Life Course Health Development
Outcomes After Prematurity:
Developing a Community, Clinical,
and Translational Research
Agenda to Optimize Health,
Behavior, and Functioning

Michael E. Msall, Sarah A. Sobotka,
Amelia Dmowska, Dennis Hogan,

and Mary Sullivan

Definitions Late preterm infants (LPIs) 3497
36%7 week infants; moderate preterm infants
(MPI) 32°7-33%7 week infants; very preterm
infants (VPI) 28%7-31%7 weeks; extreme pre-
term infants (EPI) <287 weeks; cerebral palsy
(CP); normal birth weight (NBW) >2500 g;
low birth weight (LBW) 1500-2499 g; very
low birth weight (VLBW) 1000-1499 g;
extremely low birth weight (ELBW) <1000 g;
IQ = intelligence quotient; /D = intellectual
disability

M.E. Msall, MD (D<)

Developmental and Behavioral Pediatrics University
of Chicago, Comer and LaRabida Children’s
Hospitals, Chicago, IL, USA

JP Kennedy Research Center on Intellectual and
Developmental Disabilities, University of Chicago
Comer Children’s Hospital, Section of
Developmental and Behavioral Pediatrics,

950 East 61St Street, SSC Room 207,

Chicago, IL 60637, USA

e-mail: mmsall@peds.bsd.uchicago.edu

© The Author(s) 2018

1 Introduction

National vital statistics from 2013 estimate that
the rate of preterm birth (<37 weeks of gestation)
involves approximately 1 in 10 infants in the
United States each year (Hamilton et al. 2015).
An estimated 68 per 1000 US live births, over
270,000 annually, are born at late preterm gesta-
tion (34-36 weeks). Currently, 28 per 1000 US
live births, more than 100,000 infants annually,
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are born <34 weeks of gestation, and 56,000 are
born at very low birth weight status (<1500 g).
These infants have high risks for long-term neu-
rodevelopmental disabilities such as intellectual
disability (ID), blindness, sensorineural hearing
loss, and cerebral palsy (CP). There are several
biomedical causes for these high rates of preterm
birth, such as the role of assisted reproductive
technologies increasing the rate of multiple births
(twins, triplets, or quadruplets) and maternal age.
Teenage pregnancy, also a risk factor for prema-
turity, has instead been decreasing over the past
decade (Hamilton et al. 2015; The March of
Dimes Data Book for Policy Makers 2012).
However, it is very critical to remember that both
very preterm infants (VPI) and extreme preterm
infants (EPI) are heterogeneous, and our under-
standing of causal pathways that lead to success-
ful interventions is at an early scientific stage
(Rubens et al. 2014). For example, the same fac-
tors that create the biological risk in the mothers
for prematurity may be the same factors that
influence the inflammatory, hormonal, and neu-
rochemical regulators that influence the mothers’
caregiving capacity once their premature infant is
born. Therefore, ascribing causality to biomedi-
cal, behavioral, or neuro-regulatory factors is dif-
ficult and does not allow for the complex systems
understanding required to advance life course-
oriented prevention and intervention strategies.
In addition, despite increased access to prenatal
care, there still remain limitations on our ability
to prevent all moderate and late preterm birth
(Requejo et al. 2013).

Estimates of the economic impact of prematu-
rity typically factor in acute care medical costs,
early childhood intervention expenditures, long-
term special education, special health care, and
disability costs. A report released by the Institute
of Medicine in 2007 estimated that the economic
burden associated with preterm birth was at least
$26.2 billion in 2005, equivalent to $51,600 per
infant born preterm. These estimates included
$16.9 billion in medical care costs, $1.9 billion in
maternal delivery costs, $611 million for early
intervention services, $1.1 billion for special
education services, and $5.7 billion in lost house-
hold and labor market productivity (Preterm

Birth: Causes, Consequences, and Prevention
2007). Importantly, each premature/LBW baby
costs employers an average of $54,149 in pay-
ments for newborn medical care during the first
year of life, about twelve times that of an uncom-
plicated newborn (Preterm Birth: Causes,
Consequences, and Prevention 2007). In addition
to medical care, children born preterm are more
likely to experience learning and behavior dis-
abilities later in life, often resulting in poor test
scores, grade repetition, and increased utilization
of special education services. The Institute of
Medicine estimates the costs of special education
at $2200 per year per child (Preterm Birth:
Causes, Consequences, and Prevention 2007),
though for children with major neurodevelop-
mental disabilities, the special cost per child can
exceed $50,000 per academic year.

High-quality early childhood intervention
programs, however, may minimize the later need
for special education and drastically reduce these
additional costs (Aron and Loprest 2012). Model
programs like the Infant Health Development
Program (IHDP) are successful in improving
educational, behavioral, and life course outcomes
for preterm infants experiencing poverty, thereby
decreasing children’s need for special education
(Aron and Loprest 2012). Economic modeling
estimates the impact of comprehensive early
intervention services on long-term special educa-
tion costs as having a direct savings of $2.60 for
every dollar invested in early intervention, early
childcare services, and Early Head Start
(Dmowska et al. 2016). When considering costs
incurred from school dropouts, reentry to school,
and additional weight on mental health-care ser-
vices and the criminal justice system, the savings
would likely double (Dmowska et al. 2016).
Increased access to comprehensive family-
centered early intervention services, therefore,
may substantially reduce special education costs
for children born preterm as well as long-term
behavioral and social health costs.

There have been dramatic improvements in
long-term survival for infants born premature and
low birth weight, but developmental outcomes are
far from optimized. Survival has increased dra-
matically with the regionalization of neonatal
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intensive care and the application of obstetrical
and neonatal biomedical interventions for opti-
mizing growth, lung maturity, cardiopulmonary
functioning, and infection control. Overall, these
efforts resulted in decreased rates of major neuro-
developmental disabilities in survivors in the
1980s and 1990s from 25-40% to 15-25%. For
those born with extreme prematurity (<28 weeks
of gestation) and extremely low birth weight sta-
tus (<1000 g), survival has increased dramatically
from <50% to >80%. However, there remain high
rates of cognitive impairment and intellectual dis-
ability (ID), with over 50% of survivors requiring
special education services.

Growing inequality in the United States hits
families with young children very hard. Close to
50% of children younger than 5 are growing up
in households living below 200% of the poverty
level. Research shows that families with this
level of income do not have the economic, social,
educational, and community assets they need to
support optimal health development (Crouter and
Booth 2014). So many of the 8% premature
babies, who start off life with higher levels of
inherent vulnerabilities, are increasingly facing a
family, social, and community landscape that
cannot support their optimal development.

In addition, there is increased recognition that
both moderate and late preterm births (32—
36 weeks of gestation), which account for over
8% of live births or approximately 325,000 chil-
dren yearly, have increased risk for long-term
health, developmental, and behavioral challenges
(Table 1). In spite of these biomedical advances,
environmental and social conditions that can del-
eteriously affect the health and well-being of
these already vulnerable children have not only
improved in the United States; there are some
indications that they have in fact worsened.

Table 1 Life course impact of prematurity

Additionally, there are major gaps in accessing
comprehensive family supports and quality
health, early childhood, and educational and com-
munity experiences for recent cohorts of children
at the highest biomedical and social risks.

The purpose of this paper is to apply a life
course health development perspective in order
to identify factors that promote more optimal
health and developmental trajectories and the
mechanisms that underlie resilience for children
with prematurity from a life course health devel-
opment perspective. We will describe some
research findings about the role of social and
environmental factors among VPI and EPI survi-
vors in aggravating or moderating neonatal risks
for suboptimal developmental and behavioral
outcomes. We will also discuss available evi-
dence from longitudinal studies of preterm chil-
dren at psychosocial disadvantage and what
lessons can be learned from the bidirectional
impacts of prematurity and poverty. Longitudinal
studies will be evaluated for health, disability,
and community outcome trajectories for children
with prematurity across preschool, middle child-
hood, adolescent, and young adult epochs. Our
review will highlight important opportunities on
a community level for systematically optimizing
population-based prevention strategies for indi-
viduals with the double jeopardy of prematurity
and social adversity and the long-term impact of
failing to optimize these outcomes.

