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Exploring the Impact of the Home Environment as a Moderator in School
Performance Outcomes of Low-Birth-Weight Survivors: A Social-Epidemiologic
Perspective

Abstract

There has been substantial research on low birth weight (LBW) as a predictor of adverse educational and
cognitive outcomes. LBW infants perform more poorly on cognitive battery tests than children born full
term and at normal birth weight, however children exposed to similar risks do not all share the same
experiences. The complex, interrelated factors responsible for these long-term developmental problems
vary for different populations, but researchers hypothesize that neighborhood conditions and the home
environment may influence the infants’ long-term health outcomes.

This research seeks to examine the home environment as a moderator in the causal pathway from
neonatal brain injury to school performance in a secondary analysis of a prospectively-studied,
geographically-defined cohort from the Neonatal Brain Hemorrhage Study (NBHS).

The secondary analysis sample included 543 infants with birth weights of 501g-2000g who were born
consecutively in three community hospitals in New Jersey between September 1, 1984, and June 30,
1986. The data that were needed came from three different time points (Birth-NICU stay, 6 year-old follow-
up, and 9 year-old follow-up). These data were gathered by medical record abstraction, head ultrasound
results, maternal interview, and home visits.

The dependent variable studied was school performance, as measured by the Woodcock-Johnson Tests
of Achievement reading and math scores. The home environment variables/moderators tested included:
Discipline, Toys, Home Observations, Neighborhood Observations, and Family Cohesion & Conflict.
Perinatal brain injury was the predictor variable of interest. These data were analyzed using multi-step
hierarchical regression modeling.

A moderating effect between Neighborhood Observations and brain injury was demonstrated for the
outcome math score. The moderating relationship was found for Neighborhood Observations in the
category of children with no brain injury (B=1.76 p=.005). While there appears to be some statistically
significant and potentially clinical meaningful models when looking at Discipline, Toys, Neighborhood
Observations, and Observations in the Home as they relate to reading and math scores, a moderating
effect is only present in these data with the variable Neighborhood Observations.

The findings suggest that at least one variable (Neighborhood Observations) within a LBW child’s socio-
environmental milieu can moderate the effects of perinatal brain injury on school performance outcomes.
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ABSTRACT
EXPLORING THE IMPACT OF THE HOME ENVIRONMENT AS A MODERATOR IN
SCHOOL PERFORMANCE OUTCOMES OF LOW-BIRTH-WEIGHT SURVIVORS: A SOCIAL-
EPIDEMIOLOGIC PERSPECTIVE
Ashley E. Darcy, MSN, RN, NNP-BC

Dissertation Supervisor: Jennifer Pinto-Martin, PhD, MPH

There has been substantial research on low birth weight (LBW) as a predictor of
adverse educational and cognitive outcomes. LBW infants perform more poorly on cognitive
battery tests than children born full term and at normal birth weight, however children
exposed to similar risks do not all share the same experiences. The complex, interrelated
factors responsible for these long-term developmental problems vary for different
populations, but researchers hypothesize that neighborhood conditions and the home
environment may influence the infants’ long-term health outcomes.

This research seeks to examine the home environment as a moderator in the causal
pathway from neonatal brain injury to school performance in a secondary analysis of a
prospectively-studied, geographically-defined cohort from the Neonatal Brain Hemorrhage
Study (NBHS).

The secondary analysis sample included 543 infants with birth weights of 501g-2000g
who were born consecutively in three community hospitals in New Jersey between
September 1, 1984, and June 30, 1986. The data that were needed came from three different
time points (Birth-NICU stay, 6 year-old follow-up, and 9 year-old follow-up). These data
were gathered by medical record abstraction, head ultrasound results, maternal interview, and

home visits.



The dependent variable studied was school performance, as measured by the Woodcock-
Johnson Tests of Achievement reading and math scores. The home environment
variables/moderators tested included: Discipline, Toys, Home Observations, Neighborhood
Observations, and Family Cohesion & Conflict. Perinatal brain injury was the predictor
variable of interest. These data were analyzed using multi-step hierarchical regression
modeling.

A moderating effect between Neighborhood Observations and brain injury was
demonstrated for the outcome math score. The moderating relationship was found for
Neighborhood Observations in the category of children with no brain injury (=1.76 p=.005).
While there appears to be some statistically significant and potentially clinical meaningful
models when looking at Discipline, Toys, Neighborhood Observations, and Observations in
the Home as they relate to reading and math scores, a moderating effect is only present in
these data with the variable Neighborhood Observations.

The findings suggest that at least one variable (Neighborhood Observations) within a
LBW child’s socio-environmental milieu can moderate the effects of perinatal brain injury on

school performance outcomes.
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Chapter I - INTRODUCTION & SIGNIFICANCE

Preterm infants are a potentially vulnerable population. Their shorter gestation
and lower birth weight place them at greater risk for a variety of health and
developmental problems, including long-term motor, cognitive, behavioral, and growth
problems. It has been well documented that low-birth-weight and preterm infants have a
high incidence of perinatal brain injury and have high rates of poor school performance
(Hack, Taylor, Klein, Eiben, Schatschneider, & Mercuri-Minich, 1994; Saigal, Hoult,
Streiner, Stoskopf, & Rosenbaum, 2000; Buck, Msall, Schisterman, Lyon, & Rogers,
2000; Saigal, Ouden, Wolke, Hoult, Paneth, Streiner, Whitaker, & Pinto-Martin, 2003;
Volpe, 2003; Inder, Warfield, Wang, Huppi, & Volpe, 2005; Limperopoulos, Bassan,
Gauvreau, Robertson, Sullivan, Benson, Avery, Steward, Sould, Ringer, Volpe, duPlesis,
2007); however not every infant with perinatal brain injury does poorly in school. The
biologic vulnerability of LBW infants may be compounded by environmental
disadvantage as evidenced by lower developmental scores in analyses controlling for
neonatal health status (Brooks-Gunn et al, 1992).

The complex, interrelated factors responsible for these long-term developmental

problems vary for different populations, but researchers hypothesize that neighborhood
conditions and the home environment may influence the infants’ long-term health and

birth outcomes.

Research Goal and Specific Aim
This research seeks to examine home environment as a moderator in the causal
pathway from neonatal brain injury to school performance in a prospectively-studied,

geographically-defined cohort from the Neonatal Brain Haemorrhage Study (NBHS, 1-



ROT NS 20713 - N. Paneth PI). There has been substantial research on low birth weight
(LBW) as a predictor of adverse educational and cognitive outcomes. Less is known,
however, about the home environment factors that influence the LBW infants’
developmental experience. There has been a gradual realization that the outcomes of low
birth weight infants may stem beyond the biologic risk factors. Specifically, does the
interaction with the home environment help to explain the substantial variation in
cognitive outcomes among these infants after they leave the neonatal intensive care unit
(NICU)? Further, what specific environmental factors moderate the risk conferred by
perinatal events?
Specific Aim
To explore whether the home environment acts as a moderator in the relationship
between perinatal brain injury and school performance among low-birth-weight
Survivors.

a. Hypothesis: The relationship between perinatal brain injury and school
performance differs by characteristics of the home and family
environment.

Study Sample

This research is based on a secondary analysis of the school-age data set from the
NBHS in order to answer the research question from both a public health and nursing
paradigm. As a continuously funded NIH study, these data have been collected over the
past 18 years. Today, it represents a cohort of more than 650 children, approximately 25
percent of whom are categorized as minorities.

The sample used in this study is derived from the largest prospective, population-

based study reported to-date on the adverse effects of low birth weight on school



performance and achievement. The parent study included 1,105 infants enrolled between
September 1984 and June 1987. The enrolled cohort represented 84.8 percent of all births
<2000g in the three county area of New Jersey during the study period. Follow-up

assessments of the parent study were conducted at ages two, six, nine, 16, and currently -
21 years old. The current analysis will use data collected at birth and at age six and at age

nine.

Epidemiology of low birth weight and premature infants in the US

Infant mortality and the incidence of preterm births are significant markers for the
health of a population. Preterm infants represent 12.5 percent of births in the United
States. Approximately 50,000 infants are born yearly with a birth weight less than 1500g.
This group represents 1.2 percent of all births, a number that has been consistent over the
past decade (Volpe, 1998). Of the more than 50,000 infants born in the United States with
a birth weight less than 1500g, approximately 85 percent survive (Guyer, 1999).

