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ABSTRACT
THE DESCRIPTIVE EPIDEMIOLOGY OF COGNITIVE AND ACADEMIC
OUTCOMES AT AGE 9 OF CHILDREN BORN WEIGHING LESS THAN 2000
GRAMS
By

Daniel E. Harrison

This study presents the descriptive epidemiology of four cognitive and
academic outcomes in a geographically defined group of 471 low birthweight
(LBW) children from New Jersey followed prospectively to age nine. The
outcomes assessed were learning disability (LD), and low scores (< 85) on IQ
and Woodcock-Johnson (WJ) measures of reading and math achievement. The
group was found to face more than twice the risk of LD usual for children in New
Jersey. Birthweight had a significant gradient effect on all the outcomes even
after adjusting for gender, race, and home environment. The HOME score
measure of home environment was found to greatly attenuate the effect of race

and to render its predictive value non-significant for all outcomes.



ACKNOWLEDGMENTS

The author would like to thank all the members of his thesis committee,
Dr. Nigel Paneth, Dr. Alka Indurkhya, Dr. Jennifer Pinto-Martin, Dr. Agnes
Whitaker, and Dr. Michael Lambert for all their kind help and insightful guidance.
Thanks are also due to James Jetton for his help with data management and to
the department secretaries, particularly Lora McAdams and Edyth Holland
without whom | could never have navigated the graduate paperchase. | must
also thank my friend Becky Oakes for helping me endure the vicissitudes of
graduate life. A smaller, but not insignificant debt of gratitude is due to the kind
barristas at Espresso Royale Caffe and Beaner's Cafe who could be counted on
to ask how the thesis was going and occasionally slip me an extra shot of
espresso. There is, of course, a redundant thanks to be offered to my mother
and father for obvious reasons. Finally, the author could not have made it
through the program without the social and occasionally financial support of his
mother and stepfather. Thanks for keeping the homefires buming. To these

people and the others who are too humerous to mention, thank you all.

iii



TABLE OF CONTENTS

LIST OF TABLES ... ieiieiecececensrtecnc st ne e s s nnesssnanessnne e s pg. v

LIST OF FIGURES .........cociiiiiiiiiiiiicnitciic st ne s e pg. Vi

LIST OF ABBREVIATIONS .......cocoiiiiiiiiiiiciienrcsere e pg. viii

INTRODUCTION ..ottt s pg. 1

CHAPTER 1

REVIEW OF THE FIELD ........oooiiiiiiieriincrencetee et seenn e pg. 2
Early DefiCits:.......coccviiiiiiieriiiiieincirccnreee e pg. 2
Outcome Measurement: .............ccceeveeriiinnciiieineenenese e esnns pg. 3

CHAPTER 2

REVIEW OF THE RELEVANT LITERATURE...........ccceciiniininiiiciinenenne pg. 10

CHAPTER 3

METHODS ..ottt sesre s e s sss s aae s sanaeas pg. 14
Study Population: ............ccviiiiiiiiiniiniiir e pg. 14
Attrition and EXCIUSION: ...........ccccooiiiiiiiiiniiiiii e, pg. 14
INSIIUMBNLES: ...t pg. 17

ANALYTIC METHODS ...ttt ee e seeseans pg. 20
Assessing Possible Bias:............cccoeiiiiiiiiiiniiiccceeeee s pg. 20
Validating Leaming Measures: ............cccccovevveiiiiiiiiiiniinineneeeecnennns pg. 21
Measuring ASSOCIAtIoONS: ..........cccoeevtieieiiiiiiiite e e e e erneees pg. 21

CHAPTER 4

RESULTS ...ttt et aae e s sns pg. 22
Possible Bias: ......cccccccivniiiiiiiiiiiiiiniii pg. 22
Validity of Achievement Measure: ... ...........ccccccoeiiiiinicinicinenenenenne pg. 23
Group CharacteristiCs: ..........ccevvuernienieinieiiiiiinre et pg. 27
ASSOCIAtIONS: ....uvviiiiiiiiiiiiiiiiirc e pg. 28

DISCUSSION ..ottt ettt essessneesane pg. 33

REFERENGCES ...ttt eee s nne s s seae s ve e s s sane e e e pg. 39



Table 1
Table 2
Table 3

Table 4

Table 5
Table 6

Table 7

Table 8

LIST OF TABLES

Comparisons of Children Followed-up vs. Lost..................... pg. 23
WJ-Math < 85 vs. Teacher Reported Math Problem ............ pg. 24
WJ-Reading < 85 vs. Teacher Reported Reading Problem..pg. 24

Demographic Frequencies and Means Within Study
GrOUPS ..cooiiiiriiiiiineciienniesssinecssesssensesssnnesssssssnnnessesssnneseenas pg. 25

Outcome Measures - Means and Frequencies..................... pg. 27

Proportions and Relative Risks of Poor Outcomes by
Gender and Race ..........cccveiiriiiiiiiniinncncereccere e pg. 29

Proportions and Relative Risks of Poor Outcomes by Birthweight
and Gestational AQe .........cccceeeeeieirnrereeiieneccreeree e pg. 30

Adjusted and Unadjusted Odds Ratios for BWT Categories GA
Categories, HOME Quatrtiles, Gender, and Race.................. pg. 32



Figure 1
Figure 2
Figure 3

Figure 4

LIST OF FIGURES

Subject Enroliment, Attrition, and Exclusion........................ pg. 16
Histogram of Gestational Age in Whole Group (N = 471) ... pg. 25
Histogram of Birthweight in Whole Group (N =471).......... pg. 26

Distribution of Birthweight in 500g Categories in Whole
Group (N =471) cecoiireeiccreercrreescrressccnnese s ssnreessssannns pg. 26

vi



LIST OF ABBREVIATIONS

BWT - birthweight

Cl - confidence interval

CP - cerebral palsy

DQ - developmental quotient

DCP - disabling cerebral palsy

ELBW - extremely low birthweight (BWT < 1000g)
GA - (gestational age)

HOME - Home Observation for Measurement of the Environment
LBW - low birthweight (BWT < 2000g)

LD - leaming disability

LP - leaming problem

MR - mental retardation / mentally retarded

MP - math problem

NBHS - Neonatal Brain Hemorrhage Study

NBW - normal birthweight

NICU - neonatal intensive care unit

OR - odds ratio

Pl - Perceptually Impaired. New Jersey’s Department of Education’s equivalent
to leaming disability.