1.1 Approach

Two frameworks will inform our analysis. The
first framework will be the International
Classification of Functioning, Disability, and
Health (ICF) model (World Health Organization

Children special | Major neurodevelopmental
Weeks gestation | health-care needs | disability Educational supports | Behavioral disorders
<28 50% 20% 50% 20%
28-31 40% 15% 40% 15%
32-36 30% 10% 25% 10%
37+ 20% 5% 15% 5%

Morse et al. (2009), Allen et al. (2011), Stephens and Vohr (2009), B. Vohr (2013), Saigal and Doyle (2008)
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2007), which we will use to comprehensively
describe the diverse outcomes occurring in pre-
term survivors. This framework goes beyond
dichotomous classification of impairments (e.g.,
cerebral palsy, yes or noj; intellectual disability,
yes or no) and instead describes a spectrum of
functioning at body structure and body function
levels. For example, activities in whole-person
tasks include running, reading, and dancing and
participation in children’s roles with peers includ-
ing being on a team; participating in church, tem-
ple, or mosque; or meeting friends for a movie.
The second framework will be the life course
health development (LCHD) model, which holds
that the trajectories of children are influenced by
the dynamic interaction of multiple risk, protec-
tive, and promoting factors, especially during
sensitive periods of health development. From
the standpoint of fetal development, due to criti-
cal human brain development in the second and
third trimesters, a focus on premature infants
must consider complex maternal, placental, and
fetal dynamic interactions. Likewise, infant, tod-
dler, and childhood periods of development are
indelibly influenced by multilevel, multidirec-
tional, transactional, and long-lasting interac-
tions and critically emphasize the importance of
timing. Using a LCHD framework to analyze the
origins and impact of prematurity and the oppor-
tunities to optimize health development out-
comes suggest the following considerations:

e Children who are born prematurely are
assumed to be more developmentally vulner-
able and are potentially more sensitive to a
wide range and nested array of dynamic inter-
acting influences.

e Because the alterations in evolutionarily influ-
enced and developmentally determined adap-
tive mechanisms are well documented, lags in
developmental processes, as well as catch-up
and feed-forward processes that are specific to
premature infants, may influence the nature
and dynamic of their health and developmen-
tal trajectories.

e Understanding how the caregiving environ-
ment of premature infants interacts with
emerging developmental capacities and how
different types of exposures, levels of support,

and adversity influence these emergent devel-
opmental trajectories is important if specific
and targeted interventions are to be designed
to modify developmental pathways based on
specific risk profiles to shift the health and
developmental curves for the entire popula-
tion of premature infants.

e In order to implement a broader approach to
improve the health and developmental out-
comes of diverse preterm populations, it is
important to determine what is known about
the special development vulnerabilities of pre-
mature infants, how that vulnerability mani-
fests (timing, context, specific risks), and
whether the mechanisms involved are phase
or period specific, modifiable, or one of cumu-
lative risk.

2 Framing Our Inquiry
and Agenda

On a population level, it is important to acknowl-
edge the diversity of both the underlying causes
and life course effects of prematurity and the
gaps in proactive and comprehensive medical,
developmental, and behavioral supports. This is
occurring within the context of recognizing that
current community systems are under-resourced
to systematically audit barriers and facilitators to
home visiting, medical homes, early interven-
tions, parenting supports, and coordinated ser-
vices for children with special health-care needs
(CSHCN). In particular, we must go from a
crisis-oriented response system for the few with
the severest impairments to an optimization sys-
tem for all at risk for less than optimal health
development.

To address these systemic needs, the follow-
ing themes will be highlighted that require
increased research and policy efforts:

e We must better understand the role of and need
to engage mothers and other caregivers in
developmentally optimizing interactions from
the neonatal period through school entry. This
includes how they gain and utilize their knowl-
edge about their child’s health and develop-
ment, as well as how to optimally serve as their
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child’s first teacher and advocate. This requires
understanding ways that early parent involve-
ment and developmental activities can be part
of everyday childcare tasks.

*  We must explore how social environments are
best tailored to maximally support positive
growth, child regulatory behaviors, and devel-
opmental competencies. This includes how all
children can access comprehensive preschool
services and how health, developmental, and
behavioral competencies are measured, moni-
tored, and accounted for from birth to kinder-
garten entry. In keeping with a two-generation
model of optimizing health development,
close attention to caregiver physical and
behavioral health and supports that help vul-
nerable children access quality childcare and
early child education have the potential to
ensure that children’s social-emotional, com-
municative, and cognitive competencies are
supported so that children enter kindergarten
healthy and ready to learn.

* We must clarify the roles that preconception
maternal, physical, and behavioral health play
on maternal and child vulnerabilities and on
epigenetic programming. This includes a better
understanding of how maternal mental health
stressors (depression, anxiety, isolation, and
violence) increase vulnerability of children
when they do not receive quality early child-
hood social, learning, and behavioral supports.

* We must determine the optimum and appro-
priate role and function of community out-
reach strategies that promote parental physical
and behavioral health, child development, and
social competencies.

*  We should pursue evidence-based strategies to
promote resiliency and positive adult health
trajectories which include independent living,
employment, and family formation while min-
imizing physical risk factors that increase
early-onset adult chronic diseases (e.g., car-
diac, pulmonary, mental illness, substance
abuse) (Figs. 1 and 2).

Our cases illustrate how the interaction of pos-
itive home, preschool, and educational supports
can increase thriving and reduce adverse long-
term adult health conditions.
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3 Risk Factors for Poor Birth
Outcomes

3.1 Social Risks

An important determinant of preterm birth is
social risk. Social risk factors include suboptimal
home and community environments. Poverty,
domestic violence, drug addiction, crime, hun-
ger, and poor-quality housing are some of the
features of social risks (Holzmann and Jgrgensen
2001). Mothers who live in adverse environments
often experience multiple stressors and are prone
to nutritional deficiency, suboptimal prenatal
care, single parenthood, and frequent tobacco
and alcohol use compared to mothers from non-
poor backgrounds (Jiang 2015). Several studies
have also shown that rates of marijuana, cocaine,
tobacco, and alcohol use are higher for women
who are unmarried, unemployed, and have less
than a college education, indicating that sub-
stance abuse and poverty are closely related
(Huston 1991). It has been suggested that the
prevalence of substance abuse, illicit drug use,
and smoking among women from impoverished
or low SES background is largely due to the sense
of helplessness, low self-esteem, difficulties cop-
ing with stress, and pressure from coping with
difficult financial situations in everyday living
(Huston 1991; Weitzman et al. 2002).

When mothers receive late prenatal care (or
not at all), the opportunity to identify and inter-
vene on maternal reproductive complications or
health problems that jeopardize fetal growth is
limited. Also, late or no prenatal care decreases
the chances of maternal access to educational and
support services (such as counseling, community
health, and education services) (The March of
Dimes Data Book for Policy Makers 2012).

3.2 Race and Social Disadvantage

Race in the United States is closely related to
SES; thus, it is not surprising to see racial dis-
crepancies in preterm births (Table 2). African-
American infants are more than 1.5 times likely
than whites to be born preterm and 2.5 times
likely to be very premature than their white peers
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Body Function & Structure
- 3" grade: diagnosed with
verbal learning
disability/ ADHD
- Exercise-induced asthma,
controlled well with inhaler
- Long-acting stimulant

|

Activities
- Challenges with
impulsivity in preschool
- Challenges with reading
and attentiveness in early
grade school
- Excelled in math

|

Participation
- Graduated from college
with mathematics degree
- Will attend graduate
computer science
engineering program

medication for ADHD

T 4

|

Environmental Factors
- Special education pull-out
services for reading in early
grade school
- Tutoring and subject-
specific education supports
in high school

Fig.1 Case 1. James was born late preterm at 34 weeks
of gestation due to preeclampsia. His parents were mar-
ried and mother completed law school. She had some
challenges with impulsivity in preschool, and reported
significant job-related stressors during pregnancy. The
immediate newborn period was complicated by immature
lungs leading to respiratory distress syndrome; however,
ultimately James was discharged at 38 weeks of gesta-
tional age without a need for oxygen in the home. He was
enrolled in full-day daycare and preschool since the age
of 2 years. James was found to have some challenges
with impulsivity in preschool, which his parents
addressed with occupational and behavioral therapies. He
entered kindergarten without an Individualized Education

(The March of Dimes Data Book for Policy
Makers 2012). These data on preterm birth rates
correlate with disparities in wealth distribution,
with African-American families experiencing the
lowest 3-year average median income (2003-
2005) among US racial groups (Income, Poverty,
and Health Insurance Coverage in the United
States: 2005-2006). These data on higher rates of
prematurity in women experiencing social disad-
vantage from poverty and minority status also
hold across both developing and developed
countries. The role of maternal health, educa-
tional, behavioral, and social competencies dur-
ing her own childhood and how they impact on

|

Personal Factors
- At birth, parents married,
mom had law degree
- Parents focused on
positive successes in high
school

Program and in early grade school was found to struggle
with reading and inattentiveness. He received a formal
diagnosis of verbal learning disability and ADHD in third
grade. James received special education pull-out services
for reading and language arts and was starting on a long-
acting stimulant medication for ADHD with the guidance
of a Developmental and Behavioral Pediatrician. James
received tutoring and subject-specific special education
supports throughout high school. His parents focused on
his positive successes, such as his strong performance in
math. James went to college and pursued a math and
engineering program. His adult health is complicated by
exercise-induced asthma, well-controlled on an inhaler

her child’s health and development require sys-
tematically measuring both maternal and child
allostatic load. These data can help understand
what factors promote positive adaptations.

4 Prematurity and
Developmental Outcomes

Prematurely born infants have long-term vulner-
abilities on multiple outcomes, including physi-
cal and developmental health, behavioral and
adaptive well-being, as well as social function-
ing. Over the past decade, much has been learned
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|

|

Body Function & Structure

- Ages 2-4:
asthma exacerbations
- Adult: obesity,
asthma, and depression

Activities

- 2 years: neurotypical

performance on Bayley
Motor and Cognitive Skills

- Repeated kindergarten:
poor regulatory behaviors
- Continued to struggle in

school

|

Participation
- Dropped out of high
school junior year
- Unemployed
As Adult: No health
insurance
Self-Medicating with

alcohol and street drugs.

T A

!

!

Environmental Factors
- Inconsistent home daycare
enrollment
- Exposure to secondary
smoke, household mold,
cockroaches: asthma
complications
- IEP not until 5 years old

Fig.2 Case 2. Michael was born at 28 weeks due to pre-
eclampsia and preterm labor. His mother was unmarried and
did not finish high school. His NICU course was compli-
cated by intubation for the first 4 weeks of life, but he did not
experience additional medical complications and was able
to be slowly transitioned to room air and oral feedings. At
2 years of age, he tested within age appropriate range on the
Bayley Scales of Toddler Development. Between ages 2 and
4, he experienced asthma exacerbations complicated by
environmental exposures to secondary tobacco smoke,
household mold, and cockroach infestation and was hospi-
talized about 2-3 times a year. Until the age of 5 years,
Michael was enrolled in inconsistent home daycare pro-
grams and did not receive early intervention services

in the management of preterm infants and the
interventions required to stabilize their immature
organ system functioning.