Preterm birth is defined as those infants born less than 37 completed weeks (36 6/7 or
day 259) of gestation. Low-birth-weight is defined as birth weight less than 2500 grams
at the time of delivery (March of Dimes 2006, World Health Organization, 2009;
Goldenberg & Rouse, 1998). This is further broken down to smaller classifications of low
birth weight: Very Low Birth Weight (VLBW, less than 1500 grams) and Extremely Low
Birth Weight (ELBW, less than 1000 grams) (March of Dimes 2006, World Health
Organization, 2009; Goldenberg & Rouse, 1998). These classifications are used
frequently in epidemiologic data, targeted interventions, and clinical outcomes.

Significant racial, ethnic, and socioeconomic disparities persist in the rates of

preterm births in the United States. For example, the highest rate of preterm births is



among African American women — 17.8 percent, compared to 11.5 percent among
Caucasians (IOM, 2006). Marked socioeconomic disparities in preterm births exist not
only in the US, but also internationally (IOM, 2006). These racial, ethic, and
socioeconomic disparities remain prominent and unexplained. Deconstructing the
complexity of biological, social, and environmental factors involved in the long term
outcomes of low-birth-weight and preterm infants necessitates an interdisciplinary
approach to research directed at understanding predictors, mediators, and moderators of

neuro-developmental outcomes.

Morbidities associated with LBW

It has been well-established that low birth weight has a significant association with
poor school performance and cognitive development (Drillen et al, 1980; Hack, Taylor,
Klein, Eiben, Schatschneider, & Mercuri-Minich, 1994; Hack et al 1996; Klien et al,
1989; Hack et al 2000; Vohr et al, 2003; Saigal, Hoult, Streiner, Stoskopf, & Rosenbaum,
2000; Buck, Msall, Schisterman, Lyon, & Rogers, 2000; Saigal, Ouden, Wolke, Hoult,
Paneth, Streiner, Whitaker, & Pinto-Martin, 2003). These include poorer cognitive
function and academic performance when compared to normal birth weight controls.
Learning problems resulted in higher rates of special education as well as grade retention
and repetition, all of which have been documented in more recent literature (Pinto-
Martin, Whitaker, Feldman, Cnaan, Zhao, H., McCulloch, D., et. al, 2004). In addition to
prematurity, the overuse of oxygen and antibiotics in the NICU have been contributing
factors to poorer outcomes, including cerebral palsy (CP), blindness, and deatness (Hack,
2006). The advances in technology and pharmacologic agents have enabled smaller and

younger babies to survive. These infants are left with a host of morbidities ranging from



subtle to severe.

Neurocognitive outcomes in infants born very preterm (less than 32 weeks
gestation) remain a major concern in neonatology. Not only have preterm birthrates
increased, but survival rates have also improved since 1990. Accordingly, it is imperative
to develop strategies aimed at vigilant developmental screening and early developmental
interventions (Brunssen & Harry, 2007). This is especially important due to the fact that
newborns delivered preterm are at increased risk for brain lesions which are associated
with adverse neurodevelopmental outcomes. (Miller, et al 2006; Gardener, MR, 2005;
Synnes et al., 2006; Limperopoulos, et al, 2007).

In recent years, developmental research has gained significant attention among
policy makers, researchers, practitioners, advocacy groups, and patients. There has been
substantial research on low-birth-weight infants and neurologic insults as a predictor of
adverse educational and cognitive outcomes (Hack et al 2000; Pinto-Martin, Whitaker,
Feldman, Van Rossem, Paneth, 1999; Limperopoulos, bassan, Gauvreau, Robertson,
Sullivan, Benson, Avery, Steward, Sould, Ringer, Volpe, duPlesis, 2007). Predictors of
poorer outcomes for VLBW survivors include social and environmental risks, biologic
risk factors (including male sex), and complications of prematurity, including the
germinal matrix intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL),
chronic lung disease, infection, and subnormal growth (Hack, 2006).

The survival rate of preterm infants has drastically improved over the past three
decades. While mortality rates have improved, there is still substantial morbidity
associated with preterm birth. Of the children who experience perinatal/neonatal
neurologic insults many are ELBW (<1000g) and extremely preterm infants (<28 weeks’

gestation) (Volpe, 2001). Neurologic insults of interest include intraventricular



hemorrhage, ventriculomegaly, and periventricular parenchymal damage (Hack, Taylor,
Klein, Elben, Schatschneider, & Mercuri-Minich, 1994; Volpe, 2003) .

Additionally, the spectrum of disabling conditions associated with preterm infants
range from cerebral palsy, mental retardation to vision impairment, hearing loss, and
more subtle disorders (IOM, 2006).These neurologic insults have also led to a number of
other long-term outcomes including behavioral problems, intellectual and educational

issues, and developmental differences.

Perinatal Brain Injury & Poor School Performance

Of the approximately 50,000 infants born at <1500g in the US, 85 percent of
these infants survive. Five to fifteen percent (5-15%) exhibit major spastic motor deficits
generally defined on the spectrum of cerebral palsy. Further, 25-50 percent exhibit
developmental disabilities related to cognition, behavior and motor activity with school
disturbance being a nearly uniform result (Volpe, 1999).

The pathogenesis of brain injury is complex and not fully understood. The
principal brain lesions that underlie much of the neurologic manifestations seen in
preterm infants are intraventricular hemorrhage (IVH) (and its accompanied
complication, periventricular hemorrhagic infarction) and periventricular leukomalacia
(PVL) (Volpe, 1999).

By school age, poor academic achievement may become evident in children
without obvious neurodevelopmental impairments. These children have decreased
intelligence scores when compared to infants of normal birth weight. Further,
neuropsychological testing reveals that they perform more poorly on measures of

attention, executive function, memory, spatial skills, and motor function (Hack, 2000).



Environment

There is evidence across all birth weights and ages that the social conditions of a
child’s family are an important aspect to understanding the development process (Hogan
& Park, 2000). Wachs and Gruen argued in 1982 that environments should not be thought
of in global terms such as good versus bad environments, but that researchers should pay
more attention to the aspects within the environment that influence developmental

outcomes (Wachs & Gruen, 1982 in Dubow & Luster, 1990).

Higher levels of maternal education, higher socioeconomic status, and parents
who are married at the time of conception have better prenatal care and generally fewer
neonatal complications (Hogan & Park, 2000). Further, while brain injury occurs in 5-15
percent of infants at <1500g, poverty remains the major predictor of low 1Q (Hogan &
Park, 2000). It remains that a cumulative social risk index (i.e. maternal age, maternal
education, poverty, etc) is a better predictor of cognitive outcome than any single risk
factor (Perlman, 2001).

The biologic vulnerability of low-birth-weight infants coupled with the
environmental disadvantage is evidenced by lower developmental scores in analyses
when controlling for heath status (Brooks-Gunn et al, 1992). Children with both biologic
and environmental risk have been dubbed to be at “double jeopardy” for developmental
delays (Brooks-Gunn, 1992; Parker, Greer & Zuckerman, 1988; Escolana, 1982).

Certainly more favorable social conditions including access to care, parental
recognition of illness or disability, and early medical intervention help to buffer children
from functional limitations and disabilities associated with impairment. However, what

continues to remain in question is why some children from poverty-stricken



environments with high neonatal risk factors do well, or at least better, than their upper-
middle class counterparts.

For this study, the independent variables of interest include five different
areas/moderators of the home environment taken from the parent study’s “Parental
Environment Scale” tool. This scale is broken down into five different areas of interest:
discipline, toys, home observations, neighborhood observations, and family cohesion &

conflict.

Etiologic Schematic for my hypothesis

The schematic for this study (see figure 1-1) is a pictorial of the variables and
how they interact with one another. This study will consider both the infant risk factors
and the family characteristics as they interact with each other, the home environment, and
directly with the cognitive outcome of the patient.

Starting from the left side of the schematic there are bidirectional arrows
connecting infant risk factors and family characteristics because much of the high-risk
perinatal and neonatal literature suggests that these two are directly correlated. As stated
earlier in the introduction smaller, more preterm infants are born in a proportionally
higher percentage to minorities and women of lower SES. The large blue arrows
indicate theories relating to LBW infants that are generally held as accepted truths in
academic literature relating to LBW infants. The red arrow is the hypothesis tested in this
proposal: Does the home environment acts as a moderator in the relationship between
perinatal brain injury and school performance among low birth weight survivors in the
presence of family and infant risk factors. It is generally accepted that there are certain

factors in an individual and a family that affect school performance, but my hypothesis



asserts that the home environment plays a moderating role in the cognitive outcomes of

LBW survivors as measured by the Woodcock-Johnson Battery.