RP - reading problem

RR - relative risk or risk ratio

SD - standard deviation

SES - socioeconomic status

VLBW - very low birthweight (BWT < 1500g)

WJ - Woodcock-Johnson Psychoeducational Battery

vii



INTRODUCTION

Advances in perinatal care and neonatal intensive care have increased
the survival rate of low birthweight (LBW, <2500g) babies in ways that would
seem miraculous to doctors trained as recently as the 1970’s'. Survival for
extremely low birthweight (ELBW, <1000) babies in first world countries, for
instance, has increased from almost nil to around fifty percent since the early
1970's?. This kind of increased survival is now drawing attention to questions
conceming the new survivors. It is well known that low birthweight babies are at
increased risk for cerebral palsy (CP) and various other neurological
abnommalities such as blindness or hearing loss, and we are beginning to
appreciate that LBW may adversely affect intelligence, cognitive functions, and
academic success in later years. Thus, as improved care for LBW newborns
aids doctors in their primary task of saving these babies, it also raises concems
about the costs and benefits of doing so. These new survivors, after all, may
face increased risk for difficult and expensive developmental problems. This
concem raises questions about the effects of different perinatal, pediatric, and
psychological interventions and their roles in mitigating or exacerbating the
consequences of LBW. It is important to assess the effects of LBW and
associated treatments as completely as possible so as to apply our resources to
reap the greatest benefits in survival at the least cost in suffering, impairment,
and expense.

One of the first steps in this cost-benefit analysis is careful descriptive

epidemiology. The particular concem of this thesis will be school-age deficits in



cognition and academic aptitude in a geographically defined LBW population
followed from birth to age 9. In concert with previously collected data on
perinatal care and health outcomes at preschool and early school age, this
descriptive epidemiology will comprise a necessary step in the process of
understanding the public health impact of LBW, and eventually, of comparing

different treatment strategies in a cost-benefit analysis.

REVIEW OF THE FIELD

School age outcomes are important in their own right. In addition to
quantifying the more subtle effects of LBW, the study of school-age outcomes
should help to identify causes, predictors, and effective preventions for cognitive
and academic deficits. Because LBW studies are best done longitudinally® and
follow a high-risk group, they present a rich opportunity for identifying early
markers of, for instance, leaming disability (LD). Lyon* argues that the earlier

we identify a child’s LD, the better the effect of the intervention.

Early Deficits:
Most research on the LBW population has focused on early outcomes®.
This research has made it clear that babies bom LBW face abnomal risk of CP,

1.2.5.67.8 Omstein et al.?, after reviewing 25

and vision and hearing loss
studies of ELBW and/or very low birthweight (VLBW, <1500g) survivors reported
that the prevalence of CP in this birthweight group varied between 2.4% and

9%. Visual impairment affected between 2% and 38% of the children in the



populations reviewed, and the prevalence of hearing loss ranged between 2%
and 44%. The wide range in the proportions of these disorders is probably
attributable to the use of different definitions of the disorders, different
birthweight groups, differences in perinatal care, and to imprecision arising from
small sample sizes. Escobar et al.?, in a meta-analysis, estimated the rate of
CP in the VLBW population at 7.7%. They estimated the incidence of overall
disability at 25%. The range of these estimates greatly exceeds the 2 to 3 per

thousand prevalence estimate for CP in the general school age population.

Outcome Measurement:

Recent research has focused on the more subtle deficits that frequently
do not present until school age. The literature on school-age outcomes focuses,
broadly speaking, on three areas. These are psychological/behavioral
problems, cognitive deficits, and academic or performance outcomes. This
paper will deal solely with cognitive and academic outcomes. Before reviewing
the literature in this area though, a few words should be said about the particular
difficulties and pitfalls of studying these outcomes. The difficulties arise from
uncertain definitions, confounding variables, and biases.

Three academic and cognitive outcomes will be used here. These are
IQ, leaming problems, and leaming disability. 1Q is ostensibly a measure of
intelligence or mental potential. While it is a hotly debated construct’°, it is
attractive to researchers because a few common standardized testé of IQ have
been normed on large populations and are often used in the literature.

Whereas it may not please all theorists, a result can at least be compared to



extant literature. A leaming problem (LP), simply denotes poor performance in
school (or sometimes on an achievement test). It is not only theoretically
straightforward, but easy to measure. To facilitate comparisons, this paper will
use a score below 1 SD below the mean on Woodcock-Johnson achievement
tests to indicate a LP. However, to evaluate validity, this will be compared to a
teacher’s designation of the child as at or below grade level using a subset of
the sample. Finally, LD represents a more subtle construct and has more
problems associated with its operationalization. The concept refers to specific,
presumably neurological, deficits which may impede the achievement of
students, even those who are of average or above average intelligence, and
who are otherwise unaffected by medical complications such as sensory deficits
or CP. Many of the difficulties associated with operationalizing LD are peculiar
to the field and will be discussed later.

All three outcomes are affected by environmental stimuli. Socioeconomic
status (SES), home environment, infant-caregiver interaction, race, gender, and
a litany of other measures each represents some aspect of a child’s intersection
with his or her environment. A variable may represent a factor that has direct
effect on the outcome of interest (proximal), or it may be a proxy for other
unidentified variables (distal). For instance, while Blacks in the US generally do
not perform as well on 1Q tests as Whites, it appears that this difference is a
function of test-bias and differential access to education due to financial and
social disadvantages. Indeed Van Rossem et al.'' showed that the effects of
race on IQ (in the LBW population at least), can be reduced to non-significance

by controlling for the amount of stimulation available to the child in the home
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environment. In this example race is a more distal variable grossly subsuming
the more proximal effects of home environment. While we would prefer to
understand the proximal causes of an outcome, we must often use more distal
constructs to minimize the effects of our ignorance.

The effect of a child’s environment certainly cannot be left out of the
equation relating birthweight to IQ or leaming, for it is both strongly predictive
and possibly confounding® 7 12 13.14.15.16.17.18 " greglay et al." found that IQ
was as related to urban vs. suburban residence as to birthweight. Cohen et al."®
reported that infant-caregiver interaction is as predictive of poor developmental
outcome as are perinatal and pediatric history. Lloyd et al. found a similar effect
on 1Q when using father's occupation as a marker for social class '*. In fact, in
the review by Omstein et al., SES, however measured, was often the most
important variable for predicting a child’s IQ and academic performance?.

One should be careful in interpreting these results, however, as they may
be confounded. The possibility of confounding comes from the likelihood that
children who are bom into low SES families are at once more likely to be born
LBW and to have poorer cognitive and academic outcomes. In some cases it is
hard to say how much effect comes from being bom LBW and how much from
the various factors subsumed in low SES.

In a multisite randomized trial executed by the Infant Health and
Development Program, the investigators intervened to improve the leaming
environments of the experimental group®. They found clinically and statistically
significant effects of intervention on |Q, which paralleled previous findings in

disadvantaged youth. They also found that there was an interaction effect with



birthweight, with heavier bomn children responding better to the intervention.