Table 2 Rate (%) of preterm birth by maternal race and
trimester of first prenatal visit

Trimester of Non- Non-

first prenatal Hispanic Hispanic

visit black white Hispanic
First 14.7 8.3 9.7
Second 17.6 10.2 10.0
Third 16.0 10.0 10.0
None 334 21.7 19.8

Lang and Iams (2009)

|

Personal Factors
- At birth, mom unmarried,
had not finished high school
- Mom had to work 2 jobs
to care for 3 kids
- Child home life dominated
by TV

because he was considered less than 30% delayed and
thereby was deemed not eligible for services. He enrolled in
kindergarten at age 5 years. However, he had to repeat kin-
dergarten due to poor regulatory behaviors, which interfered
with learning. Throughout his early childhood education, he
continued to struggle in school. His home life was largely
dominated by television watching while his mom worked
two jobs to help care for him and his two siblings. In school
he was supported by an Individual Education Plan, but did
not access pharmacotherapies for ADHD. He dropped out
of high school in his junior year. His adult health is compli-
cated by obesity, asthma, and depression. Because of unem-
ployment, he does not have health insurance. His state has
not expanded Medicaid access

4.1 Cerebral Palsy
and Neurosensory
Impairment

Table 3 highlights rates of CP and neurodevelop-
mental disabilities in early childhood among
extremely preterm cohorts born into the medical
era, which had both prenatal maternal corticoste-
roid and surfactant replacement interventions
available. These studies demonstrate that, despite
common misconceptions, the overwhelming
majority of children who survive extreme prema-
turity do not experience CP. These data
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Table 3 Major neurodevelopmental disabilities at age 2 years among survivors of ELBW in the 1990s

Study Sample % CP % DD % HI % V1

Schmidt et al. N =944 12 27 2 2

(1996-1998) 500-999 g

Mikkola et al. N =206 14 9 4 2.6

(1996-1998) <1000 g

Vohr et al. N=2291 19 30 2 2

(1993-1998) 22-26 weeks
N=1494 11.6 26 1 0.7
27-32 weeks GA

Wood et al. (1995) N =283 16 30 2 2
22-25 weeks GA

Doyle et al. (1997) N=170 11 22 1.8 24
500-999 g

Mestan et al. N=138 9.5 27.3 0.8 1.5

(1998-2001) 27.4 weeks GA

Shankaren et al. N =1246;<750 g 30 46 5 5

(1993-1999) <24 weeks; AP1 <3

Wilson-Costelloetal. | N=417 14 26 7 1

(1990-1998) 500-999 g

Fily et al. (1997) N =545 9 4.7 0.8 0.2
<33 weeks GA

DD developmental disability as defined as mental developmental index < 70, HI hearing impairment, VI visual

impairment
AP Apgar 1 min
GA gestational age

complement population registries, which dramat-
ically highlight the increased rate of CP among
preterm survivors with decreasing gestational
age. In Sweden, EPI have rates of CP at 71 per
1000, VPT 40 per 1000, and LPT (32-36 weeks)
6.4 per 1000, compared to term births at 1.1 per
1000 (Himmelmann and Uvebrant 2014).
Although there are many types of CP with
varying degrees of difficulty with motor control
and higher cortical function, the two most com-
mon types among preterm survivors are spastic
diplegia and spastic hemiplegia. These CP syn-
dromes affect the motor control of lower extremi-
ties (diplegia) or one side of the body (hemiplegia)
and increase risks for communicative, percep-
tual, learning, and attention disorders (Allen
et al. 2011). However, an examination of these
broader outcomes for recent VPI and EPI cohorts
at ages 5-8 years has not occurred in large
United States regional or multicenter cohorts.
Furthermore, functional measures of gross motor,
manual ability, and communication activities
offer more detailed descriptions of performance

in everyday activities than topographical classifi-
cations of CP.

Over the past decade, there has been an
increased appreciation of a wider range of motor
challenges that have been characterized as devel-
opmental coordination disorders. A developmen-
tal coordination disorder is defined by acquisition
and execution of coordinated motor skills below
what would be expected at a given chronologic
age. Difficulties are manifested as clumsiness,
slowness, and inaccuracy of performance of
motor skills. These motor skill deficits persis-
tently interfere with activities of daily living
appropriate to the chronologic age (Diagnostic
and Statistical Manual of Mental Disorders:
DSM-5 2013). A systematic analysis of 14 stud-
ies of children <33 weeks of gestation and
<1501 g demonstrated 41% had mild develop-
mental coordination disorder (characterized by
motor standard scores 1-2 standard deviations
below the mean) and 19% had moderate develop-
mental coordination disorder (>2 standard devia-
tions below the mean) (Williams et al. 2010).
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The second column in Table 3 reviews rates of
developmental disability. These studies demon-
strated rates of cognitive disability ranging
between 9 and 46% among those EPI and 5%
when VPI and EPI were combined. It must be
emphasized that their early cognitive disabilities
do not fully capture long-term educational
impact.

Among ELBW survivors, there are high rates
of neurosensory impairments. Severe hearing
impairment ranges from 1% to 7%. This is also
substantially higher than the 1 per 1000 rate in
term infants. Another neurodevelopmental dis-
ability after prematurity is visual loss or blind-
ness caused by retinopathy of prematurity (ROP).
This disorder primarily affects premature infants
weighing 1250 g or less and those born before
31 weeks of gestation. ROP in the current era of
neonatology reaches its severest stages in those
who are most immature and medically fragile.
Severe visual impairment occurs in 1-2% of
<27-week preemies, 20-40 times higher than in
term infants. In a multicenter study on cryosur-
gery for ROP, increased severity of ROP was
linked to motor, self-care, and communicative
disability at kindergarten entry (Msall et al.
2000). Children with severe ROP, but with favor-
able visual acuity, had a motor disability rate of
5% compared to 43% of children with severe
ROP and unfavorable visual acuity (eyesight
worse than 6.4 cycles per degree on Teller Cards
includes legal and total blindness). In this cohort,
neonatal risk factors for severe disability involv-
ing multiple motor, self-care, and communicative
domains included severe ROP, gestational
age <27 weeks, birth weight <750 g, and poverty
as reflected by the absence of private health
insurance. A protective factor associated with a
significant risk reduction for severe disability
was African-American race. In middle child-
hood, children with severe ROP had substantial
differences in cognitive and educational out-
comes (Msall et al. 2004). Children with severe
ROP and unfavorable visual status had a 3 in 5
chance of ID (57%) and a 3 in 5 chance of need-
ing special education services. Children with
severe ROP and favorable visual skills had a 1 in
5 chance of ID (22%) and a 1 in 4 chance of need-

ing special education. More than 4 in 5 children
with unfavorable vision (84%) but less than half
of children with favorable vision (48%) were
below grade level in school performance. Lower
socioeconomic status (SES) and minority status
were associated with lower-grade performance
and utilization of special education services
across both visual outcome groups. Table 3 also
highlights that over 95% of extremely preterm
survivors do not experience blindness.

4.2 Cognitive Outcomes

The assessment of cognitive outcomes can focus
on three related domains: intelligence testing,
achievement testing, and neuropsychological
testing. The latter includes evaluation of specific
higher cortical processes such as executive func-
tion, working memory, and information process-
ing. Assessment of toddlers and young children
combines precursors of verbal and nonverbal
intelligence and cognitive processes (e.g., object
permanency, symbolic play), whereas school-
age assessment and beyond require more com-
plex testing to assess problem-solving, literacy,
and numeracy. There is increased recognition
that Bayley II and III scores <70 predict complex
cognitive and learning challenges among school-
age children. However, among children with
2-year Bayley scores of 71-84 (1-2 standard
deviations below the mean), they may be
uniquely vulnerable to the lack of quality early
childhood education and preschool experiences,
especially in socially disadvantaged families
(Patrianakos-Hoobler et al. 2009). Therefore,
one needs to be cautious in using developmental
assessments in the first 2 years of life to fully
assess the spectrum of cognitive and learning
disorders in all children, not only those preterm
and growing up in vulnerable circumstances.
The limitations in Bayley assessments are due to
the dynamic processes of higher cortical function-
ing in childhood. Additionally, the assessment of
developmental delay is intertwined with percep-
tual and sensory skills as well as early learning
experiences and neuroplasticity. Learning,
communication, and social challenges may not
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be apparent until there is increased complexity
of tasks for academic skills and behavioral/
attention regulatory capacity required by school
environments.

In order to address higher-level skills at school
entry, one strategy is to examine children’s status
at kindergarten entry. EPI cohorts born in the
1980s from Hamilton, Ontario, Melbourne,
Australia, Buffalo, New York, and Chicago,
Illinois, have demonstrated that 44-56% require
special education resources and 21-29% have
major neurodevelopmental impairments (Baek
et al. 2002; Vohr and Msall 1997). These studies
indicate that, in addition to planning for major
developmental disabilities, resources are required
to ensure success with peers in the classroom.