LBW Survivor < 2kg

Family Characteristics

Income, Race

!

Infant Risk Factors
Birth Weight, Ventilator Days,
Gender

i

Perinatal Brain Injury

None T—

School Performance

Woodcock-Johnson
-Math Score

- -Reading Score

Mild (germinal matrix or intraventricular
hemorrhage - GM/IVH)

Severe (Parenchymal lesion/ventricular
enlargement - PL/VE)

Home environment
Discipline, Toys, Neighborhood,

Environment, Observations in Home,
Cohesion and Conflict

Figure 1-1 - Etiologic Schematic
Study Significance/Implications

Neurocognitive outcomes in infants born very preterm remain a major concern in
neonatology. On the whole, low birth weight groups perform more poorly on cognitive
battery tests then children born full term and at normal birth weight (Levy-Shiff, Einat,
Mogilner, Lerman, & Krikler, 1994; Hack, Taylor, Klein, Elben, Schatschneider, &
Mercuri-Minch, 1994; Hack, 2006; Gardener, 2005), however, there is important
variation within the low birth weight population. Children exposed to similar risks do not
all share the same experiences. Exploring reasons why some children are coping

effectively represents and important area of inquiry.
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The findings from this research study will improve our understanding of how the
socio-environmental milieu in which a low birth weight child develops can moderate the
effects of perinatal brain injury to improve long-term cognitive outcomes.

It is imperative to develop strategies for vigilant developmental screening and
early developmental interventions (Gardner, 2005). This is especially true in infants
because of a phenomenon known as neuroplasticity. This is the ability of the brain to
reorganize new pathways based on experience. Said a different wayj, it is the ability of the
brain to change with learning. While this phenomena occurs over a person’s lifetime, the
most rapid growth occurs in the first three years of life in the exponential number of new
synapses formed (Gopnick, et al., 1999). Strategies aimed at developmental care both
inside and outside of the NICU may help moderate the impact of brain injury and
plasticity on preterm infants.

Early detection and parental education regarding decreased environmental
stressors and increased environmental support have been shown to be effective for
improving neurobehavioral outcomes in some preterm infants (Gardner, 2005). While the
questionnaire used for this study is limited in its scope, it enables the researcher to obtain
a basic understanding of each home variable being tested. At its core, this study is aimed
at understanding what parts of the home environment are more important to help families
optimize development for their child across all socioeconomic backgrounds. Referring
families for developmental follow-up prior to discharge and prior to any disabilities
becoming apparent will allow for more careful screening and a more rapid response to the
child’s needs. Guiding nursing participation in terms of understanding what problems
they can help families work through will enable public health nurses to be most effective

in guiding care for these infants.



Further, advocating for interdisciplinary services including physical therapy, speech
therapy, and positioning devices and appropriate stimulation while the infant is in the
NICU is essential to maximizing functional capacity (Gardner, 2005).

Any attempt to improve neurodevelopmental outcome will have to focus on
understanding the pathophysiology of brain injury and its relationship to other variables
in the child’s environment that may influence developmental sparing or recovery after
brain injury (Hack & Taylor, 2000). The findings from this study will help to guide
interventions that have practical applicability in communities and homes. Nurses are
uniquely positioned at the forefront of public health to substantially improve school
performance in these children by optimizing a child’s home environment for maximal

environmental stimulation.

11
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Chapter 2 - LITERATURE REVIEW

As medical technology has allowed for increasing numbers of premature infants to
survive, their associated quality of life and developmental outcomes have been placed at
the forefront of ethical, economical, and policy decisions. Long-term developmental
outcomes have shown increased rates of motor, cognitive, language, and behavioral
deficits in low birth weight infants. Over the past thirty years, there has been increased
interest in the role of physical environment, social context, and behavioral risk factors
that determine health outcomes. The biologic vulnerability of LBW infants may be
compounded by environmental disadvantage as evidenced by lower developmental scores
in analyses controlling for neonatal health status (Brooks-Gunn et al, 1992).

Much work has been done in an attempt to disentangle the association of
socioeconomic status and environment on brain development and cognitive ability
(Adams, 1990; Bradley et al, 2001; Capron & Duyme, 1989; Duncan et al 1998; Hurt et
al, 1998). There is a lack of definitive evidence regarding the directionality of whether
SES causes lower cognitive ability or whether SES influences cognitive ability through
childhood environment. The gap between low and middle SES children persists in nearly
all cognitive battery tests from 1Q to Bayley Infant Behavior tests (Hurt et al, 1998;
Duncan et al 1998), possibly explaining why poverty persists.

The social theory explaining the cycles of poverty has become known as the
Culture of Poverty by an anthropologist named Oscar Lewis (1965). He has theorized that
the burden of poverty has led to the formation of an autonomous subculture that exposed
children to behaviors and attitudes that perpetuated poverty across generations. Thus
these children being raised in an environment that made it difficult meet the same

standards of the middle class population. A twin study in 2003 showed that within low
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SES families the 1Q variation was far less genetic than environmental in origin
(Turheimer at al, 2003),

Understanding which aspects of the environment are responsible for cognitive
differences within different socioeconomic classes is vital. Cognitive stimulation,
engaging a child in conversation, reading, and the stress in the lives of families have all
been shown to contribute to the outcomes of children and their development (Bradley et

al, 2001; Brooks-Gunn and Duncan, 1997; Adams, 1990, Turner and Avison, 2003).

Developmental Theories and Perspectives

The purpose of conducting research on infants at risk for developmental delays is
to assist in guiding the individual plan of care, and devise interventions as needed to
maximize the health of the infants. The research is rooted in a theoretical framework that
long term neurodevelopmental outcomes for infants’ at risk for developmental delays can
be positively influenced by environmental interventions. By identifying infants at high
risk, the healthcare team is able to manage these children and provide them with best
practice interventions which suggest that nurture/environment can help change some of
the effects of nature (e.g. gestational age, birthweight, etc). The developmental theories
that underlie these assessments are the nature/nurture interaction as described by
Wohlwill’s tennis match model, Albert Bandura’s Social Cognitive Theory, and
Bronfenbrenner’s Ecological Systems Theory.

The theoretical perspective that guides much of the research related to infant
developmental assessment centers around Albert Bandura’s social cognitive theories
(Bandura, 1989). Bandura’s social learning theory emphasizes interactions between
behavior, cognition, and environment. Social learning theory explains how people learn

behavior and focuses on observations of others. Developmental tests were designed to
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recognize children at risk for developmental delays. Once recognized, members of the
child’s health care team can develop a plan of action to produce the best results for the
child (e.g. Early Intervention programs). Given this, researchers who are interested in
developmental assessments might model their assumptions on the tenet that
developmental outcome is a function of the organism and interaction with environmental
factors.

From this perspective, the infant is viewed as possessing strengths and potential
and is in continual interaction with the environment. Infants’ experiences and their
influences on development can be viewed like Wohlwill’s tennis match model where the
infant is an active participant in his/her environment (Wohlwill, 1973). In this model,
there is a constant interplay between biology (infant/organism) and the environment. This
model stems from the idea that functional or goal-directed activity is an active experience
and thus recruits the processes necessary for the development of psychological skills in a
more robust manner than passive experience (Anderson, Hubbard, Campos, Barbu-Roth,
Witheringotn, Hertenstein, 2000).

For the most part, infant developmental researchers use Bronfenbrenner’s
Ecology of Human Development to examine the interplay of the individual neonate and
environmental interaction (Bronfenbrenner, 1986). Put simply, this theory looks at a
child’s development in the context of the system of relationships that forms his/her
environment. According to Bronfenbrenner, “child development takes place through
processes of progressively more complex interaction between an active child and the
persons, objects, and symbols in its immediate environment. ” (Adapted from

Bronfenbrenner, 1998, p. 996)
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Determinants of Population Health: Social-Epidemiologic Perspective

Over the past thirty years, there has been increased interest in how society and the
role of physical environments, social context, and behavioral risk factors determine
health outcomes. The perspective used throughout this research came from the central
question of how any biological processes can be devoid of social context (Krieger, 2002,
WHO). In the nineteenth century, Villerme (1830) and Virchow (1848) refined
observations identifying social class and work conditions as crucial determinants of
health and disease (Berkman & Kawachi, 2000). Durkheim wrote in 1897 about the
relationship between social integration and patterns of suicide. The idea that social and
biological processes shape population health is not a new concept; however, social
epidemiology is (Berkman & Kawachi, 2000). Social epidemiology as defined by
Kreiger “is distinguished by its insistence on explicitly investigating social determinants
of population distributions of health, disease, and wellbeing, rather than treating such
determinants as mere background to biomedical phenomena” (Krieger, 2002, WHO).