This study suggests that the stimulation provided by a child’s environment is one
of the important factors subsumed under SES, and that models of the
relationship between BWT and IQ may be incomplete if they are missing some
measure of the child’s access to intellectual stimuli. It is a suggestion further
strengthened by Van Rossem et al.’s work showing that a measure of home
environment accounts for the usually significant predictive value of race on 1Q"".

Another factor that may affect a child’s interaction with his or her
environment and thus influence diagnoses of at least one of our outcomes, is
gender. Girls are at about a quarter of the risk of being diagnosed with LD * '8
as boys, and one half the risk of LP?'. Why this should be is not entirely
apparent. Researchers in the field believe that to some extent girls are being
underdiagnosed. Nevertheless, this is not to say that all the difference proceeds
from a diagnosis bias. Omstein et al. found that in a number of studies girls did
better in school than did their male counterparts®. However, they also found that
only 28% of the literature they reviewed dealt with gender at all. This is
unfortunate, as in the field of LD, gender may have complex and profound
effects, both real and apparent.

The main difficulty that impedes research in the field of LD, however, is
the lack of a standard operational definition. As in many areas, the presence of
a rough ideological consensus where a construct is concemed does not imply
similar convergence regarding a working definition. The theoretical definition in
the US and in the field of LD in English-language journals, at least, is defined

largely thanks to US Public Law 94-142 (1977) which calls for additional



instruction for children with LD. This document defined LD as the existence of a
severe discrepancy between a child's ability and achievement in one of seven
areas. The areas are 1) oral expression, 2) listening comprehension, 3) written
expression, 4) basic reading, 5) reading comprehension, 6) mathematic
calculation, and 7) mathematic reasoning. It further stipulated that the disparity
should not be due to 1) visual, hearing, or motor handicap (Ml for major
impairment), 2) mental retardation (MR), 3) emotional disturbance, or 4)
environmental, cultural, or economic disadvantage.

This definition is clear in its identification of exclusionary criteria and
domains wherein disability may occur, but it is vague in other ways. Much
leeway remains, for instance, in choosing measures of ability and achievement,
in defining "severe discrepancy,” and in statistically limiting the problems
inherent to comparing scores from two normally distributed, correlated, and
imperfectly precise measures such as achievement and ability. Also, some
researchers ask whether there might not be a better indicator of the problem
than a score derived from a literal translation of the definition? 2% 242526 p
construct measuring achievement subtracted from a construct measuring
aptitude, might not be as good an indicator of LD as a test of specific deficits in
areas necessary for academic functioning. For instance, dyslexia is thought to
stem, in some cases, from inappropriate viewing of the page of text. The fact
that the standard definition does not focus on specific processing deficits
indicates that it is not etiologic. As we do not have a good understanding of
what constitutes the process of leaming, we cannot test how well a child

performs the requisite steps. Also, a definition may be confused by political and



financial concems. Algozzine & Ysseldyke ?’ go so far as to say that, because
defining LD affects who is given certain educational services, it should not be
treated as a technical matter but as a social-policy consideration.

Myklebust has said of LD definitions, “tell me how many students you
want to find and I'll write you a definition that will find that many” " 28 Thjs
is obviously discomfiting to researchers, who as a matter of course, prefer
definitions that are valid, stable, etiologic, and at least standard enough to
facilitate comparisons to other research. While few fields work with ideal
definitions, fewer still are burdened by such disarray as that which is seen in the
study of LD.

A brief perusal of the debate in this field is all it takes to see that
proposing a satisfactory definition of LD is well beyond the scope of this paper *
12.23,24,25,26,2728,29.30.31,32. 33, 34.35  Ngvertheless, proceeding with no definition
whatsoever is equally untenable. In deference to both the necessities of
research and the legitimately thomy issues of the LD field, this paper will opt for
a definition that is pragmatic, if not ideal. The definition in this paper combines
ease of comparison with uncomplicated practicality. A number of studies have
used school placement as a definition of LD. New Jersey, where our subjects
attend school, may classify a child as “perceptually impaired” (Pl) if the student
is properly referred and shows symptoms of LD to a panel of professionals
employed by the school district. Though the state of NJ does not yet have a
standardized definition of LD by which to classify children, the designation of
perceptually impaired conforms, in spirit, to the definition of LD outlined by the

National Joint Committees on Leaming Disability. Using this definition, one



identifies at least those children whose disability is placing a direct financial
burden on the state. However, one runs the risk of missing children who are not
referred* (largely girls), and we lack information necessary to understand the
biases or imprecision at work in the diagnoses (no study of reliability, for
instance, has been done in NJ to date; nor are the criteria for “perceptually
impaired” standardized). It is a definition that reflects the impact of LBW and
allows for comparison with many studies, but it is of questionable theoretical
validity and may or may not be reliable. Because these problems plague all
definitions in the field (indeed there is no strong definition), and because the
objective financial cost of LD is reflected in the school district’s definition, this
operationalization of LD will be used in this thesis. It should be recognized that
the moniker “perceptually impaired” is misleading and does not refer to a
sensory deficit, but to the same discrepancy between ability and achievement
embedded in the majority of LD definitions.

Another popular definition in the research is a regression-discrepancy
model. This definition subtracts an achievement score such as the Woodcock-
Johnson (WJ) test of achievement from a measure of ability, such as the
Wechsler Intelligence Scale for Children - Revised and controls for the bias
introduced by regression to the mean®. While it may be the best of the
discrepancy models, such models have faced a lot of well-reasoned criticism in
recent years 2232422728 Thair validity has been questioned because they
are not etiologic and because certain of their theoretical underpinnings remain
unproved. Moreover, even though the problems of regression to the mean may

be attenuated, hosts of other statistical and psychometric difficulties attend the



use of these discrepancy definitions. In order to use a regression discrepancy
formula it is necessary to know the means and standard deviations of the
achievement and ability scores in the normal population, as well as the
correlation between the two instruments. Wolke et al. * have shown that these
parameters change depending upon the composition of your population and
have demonstrated the dangers of using outdated or otherwise inappropriate
norms to determine the fraction of a population that is of abnormal IQ. Despite
having the IQ and achievement scores needed in a discrepancy model of LD,
this paper will not operationalize LD in this way. While the use of the
discrepancy model might seem to facilitate comparison to a large portion of
previous research, the shaky underpinnings of the model as well as the
difficulties of obtaining appropriate norms lead this author to believe that the
benefits would be undermined by the uncertain validity and reliability of the
findings. It is mentioned here only to explain why such a common definition will

not be used.