Gross and colleagues followed infants born
very preterm and found that 41% of preterm
infants were performing at grade level versus
70% of term children. These preterm children
were more likely to receive special education ser-
vices and three times as likely to be diagnosed
with learning disabilities. In this cohort, parental
marital status and educational attainment were
significantly related to educational outcomes
(Gross et al. 2001). Nearly three times as many
preterm children achieved grade-level perfor-
mance if parents were married as compared to
children from single-parent homes. Thus, pre-
term survivors with limited family resources are
further disadvantaged and vulnerable.

In Cleveland, Litt and colleagues prospec-
tively followed 219 surviving ELBW children
born between 1992 and 1995 through middle
childhood and adolescence. Surviving children
had a mean birth weight of 815 g, a mean GA of
26.4 weeks; and almost 1 in 5 was from multiple
birth gestations. Neonatal morbidities included
bronchopulmonary dysplasia in 41%, sepsis in
29%, and sonographic parenchymal brain injury
in 24% (IVH3-IVH4/PVL by cranial ultrasound).
Importantly, 115 term controls from the extremely
preterm survivor’s community classroom were
assessed at 14 years. Both the extremely preterm
survivors and a prospectively recruited term con-
trol group underwent a comprehensive neuropsy-
chological battery that included reading and
mathematics and neuropsychological skills of

processing speed, attention, visual memory,
working memory, and planning. In addition,
social capital as determined by maternal educa-
tion and median household income as well as
gender and minority status was used as covari-
ates when analyzing predictors of high school
functioning (Litt et al. 2012).

Though major neurosensory disabilities
occurred in approximately 1 in 6 of ELBW survi-
vors (CP 15%, blindness in 0.5%, and hearing loss
requiring amplification in 1.7%), a far greater num-
ber of children experienced ID and cognitive
impairments. More than 1 in 6 (18%) had ID
(IQ <70), a4.5-fold greater risk than for term peers.
More than 1 in 3 (37%) were cognitively impaired
(IQ 71-84), a 2.3-fold greater risk than for term
peers. Most importantly, almost 1 in 2 (49%) of
ELBW survivors required an individualized educa-
tional plan, a fivefold higher rate than term peers.
The educational resources required for managing
these highly prevalent disorders would require an
additional $50,000 per child during their high
school years for tutoring, smaller class size, and
specific curriculum modifications (Msall 2012).

Of concern were the achievement challenges
of extremely preterm survivors who experienced
socioeconomic adversity. These children not only
demonstrated a 6.6-point lower IQ but had stan-
dard scores that were 10 points lower in reading
and 8 points lower in mathematics. Importantly,
both executive function and visual memory chal-
lenges were associated with academic struggles
in reading and mathematics (Johnson et al. 2009,
2011; Simms et al. 2015; Wolke et al. 2015).

4.2.1 What Does This Mean?
The first lesson brings optimism: the large
majority of ELBW survivors (83%) are free of
neurosensory disability. Thus, unprecedented
survival without major neurosensory disability
can be expected. However, despite antenatal cor-
ticosteroids, surfactant replacement, improved
nutrition, and infection control, the rates of CP
are over 100-fold greater than for term infants.
Thus, ongoing efforts in neuroprotection remain
a scientific, clinical, and political priority.

The second lesson is sobering: the majority
of ELBW survivors experience ongoing and
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serious challenges in learning, coordination,
and executive function. These children benefit
from quality and comprehensive interventions
and special educational accommodations with
continued review of how these services promote
literacy, numeracy, and life skills. Litt and col-
leagues’ outcomes suggest that evidence-based
psychoeducational management strategies for
executive function and specific learning disor-
ders may be key areas for maintaining children
on positive developmental trajectories (Litt
et al. 2012). An important challenge in the
upcoming decade is to comprehensively imple-
ment, at a population level, appropriately tar-
geted  developmental and  educational
optimization strategies for all preterm survivors.
With more developmentally appropriate indi-
vidual- and population-level supports, their neu-
rodevelopmental risks that currently result in
costly and adverse long-term physical, behav-
ioral, educational, and social health outcomes
could be dramatically reduced.

4.2.2 Behavioral/Emotional
Disorders

Behavioral and emotional disorders are more
prevalent among children born premature com-
pared to their term birth peers. Meta-analysis of
behavioral outcomes by Bhutta and colleagues
revealed that children born preterm have a 2.6-
fold risk for developing attention-deficit hyperac-
tivity disorder (ADHD) during school age
(Bhutta et al. 2002). These children are also at
high risk for externalization problems such as
aggression, oppositionality, and disruptive
behaviors, which also are major obstacles in
establishing friendships or other social relation-
ships (e.g., lack of patience in waiting for their
turn in group play) (Farooqi et al. 2007; Saigal
et al. 2003). In these studies, birth weight, family
function, gender, and SES predicted the behav-
ioral adjustment of adolescents who survived
ELBW status in the 1980s or the middle child-
hood behavioral and childhood behavioral and
social adjustment of children who survived
23-25 weeks of gestation in the 1990s.

An important discovery occurred over the
past decade whereby it was noted that very and

extremely preterm infants were at high risk for
delays in social-emotional behavioral regulation
that manifested as hyperactivity, impulsivity,
and difficulty with social competencies in the
preschool years (Jones et al. 2013). Importantly,
those children receiving appropriate quality pre-
school education experiences were more ready
for kindergarten both cognitively and behavior-
ally than those who did not access these services
(Arpi and Ferrari 2013; Treyvaud et al. 2013).
There has also been increased recognition that
late preterm survivors are at risk for regulatory
and social challenges. Recent comparative
investigations of toddler outcomes for LPI ver-
sus other premature infants demonstrate more
externalizing, oppositional, and aggressive
behaviors, suggesting a unique vulnerability for
LPIs (Shah et al. 2013). Infants more prone to
distress who also experienced more critical par-
enting styles in infancy were more likely to
demonstrate externalizing behaviors at age 3,
suggesting that characteristics of both infants
and parents influence preterm vulnerability
(Poehlmann et al. 2012).

There has also been an increased awareness of
the vulnerability of adolescent and adult survi-
vors of very and extremely preterm birth to
increased rates of behavior and mental health dis-
orders (Gardner et al. 2004). This is highlighted
in Table 4. An important review by Johnson and
Marlow emphasized a life course health develop-
ment framework and highlighted the increased
risk of attention, socio-communicative (includ-
ing autism spectrum disorder), and emotional dif-
ficulties among extremely preterm survivors
(Johnson et al. 2011). Importantly they high-
lighted rates of autism spectrum disorder (ASD)
as high as 1 in 12 EPI survivors as they enter ado-
lescence (Johnson et al. 2011). A New Jersey
cohort found a rate of 1 in 20 for ASD in moder-
ate LBW at school exit (Pinto-Martin et al. 2011).
Most recently, in a large US cohort of 889 EPI
survivors born in 2002-2004, Joseph and col-
leagues found a rate of ASD in males at age 10 of
9% and in females of 5%. Rates of ASD were
15% at 23-24 weeks of gestation, 6.5% at
25-26 weeks of gestation, and 3.4% at 27 weeks
of gestation (Joseph et al. 2016).
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Table 4 Adolescent and adult behavioral health outcomes

Authors Cohort Age at assessment Developmental outcome
Botting et al. (1997) | 1980-1983 Liverpool, 12 years 1. Any psychiatric disorder:
England 28% VLBW vs. 9% controls
138 VLBW and 108 matched had any psychiatric disorder
controls 2. ADHD: 23% VLBW vs. 6%
controls
Dahl et al. (2006) 1978-1989 13-18 years 1. VLBW adolescents report
Norway less externalizing behaviors
99 VLBW than NBW adolescents
2. Parents of VLBW
adolescents report more
externalizing behaviors and
emotional problems than NBW
adolescents.
Grunau et al. (2004) | 1981-1986 17 years 1. No differences for focus and
British Columbia attention
79 <800 g vs. 31 term 2. Significantly more parental
reported internalizing,
externalizing, and problem
behaviors
Jong et al. (2012) Meta-analysis of moderate Not reported 30% higher psychiatric

and late preterm
(32-36 weeks)
28 papers reviewed

(meta-analysis)

disorders

Kunugi et al. (2001)

Meta-analysis of LBW and
schizophrenia prevalence;
750 with schizophrenia and
29,000 control subjects

Not reported
(meta-analysis)

LBW prevalence: 9.5% of
schizophrenics and 3.9% of
controls

Levy-Shiff et al. Israel 13-14 years Significantly increased
(1994) 90 VLBW and 90 NBW hyperactive behavior among
VLBW. However paternal
involvement was as predictive
as birth weight for
hyperactivity in childhood
Saigal et al. (2006) 1977-1982 22-25 years 1.3% of ELBW had autism vs.
Ontario, Canada 0% controls
166 ELBW and 145 NBW
Saigal et al. (2007) Ontario, Canada 23 years 14.1% ELBW vs. 6% on

149 ELBW and 133 NBW

antidepressants

4.2.3 What Does This Mean?

The current understanding of the vulnerabilities
of the preterm infant brain to challenges in coor-
dination, learning, attention, and social skills
offers opportunities for understanding cumulative
risk and protective strategies linked to biomarkers
and neurometrics. The goal of understanding what
supports are needed to protect the vulnerable pre-
term infant brain for learning regulatory, attention,
executive function, and social competencies will
require increased attention to how active health

and developmental experiences shape these devel-
opmental processes and what proactive informed
interventions support success academically,
behaviorally, and socially. Revolutionary strate-
gies in developmental neuroscience will help
inform an evidence-based approach to early
identification and intervention so that children
stay on track in development. In many ways,
children with prematurity can help inform a shift
from categorizing children’s delays as leading to
low learning expectations. We can examine how
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attention, regulatory, and social skills can be
modified and lead to pathways of resilience in

academic achievement and social-emotional
behavioral competencies.
5 Chronic and Acute Stress

