 38, 457–463. [CrossRef]

85. Kuh, D.; Ben-Shlomo, Y.; Lynch, J.; Hallqvist, J.; Power, C. Life course epidemiology. J. Epidemiol. Community Health 2003, 57,
778–783. [CrossRef]

https://doi.org/10.1111/apa.16586
https://www.ncbi.nlm.nih.gov/pubmed/36330674
https://doi.org/10.3109/09638288.2014.991451
https://www.ncbi.nlm.nih.gov/pubmed/25495600
https://doi.org/10.1016/j.siny.2009.08.004
https://doi.org/10.1016/j.acap.2015.12.009
https://www.ncbi.nlm.nih.gov/pubmed/26724181
https://doi.org/10.3389/fpsyt.2020.531571
https://doi.org/10.1371/journal.pone.0243468
https://doi.org/10.18632/aging.203637
https://doi.org/10.1016/S2468-2667(17)30118-4
https://www.ncbi.nlm.nih.gov/pubmed/29253477
https://doi.org/10.1146/annurev-publhealth-090419-101940
https://www.ncbi.nlm.nih.gov/pubmed/33497247
https://doi.org/10.1097/MOP.0000000000001087
https://www.ncbi.nlm.nih.gov/pubmed/34879028
https://doi.org/10.1053/j.semperi.2017.07.002
https://www.ncbi.nlm.nih.gov/pubmed/28818300
https://doi.org/10.1001/jamapediatrics.2018.2029
https://www.ncbi.nlm.nih.gov/pubmed/30208467
https://doi.org/10.1007/s10995-007-0291-3
https://doi.org/10.1038/s41390-021-01377-x
https://www.ncbi.nlm.nih.gov/pubmed/33564130
https://doi.org/10.1542/peds.2021-053509C
https://doi.org/10.1016/B978-0-444-64029-1.00001-1
https://doi.org/10.1016/j.jped.2016.07.002
https://doi.org/10.1111/nyas.12314
https://doi.org/10.1097/MOP.0000000000001224
https://www.ncbi.nlm.nih.gov/pubmed/36722754
https://doi.org/10.1542/peds.2016-1694
https://www.ncbi.nlm.nih.gov/pubmed/27940511
https://doi.org/10.1053/j.semperi.2016.09.009
https://www.ncbi.nlm.nih.gov/pubmed/27793420
https://doi.org/10.1111/apa.15249
https://www.ncbi.nlm.nih.gov/pubmed/32219891
https://doi.org/10.1111/j.1365-2214.2011.01338.x
https://doi.org/10.1136/jech.57.10.778


Children 2024, 11, 146 14 of 14

86. van Beek, P.E.; van der Horst, I.E.; Wetzer, J.; van Baar, A.L.; Vugs, B.; Andriessen, P. Developmental Trajectories in Very Preterm
Born Children Up to 8 Years: A Longitudinal Cohort Study. Front. Pediatr. 2021, 9, 672214. [CrossRef]

87. Krieger, N. Embodiment: A conceptual glossary for epidemiology. J. Epidemiol. Community Health 2005, 59, 350–355. [CrossRef]

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/10.3389/fped.2021.672214
https://doi.org/10.1136/jech.2004.024562

	Introduction 
	Overview of Clinical High-Risk Infant Follow-Up Care 
	Challenges, Obstacles, and Shortcomings 
	Life Course Health Development 
	Conclusions and Future Steps 
	References