REVIEW OF THE RELEVANT LITERATURE

Having settled upon which definitions to use, it remains to summarize the
literature. Previous studies have focused on the Very and Extremely Low
Birthweight ranges (VLBW <1500g and ELBW <1000g), and less information is
available on children born at heavier weights. The proportion of LD varies
widely based on birthweight (BWT) and on the definition used. Saigal et al.*’,

who used a discrepancy definition and studied a large regionally defined cohort
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of ELBW children, found that as many as 49% of the ELBW children were LD.
However, this was only about 1.5 times the proportion found in normal
birthweight (NBW) children (33.4%). In the same population, 37% of the ELBW
group was utilizing special education vs. 16% of the controls (RR=2.3). Vohr et
al.%® found 54% of ELBW children using special education. Ross et al.® found
that 48% of VLBW children were identified as using special education, but only
19%, or a little over a third of the special education recipients, were diagnosed
by the school as LD. This caution about using special education as a marker for
LD in the LBW population is echoed in a study by Lefebvre et al.®, who found
that in the ELBW group, 24% received special education, but only 8%, or one
third were LD.

Special education enroliment is probably better used to quantify a portion
of the burden of LP in a community. In the ELBW studies reviewed for LP® 1> 6
17.37. 38. 99 the percentage of children receiving special education ranged from
24% to 54%. Hack® and Saigal®’, who used <-2 SD on a standard achievement
test, found numbers between 20% and 28% depending upon which subtests
and combinations thereof were used. Teacher reports of children performing
below grade level identified 36.6% of the ELBW population in Saigal et al.’s
study and 53% of the VLBW population in a study by Lloyd et al.'’®. The relative
risks in comparison to control children were 2.3 and 2.4 respectively. The
numbers from these studies seem to imply that fewer children are in special
education than are doing poorly by teachers’ estimations, and fewer still are

identified by simple diagnostic statistics.

11



As for the association between IQ and birthweight, the available data
suggest that LBW raises a child’s likelihood of having an 1Q below 85 or even
below 70. Numerous studies have found that IQ is significantly associated with

birthweight % 7+ 8 13 15.16.17.37. 39,40, 41.42.43 " greglay et al.'®, Robertson et al.*®,

1
1.1 1.9

Damman et al.’, Lioyd et al.'®, and Saigal et al.* all found that the differences in
mean IQ between the NBW and LBW populations they studied were significant.
Breslau et al.'® found that LBW children scored, on average, 6.8 points lower
than NBW children. This difference was attenuated to a 4.9 point difference
when population site, matemal IQ, matemal education, and race were
controlled. While this is a small difference in 1Q (one standard deviation is 15
points), it translates into a large difference in the percentage of children falling
more than one standard deviation below normal intelligence (85 points). In the
same study the authors investigated the question of whether or not there is a
gradient in effect. Their findings were positive. The odds ratios they computed
showed that children bom weighing less than 2,000g were approximately 2.7
times more likely to have an 1Q below 85 than NBW children, whereas children
weighing between 2,500g and 2,001g at birth were not significantly more likely
to have IQ’s lower than 85. The findings of this study indicate that LBW does
correlate with reduced IQ.

Hack et al."”

performed a regional study which compared NBW children
to children with birth weights ranging from 750g-1,499g or from 500g-749g. The
VLBW comparison group for the lowest group was matched by race, sex, site at
which children were bom, and by roughly when they were bom. The NBW

children who acted as comparisons were chosen from the same classrooms as
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the study group, and matched by sex, race and birth date within three months.
In addition to birth weight, neonatal complications and various matemal risk
factors were measured for each child. The VLBW group had 28% in the
subnormal intelligence range (IQ < 85), 4 times as large a proportion as in the
control group. The proportion in the group weighing less than 750g was 50%.
In the studies by Rantakallio and vonWendt*’, Ross et al.'®, Hall et al.*', and
McCormick et al.*?, the proportions of ELBW children with IQ’s below 85 were
20%, 22%, 23%, and 24% respectively. Rantakallio and vonWendt found that
12.6% of children between 1500g and 1999g fell into this category, as did 7.5%
of children between 2000 and 2499g. Of children born NBW, however, only
slightly more than 2% fell into this category. The literature shows that children
bom LBW are more likely to fall below the cutoffs for subnormal intelligence or
mental retardation, and that they generally have slightly lower IQ’s than their
NBW counterparts.

This thesis will present the descriptive epidemiology of IQ, LP, and LD in
a large, geographically defined cohort of children bom weighing between 501
and 2000 grams. A goal will be to identify which personal factors predispose a
child to 1Q below 85, to LP, and to LD. The factors of interest include gender,

SES, race, gestational age (GA) and birthweight.
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METHODS

Study Population:

The population studied in this thesis has been described in previous
publications** **. The Neonatal Brain Hemorrhage Study (NBHS) was originally
assembled to study the causes and outcomes of germinal matrix/intraventricular
hemorrhage in preterm infants. In an effort to develop a large geographically
defined LBW cohort, all children bom in, or transferred to any of the three major
neonatal intensive care units (NICU’s) in three New Jersey counties during a
defined period were considered for entry. Three NICU’s, St Peter's Medical
Center, Monmouth Medical Center, and Jersey Shore Medical Center, share
clinical responsibility for virtually all LBW babies bom in Middlesex, Monmouth,
and Ocean counties. In the period between September 1984 and June 1987 all
the newboms weighing 501-2000g seen in these three NICU's were enrolled in
the study. The sum of all births in the tri-county area during the period of
enroliment amounted to 55,107. Of these, 1,318 (2.4%) were bom weighing
between 501 and 2000g. 1,105 of these 1,318 children were bom in, or
transferred to the centers in our study. Thus, 83% of all the LBW children bom
in the three counties were enrolled. Ninety percent of the children bom

weighing less than 1500g were reportedly enrolled.

Attrition and Exclusion:
The enrolled children were followed up at 2, 6, and 9 years of age. The

measures of interest in this paper were collected at the 9 year follow-up (mean
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age 9.5 years) for the most part. The measure of home environment was
collected at 6 years. The Bayley Scale of Infant Development, which was used
to compare the followed children to those who were not tested at 9 years, was
administered at 2 years. Due to the small number of children from any ethnic
group other than Blacks and Whites (Latinos were the largest other group and
numbered only 17), only Black and White children were used in these analyses.

Of the original 1105 children enrolled, 1041 (94%) were either Black or
White. Of this group, 195 (19%) died before the age nine follow up, leaving 846
(81%). Due to loss to follow-up, only 629 Black or White children were followed
up in any capacity at age nine. This represents 74% of the surviving Black and
White group. A decision was made to include only children for whom 1Q and the
two achievement scores (Math and Reading) were available. These children
number 471 (56% of the surviving Black and White children, 75% of 629). The
pattern of the attrition is best illustrated by the flow chart in fig. 1.