Recent studies have produced a large body of evi-
dence that stress is significantly correlated with
the occurrence of adverse birth outcomes, includ-
ing prematurity and low birth weight (Graignic-
Philippe et al. 2014). Prenatal stressors can
include physical and psychological stress, infec-
tions, nutritional deficiencies, and drug exposures
(Bock et al. 2015). In a prospective study,
Killingworth-Rein et al. combined three variables
into a single stress indicator comprised of state
anxiety, perceived chronic stress, and life event
distress. Higher scores on this aggregated factor
predicted a shortened gestation and lower birth
weight (Rini et al. 1999). Torche and Kleinhaus
(2012) found that females who were exposed to
earthquakes in early pregnancy had higher rates of
preterm delivery (Torche and Kleinhaus 2012). In
a study in the southern Israeli town of Sderot
(4 km away from the Gaza Strip), Wainstock et al.
hypothesized that the frequent exposure to rocket
attacks in this community would be associated
with adverse birth outcomes when compared to
Kiryat Gat, a similar town without constant rocket
attack exposure. Researchers found that women
living in Sderot gave birth to more babies born
preterm and at low birth weight, confirming the
hypothesis that stress in pregnancy increases
adverse birth outcomes (Wainstock et al. 2014).
A number of other studies have demonstrated
an association between prenatal stress and
adverse pregnancy and birth outcomes, including
effects on birth weight, gestational age, and pre-
term birth (Bock et al. 2015). Chronic stress and
acute stress may exert different effects on fetal
development and perinatal outcomes. Several
authors have reported lower birth weight and
shortened gestation in children born to mothers
exposed to chronic stress compared to acute
stress (Chrousos and Gold 1992; Rini et al. 1999;
Sable and Wilkinson 2000; Wadhwa et al. 1996).

Likewise, there is increasing evidence that
exposure to forms of toxic stress in early life alters
stress responses in adulthood. A case-controlled
longitudinal study of preterm and term infants with
and without medical complications demonstrated
dysregulation of the hypothalamic-pituitary-
adrenal axis in adult survivors of prematurity, par-
ticularly survivors also exposed to socioeconomic
disadvantage (Winchester et al. 2016).

There is also a strong association between spe-
cific early pregnancy events, such as complica-
tions in the first trimester, and increased risk of
preterm delivery and very preterm delivery (van
Oppenraaij et al. 2009). An increased risk of low
birth weight and very low birth weight was asso-
ciated with first-trimester bleeding in a large pro-
spective study (M. A. Williams et al. 1991). These
adverse infant outcomes were associated with
threatened miscarriage in the first trimester in
another large retrospective study (Wijesiriwardana
et al. 2006).

6 Epigenetic Mechanisms

Although the mechanisms of prenatal stress are
not precisely known, it has been proposed that
the hypothalamic-pituitary-adrenal (HPA) axis
and sympathetic nervous system stress responses
could lead to complications in pregnant women
during pregnancy and delivery (Graignic-
Philippe et al. 2014). In particular, McLean et al.
(1995) suggest that high levels of neurohormones
in the HPA axis as well as placental neurohor-
mones could induce prematurity. A growing body
of evidence suggests that epigenetic mechanisms
induce transient and permanent alterations in
gene function, resulting in altered developmental
processes in the brain that result in long-term
changes in emotional and cognitive behaviors
(Bock et al. 2015).

The main function of the epigenome is to reg-
ulate gene transcription and compaction of DNA
into the cell nucleus through mechanisms such as
DNA methylation and hydroxymethylation,
histone modifications, ATP-dependent chromatin
remodeling, and noncoding RNAs (Provencal
and Binder 2015). Prenatal stress has been shown
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to reduce the expression and activity of the
enzyme 11-B-hydroxysteroid dehydrogenase
type 2, an enzyme that converts glucocorticoids
into inactive metabolites (Bock et al. 2015). An
alteration in placental permeability may lead to
excess exposure to maternal stress hormones,
thereby promoting developmental dysregulation.
Maternal intake of steroid hormones (Marciniak
etal. 2011), maternal depression (O’Connor et al.
2014), and maternal anxiety (Kane et al. 2014)
have been shown to alter maternal glucocorticoid
levels, with a high correlation between maternal
and fetal plasma glucocorticoids (Provencal and
Binder 2015). In addition to affecting birth out-
comes, stressful experiences in utero or during
early life may also increase the risk of neurode-
velopmental and behavioral disorders later in life
due to alterations in epigenetic regulation
(Babenko et al. 2015).

Pregnant mothers who have anxiety disorders,
post-traumatic stress disorder (PTSD), depres-
sive disorders, or major psychoses are at higher
risk of adverse birth outcomes including preterm
birth, low birth weight, and small-for-gestational-
age infants. Mothers with bipolar disorder are at
twice the risk for these adverse outcomes
(MacCabe et al. 2007). Importantly, pregnant
mothers with both PTSD and major depressive
episode have four times the risk of having a pre-
term birth (Yonkers et al. 2014).

These risks occur because the brain and pla-
centa are closely linked by a number of peptides
and proteins, including oxytocin, somatostatin,
neurotensin, encephalin, cortisol, insulin-like
growth factor 1, vascular endothelial growth fac-
tor, and cyclic AMP response element binding
factor. Individuals with mental illness often have
a tendency toward coagulation and low activity
of tissue plasminogen activator, potentially con-
tributing to placental insufficiency that may lead
to increased exposure of the fetus to maternal
hormones. Hyperemesis gravidarum, a condition
more common in women with eating disorders
and anxiety than in controls, is another risk fac-
tor for pregnancy complications which may
increase the risk of miscarriage, low birth weight
infants, and preterm infants (Hoirisch-Clapauch
et al. 2015).

7 Prenatal Stress Reduction
Strategies

Intervention programs aimed at reducing stress
should be considered to potentially lower the
rates of unfavorable pregnancy outcomes
(Wainstock et al. 2014). Feinberg et al. examined
the effects of family foundation (FF), a transition
to parenthood program, through a randomized
control study of 148 expectant mothers.
Researchers showed that the intervention signifi-
cantly reduced the negative impact of maternal
cortisol on birth weight, gestational age, and days
in hospital in infants, thereby decreasing the risk
for adverse birth outcomes (Feinberg et al. 2015).
Follow-up at age 5-7 years demonstrated
improved outcomes in behavior regulation and
children’s school adjustment (Feinberg et al.
2014). It is important to recognize the extent to
which a child is affected by a mother’s stress, and
mental health heavily depends on moderating
factors that include quality of parenting, social
support, and the length and severity of the paren-
tal disorder (Howard et al. 2014). In this respect,
early identification and interventions are essen-
tial (Stein et al. 2014). A recent report estimated
that the long-term economic costs of perinatal
mental disorders for each annual cohort exceed 8
billion euros in the UK alone (Bauer et al. 2014).
Early interventions for perinatal mental disorders
could produce great economic benefits and
improve maternal and child physical and mental
health (Howard et al. 2014) via impacting on
child’s regulatory behaviors and learning
opportunities.

8 The Impact of Fetal
Environment
and Prematurity on Adult
Health Outcomes

Exposure to an unfavorable environment in early
life is closely associated with an increased ten-
dency to develop adult disease. In 1992, David
Barker hypothesized that the period of preg-
nancy and the intrauterine environment have a
profound impact on risk of developing diseases
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like hypertension; diabetes; cardiac, pulmonary,
and renal diseases; and mental illness (Capra
et al. 2013). Intrauterine environment and early
postnatal life are now generally accepted as
important factors that may lead to increased risk
for disease in adulthood (Hofman et al. 2004). In
particular, low birth weight, a marker of poor
fetal growth, is linked to vascular disease, hyper-
tension, obesity, and insulin resistance (Calkins
and Devaskar 2011).

Although several studies have reported an
association between low birth weight and poor
adult health outcomes, it remains unclear whether
this association exists for children with poor fetal
growth born small for gestational age as well as
premature babies whose weight is appropriate for
gestational age. In a retrospective study, Kaijser
et al. identified subjects born preterm or with a
low birth weight at four major delivery units in
Sweden from 1925 to 1945. Researchers found
that future risk for ischemic heart disease was
most closely mediated by fetal growth restriction
instead of preterm birth without growth restric-
tion. Of note, these results came from a 1925 to
1949 birth cohort, a period when infants did not
benefit from modern neonatal care. During more
recent decades, infant survival has improved sub-
stantially for children born very preterm. It may
not be appropriate, therefore, to generalize these
results to preterm and growth-restricted infants
being born today (Kaijser et al. 2008).

Babies born prematurely, whether or not they
have intrauterine growth restriction (IUGR), are
also at risk as adults for poor cardiovascular
health outcomes (Irving et al. 2000). In a study of
mothers of 72 LBW and 54 NBW infants born in
Edinburgh between November 1973 and
February 1975, LBW premature babies had
higher adult blood pressure and fasting plasma
glucose than NBW controls born at term. Babies
born prematurely also had trends for an adverse
metabolic profile and were at risk for hyperten-
sion and hyperglycemia as adults. Infants with
IUGR were not measurably more disadvantaged
than preterm infants with birth weight appropri-
ate for gestational age (Irving et al. 2000).