The Social Model of Health by Dahlgran and Whitehead (1991) [Figure 2-1] is the
best pictorial model to guide the theory used throughout this research project. This model
describes the relationship between the individual, their environment, and disease. The
individual is set in the center of this model with fixed genetic factors such as age and sex.
Surrounding the individual are influences that can be modified, starting with personal
behavior. The layers beyond the individual can be either positive or negative. The model
then adds another layer, social and community networks. The next layer includes
structural factors that influence living and working conditions as well as access to
healthcare services and essential facilities. The final layer is a broad layer that

encompasses general socioeconomic, cultural and other macro-level conditions that
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influence health.
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FIGURE 2-2 A guide to thinking about the determinants of population health.
NOTES: Adapted from Dahlgren and Whitchead, 1991. The dotted lines between
levels of the model denote interaction cffects between and among the various levels
of health determinants (Worthman, 1999).

Figure- 2-1

Known risk factors affecting school performance and cognitive function
Birth Weight

Low birth weight serves as a marker for defining high risk newborns, as it is
correlated with prenatal risk factors, intra partum complications, and neonatal disease,
and 1s comprised primarily of premature births (Breslau & Chilcoat, 2000). Low birth
weight infants can be born at term or preterm and thus can have varying degrees of
medical risk. As they are not a homogenous group, there is a broad spectrum of
developmental outcomes. Significant work has been done across the world to focus on
birth weight and developmental outcomes. During the past 25 years, numerous reports
have revealed that birth weight, specifically low birth weight, is a significant predictor of
lower intelligence, poorer academic achievement, and more behavior problems when

compared to children of normal birth weight (Klein, Hack, Gallagher, et al, 1995;
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Kitchen, Ryan, Rickards, et al, 1980; Lloyd, Wheldall, Perks, 1988; Hack, Breslau,
Aram, Weissman, Klein, Borawski-Clark, 1992; Corman & Chaikind, 1998; Ment, Vohr,
Allan, 2003; Hack, Taylor, Drotar et al, 2005; Hack, 2006).

As a group they have higher rates of subnormal growth, illnesses, and
neurodevelopmental problems. The developmental sequlae for most low birth weight
infants include mild problems in cognition, attention, and neuromotor functioning while a
small minority suffer from mental retardation and/or cerebral palsy (Hack, Klein, &
Taylor, 1995; Breslau & Chilcoat, 2000). These children score lower on intelligence tests
than children of normal birthweight even when sociodemographic risk factors are taken
into account (Hack, Klein, Taylor, 1995; Saigal, Szatmari, Rosenbaum, et al, 1991).
These differences increase with decreasing birth weight (Hack et al, 1995).

Race

Significant racial, ethnic, and socioeconomic disparities persist in the rates of
preterm births in the United States. For example, the highest rate of preterm births is
among African American women — 17.8 percent, compared to 11.5 percent among
Caucasians (IOM, 2006). While the preterm birth rates among the African American
population is higher, the issue of the black race conferring a survival advantage among
preterm infants has been debated (Petrova, Mehta, Anwar, Hiatt, & Hegyi, 2003;
Alexander, Kogan, Bader, Carlo, Allen, & Mor, 2003; Morse, Wu, Ma, Ariet, Resnick, &
Roth, 2006).

In a 2003 study (Petrova et al, 2003) evaluating the impact of race on the outcome
of infants born less than 32 weeks, the researchers found that a higher proportion of black
infants were born less than 28 weeks (55% compared to whites and Hispanics at 37% &

38% respectively). As expected with relation to gestational age, the black neonates had a
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lower overall birth weight as compared to the other groups. However, no differences in
neonatal mortality and morbidity were noted in black infants as compared to white and
Hispanic infants despite the significant differences seen in gestational age (Petrova et al,
2003).

A more recent study in Pediatrics highlighted the survival rates among ELBW
infants according to race and gender (Morse et al, 2006). They found that the black race
conferred a significant survival advantage at 1 year of age across all gestational ages
among ELBW infants. The steepest part of the survival curves occurred among the lower
birth weights and gestational ages, indicating increasing advantage of black race as the
degree of prematurity increases. Further, their results suggest that the odds ratio for black
versus white survival was 1.3 (95% CI: 1.1-1.5), favoring black race (Morse et al, 2006).

This phenomenon has been reported anecdotally in NICUs across the country and
remains somewhat of a mystery. Theories suggest that it is possible that black fetuses
may experience accelerated maturation in response to social and biologic stressors
(Papiernik, Alexander, & Paneth, 1990) or that the disparity in neonatal morbidity may be

a result of a higher proportion of idiopathic preterm labor (Shieve & Handler, 1996).

Gender

Gender advantage with respect to neonatal mortality has been discussed in the
literature for more than four decades (Naeye, Burt, Wright, Blanc, & Tatter, 1971). The
female gender has had better long-term survival outcomes in many studies of low birth
weight infants. While it has not been elucidated as to which biologic factors contribute to
this natural selection, it has been clear throughout recent history that sex differences with

respect to neonatal survival are apparent.
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In the mid 1980s, Brothwood et al observed higher mortality rates and more
postnatal complications in very low birth weight boys than in girls (Borthwood, Wolke,
Gansu, Benson, & Cooper, 1986). These findings continue to be reported today
(Stevenson, Verter, & Fanaroff, 2000; Morse et al, 2006). Some striking data exists in the
statistical analysis of gender survival advantage in infants.

In a multivariate logistic regression of infants at the threshold of viability, girls had
an advantage in survival of nearly 100g increase in birth weight (Tyson, Younes, Verter,
& Wright, 1996). In infants weighing 501-1500g admitted to the 12 NICHD centers,
mortality for boys was 22% and that of girls was 15% (Stevenson, Verter, & Fanaroff,
2000). Female gender has been shown to increase the odds of survival in both white and
black racial groups (Morse et al, 2006). More recent studies have shown the female
survival rate to be more than 20% higher than males in infants born less than 800g. When
combining race and gender, the largest advantage is seen among black females compared
to white males, with a 2.1 (96% CI: 1.7-2.6) increased odds of survival (Morse et al,

2006).

Perinatal Brain Injury
Physiologic Underpinnings of Brain Injuries

Cognitive outcomes vary according to the severity and type of neonatal brain
injury. Intracranial hemorrhage is primarily a function of birth trauma. With the advances
in obstetrical medicine, birth trauma in term infants is minimal. Typically, the most
serious neurologic insults are thought to occur by 72 hours of life, often in utero or during
labor. The most common and disabling brain injuries in preterm infants are germinal

matrix intraventricular hemorrhage (IVH), posthemorrhagic hydrocephalus (PHH), and
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periventricular leukomalacia (PVL). The last of these appears to be the most important

determinant of neurologic morbidity in survivors less than 1500g (Volpe, 2003).

Germinal Matrix Intraventricular Hemorrhage (IVH)

In the preterm population, germinal matrix intraventricular hemorrhage (IVH) is
the most frequent neonatal intracranial hemorrhage. Germinal matrix IVH originates in
the subependymal germinal matrix, a richly vascularized site of active cellular
proliferation located immediately ventrolateral to the lateral ventricles in the premature
brain (Roland & Hill, 2003). The capillary bed in the germinal matrix is a vascular end
zone of arterial supply. Bleeding is hypothesized to be a result of the fragile germinal
matrix and a combination of poor cerebral autoregulation, particularly before 32 weeks’
gestation (Annibale & Hill, 2003). The fluctuations in blood flow and pressure can result
in the rupture of these capillaries.

The risk factors for IVH are multifactorial and may differ for early and late onset
IVH. The intravascular risk factors involve alterations in cerebral blood flow, volume,
and coagulation abnormalities. Sick infants often need medical support requiring
mechanical ventilation, indomethacin, anemia, hypoglycemia, labor and delivery, and/or
inhaled nitric oxide, all of which can place these infants at higher risk for germinal matrix
IVH.