In some cases a child was not functioning at a testable level and was
therefore assigned the lowest score for that variable. Because means are not
used in these analyses, the value assigned in such a case is not important
except insofar as it is above or below a cut-off. The means that are reported
exclude the assigned scores and so may overestimate the group’s scores. All
assigned values less than 2 SD below the mean. If an untested child could not
accurately be assumed to fall into this group, he or she was excluded from the

analyses.
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Children Born Between 500 and 2000g in 3 New Jersey Counties:
N=1318

Enrolled in Study:
N=1,105 (83%)

Black and White Children:
N = 1041 (94 %)
Black: 291
White: 750

Died Before Age-9 Follow-Up: 195
Black: 58

White: 137

B/W Children Surviving to Age 9:
N =846
Black: 233
White: 613

Lost to Follow-Up: 217 (26%)
Black: 85

White: 132

B/W Children Followed-up but Missing IO or
W] Scores: 158 (19%)
Black: 43

White: 115

Black: 105
White: 366

B/W Children with 1Q, W]-Math & W]-Reading: B/W Children with LD Score:

N =471 N=324
Black: 53
White: 271

Figure 1 - Subject Enroliment, Attrition, and Exclusion
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Instruments:

The variables used in these analyses are birthweight, gender, GA, race, 2
year developmental quotient (DQ), 1Q at nine year follow-up, age by month at 9
year IQ testing, achievement in math and reading, LD, home environment,
teacher ratings of children’s performance in math and reading, and a diagnosis
of disabling CP. Birthweight and GA were obtained at birth. These two
variables were made into categorical variables. BWT was divided by 500g
increments into 3 categories, and GA was divided into term children (> 37
weeks), 33 -36 weeks, 29 - 32 weeks, and fewer than 28 weeks. GA was
determined from prenatal ultrasound, prenatal medical records, postnatal
matemal interview, labor and delivery records using a hierarchical algorithm
described in Holzman et al.*®. Race was reported by the mother.

IQ was assessed at the 9 year follow-up (1994 - 1997) using the
Wechsler Intelligence Scale for Children Il (WISC-lIl) which was standardized in
1991%_ It provides a scale of intelligence scores, with a mean of 100 and a
standard deviation of 15. The WISC-IlIl has been used extensively in the field of
child 1Q testing. The reliability coefficients for internal reliability and interscorer
reliability (when scoring is subjective) range between .90 and .98*”. The validity
of the test is argued in the WISC-Ill manual ¥’. It correlates at levels between
.59 and .92 with other non-Wechsler measures of ability, and at a .47 level with
student grades. In addition to this, it is a valid instrument for this study because
IQ is frequently determined with this measure and is in tum used to classify and

categorize students at school. DQ was measured at age 2 using the Bayley
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Scale of Infant Development *®. This score, and the CP diagnoses were used to
compare the children who were lost to follow-up to those included in the study.
The CP diagnosis was made at the age 2 follow-up by trained nurse-
practitioners and neurologists °*° *°.

A child’s achievement in a number of areas was measured using
subscales of the Woodcock-Johnson Psychoeducational Battery (WJ) which
was normed between 1986 and 1988 *°. It was normed on a large
representative sample of US children. It shows intemal consistency reliability
coefficients in the mid .90’s for the cluster scores. Concurrent validity (the tests’
correlations with other tests of similar constructs) were mostly in the .80’s 5¢°%°.
As with the WISC-llI, this test is a commonly used instrument in diagnosis.

The scales from the WJ used in this analysis are the reading and
mathematics cluster scores. The reading score is a linear combination of the
Letter-Word ID and Passage Comprehension subscales. The math score is
likewise a combination of the Calculation and Applied Problem Solving
subscales. All scores on the WJ can be normalized by age to a scale with a
mean of 100 and a standard deviation of 15.

When dealing with children bom prematurely, it is not unusual to norm a
child’s score to an age that takes into account the prematurity. For instance, a
child born two months early is expected to perform like a newbom only after two
months have elapsed. In this case, however, the raw scores were normed to

the child’s uncorrected age. Because the tests are designed to measure a

cognate of academic achievement, and children enter school according to their
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birthdate rather than an age adjusted for their GA, uncorrected age was felt to
be more accurate than corrected age.

Leaming disability, as discussed previously, is measured here using the
school-districts’ designations. This information was gathered via a
questionnaire given to the subjects’ teachers. The state of New Jersey’s
designation “Perceptually Impaired”, despite its name, corresponds to the
general theoretical concept of LD. This is to say that a PI/LD child has been
noted to perform below his or her potential in school for reasons other than
sensory and physical deficits.

When the subjects were six years of age the Home Observation for
Measurement of the Environment (HOME) scale was used to rate how well the
child’s home environment could be expected to foster leaming and intellectual
development. Using this instrument, trained observers measured such facets of
the home environment as the parent’s attitude toward the child’s leaming, the
child’s access to educational toys, and the degree to which the child was
encouraged to express opinions.

Teacher ratings of children’s performance were available for 324 children
from the questionnaires filled out by the teachers when the children were 9
years of age. The scale on the teachers’ questionnaire that provided this
information allowed the teacher to rate a child as performing above grade level,
at grade level, or below grade level in math or reading. For these analyses, the
teacher ratings were dichotomized into below grade level vs. at or above grade
level. These categories capture the information relevant to a study of negative

scholastic outcomes, and parallel the distinction embedded in the WJ cutoff
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score. In short, the children who are performing at an admirable or even
mediocre level are differentiated from those whose performance inspire worry.
A child who was performing below grade level in reading will hereafter be
designated as having a reading problem (RP) and a child performing below

grade level in math will likewise be designated as having a math problem (MP).

ANALYTIC METHODS

An alpha of .05 was used in all these analyses except the analyses of
difference among the followed and non-followed groups. For these analyses, an

alpha of .10 was used instead in order to highlight possible sources of bias.

Assessing Possible Bias:

Using two sample t-tests and chi-squares, the 471 subjects were
compared to the 375 Black and White children who were enrolled in the study at
birth and survived to age 9 but were not included in further analyses because
one or more outcome variables were missing. The variables on which they were
compared are race, gender, BWT, and GA. They were compared to children
seen at the 2 year, but not at the 9 year, follow-up on the prevalence of mental
retardation and disabling CP

The same procedure was carried out for the subset of the subject
children for whom the state-defined LD variable was available. They were

compared to the children who could have entered this category had more
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information been available. As a child cannot be defined as leaming disabled if
he or she is in home-school (1 child), or is handicapped or mentally retarded (29
children), any such child whose LD status in the eyes of the school district had
not been determined was not compared to the children for whom this variable
was available. These children, even had the information been available, would

not have been included in any analyses conceming LD.