A prospective follow-up study of 458 adults at
age 30 in New Zealand also aimed to distinguish

the relative contributions of gestation length and
fetal growth to cardiovascular risk factors in
adulthood. Preterm birth, rather than poor fetal
growth, was shown to be the major determinant
of the association between early environment and
adult health outcomes; adults born preterm had
increased systolic blood pressure and insulin
resistance at age 30. Birth weight, independent of
gestational age, was not associated with increased
adult systolic blood pressure and insulin resis-
tance, suggesting that length of gestation may be
the major contribution to cardiovascular risk in
adulthood (Dalziel et al. 2007).

Adult-onset insulin resistance, an early marker
for type 2 diabetes, is also associated with prema-
ture birth (Hofman et al. 2004). Exposure to an
adverse environment may be responsible for this
reduction to insulin sensitivity, whether during
intrauterine life in infants small for gestational
age or a primarily adverse postnatal environment
in premature infants (Hofman et al. 2004).

For the most part, mechanisms to explain the
associations between intrauterine and postnatal
environments and adult health outcomes are
unknown. It is hypothesized that alterations to
the HPA axis may explain the link between low
birth weight and later increased blood pressure
(Dalziel et al. 2007). Furthermore, it is theorized
that earlier maturation of organ system exposure
to nutritional, metabolic, hormonal, sensory, and
respiratory environments at earlier time points in
premature babies may also lead to abnormal
development of organ systems involved in car-
diovascular health (Curhan et al. 1996). Preterm
infants and small-for-gestational-age infants
often experience a period of “catchup growth” in
the postnatal period, which may influence
changes in their metabolism that are related to
increased risk for these diseases (Smith and
Ryckman 2015).

Increasing preterm infant survival has critical
implications on the burden of adult diseases such
as diabetes and cardiovascular disease. In fact,
the historic trends in preterm survival and birth
may be playing a critical, yet underappreciated,
role in the population trend toward increasing
prevalence of diabetes and cardiovascular dis-
ease (Dalziel et al. 2007).
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9 Postnatal and Social Risk

Despite knowledge that supports that intervention
in early childhood can positively impact disability
trajectories, large gaps in services exist and dis-
proportionally impact disadvantaged families. A
1997-2000 study looked at access to early inter-
vention services among a population of infants
aged birth to 3 years. Even in the highest risk neo-
nates, access to community and early intervention
supports was problematic and fragmented at best
(>40% not enrolled in early intervention). Those
toddlers with higher rates of disability were more
likely to receive more services, yet a significant
unmet need for services was documented among
milder cases (Hintz et al. 2008).

Second, a Chicago-based cohort was followed
after NICU discharge and demonstrated that less
than 60% of VLBW infants living in extreme
poverty (<50% federal poverty level) were
receiving early intervention (EI) services despite
having access to a medical home and legal advo-
cacy. Of the 415 infants deemed not automati-
cally eligible by EI, 95% had child and family
impairments (e.g., gastrostomy, feeding delays,
income <$10 K per year, parental mental or
developmental disorder) that met EI inclusion
criteria. This data confirms that a substantial
number of infants with multiple medical and
social risks do not receive ongoing developmen-
tal surveillance or early intervention services
(Weiss et al. 2007).

Third, in a recent analysis of the Early
Childhood Longitudinal Survey-Birth Cohort, it
was found that eligibility for Part C varied widely
between states (2—78%), yet the proportion of chil-
dren receiving services remained consistently low
(1.5-7%). There is significant state-by-state vari-
ability between eligibility criteria, yet there is also
a clear national trend of insufficient enrollment for
children with qualifying delays (Rosenberg et al.
2008). Given that in elementary school years
10-20% of children nationally have Individual
Educational Plans, early intervention rates less
than 5% reflect significant missed opportunities
for secondary and tertiary prevention.

Among both VLBW and ELBW survivors,
disproportionate numbers live in communities
with high rates of school dropouts and poorly per-

forming schools. This will result in barriers to
accessing quality early and middle childhood
educational experiences. The combination of
developmental vulnerability due to LBW and pre-
term birth with social and family distress has
shown to have cumulative impacts (Hille et al.
1994). In an 8—10-year follow-up study of infants
who were the sickest and tiniest and had the most
medical complications in the newborn period,
Msall and colleagues found that not only were
favorable vision and functional motor status at
kindergarten entry associated with significantly
lower rates of special education and below-grade-
level educational achievement, but higher SES
was also associated with positive academic and
developmental outcomes. Factors strongly associ-
ated with increased risk for special education ser-
vices included minority status, poverty, lack of
access to a car, and Supplemental Social Security
Income because of disability and poverty (Msall
et al. 2004).

Adolescent and Adult
Outcomes

9.1

Clinical research to date on the outcomes for pre-
term infants during adolescence and adulthood
reveals a spectrum of strengths and challenges in
physical and behavioral health, educational
achievement and supports, and community par-
ticipation. However, the social, educational/voca-
tional, and independent adaptive life skills
required for adulthood are inherently more quan-
titatively and qualitatively complex than basic
developmental milestones in an infant or school
achievement in middle childhood. A few crude
measures of adult success have been used to
examine adolescent and adult outcomes, but much
work remains to unveil more meaningful multidi-
mensional measures of adult physical and behav-
ioral health, daily functioning, social participation,
family formation, and economic well-being.
Educational attainment is a frequently exam-
ined adult outcome in the literature. The studies
highlighted in Table 5 demonstrate lower rates of
academic achievement, high school completion,
and postsecondary education among preterm sur-
vivors. Premature survivors show high rates of
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Table 5 Cognitive, executive function and academic achievement in adolescence and adulthood

Authors Cohort Assessment age Developmental outcome
Botting et al. (1998) 1980-1983 Liverpool, 12 years 1. VLBW lower 1Q
England 2. Lower math and reading
138 VLBW comprehension
108 matched controls
Saigal et al. (2000) 1977-1982 1216 years 1. 28% reported neurosensory
Ontario, Canada impairments
141 ELBW 2.25% of ELBW vs. 6% repeated a
124 matched controls grade
3.49% of ELBW vs. 10% required
special education services
4.22% ELBW required full-time
educational assistance (vs. 0%)
5. Lower mean WISC-R DQ
6. Lower mean WRAT-R
Rushe et al. (2001) 1979-1980 14-15 years 1. No differences for tests of executive
London, England function, verbal memory, attention
<33 weeks; 75 2. Preterm group had impaired verbal
premature and 53 FT fluency
Lefebvre et al. (2005) | 19761981 18 years 1.56.1% ELBW vs. 84.6% controls
Montreal, Canada completed HS
57 ELBW and 44 NBW 2.33% vs. 9% required special
education
3. Significant differences in low 1Q
(<85)
Hack et al. (2002) 1977-1979 20 years 1. 74% VLBW graduated HS vs. 83%

Cleveland, Ohio
242 VLBW and 233
controls

NBW

2. 30% pursued secondary education vs.
53% NBW

3. 40% repeated grade vs. 27% NBW
4. Scored 1/3 SD lower on WAIS-R

Lindstrom et al. 1973-1979 1987-2002 national | 71% vs. 78.6% completed 12 or more
(2009) Sweden registry years of school
24-28 weeks vs. FT
Moster et al. (2008) 1976-1983 20-36 years 1. 67.7 preterm vs. 75.4% completed HS
Norway 2. 4.4% preterm vs. 0.1% fullterm with
325 preterm (23— ID
27 weeks) vs. 828,227
FT
Nomura et al. (2009) | 1960-1965 27-33 years 1. Near-term birth associated with lower
Johns Hopkins Baltimore adult educational attainment only for
Collaborative 226 near-term and 1393 those living below poverty line
Perinatal Study FT 2. SGA had no association with
educational attainment
Saigal et al. (2006) 1977-1982 22-25 years No significant difference in:

Ontario, Canada
166 ELBW and 145
controls

1. % graduation from high school
2. Pursuit of postsecondary education

HS high school, SD standard deviation, WAIS-R Wechsler Adult Intelligence Scale-Revised, WISC-R Wechsler
Intelligence Scale for Children-Revised, DQ deviation quotient, WRAT-R Wide Range Achievement Test-Revised, FT'

full term

need for special education supports, both in gen-
eral special education services and with individ-
ual assistants, and have higher rates of grade
repetition than their normal birth weight peers

(Saigal et al. 2003). Furthermore, preterm survi-
vors are less likely to graduate high school and
pursue secondary education (Hack et al. 2002;
Moster et al. 2008).
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However, this outcome is also influenced by
contextual factors. When high school graduation
rates are adjusted for parental SES, there is evi-
dence of mitigation of the difference in educa-
tional attainment. In a study by Nomura et al., it
was found that in near-term survivors, only those
living at incomes close to poverty line differed
from full-term peers on educational attainment.
The relationship between cognitive testing in
adulthood and gestational age has also been sig-
nificantly mitigated by socioeconomic factors
(Ekeus et al. 2010). There is compelling evidence
that the same risk factors disproportionately dis-
tributing premature birth to poorer, less educated
mothers are also at play with the long-term out-
comes of low birth weight progeny, compound-
ing the disadvantage of the disadvantaged.