Fluctuations in cerebrovascular regulation occur most often in sick premature
infants (Roland & Hill, 2003). The more mature the infant or child, the more likely the
cerebral blood flow is to remain constant over a wide range of systemic blood pressures.

In sick, preterm infants, their autoregulation is ineffective and they are very sensitive to
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the increases or decreases in systemic pressure. This causes rupture of their vessels in the
germinal matrix (Roland & Hill, 2003).

Another risk factor that places these infants at risk for IVH is vessel fragility.
Vessel fragility results from immature lining of the germinal matrix vasculature and
deficit in vascular support of germinal matrix from dehydration. Chorioamnionitis,
neonatal sepsis, and dehydration predispose these preterm infants to IVH, independent of
the hemodynamic changes (Roland & Hill, 2003).

Neurologic outcome is primarily related to the severity of the IVH. The severity
of these hemorrhages is based on cranial ultrasound findings that are graded according to
their size. Grades range from I-IV and are dependent on the size and dispersion of the
hemorrhage. Papile et al (1979) first defined these gradations. Grade I is defined as a
hemorrhage that remains confined to the subependymal germinal matrix; Grade II, a
hemorrhage into the lateral ventricles without ventricular dilatation; Grade III, a
hemorrhage with ventricular dilation; and Grade IV, a hemorrhage that extends into the
brain tissue with parenchymal involvement (Patra, Wilson-Costello, Taylor, Mercuri-

Minch, & Hack, 2006).

Posthemorrhagic hydrocephalus (PHH)

Posthemorrhagic hydrocephalus is progressive ventriculomegaly, or progressive
dilation of the ventricular system that develops as a complication of IVH. This is caused
by disturbed cerebrospinal fluid (CSF) dynamics and CSF accumulation. The
hydrocephalus results from impair flow and re-absorption of CSF (Volpe, 1997). Massive
IVH can result in rapid ventricular dilation and elevated ICP, followed by acute clinical

deterioration. Generally, however, PHH develops gradually over several weeks, with
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increasing head circumference being the first clinical sign. PHH tends to occur earlier in
very premature infants and typically does not resolve spontaneously. Serial lumbar
punctures or placement of a ventricular shunt can slow the progression of PHH (Roland

& Hill, 2003).

Periventricular Leukomalacia (PVL)

In addition to IVH, periventricular leukomalacia (PVL) is one of the most
common and most disabling brain parenchymal disorders in newborns. PVL is
characterized by severe focal and less severe diffuse cerebral white matter injury,
including destruction of neurons in the periventricular white matter, diffuse destruction of
oligodendrocytes, impaired myelination, decreased total white matter, and
ventriculomegaly (Volpe, 2001). These damaged areas eventually evolve into cysts that
are visible on cranial ultrasound (Inder, Warfield, Hang, Huppi, & Volpe, 2005).

PVL is more frequently seen in preterm infants and is associated with premature
rupture of membranes, maternal chorioamnionitis, asphyxia, and IVH (De Felice, Toti,
Laurini, Stumpo, Picciolini, Todros, et al, 2001; Wu & Colford 2000). While some of
these cysts resolve, the focal necrotic lesions of PVL (Cystic PVL) deep in the cerebral
white matter are a predictor of cerebral palsy (Pinto-Martin, Whitaker, Feldman, Van
Rossem, Paneth, 1999; Volpe, 2003). The more diffuse white matter injury and its

relation to cognitive and behavioral deficits are not entirely understood (Volpe, 2003).

Perinatal Brain Injury and Long Term Outcomes
There has been substantial data examining the relationship between perinatal brain

injury and later functioning. Newborns delivered at less than 32 weeks may have brain
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lesions at a rate upwards of 30 percent incidence. (Miller, et al 2006; Gardener, MR,
2005; Synnes et al., 2006). At present, a staggering 25-50 percent of survivors exhibit
abnormalities of cognition and behavior, with learning disturbance the nearly uniform
result (Volpe, 1998).

In a study from the NICHD in 2007, IVH occurs most frequently in infants born
before 32 weeks’ gestation or less than 1500g birth weight. More than 57,000 infants
were born at this birth weight in 2003 and data from the Vermont Oxford Network and
NICHD indicate that 5,800 of those infants experienced Grade I1I-1V IVH (Fanaroff,
Stoll, Wright, et al, 2007). In a series of 4,593 infants with a birth weight from 501 to
1500g, for example, IVH occurred in 32 percent (Fanaroff, Stoll, Wright, et al, 2007).
The prevalence was highest in the least mature infants, and severe IVH (Grades III and
IV, as determined by ultrasonography) occurred in 6.1, 5.0, 4.6, and 1.8 percent of
survivors with birth weights from 501 to 570g, 751 to 1000g, 1001 to 1250g, and 1251 to
1500g, respectively (Fanaroff, Stoll, Wright, et al, 2007).

Grade III-IV IVH is a major predictor of adverse outcome at school age. Hack et
al showed that low Bayley scores combined with severe abnormalities on cranial
ultrasound (defined as Grade III-IV IVH, ventriculomegaly, and PVL) are early markers
of poor cognitive outcomes (Hack et al, 2005). Multiple geographically-based population
studies support the conclusion that LBW children are at excess risk for major childhood
disability. By two years of age, nearly eight percent are found to have disabling cerebral
palsy, and by school age, five percent have severe (moderate to profound) mental
retardation (Pinto-Martin, Whitaker, Feldman, Van Rossem, Paneth, 1999).

The Indomethacin IVH prevention trials showed that infants born at 600 to 1250g

with Grade III-IV IVH more commonly had cerebral palsy and mental retardation. Also
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of note, in the same cohort of children, infants with no history of IVH or Grade I-1I IVH
had improving test scores over time, while infants with Grade III-IV IVH had worsening
test scores over time (Ment, Oh, Ehrenkranz, et al 1994; Vohr, Allan, Westerveld,
Schneider, Katz, Makuch, & Ment, 2003). Further studies have demonstrated similar
findings, with as many as 53 percent of a sample of infants with Grade III-IV IVH having
developmental delays at 20 months and 69 percent having some form of cognitive, motor,
or sensory impairment. These impairments persisted in infants with ventriculomegaly (56
percent having severe delays) and PVL (63 percent having severe delays) (Vohr, Allan,
et al. 2003).

While the risk of infants with Grade I-II IVH is not as great as the more severe
gradings, longitudinal studies have still found these children to have developmental
deficits at school age. In a study of 362 infants, infants with Grades I-II IVH had poorer
neurodevelopmental outcomes at 20 months’ corrected age than infants with normal
cranial ultrasound. Poorer outcomes included higher rates of major neurolgoic
abnormality, deafness, and poorer cognitive development as evidenced by lower Bayley
Motor Development Index (MDI) scores (Patra, Wilson-Costello, Taylor, Mercuri-Minch,
& Hack, 2006). It should be noted that in a study of 328 infants at 600-1250g, some
children were still at risk for neurologic impairments even when they did not develop
normally. In the study by Vohr et al (2003), they reported eight percent of patients in the
indomethacin group and six percent in the placebo group who did not develop IVH were
neurologically impaired in some way. (Vohr, et al, 2003).

While IVH is more easily recognized on neuroimaging, PVL is often a more
critical determinant of outcomes. PVL has been shown to be a significant predictor of

severe developmental delay as measured by standardized tests such as the Wechsler
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Intelligence Scales for Children and the Bayley Scales of Infant Development (Volpe,
2001). A 2001 study by Pierrat demonstrated that 74 percent of infants with PVL
associated with small, localized cystic changes had signs of cerebral palsy by 24 months

corrected age (Pierrat, Duquennoy, van Haastert., Ernst, Guilley, & de Vries 2001).

Perinatal Brain Injury & Poor School Performance

The pathogenesis of brain injury is complex and not fully understood. The
principal brain lesions that underlie much of the neurologic manifestations seen in
preterm infants are intraventricular hemorrhage (IVH) (and its accompanied
complication, periventricular hemorrhagic infarction) and periventricular leukomalacia
(PVL) (Volpe, 1999). Of the approximately 50,000 infants born at <1500g in the U.S., 85
percent of these infants survive. Five to fifteen percent exhibit major spastic motor
deficits generally defined on the spectrum of cerebral palsy. Further, 25-50 percent
exhibit developmental disabilities related to cognition, behavior and motor activity, with
school disturbance being a nearly uniform result (Volpe, 1999). A more recent study
suggests that extreme prematurity (<28 weeks’ gestation) places infants at a three-fold-
or-greater risk for grade repetition, special education services or school-based services
(Buck et al, 2000).