Validating Learming Measures:

In order to gain some insight into the validity of the WJ measures as
signifiers of low achievement, low WJ scores (< 85) were compared to teacher
ratings of children’s performance. Kappa coefficients were used to measure
how well the scores agreed beyond chance. The Kappa measures chance
corrected agreement. It is the difference in the number of cases the two
methods agree upon and the number one would expect simply by chance,
divided by the quantity 1 minus the number of cases one would expect the

methods to agree upon solely based on chance **°°',

Measuring Associations:

The relationships of bithweight category, race, gestational age category
and gender to the four outcome measures (low IQ, low WJ-Math, low WJ-
Reading, and LD) were measured using simple crosstabulations and chi-
squares. These produced uncontrolled measures of effect. The same
relationships were also estimated as odds ratios using multiple logistic

regression analyses. Hierarchical logistic modeling was used. In accordance
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with suggestions made by Kleinbaum®? regarding hierarchical modeling, the first
step was to test for interactions and the next was to control for confounders
while preserving accuracy and precision. As discussed previously, the variables
which were considered necessary in all the initial models regardless of outcome
include gender, HOME score, race, GA and of course birthweight. Age was also
included in the model with 1Q as the outcome because they were found to be
negatively correlated. (r= -.154 p <.001). The achievement test scores are
normed by age to the month and so it was not deemed necessary to include age

in the models with achievement as an outcome.

RESULTS

Possible Bias:

The 471 subject children differed from the untested 9 year survivors on
prevalence of both disabling CP and MR at age 2, and by race. They do not
differ, however, by BWT, GA, or gender. The prevalence of disabling CP was
5% in the follow up-group, but 10% in the non-followed group (p = .0005). The
follow-up group similarly had 4.5% of children with IQ < 70 at age 2, versus
11.9% in the non-followed group. Also, 34% of the untested survivors but only
22 % of the followed children were Black.

The comparison of the 335 children for whom the LD variable was
available to the 449 survivors for whom no such information was available

showed differences in racial composition and Bayley score at age 2. The
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children who were followed-up were less likely to be Black and had a mean DQ

almost 10 points higher than their counterparts’ (see Table 1).

Table 1: Comparisons of Children Followed-up vs. Lost

Study | Compariso p LD Compariso ]
Group n Group value Group n Group value
N: 471 375 335 449
% Black:
223 34.0 .0002 16.4 36.3 < .0001
% With DCP:
4.9 10.4 0049 Excluded from
Analyses
% With MR:
45 11.9 .0008 Excluded from .-
Analyses
Mean DQ at 2 A
106.8 93.9 < .0001 1114 101.6 < .0001
Years:
Birthweight: 14969 1461 .148 1501 1494 44
Gestational 31.7 31.58 .726 31.66 31.73 .67
Age:
% Female: 50.9 47.8 .389 51.3 483 .93

Validity of Achievement Measure:

The kappa coefficients relating the teacher ratings of a child’s math or
reading performance to the corresponding WJ cutoff score were both significant
(p <.001). They show that the teacher ratings and WJ cutoffs agree at a rate
better than chance. In the domain of math the two scores conform in 45% of

those instances which would not be expected to agree simply by chance. For
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Reading the proportion is 36%. In both math and reading domains, the teachers
were generally more critical than the WJ cutoff criteria (see Tables 2 and 3).

This is appropriate if one considers that the teachers were asked to
classify children into the broad categories of below, at, or above grade level,
whereas the WJ cutoff of 85 points represents a significantly low level of
performance. A child may be performing quite poorly but still not at the extreme
level of 1 SD below the mean. Because of the definitional imprecision which
attend psychological outcomes in general and academic outcomes in particular,
extreme outcome measures such as the WJ cutoff scores are appropriate. The
limited test of accuracy which is accomplished by measuring how reliably the
WJ cutoff scores compare to the corresponding teacher ratings reflects

favorably on the WJ scores as tests of academic achievement.

Table 2: WJ-Math <85 vs Teacher Reported Math Problem

WJ Math (<85)
Norm Low Total
MP (from -At or above
teacher forms) Grade Level 242 6 248
-Below
Grade Level 52 34 86
Total 294 40 334

Kappa =.45 p <.001
Table 3: WJ-Reading < 85 vs Teacher Reported Reading

Problems
WJ Read (<85)
- Norm Low Total
RP (from -At or above
teacher forms) Grade Level 256 .00 256
-Below Grade
Level 59 22 81
M 315 29 m_

Kappa=.36 p<.00l
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Table 4: Demographic Frequencies and Means Within Slugx Groups

Whole Study Group LD study group
N 471 335
% White:
77.7 83.6
% Female:
51.0 51.3
Mean Birthweight in
grams: 1496.07 (348.96) 1501.30 (346.49)
Mean Gestational
Age in weeks: 31.7 (3.05) 31.66 (2.83)
Mean HOME score:
47.5 (6.84) 48.2 (6.10)
numbers in brackets indicate standard deviations
Histogram of Gestational Age
70
3
s Std. Dev = 3.05
5 Mean = 31.7
S N = 471.00

RN RN

750 %0

Gestational age in weeks

Figure 2 - Histogram of Gestational Age in Whole Group (N = 471)
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Histogram of Birthweight
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Figure 3 - Histogram of Birthweight in Whole Group (N = 471)
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Figure 4 - Distribution of Birthweight in 500g Categories in Whole
Group (N =471)
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Group Characteristics:

As shown in table 4, the study sample was 78% White and 51% female.
The mean birthweight was 1,496g and mean gestational age was 31.7 weeks.
Figures 2, 3, and 4 show the distributions of gestational age, birthweight, and
birthweight by 5009 categories in this sample.
Table 5 reports outcome means and frequencies for the study group of 471
LBW children after excluding the children whose scores were assigned due to
inability to test. The percentages of children classified as below normal are
7.9% for the WJ-Reading Cluster, 13% for the Math Cluster, and 19.1% for full-

scale 1Q.

Table 5: Outcome measures - Means and Frequencies

Meanst N Mean (SD)
Full Scale 1Q: 468 97.9 (14.81)
WJ Math Cluster: 464 105.1 (17.38)
WJ Reading 465 103.2 (13.40)
Cluster:
Frequencies # %

1Q < 85: 90 19.1
WJ-Math < 85: 61 13.0
WJ-Reading < 85: 37 7.9
LD:* 51 15.2
Math Problem: 86 25.7
Reading Problem:3 81 24.0

1 Means are calculated after excluding children with assigned scores on the relevant test.

* The denominator for this prevalence is 335, or all the children eligible to be considered for
the designation of LD by their school district.