1Q outcomes have been repeatedly tested and
show consistently lower scores for ELBW adults
compared to matched peers. However, many
studies are unable to match for socioeconomic
status or parental IQ which are highly influential
mediating factors. Maternal education and
income have been shown consistently to predict
1Q within these cohorts, indeed often with stron-
ger correlation coefficients than LBW status
(Drillien 1961; Drillien et al. 1980). There is evi-
dence that IQ in middle childhood is strongly
predictive of IQ at adolescence, suggesting that,
on this measure, there is neither increasing gap
nor improved catch-up to normal birth weight
peers. Alternatively, one study highlighted a wid-
ening IQ gap in later childhood (Botting et al.
1998), which may be due to the complexity of the
involved intellectual task in testing at older ages
or the additional components of social/emotional
intelligence, which are not entirely captured by
younger measures of 1Q. Furthermore, studies
that evaluate both educational and professional
attainment do not consistently demonstrate
strong correlation; 50% of preterm adults in the
1983 Dutch cohort who reported poor educa-
tional attainment during the school years held
full-time employment as young adults (Hille
et al. 2007). How this translates to US cohorts in
the ongoing economic crisis for those without
college degrees is yet unknown. Other educa-
tional outcomes, such as reading and math

achievement, have shown significant gaps in core
educational outcomes between VLBW and age-
matched peers. However given that many term
children in low-income urban or rural communi-
ties in the United States also are struggling with
reading, mathematics, science, and social studies
performance, it is difficult to make international
comparisons.

Additional evidence demonstrates the power of
socioeconomic status in modifying the effect of
prematurity; Lefebvre et al. assessed the cognitive
and academic achievement outcomes in early
adulthood of a cohort of 82 ELBW subjects in
Montreal (Lefebvre et al. 2005). There were sig-
nificant differences between ELBW and NBW
groups in full-scale 1Q (94 versus 108), verbal IQ
(93 versus 106), and performance 1Q (97 versus
109). However, father’s low socioeconomic status
contributed significantly to the prevalence of
1Q <85 (19% versus 2%, p = 0.012), schooling in
mainstream education with a regular curriculum
for age (36% versus 68%), requirement for special
classes or schools (33% versus 9%), and high
school graduation for those 18 years or older (56%
versus 85%).

Adolescent/adult self-perceptions of health,
quality of life, and overall functioning are impor-
tant outcomes, which may guide our clinical
understanding and facilitate improved anticipa-
tory guidance to families of premature neonates.
A socioeconomically diverse cohort of adoles-
cents born in 1983-1984 at <801 g (Brown et al.
2003) reported themselves and was reported by
their parents as having lower functional status
than normal birth weight peers; however, overall
these health concerns did not significantly inter-
fere with tasks of daily living. On rating scales of
externalizing and internalizing problems, how-
ever, (The Behavioral Assessment System for
Children- BASC), there were no differences
between preterm and comparison groups.
Additionally, using a self-perception profile,
which included domains of scholastic compe-
tence, social acceptance, athletic competence,
and global self-worth, responses did not signifi-
cantly differ. In a similar cohort of adults (born at
weight <1250 g in Zurich), preterm and term
controls did not differ on overall physical health
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Table 6 Adult outcomes after very preterm birth

Authors Cohort Age at assessment Developmental outcome
Baumgardt et al. 1983-1985 23 years No difference in overall self-reported
(2012) Zurich, Switzerland quality of life
52 preterm (<1250 g)
75 controls
Hack et al. (2007) 1977-1979 20 years 1. No difference on self-reported
Cleveland, Ohio health satisfaction
241 VLBW 2. No difference on self-reported
232 NBW comfort (physical or emotional)
3. Decreased self-reported resiliency
4. Increased self-reported risk
avoidance
Hille et al. (2008) 1983 19 years 1. 11.4% had moderate/severe
Netherlands problem with profession
959 adult survivors of 2. % of individuals with moderate/
prematurity (<32 weeks severe problems in education had
or VLBW) full-time employment
Moster et al. (2008) 1976-1983; Norway 20-36 years 1. 10.6% vs. 1.7% receiving
325- 23-27 weeks disability pension
1608- 28-30 weeks 2. Lower gestation less likely to have
6363- 31-33 weeks found life partner
31,169- 34-36 weeks 3. Lower gestation less likely to have
828,227- full term children
Saigal et al. (2006) 1977-1982 22-25 years No significant difference in rates of:
Ontario, Canada 1. Employment
166 ELBW and 145 2. Independent living
controls 3. Married/cohabitation
4. Parenthood

VLBW very low birth weight (<1500 g), ELBW extremely low birth weight (<1000 g), NBW normal birth weight

(>2500 g), CPT Conners’ continuous performance task

or mental health scores on the Short Form 36
Health Survey (Baumgardt et al. 2012) (Table 6).

Adult males who survived prematurity rated
themselves significantly lower than male term
adults on the “physical functioning domain,” but
females did not differ from matched controls in
any subset. Patterns of high risk and protective
health habits varied: the use of marijuana was
significantly lower among adults who survived
prematurity, yet significantly more control adults
practiced sports and more males exercised. The
overall trend appears that adolescents and adult
survivors of prematurity, by and large, consider
themselves similar to normal term survivors on
self-ratings of physiologic and psychological
functioning. Some studies suggest that females
may be more similar to full-term peers than
males, suggesting that males may be somewhat
more vulnerable to the long-term effects of pre-
maturity and LBW. It deserves mentioning that

the discrepancy between self-reported health and
external measures of health has been reported in
other health conditions; overall persons with a
health condition rate the impact of that condition
more positively than health professionals may
surmise (Groot 2000).

Research on long-term consequences of low
birth weight has focused on adolescent and early
adult life — especially the negative impact of low
birth weight on academic achievement, high
school graduation and years of school comple-
tion, and college attendance. Low birth weight
has been linked to these outcomes through the
effects of low birth weight on kindergarten pre-
paredness and weak performance in the first few
years of schooling. Poor educational perfor-
mance in subsequent years is negatively linked
to both poor school readiness and accomplish-
ment on subsequent school performance and the
lingering health effects of low birth weight. The
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latter often includes not only growth and respiratory
sequelae but increased vulnerability to a spectrum of
neurobehavioral disorders that impact attention and
mood. Importantly, buffers for these disorders
include attention to caregiver mental health and
child behavior health in the context of increasing
school and community successes. While longer-
term effects of low birth weight, mediated by
poor educational performance and continued
weak health, are hypothesized, little research has
examined the midlife consequences of low birth
weight and what factors contribute to thriving.

An additional complexity of measuring ado-
lescent and adult outcomes is the shift of health
status reporting from the parent of a premature
survivor to the adolescent or adult himself/herself.
In an adolescent follow-up of 99 very low birth
weight babies born in Norway, there was found to
be a significant discrepancy between adolescent
and parental reporters, with the overall trend
being parents reporting significantly more emo-
tional and behavior problems than the adolescents
reported in themselves (Dahl et al. 2006). In these
later stages of follow-up, investigators must con-
sider the inherent bias in asking parents vs. ado-
lescents to report on health and behavior.

This research limitation can be remedied
through analysis of data from two population
datasets that include information on weight at
birth and current health and well-being — the
Wisconsin Longitudinal Study (WLS) and the
Midlife in the United States: A National Study of
Health and Well-Being (MIDUS). Additionally,
utilizing these cohorts from the United States
may help remedy the current data gap between
well-tracked international cohorts and the dearth
of longitudinal US data. International cohorts,
which have lower rates of single parenthood and
more homogenous racial ethnic and socioeco-
nomic composition as compared to the United
States, dominate the current knowledge base of
long-term outcomes for premature babies.
Extrapolating from their long-term outcomes
likely vastly underestimates the need for social
support throughout the life course in the United
States. Additionally, international countries with
single-payer systems tend to diagnose and pro-
vide more consistent social support for persons

with disabilities when compared to the frag-
mented nature of health care in the United States.

The Wisconsin Longitudinal Study (WLS) is
a long-term study of a random sample of 10,317
men and women who graduated from Wisconsin
high school in 1957. The WLS provides an
opportunity to study the life course, intergenera-
tional transfers and relationships, family func-
tioning, physical and mental health and
well-being, and morbidity and mortality from
late adolescence (in 1957) through early geriat-
ric (in 2008). WLS data also cover social back-
ground, youthful aspirations, schooling, military
service, labor market experiences, family char-
acteristics and events, social participation, psy-
chological characteristics, and retirement.
Survey data were collected from the original
respondents or their parents in 1957, 1964,
1975, 1992, and 2004 (when they were approxi-
mately at age 64 or 65). The WLS includes end-
of-life data for members of the cohort who have
died. Sibling and twin data for the original
respondents, as well as gene-environment inter-
actions from late adolescent to the retirement
years, will permit models that separate the
effects of family origins from the impact of low
birth weight at retirement age.

The first national representative survey of
Midlife Development in the United States
(MIDUS) was conducted in 1995-1996. MIDUS
is a 1994 national sample survey of 7189 ran-
domly chosen adults ages 2574 years, as well as
1914 respondents to a separate nationally repre-
sentative sample of twin pairs. The wide age
range of the sample was intended to permit com-
parisons on persons in their early adult life to
those in midlife and old age. The survey permits
the assessment of many psychological factors
such as personality traits, sense of control, and
goal commitments and their linkages to marital
status, family structure, socioeconomic standing,
social participation, social support, employment
status, health status, and health-care utilization.
MIDUS respondent follow-ups were conducted
from 2002 to 2006, and there were a third round
of interviews from 2006 to 2011. This dataset,
including sibling data, will permit models that
separate the effects of family origins and early
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life experiences from the impact of low birth
weight at retirement age and beyond.