By school age, poor academic achievement becomes evident in children without
obvious neurodevelopmental impairments. These children have decreased intelligence
scores when compared to infants of normal birth weight. Further, neuropsychological
testing reveals that they perform more poorly on measures of attention, executive
function, memory, spatial skills, and motor function (Hack, 2000).

In 1994, Hack and colleagues described a study where they compared children at
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less than 750g, infants born at 751-1499g, and term controls. They found that children at
very low birth weight at early school age were at a serious disadvantage in every skill
required for adequate school performance. They scored lower compared to both
comparison groups in cognitive ability, psychomotor skills, social skills, adaptive
behavior, attention problems and academic achievement. The rates of mental retardation
(IQ<70) were twenty-one, eight, and two percent, respectively; the rates for cerebral
palsy were nine, six, and zero percent, respectively; and the rates for visual disability
were twenty-five, five, and two percent, respectively. Poor outcomes were further
associated with cerebral abnormalities detected on ultrasound in children weighing less
than 1499¢ at birth (Hack, Taylor, Klein, Eiben, Schatschneider, Mercuri-Minich, 1994).

Monset-Couchard and colleagues found that educational difficulties become more
apparent with advancing age. One study of 89 premature infants weighing less than
1000g at birth were followed through school age. The authors found that at four years
old, 52 percent of patients were considered normal, decreasing to 31 percent at eight
years old (Monset-Couchard, de Bethmour, & Kastler, 1996). O’Callaghan and
colleagues (1996) examined the prevalence of learning difficulty in ELBW children
compared to their peers. Parents reported that four percent of these children required
special education, 46 percent received remedial assistance, and 21 percent repeated a
grade. Teachers of the ELBW children also completed a detailed questionnaire on six
aspects of reading, spelling, mathematics, and writing skills. These ELBW children were
approximately three times more likely to be delayed by more than a year in all of the
areas assessed. (O’Callaghan, Burns, Gray, Harvey, Mohay, Rogers, 1996).

In an international population-based cohort from the United States, Ontario,

Bavaria, and Holland, children born at 500 to 100g were followed from birth until school
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age (eight years old to 11 years old). While there were some differences among the
regions, the extremely low-birth-weight status of these children was found to increase
their chances of childhood disability, school-related difficulties, and utilization of special
educational resources. School difficulties were serious sequelae in all four regions. More
than half of all cohorts — regardless of where they were born — in these Western regions
required special assistance or repeated a grade (Saigal, Ouden Wolke, Hoult, Paneth,
Streiner, Whitaker, & Pinto-Martin, 2003).

Adverse effects of low birth weight do not end at school age. A 2002 study from
Maureen Hack and colleagues suggest that poor outcomes persist into young adulthood.
This longitudinal study compared 242 survivors with a mean birth weight of 1179g to
233 controls with normal birth weights from the same population in Cleveland, Ohio.
Fewer lower-birth-weight young adults graduated from high school (74 percent compared
to 83 percent). The very low-birth-weight young adults had lower academic achievement
scores and high rates of neurosensory impairment. An additional unanticipated finding
was that the low-birth-weight group reported less alcohol and drug use than the normal

birth weight controls (Hack et al, 2002).

Home Environment as a Moderator

Survival rates and morbidities among the LBW population have been well
documented. Little research has focused on what factors distinguish low birth weight
children with perinatal brain injury who are experiencing problems in cognitive and
behavioral domains and their peers who appear to be functioning competently. We know
little about the role environmental factors play on developmental outcomes nor do we

know the mechanisms or processes by which these factors may determine such outcomes
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(Lester & Miller-Loncar, 2000).

Some studies of children at risk have provided evidence that many children who
are at risk for developing problems do not. These children seem to have some protective
factors in themselves or their environment that offset some of their risks (Werner, 1985;
Dubow & Luster, 1990). Such answers will help guide interventions and parental
education to facilitate optimal outcomes.

While there is a paucity of evidence surrounding the mechanisms and role of
environmental factors on outcomes, there have been some effects that have been well-
documented. Among these contributors to outcomes are family income and social class.
SES has been correlated with cognitive outcomes in children, but it is a crude indicator of
the cognitive stimulation provided by the environment (Johnson, Swank, Howie,
Baldwin, Owen, Luttman, 1993). Family income levels in the first 4-5 years have been
associated with increased verbal achievement outcomes. Specifically, the effects of
poverty are more pronounced at the lower end of income distribution (Brooks-Gunn,
1997).

Cohesion & Conflict

Family cohesion and conflict have been found to predict children’s behavior
problems in a variety of studies looking at children at various ages (Dubow & Luster,
1990; Kliewer & Kung, 1998; Lucia & Breslau, 2006). There is some theoretical support
for the moderating role of family interaction patterns and the outcomes of a child
(Kliewer & Kung, 1998).

Previous studies in the general population have shown that children’s behavior
difficulties covary with marital discord (Emery, 1984). Further psychiatric and behavioral

studies (Levy-Shiff et al 1994) have shown that maladjusted marital relations have been
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associated with hyperactive behavior. Stable marriage and familial patterns marked by
cohesion, warmth, and absence of discord have been suggested to be protective factors in
children exposed to a variety of different stressors (Rutter & Garmezy, in Levy-Shiff et
al, 1994).

Studies researching the direct effects of family cohesion, routines, adaptability and
support have found that families high in these qualities have children who are better
adjusted (Kliewer & Kung, 1998; Reid & Crisafulli, 1990; Wyman, Cowen, Work, Raoff,
Gribble, & Wannon, 1991). Research on African American children living in the inner
city have found that there is an effect of family cohesion and conflict on adjustment
patterns (Gorman-Smith, Tolan, Zelli, & Huesmann, 1996).

Cohesion also seems to have some interaction with gender. In a 1995 study, Weist
and colleagues found that family cohesion moderated the relationship between stress and
school discipline in 164 inner city ninth graders (Weist, Freedman, Paskewitz, Proescher,
& Flaherty, 1995). While this study found that a high family cohesion served as a
protective factor for boys, it appeared to increase school difficulties for girls.

There is little research on how cohesion and conflict interact with low birth weight
infants. The lone study found in this literature review was a 2006 study examining the
potential influence of family cohesion and conflict on children’s behavior problems using
LBW and normal birth weight children at school age (Lucia & Breslau, 2006). The
results showed that children in families with higher cohesion had fewer internalizing and
attention problems. The results verify previous research that cohesion is a key domain of
family social environment as it relates to children’s behavior problems. These
associations were consistent even after controlling for community, gender, and maternal

education (Lucia & Breslau, 2006).






Table 4-34 - Main effects model: Regressing NEIGHBORHOOD
OBSERVATIONS on MATH score
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Table 4-35 Moderation Model: Regressing NEIGHBORHOOD
OBSERVATIONS on MATH score
Parameter Estimates
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95% Wald Confidence
Interval Hypothesis Test
Std. Wald Chi-

Parameter B Error Lower Upper Square df Sig.
(Intercept) 94.614| 9.5834 75.831 113.397 97.469 1 .000
[sexmale=0] 1.277] 1.5292 -1.720 4274 .697 1 404
[sexmale=1] 0 . . .
[brtwtcata=2.00] -1.013] 2.7710 -6.444 4418 134 1 15
[brtwtcata=3.00] -2.7381 1.6766 -6.024 548 2.668 1 102
[brtwtcata=4.00] 0* .
[incomela=.00] -2.898| 4.0732 -10.881 5.086 .506 1 AT7
[incomela=1.00] =582 3.0687 -6.597 5.432 .036 1 .849
[incomela=2.00] 5.135( 3.1539 -1.046 11.317 2.651 1 .103
[incomela=4.00] 0*
[usdx1=0] -6.102| 8.9954 -23.733 11.529 460 1 498
[usdx1=1] 5271 9.9938 -14.316 24.859 278 1 .598
[usdx1=2] 0*
[cracel=1] 7.898] 4.2282 -389 16.185 3.489 1 .062
[cracel=2] 2446 4.2533 -5.890 10.783 331 1 .565
[cracel=3] 0* . .
NEIGHBORHOOD -1.647| 1.7459 -5.068 1.775 .890 1 346
OBS
vent day ﬁ -.132 Ig i ﬁ

N 0 M I =
[usdx1=2] * 0
NEIGHBORHOOD
OBS
(Scale) 279.429°| 17.6550 246.883 316.266