1 Math and Reading Problem scores are based on samples of 334 and 337 respectively.
They reflect a teacher's report that the child is performing below grade level in that domain.
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Associations:

Leaming disability (called Perceptual Impairment by the New Jersey
Department of Education) is diagnosed in 15.2% of the children who were
eligible to be considered for classification. This number may be contrasted to
the 6.6% prevalence of the same Perceptual Impairment (Pl) diagnosis found in
8-13 year old children in New Jersey as a whole®* **. While this background
statistic was derived from census information about the whole state, and
therefore includes children born LBW, the LBW children would comprise less
than 2.4% of the whole group. Thus, based on the outcomes found in this study
and the information from the state of New Jersey, children bom below 2000g
seem to face 2.3 times the risk of other children of being diagnosed as LD by
the school district by age 9 (p < .0001).

Tables 6 and 7 present unadjusted relative risks (RR) for different groups
within the LBW sample. African-American children are at increased risk of
showing a score of below 85 on 1Q or either WJ measure when compared to
Whites. They are not, however, statistically significantly more likely to be
diagnosed as LD. This is theoretically acceptable, since the diagnosis of LD is
usually based to some extent on the discrepancy between IQ and achievement
scores. If both of these scores are lowered, it will not affect the discrepancy nor,
by extension, the diagnosis of LD.

Boys face 1.94 times the risk of being diagnosed as LD that girls do.
This conforms to the findings in the literature that boys are more likely than girls
to be diagnosed as LD*"". Itis a less profound difference, however, than the

RR of 4 reported by Lyon*. Why this should be is not clear. Boys are also 1.92
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times as likely as girls to fall below 85 on the WJ-Reading scale. With respect

to Math and IQ, boys and girls do not differ significantly.

Table 6: Proportions and Relative Risks of Poor Qutcome by Gender and Race

Q<85 WJ - Math < 85 WJ - Reading LD
<85
RR RR RR RR
% 95% ClI % 95% Cl % 95% CI % 95% CI
Gender:
Female 18.8 Ref. 10.4 Ref. 54 Ref. 10.5 Ref.
Male 1.04 15 1.92* 1.94*
19.5 15.6 10.4 20.2
72 -1.51 93 -2.41 1.001 - 1.14-33
3.68
Race:
White 13.7 Ref. 10.9 Ref. 4.9 Ref. 14.3 Ref.
Black 2.79* 1.83* 3.68* 14
38.1 20.0 18.1 20.0
1.96 - 3.98 1.13-2.96 2.01 - .76 - 2.56
6.75
*p<.05

Birthweight had a significant relationship to the likelihood of falling below

85 on any of the three tests and to being diagnosed LD (see Table 7). For each

outcome, the children bom weighing the least were significantly more likely

(between 2.14 and 3.65 times as likely) to have a negative outcome than the

heaviest born children. While the children bom weighing 1000-1,499g were not

at significantly more risk of negative outcome than the heaviest group except on
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Table 7: Proportions and Relative Risks of Poor Outcome by Birthweight and Gestational Age

Q<85 WJ - Math < 85 WJ - Reading LD
<85
RR RR RR RR
% 95% ClI % 95% Cl % 95% Cl % 95% ClI
Birthweight
Catggories:
1500g- 15.9 Ref. 9.7 Ref. 4.7 Ref. 11.4 Ref.
2000g
1000g - 19.4 1.2 15 15 10 2.15* 18.3 1.61
1499g .8-1.86 .92 - 2.62 1.04 - .92 - 2.81
4.43
501g - 34 2.14* 22.6 2.34* 17 3.65* 25.7 227
999g 1.34 - 3.42 1.26-4.35 1.62 - 1.13-4.53
8.23
GA
Categories:
> 37 weeks | 21.1 Ref. 15.8 Ref. 10.5 Ref. 9.1 Ref.
33-36 17.8 .84 12.2 a7 8.1 T7 13.2 15
34-2.12 .26 - 2.33 .19-3.11 .21-9.85
weeks
29 - 32 17.5 .83 12.2 T7 6.3 .6 15.9 1.75
.33-2.09 .26 -2.33 .15-25 .26 - 11.81
weeks
<28 weeks | 27.3 1.3 16.7 1.06 10.6 1.00 214 2.36
.50-3.37 .33-3.40 .23-4.45 .33 - 16.67
*p<.05
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WJ-Reading, chi-square tests of linear trend were significant for all outcomes.
This indicates a graded relationship of BWT with these 4 outcomes. GA had no
relationship to the outcomes.

Four logistic regression models were hierarchically fitted to the data. The
initial models included BWT, GA, gender, race, HOME score, and interaction
terms. None of the interactions that were tested were found to be significant.
These were BWT by GA, BWT by race, and BWT by HOME score. In every
model except that for LD the HOME score reduced the effect of race to non-
significance. In the model for LD, race was not a significant factor to begin with.
Even so, the inclusion of HOME in the LD model greatly reduced the beta-
weight and significance of race. These findings are precisely in line with what
Van Rossem et al. found with regard to IQ"°.

Table 8 presents the odds ratios for gender, BWT category by 500g
increments, GA category by 3 month intervals, and HOME score quartile. The
only final model in which GA was retained was the one for WJ-Reading. Thus,
all the odds ratios relating the exposures to WJ-Reading are controlled for GA
category, HOME score quartile, BWT Category, and gender. The other three
models contain all these variables except GA category. In the IQ model, the
OR's are also adjusted for age at the IQ test. Also presented for comparison

are the unadjusted odds ratios.
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Table 8: Adjusted' and Unadjusted Odds Ratios for BWT Categories, GA Categories, HOME
Quartiles, Gender, and Race

IQ< 85:

WJ-M < 85

WJ-R < 85

LD:

(p-value) (p-value) (p-value)® (p-value)
OR’s Un- Un- Un- Un-
adjusted | AGUS1 | oyiugted | AdIUS®D | o yiuate | ADIUSISd | o yigteq | Adlusted
d
BWT 641" 60" 606" | .561* | .484* | 217" | .60° 55"
p=.006 | p=.007 | p=.008 | p=.006 = = p=.016 | p=.008
Categories 0015 | .0001
GA 84 1.07 912 1.34 99 | 209 75 .99
Categories p=.27 p=.76 p=.61 p=.22 | p=95|p=.021| p=.16 p=.97
HOME 3.02** 3.10** 2.01* 2.10** 2.67*" 2.99** 1.55* 1.61°
. | p<.0001 p< p < .0001 pP< pP< pP< p=.003 | p=.002
quartiles: 0001 0001 | .0001 | .0001
Gender: 1.05 142 | 1588 | 210" | 2025° | 4424* | 2472 | 257
p=.84 p=.20 | p=.095 | p=.017 p= p<.001 | p=.014 | p=.005
.049
Race: 3.89" 1.3 204 | 789 | 427 | 19 15 1.10
p<.0001 p=.357 p=.016 p=.542 0%;1 p=.166 p=.28 p=.60