10 Conclusion

The interdependent challenges of prematurity
and socioeconomic risk create numerous hurdles
for achieving optimal physical, developmental,
and emotional health. With over 50,000 surviv-
ing extremely preterm and very preterm infants
per year in the United States, we have the equiva-
lent of an ongoing annual polio crisis in the pre-
vaccination era. Not only are many of these
children growing up in families that are strapped
for material resources, services and time, but our
current early intervention and preschool systems
are not delivering child health, developmental,
and behavioral supports on a population basis.
Therefore, there is decreased likelihood that the
325,000 late preterm survivors who annually
enter kindergarten will be healthy and ready to
learn. Nor will they stay on track during the first
three grades, achieving adequate levels of liter-
acy, numeracy, information handling, and social
participation; they will need to succeed in school
and life. As their development lags and their aca-
demic performance falters, there is too often a
response of educational systems, especially dur-
ing the middle school years, to divert children by
using grade repetition, expulsions, and
nonevidence-based remediation that only
increase the likelihood that the child will leave
school or be classified with behavioral problems.
Importantly, unlike their middle-class and afflu-
ent counterparts, low-income children with a
spectrum of neurodevelopmental dysfunction
will have less access to high-quality medical
care, appropriately targeted and responsive
parent-child interactions, quality educational
accommodations and explicit strategies for pro-
moting basic competencies, and extracurricular
activities.

Although potentially detrimental to a child’s
future, his/her gestational age and birth weight
are rarely the major determining factors when
long-term educational, social, and behavioral
outcomes are considered. In this chapter we have

examined several research studies that empha-
sized the importance of family, social, and eco-
nomic environmental factors, which can either
aggravate or moderate neonatal risks caused by
premature birth. Much is to be gained by atten-
tion to how adversity impacts allostatic load, and
through epigenetic mechanisms and complex
protective buffers of parenting, health promotion,
and social supports, leads to long-term outcomes
of thriving across physical, behavioral, and social
health outcomes. With so much to lose while liv-
ing under suboptimal conditions, it is of critical
importance that both health and educational pro-
fessionals create systems for enhancing access to
early childhood learning experiences, parenting
supports, quality preschool education services,
and biopsychosocial strategies in middle child-
hood to help children achieve basic educational,
behavioral, and social competencies and adoles-
cent supports of mentoring, preparation for inde-
pendent living, and proactive behavioral health
strategies for stress, time management, mood dis-
orders, and self-efficacy. We need more research
about how to spread and scale successful biopsy-
chosocial health development strategies at a
community level to insure that VLBW and
ELBW survivors do not miss out on the critical
experiences, which have potential to compensate
for birth disadvantage, and are critical for long-
term adult success. A summary of the gaps and
recommendations for increasing research in life
course health development after prematurity
follows.

Research in life course health development
for children who survive prematurity has made
the following advances:

1. Medical advances in pregnancy: Over the past
decades, there has been improved manage-
ment of high-risk pregnancy disorders such as
hypertension, diabetes, multiple gestation,
intrauterine growth restriction, prenatal infec-
tions, and fetal malformations. There has been
growing awareness that women’s health
involving the use of tobacco, alcohol, illicit
drugs, anticonvulsants, and antidepressants
has subtle neurobehavioral consequences on
child development. Additionally, society has



342

M.E. Msall et al.

had greater recognition that poverty, social
adversity involving basic resources as well as
lack of partner/family supports, previous pre-
term birth, minority status, limited education,
and low health literacy increase the risk of
low birth weight, prematurity, and early child-
hood health and developmental impairments.

. Medical advances in the neonatal period:

Over the last decades, there has been remark-
able improvement in the management of pre-
mature labor and delivery. In particular, the
widespread screening for and treatment of
Group B Streptococcus colonization and the
use of maternal corticosteroids when preterm
labor presents have had marked improvements
in premature survival and sequelae of neona-
tal infections. We have had improved resusci-
tation and neonatal transport to tertiary care
centers. Throughout the vulnerable neonatal
course, improved respiratory support (the use
of positive pressure and noninvasive ventilator
techniques after surfactant), evidence-based
nutritional interventions, and infection control
management have improved neonatal
survival.

Although there is increased recognition that

very and extremely preterm survivors experience
a variety of health (e.g., growth, pulmonary),
neurological (e.g., sensory impairments, sei-
zures), neurodevelopmental (e.g., CP, ID, ASD),
and learning and behavior impairment, the
population-level risks have not been systemati-
cally measured. In order to improve life course
health development, we propose seven theme

Ies

earch agenda.

11

1.

Recommendations

for an After Prematurity Life
Course Health Disparities
Research Agenda

Establish national registries.

It is imperative to create national registries
for children from birth to 5 years old who are
at highest risk of CP and neurodevelopmental
disabilities such as intellectual disability, neu-

rosensory disability, and autism spectrum dis-
orders. These registries would not only
include preterm infants but also include term
infants with history of critical illness from
cardiac, pulmonary, infectious, neurological,
or genetic disorders. Such registries would
allow for the investigation of diverse interven-
tions and link health, early intervention, spe-
cial education, and rehabilitation services to
long-term outcomes across the life course.
Most importantly attention must be paid to
maternal health, adversity, and mental health.
Registries ought to include placental samples
as well as cord blood and newborn screening
blood spots, in order to allow for the evalua-
tion of early biomarkers of toxic stress during
early childhood.

. Build population-based datasets.

To understand health across the life course,
it is imperative to create population-based
datasets which originate at delivery and during
newborn primary care visits. We must be able
to link information on birth certificates with
early childhood health, developmental, and
educational outcomes through collaborative
arrangements between public health, regional
neonatal follow-up, early intervention, and
district-wide educational testing. We should
use these population databases to engage in
ongoing health and developmental surveil-
lance of all children with all degrees of prema-
turity requiring neonatal intensive care,
especially those with seizures, neonatal
encephalopathy, congenital heart disease, mal-
formation requiring surgery, and abnormalities
in newborn genetic and hearing screening. We
should model our US efforts on the
Longitudinal Study of Australian Children to
understand diverse trajectories of health,
development, and behavior for those with and
without special health-care needs.

Preterm infants need the establishment of
longitudinal data collection registries that can
collect information that is similar to the
National Survey of Children’s Health and
NHIS disability follow-up studies. We must
determine the risk factors for trajectories of
positive and negative outcomes across cohorts
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of middle childhood, adolescence, and adult-
hood for sequential preterm survivors who
were <28 weeks of gestation, 29-31 weeks of
gestation, 32-36 weeks of gestation, and term
gestation. Only with informed, collaborative,
and comprehensive life course health devel-
opment registries will we determine ways to
support resiliency among preterm offspring of
high-risk mothers with respect to health,
developmental, educational, and social out-
comes over the life course.

. Expansion and evaluation of comprehensive
health and developmental surveillance inter-
ventions on a population level.

We need to improve population surveil-
lance for children exposed to high-risk mater-
nal conditions such as hypertension, diabetes,
obesity, asthma, seizure disorders, depression,
ADHD, anxiety, and maternal use of tobacco,
alcohol, and illegal substances. In the setting
of these risk factors, we must evaluate what
factors promote maternal and child resiliency
and promote positive newborn and develop-
mental outcomes. We must understand which
factors mitigate the negative effect of these
exposures on growth, obesity, developmental
delays, and regulatory disorders. We should
seek to determine the impact of positive par-
enting, quality early child education (early
intervention, head start preschool program-
ming), and pediatric medical homes especially
using neonatal and epigenetic biomarkers.

Surveillance should extend beyond the

neonatal period into preschool (ages
2-4 years) to identify young children who
lack the basic numeracy, literacy, and social
and emotional maturity needed to enter kin-
dergarten ready to learn. Kindergarten is also
a key transition for measuring health and
developmental status, yet there are no system-
atic screening modalities in place at kinder-
garten entry across diverse biomedical and
social risks.
. Integration of twenty-first-century technolo-
gies to improve care coordination and inte-
grated health and engage families in
time-efficient interventions.

Diagnostic tools such as fidgety move-
ments are shown to have high reliability in
detection of future motor delays; texting has
been shown to improve parental engage-
ment with early childhood development;
and telemedicine has enabled the delivery
of highly specialized care to remote or
mobility-challenged populations. These
growing technologies, increasingly available
across socioeconomic populations, must be
fully embraced and leveraged for population
surveillance and therapeutic interventions.

5. Shift research methodology from antiquated
methods studying individuals and parent-child
dyads to novel techniques examining clusters
of families and communities.

Increasingly we need to better understand
the power of parent-child interactions on
determining developmental trajectories in
conjunction with genetic and epigenetic bio-
markers. Furthermore, siblings certainly
impact health and development of one another,
yet most research fails to consider the contri-
bution of sibling factors. We must seek to
develop and improve our research modalities,
which look beyond a single child as the unit of
measure and examine interrelatedness among
family and community factors.

6. Research  on  impacting  parent-child
interventions.

A critical need is to formally evaluate the
caregiving environment of premature infants
and determine how cumulative parent-child
interactions impact the child’s developmental
capacities and parental health and well-being.
Examine developmental activities as a part of
everyday childcare tasks to promote early par-
ent involvement and positive health and regu-
latory trajectories.

7. Determine what types of interventions effec-
tively impact maternal mental health in the
setting of adversities.

It is incompletely known how maternal men-
tal health stressors (depression, anxiety, isola-
tion, and violence) increase vulnerability of
children when they do not receive quality early
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childhood social learning and behavioral
supports. Strategies for integrating maternal and
child physical and behavioral health have the
potential to increase resilience for high-risk
populations.

By combining themes from this research
agenda to populations involving life course
health development and the ICF model for pro-
moting health, functioning, and participation, we
have the opportunities to improve thriving after
prematurity and measure our impact on long-
term health, education, and community costs.
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