Dependent Variable: matss

Model: (Intercept), sexmale, brtwtcata, incomela, usdx1, cracel, NEIGHBORHOOD OBS, vent_day,

usdx] * NEIGHBORHOOD OBS

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.
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Table 4-36 - Moderation Model: Further examination of
NEIGHBORHOOD OBSERVATION by Perinatal Brain Injury
Category- NONE

usdx1 = NONE
Parameter Estimates*
95% Wald Confidence
Interval Hypothesis Test
Std. Wald Chi-
Parameter B Error Lower Upper Square df Sig.
(Intercept) 88.399 | 6.3318 75.989 100.809 194911 1 .000
[sexmale=0] 1.160| 1.6117 -1.999 4319 518 1 A72
[sexmale=1] 0° ) . . . .
[brtwtcata=2.0 - 1721 3.3557 -6.750 6.405 .003 1 .959
0]
[brtwtcata=3.0 -2.632| 1.7814 -6.124 .859 2.184 1 139
0]
[brtwtcata=4.0 0°
0]
[incomela=.00 -5.344| 4.8151 -14.782 4.093 1.232 1 267
]
[incomela=1.0 -3.2121 3.7300 -10.522 4.099 741 1 .389
0]
[incomela=2.0 4151 3.8237 -3.343 11.646 1.179 1 278
0]
[incomela=4.0 0
0]
[cracel=1] 10.053 | 4.5783 1.079 19.026 4.821 1 .028
[cracel=2] 5.536| 4.5775 -3.435 14.508 1.463 1 226
| E = m m | W
vent_day =315 .1052 -.521 -.109 8.976 1 .003
(Scale) 254.884°| 17.9336 222.051 292.572

Dependent Variable: matss

Model: (Intercept), sexmale, brtwtcata, incomela, cracel, NEIGHBORHOOD
OBS vent_day

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.

c. usdx1 = NONE
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Table 4-37- Moderation Model: Further examination of NEIGHBORHOOD
OBSERVATION by Perinatal Brain Injury Category - MILD

usdx1 = GM/IVH (MILD)

Parameter Estimates®

95% Wald Confidence
Interval Hypothesis Test
Std. Wald Chi-
Parameter B Error Lower Upper Square df Sig.
(Intercept) 101.092 | 13.7062 74.229 127.956 54.400 .000
[sexmale=0] 1.576 [ 4.2080 -6.672 9.823 .140 708
[sexmale=1] 0° . . . .
[brtwtcata=2.00] 2.370| 17.0279 -11.405 16.144 114 736
[brtwtcata=3.00] -383| 5.0976 -10.374 9.608 .006 .940
[brtwtcata=4.00] 0° . )
[incomela=.00] J151 8.1102 -15.181 16.611 .008 930
[incomela=1.00 7.701 6.3067 -4.660 20.062 1.491 222
]
[incomela=2.00 7.541 6.8739 -5.932 21.013 1.203 273
]
[incomela=4.00 0°
]
[cracel=1] 0741 12.4127 -24.254 24.403 .000 995
[cracel=2] -6.978 | 12.3265 -31.138 17.181 320 571
G| E W O W m |
vent day -.139 .2086 -.548 270 444 .505
(Scale) 255.870° | 44.2077 182.371 358.993
Dependent Variable: matss

Model: (Intercept), sexmale, brtwtcata, incomela, cracel, NEIGHBORHOOD OBS, vent _day

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.

c. usdx1l = GM/IVH
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Table 4-38 - Moderation Model: Further examination of NEIGHBORHOOD
OBSERVATION by Perinatal Brain Injury Category - SEVERE

usdx1 = PL/VE (SEVERE)

Parameter Estimates®

95% Wald Confidence
Interval Hypothesis Test
Wald Chi-
Parameter B Std. Error Lower Upper Square daf Sig.
(Intercept) 89.328 | 22.8867 44.471 134.185 15.234 1 .000
[sexmale=0] -.572 9.5464 -19.282 18.139 .004 1 952
[sexmale=1] 0* . . .
[brtwtcata=2.00] -16.249 9.9196 -35.691 3.193 2.683 1 101
[brtwtcata=3.00] -2.347 12.6998 -27.238 22.544 .034 1 .853
[brtwtcata=4.00] 0*
[incomela=.00] 3.222 8.9732 -14.365 20.809 129 1 720
[incomela=1.00] -3.853 12.3031 -27.966 20.261 .098 1 754
[incomela=2.00] -4.602 13.0682 -30.215 21.011 124 1 725
[incomela=4.00] 0
[cracel=1] 23.762 10.9127 2.373 45.150 4.741 1 .029
[cracel=2] 6.994 17.0187 -26.362 40.350 .169 1 .681
it | = B W = m | m
vent day -.328 2310 -.781 124 2.022 1 155
(Scale) 547.036" | 141.2440 329.789 907.392

Dependent Variable: matss

Model: (Intercept), sexmale, brtwtcata, incomela, cracel, NEIGHBORHOOD OBS,
vent day

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.

c. usdxl = PL/VE
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Table 4-39 - Main effects model: Regressing OBSERVATIONS IN THE HOME on
READING score

Parameter Estimates

95% Wald Confidence
Interval Hypothesis Test
Wald Chi-
Parameter B Std. Error Lower Upper Square df Sig.
(Intercept) 76.181 5.8917 64.634 87.729 167.195 1 .000
[sexmale=0] 4.938 1.2011 2.584 7.292 16.901 1 .000
[sexmale=1] 0?
[brtwtcata=2.00] 2.992 2.3435 -1.601 7.585 1.630 1 202
[brtwtcata=3.00] -1.458 1.2720 -3.951 1.035 1.314 1 252
[brtwtcata=4.00] 0?
[incomela=.00] -2.854 2.9689 -8.673 2.964 .924 1 336
[incomela=1.00] 797 2.2953 -3.702 5.295 .120 1 729
[incomela=2.00] 5.595 2.4883 718 10.472 5.056 1 .025
[incomela=4.00] 0*
[usdx1=2] 0*
[cracel=1] 8.491 3.9604 729 16.253 4.597 1 .032
[cracel=2] 1.360 3.9948 -6.470 9.190 .116 1 734
i | W B OEH O E | B
vent_day -.208 .0674 -.340 -.076 9.522 1 .002
(Scale) 166.407" 10.6422 146.803 188.629

Dependent Variable: readss
Model: (Intercept), sexmale, brtwtcata, incomela, usdx1, cracel, OBSINHOME, vent day
a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.



Table 4-40 Moderation Model: Regressing OBSERVATIONS IN

THE HOME on READING score

Parameter Estimates

117

95% Wald Confidence
Interval Hypothesis Test

Parameter Std. Wald Chi-

B Error Lower Upper Square df Sig.
(Intercept) 95.142| 17.3790 61.080 129.204 29.971 .000
[sexmale=0] 4914 1.1988 2.564 7.263 16.802 .000
[sexmale=1] 0° .
[brtwtcata=2.00] 2.985( 2.3344 -1.591 7.560 1.635 201
[brtwtcata=3.00] -1.445] 1.2729 -3.940 1.050 1.289 256
[brtwtcata=4.00] 0°
[incomela=.00] -2.348| 2.9618 -8.153 3.457 .629 428
[incomela=1.00] 1.090| 2.2904 -3.399 5.580 227 .634
[incomela=2.00] 5.804] 2.5139 877 10.731 5.331 .021
[incomela=4.00] 0°
[usdx1=0] -14.234| 17.7710 -49.065 20.596 .642 423
[usdx1=1] -4.244 | 18.4958 -40.496 32.007 .053 818
[usdx1=2] 0° . . .
[cracel=1] 8.562 | 3.9886 745 16.380 4.608 .032
[cracel=2] 1.420| 4.0261 -6.471 9.311 124 724
[cracel=3] 0°
OBSINHOME -.835] 1.2591 -3.303 1.633 .440 .507

BN S R BN B 413
[usdx1=2] * 0°
OBSINHOME
(Scale) 165.766" | 10.6012 146.237 187.902

Dependent Variable: readss
Model: (Intercept), sexmale, brtwtcata, incomela, usdx1, cracel, OBSINHOME,
vent_day, usdx1 * OBSINHOME

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.
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Table 4-41 - Main effects model: Regressing OBSERVATIONS IN
THE HOME on MATH score

Parameter Estimates

95% Wald Confidence
Interval Hypothesis Test
Wald Chi-

Parameter B Std. Error Lower Upper Square daf Sig.
(Intercept) 80.519 7.4363 65.944 95.093 117.241 1 .000
[sexmale=0] 1.377 1.5629 -1.686 4.441 77 1 378
[sexmale=1] 0°

[brtwtcata=2.00] -.620 2.9255 -6.354 5.114 .045 1 .832
[brtwtcata=3.00] -3.056 1.7275 -6.441 330 3.129 1 .077
[brtwtcata=4.00] 0°

[incomela=.00] -4.370 4.2675 -12.735 3.994 1.049 1 306
[incomela=1.00] -.592 3.2686 -6.999 5.814 .033 1 .856
[incomela=2.00] 6.064 3.3958 -.591 12.720 3.189 1 .074
incomela=4.00] .0a . . . . I I
[usdx1=2] 0° . : . .