1 In the model for WJ-Reading all the exposures are adjusted for BWT Category, GA category,
HOME quartile, and Gender. The effects all the exposures on all the other outcomes are
controlled for all of the same variables except for GA category.
* Significant at p < .05

** Significant at p < .0001
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DISCUSSION

This study followed a large, geographically determined group of LBW
children to age nine. It is different from most research in this area in its
inclusion of children between 1500 and 2000 grams. This inclusion provides a
more complete picture of the problems associated with LBW. This is particularly
true because the number of children bom between 1500 and 2000 grams
compose so large a portion of LBW children by comparison with those bom at
fewer than 1500 grams. The danger of conflating the findings for the smallest-
bom children with those for the larger-bom children was overcome by splitting
the group into the conventional BWT groups.

The findings of this study generally mirror what is seen in the literature.
Birthweight has a significant effect on intellectual and academic outcomes
independent of race, and environment. Also, the environment has an effect on
the outcomes which is as strong as or stronger than the effect of birthweight.
Unexpected findings in this study include the high achievement score means
and the effect of the HOME score on race. A further anomalous finding was the
significance of GA to the WJ-Reading outcome. These findings and the
weaknesses of the study will be discussed here.

One of the unusual findings in these analyses is the inflation of the
means for the two Woodcock-Johnson tests. Because some children were too
low functioning to be tested, low scores were assigned to these children. Their
scores were then excluded when calculating the means. This served to inflate

the means, but it is not certain by how much. The means for the group when
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these children are included are 105 (SD = 19.4) for WJ-Math, 102 (SD = 15.3)
for WJ-Reading, and 97.5 (SD = 15.4) for IQ. These are still higher than
expected based on the literature, and whether they are too high, too low, or
accurate is unknown. The means may also have been affected by the pattem
of attrition. The children who were available to the 9-year follow up had higher
IQ at 2 years, and it may be assumed that the study population in this paper
represents the upper range of the LBW population. However, because there is
no control group in this study to which the means may be compared, it cannot
be known whether or not the LBW children are truly performing above average
on the achievement tests.

A second interesting finding of this study may provide substantial aid to
researchers who are trying to parse the distal variable, race, into the proximal
variables that are relevant to cognitive and academic outcomes. The HOME
score measure of home environment significantly reduced the strength of race
as a predictor of intelligence or achievement. In the case of the WJ-Math score,
the HOME score erased the predictive value of race in the model, and even
switched the remaining non-significant odds ratio from protective for Whites to
protective for Blacks. Too much could be made of this instance, but it
demonstrates the degree to which race and the HOME score are intertwined.
This news should be heartening to researchers for methodological reasons,
quite apart from philosophical or political reasons. Race, after all, is a nebulous
and ill-defined construct, whereas the HOME score provides a standardized and
transparent measure which may take race’s place in this domain of

investigation. The political implications are too much to cover in this thesis, but
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the finding that the HOME score erases the effects of race should not be taken
to mean that race has no effect on academic and intellectual outcomes. Insofar
as opportunities are apportioned along racial lines in this country, and attitudes
toward education and its benefits are influenced by ethnicity, race has an effect
on achievement and IQ. The effect, however, appears to be mediated by
societal thinking on race rather than by any simply genetic pathway.

The relationship of GA to the study outcomes was non-significant except
in the model for WJ-Reading. Why this should be is unclear. It is additionally
surprising that the effect should be opposite to what is expected, with children
bom earlier being at less risk of low reading achievement. This finding reflects
the effect of controlling for BWT. When birthweight is not included in the model,
increased GA reverts to a non-significant protective factor (OR = .92, p = .75). It
most likely reflects the effects of fetal growth retardation. That is, at any low
BWT, the older children are those who should have moved on to a higher BWT
category.

The major problems of this study are attrition, the lack of a control group
and lack of strong definitions. In the case of IQ and achievement scores, the
definition of low performance suffered from the lack of a control group. As
Wolke et al. demonstrated, the use of test norms from a time or region other
than those of the subject group can result in errors of classification.
Nevertheless, the comparison of groups within the LBW group remain valid. A
child born LBW is at greater risk of negative outcome if faced with an
unstimulating home environment than if raised in a home which nurtures inquiry

and education. This is consistent with the results of educational intervention
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tested by the Infant Health and Development Program'®, and suggests that, at
any birthweight, environmental educational interventions should improve LBW'’s
cognitive outcomes. Whether this holds true for NBW children is outside the
ambit of this study, but this gap does not mitigate the validity of what is reported
here.

In the case of LD, a comparison group could be derived from public
records. However, the outcome measured is ill-defined and thus imprecise.
The true extent and character of the relationship between LD and LBW will be
very hard to determine until there is a better definition of the outcome.
Nevertheless, insofar as the construct that was measured reflects some aspect
of the truth, it appears that there is a relationship between LBW and LD. If the
only problem with the definition is one of precision, the relationship between LD
and birthweight should be stronger than what is reported here. Once an
etiologic definition of LD’s is available, the NBHS cohort will lend itself to closer
study of this relationship.

The problem of attrition is a constant obstacle to epidemiologists. It
serves to reduce power and possibly to introduce bias. In this study, however,
the followed population is large enough that power is not greatly threatened.
Also, the children who were not followed up were considerably more likely to
have DQ'’s below normal than the children who were followed, and more likely to
be Black. One would expect a bias to actually attenuate the finding that LBW
children face a greater risk of LD than NBW children; though this is the case
only if LD is associated with the same process that lowers DQ in LBW children.

While this is not implausible, the possibility of bias should not be ignored. The
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- gender differences in the outcomes should not be greatly affected by the
attrition.

However, children in the group that was not included in the analyses are
both more likely to be Black and more likely to show lower DQ. The relationship
of these factors to one another is fairly clear in the followed group when IQ is
substituted for DQ and the HOME score is introduced. However, there is no
way to say that the same relationship would hold in the lost group.

In closing, the study outlined here shows results that are in line with the
literature. Birthweight is associated with all the outcomes measured as is the
child’'s home environment. Gender is associated with all the outcomes but 1Q.
Race was found to confound the relationship between the outcomes and home
environment, which presents interesting possibilities for future research. The
effect of bias due to attrition and exclusion seems not to be critical, and even
the definitional problems affecting the outcomes do not present critical threats to

the findings.
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