[cracel=1] 8.089 4.4479 -.628 16.807 3.308 1 .069
[cracel=2] 1.631 4.4341 -7.060 10.322 135 1 713
G | M W O m W = | W
vent day -.305 .0895 -.481 -.130 11.626 1 .001
(Scale) 287.235"| 18.4261 253.299 325.718

Dependent Variable: matss

Model: (Intercept), sexmale, brtwtcata, incomela, usdx1, cracel, OBSINHOME, vent_day

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.
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Table 4-42- Moderation Model: Regressing OBSERVATIONS IN THE HOME on
MATH score

Parameter Estimates

95% Wald Confidence
Interval Hypothesis Test
Std. Wald Chi-

Parameter B Error Lower Upper Square df Sig.
(Intercept) 150.274| 30.5688 90.361 210.188 24.166 1 .000
[sexmale=0] 1.483| 1.5442 -1.543 4.510 923 1 337
[sexmale=1] 0° . . . . . .
[brtwtcata=2.00] -370| 2.9341 -6.121 5.381 016 1 .900
[brtwtcata=3.00] -3.183 | 1.7199 -6.554 .188 3.426 1 .064
[brtwtcata=4.00] 0* . . ) ) .
[incomela=.00] -3.014| 4.1993 -11.244 5.217 515 1 473
[incomela=1.00] 496| 3.2184 -5.812 6.804 .024 1 878
[incomela=2.00] 7.071| 3.4144 379 13.763 4.289 1 .038
[incomela=4.00] 0° ) ) ) ) .
[usdx1=0] -60.490| 30.8330( -120.922 -.059 3.849 1 .050
[usdx1=1] -57.129| 32.4656 -120.761 6.502 3.097 1 078
[usdx1=2] 0° ) ) ) ) .
[cracel=1] 8.613| 4.5528 -311 17.536 3.579 1 .059
[cracel=2] 1.915| 4.5517 -7.007 10.836 177 1 674
[cracel=3] 0° . . . . )
OBSINHOME -5.215| 2.4447 -10.006 -.423 4.550 1 .033
vent day ﬂ .0902 _ﬁ -.129 1 % i %

5918| 26126 Bo§ oS 2B 0 O
[usdx1=2] * 0°
OBSINHOME
(Scale) 281.036°| 18.0285 247.832 318.689

Dependent Variable: matss

Model: (Intercept), sexmale, brtwtcata, incomela, usdx1, cracel, OBSINHOME, vent day, usdx1 *
OBSINHOME

a. Set to zero because this parameter is redundant.

b. Maximum likelihood estimate.
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Table 4-43 - Moderation Model: Further examination of OBSERVATION IN THE
HOME by Perinatal Brain Injury Category - NONE

usdx1 = NONE
Parameter Estimates®
95% Wald Confidence
Interval Hypothesis Test
Std. Wald Chi-

Parameter B Error Lower Upper Square df Sig.
(Intercept) 90.350| 7.2202 76.199 104.502 156.589 1 .000
[sexmale=0] 1.190| 1.6624 -2.068 4.449 S13 1 474
[sexmale=1] 0* . . . . . .
[brtwtcata=2.00] -4251 3.3793 -7.048 6.198 .016 1 .900
[brtwtcata=3.00] -2.8741 1.8312 -6.463 716 2.462 1 A17
[brtwtcata=4.00] 0* . . . . . .
[incomela=.00] -6.4111 4.9199 -16.053 3.232 1.698 1 .193
[incomela=1.00] -3.168| 4.0885 -11.181 4.846 .600 1 438
[incomela=2.00] 4889 4.2886 -3.517 13.294 1.299 1 254
[incomela=4.00] 0* : : : . ) )
[cracel=1] 10.325| 4.9059 .709 19.940 4.429 1 .035
[cracel=2] 4.632| 4.8455 -4.865 14.129 914 1 .339
i | o8| mm EE mm mm i W
vent_day -.297 .1040 -.501 -.093 8.167 1 .004
(Scale) 259.609°| 18.5199 225.734 298.567

Dependent Variable: matss
Model: (Intercept), sexmale, brtwtcata, incomela, cracel, OBSINHOME, vent day

a. Set to zero because this parameter is redundant.
b. Maximum likelihood estimate.
c. usdxl = NONE
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Table 4-44 - Moderation Model: Further examination of
OBSERVATION IN THE HOME by Perinatal Brain Injury Category -

MILD

usdx1 = GM/IVH (MILD)

Parameter Estimates®

95% Wald Confidence
Interval Hypothesis Test
Std. Wald Chi-

Parameter B Error Lower Upper Square df Sig.
(Intercept) 94.760 17.8004 59.872 129.649 28.340 1 .000
[sexmale=0] 2.182| 4.2974 -6.241 10.604 258 1 612
[sexmale=1] 0* . . . . . .
[brtwtcata=2.00] 4.619|1 7.9086 -10.882 20.119 341 1 559
[brtwtcata=3.00] 022 5.2429 -10.254 10.298 .000 1 .997
[brtwtcata=4.00] 0 . ) ) ) . .
[incomela=.00] -5.039| 6.5657 -17.908 7.829 .589 1 443
[incomela=1.00] 7.356| 6.2582 -4.910 19.621 1.381 1 240
[incomela=2.00] 7.611 6.7432 -5.606 20.827 1.274 1 259
[incomela=4.00] 0* : ) ) ) . .
[cracel=1] 018] 12.7863 -25.043 25.079 .000 1 .999
[cracel=2] -8.003| 12.6128 -32.724 16.718 403 1 526
GE| mE W mm s | M
vent_day -.185 2240 -.624 254 .684 1 408
(Scale) 261.389°| 46.2075 184.848 369.624

Dependent Variable: matss
Model: (Intercept), sexmale, brtwtcata, incomela, cracel, OBSINHOME, vent day
a. Set to zero because this parameter is redundant.
b. Maximum likelihood estimate.
c. usdxl = GM/IVH
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Table 4-45 - Moderation Model: Further examination of OBSERVATION
IN THE HOME by Perinatal Brain Injury Category - SEVERE

usdx1 = PL/VE (SEVERE)

Parameter Estimates®

95% Wald Confidence
Interval Hypothesis Test
Wald Chi-

Parameter B Std. Error | Lower Upper Square df Sig.
(Intercept) 156.260( 50.2479 57.776 254.744 9.671 1 .002
[sexmale=0] -1.148 8.6442 -18.091 15.794 018 1 .894
[sexmale=1] 0* . . . . . .
[brtwtcata=2.00] -18.708 9.8128 -37.940 525 3.635 1 .057
[brtwtcata=3.00] -7.223|  12.7836 -32.278 17.832 319 1 572
[brtwtcata=4.00] 0* . . . . ) )
[incomela=.00] 5962 12.7016 -18.933 30.857 220 1 .639
[incomela=1.00] 2.501 11.0643 -19.185 24.187 .051 1 821
[incomela=2.00] 11.756 16.4980 -20.580 44.092 508 1 476
[incomela=4.00] 0* ) . . . ) )
[cracel=1] 40.681 10.1105 20.865 60.497 16.190 1 .000
[cracel=2] 15428 13.1215 -10.289 41.146 1.383 1 240
[cracel=3] -Oa . . - - I -
vent_day -.359 2486 -.846 128 2.088 1 148
(Scale) 463.976°| 121.8461 277.306 776.305

Dependent Variable: matss
Model: (Intercept), sexmale, brtwtcata, incomela, cracel, OBSINHOME, vent day
a. Set to zero because this parameter is redundant.
b. Maximum likelihood estimate.

c.usdx1 =PL/VE
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