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Abstract
Aims—To examine cognitive, behavioural,
and educational outcomes in middle
childhood among a birth cohort of very
low birthweight children.
Methods—Two hundred and ninety eight
survivors from a national birth cohort of
413 New Zealand very low birthweight
(VLBW) children born in 1986 were
assessed at 7 to 8 years of age on measures
of behaviour, cognitive ability, school per-
formance and the need for special educa-
tion. These outcomes were compared with
the samemeasures in a general population
sample of over 1000 children studied at a
similar age.
Results—The VLBW children had signifi-
cantly higher rates of problems and
poorer levels of functioning across all out-
come measures than the general child
sample. These diVerences persisted even
after control for variability in social, fam-
ily, and other characteristics of the two
samples and for the degree of sen-
sorineural disability. There was evidence
of a gradient of risk with birthweight, with
extremely low birthweight children having
generally higher rates of problems and
diYculties than other VLBW children
after covariate control.
Conclusions—The findings are consistent
with a growing body of research evidence
which suggests that premature and VLBW
infants are at increased risk of longer term
morbidity and functional impairment in
middle childhood.
(Arch Dis Child Fetal Neonatal Ed 1998;79:F12–F20)
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Changes in medical technology over the past
two decades have substantially improved the
survival and life chances of premature and very
low birthweight (VLBW) (<1500 g) infants.
However, a significant proportion of these chil-
dren experience some degree of functional
impairment beyond early childhood. Increas-
ingly, research has focused on the longer term
outcomes for VLBW infants and, in particular,
on the cognitive, behavioural, and educational
impairments experienced by VLBW children
during middle childhood.
A growing number of studies have examined

the school age outcomes of premature and
VLBW infants. In general, these studies
suggest that compared with normal birth-

weight controls, these children show con-
sistently higher levels of problems and poorer
functioning over a wide range of outcomes.
In particular, VLBW infants tend to have
higher levels of behavioural problems—
specifically, increased attention deficit and
hyperactivity1–12; poorer performance on tests
of cognitive ability2 12–19 and academic achieve-
ment2 3 6 11 12 14 15 18–21; higher levels of learning
problems; increased likelihood of need for spe-
cial education or grade retention4 5 13 15 19 20 22;
poorer language and social skills2–4 12; and
poorer psychomotor skills.2 3 6 14 15 23 These
findings have been obtained using a wide
variety of measurement techniques and
measurement instruments, and have been rep-
licated using observations from a variety of
sources, including parents, teachers, clinicians
and standardised testing. Furthermore, several
studies have suggested evidence of an inverse
relation between birthweight and outcome risk,
with the smallest infants having the greatest
risk of later adverse outcomes, and normal
birthweight infants the lowest risk.3 5 6 16 20

There is a growing consensus about the long
term outcomes for VLBW and extremely low
birthweight (ELBW) children, but much of the
research evidence comes from studies that are
subject to potential selection biases.24–26 These
biases arise from the highly heterogeneous
nature of the samples studied. Factors contrib-
uting to this heterogeneity include: the fre-
quent use of unit or hospital based samples;
small sample size; high drop out rates; the vari-
able application of exclusion criteria for assess-
ment; the practice of combining births across a
range of years to obtain suYcient sample num-
bers; and variable choice of cutoV points on the
birthweight distribution. Among the smaller
number of regional cohort or population based
studies reported, the size and nature of the
samples studied have varied considerably. To
date there have been only a few studies on
school aged outcomes for a comparatively large
cohort of VLBW children with high rates of
follow up that have compared these with
outcomes for an equivalent control sample of
normal birthweight children.1 2 5 14 15 22

This study therefore reports on the level of
cognitive and behavioural functioning and
educational achievement among a national
cohort of New Zealand VLBW infants studied
at the age of 7–8 years. The aims of the study
were: (i) to document the overall levels of func-
tioning and achievement for this cohort and,
specifically, to examine diVerences in function-
ing between those children who were <1000 g
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at birth and those weighing 1000–1499 g at
birth; (ii) to compare the levels of cognitive,
academic, and behavioural functioning in this
cohort with a general population sample of
children studied at a similar age; (iii) to deter-
mine the extent to which diVerences in levels of
functioning between VLBW and other children
could be explained by pre-existing diVerences
between the cohorts, in terms of a range of
measures of social and family background,
perinatal, and other factors.

Methods
The data reported here were gathered in sepa-
rate studies of two birth cohorts of children.
These studies were conducted at diVerent
times but shared several features in common
including: very similar data collection methods;
supervision of data collection by the same
research worker (LJH); some overlap of data
collection staV; and use of identical measure-
ments for a range of childhood outcomes. This
analysis is limited to the set of outcomes which
were measured in both studies.

VLBW COHORT

The VLBW sample comprised all live born
infants weighing less than 1500 g who were
admitted to neonatal units throughout New
Zealand in 1986 and who survived to follow
up: 413 live born infants, of whom 338
(81.8%) survived to hospital discharge. A
further 12 children died before the age of 7
years. Of the surviving children at age 7–8
years, 17 (5.2% of survivors) were living
outside New Zealand; the families of seven
children (2.1% of survivors) declined to
participate, and four children (1.2% of survi-
vors) could not be traced. The remaining 298
children (96.4% of surviving children resident
in New Zealand; 91.4% of all survivors) were
assessed at follow up. The mean (SD) age at
assessment was 91 (5) months.
Of the 298 children assessed, 77 were <1000

g at birth, and the remaining 221 weighed
between 1000–1499 g. The mean (SD) birth-
weight for those <1000 g was 823 (114) g, with
the smallest child weighing 510 g; the mean
(SD) gestation was 27.1 (1.9) weeks, with a
range of 24–34 weeks. For those weighing
1000–1499 g, the mean (SD) birthweight was
1267 (147) g and the mean (SD) gestation was
30.0 (2.2) weeks, with a range of 26–36 weeks.
The assessment for each child included: a

parental interview covering a range of aspects
of child development including physical
disabilities, health history and medical con-
tacts, schooling and educational problems,
behavioural problems, and general family
background; a detailed visual assessment of the
child; and administration of the Wechsler
Intelligence Scale for Children (WISC-R).27

Assessments were conducted by a team of six
home visitors specially recruited and trained
for the project. After the home assessment,
teacher reports of the child’s behaviour,
academic achievement, and problems at school
were obtained by postal questionnaire.Medical
and other records were also obtained for
children with identified physical, educational,

and other disabilities. A detailed description of
the sample and methodology of the follow up
study has been given elsewhere.28 All infor-
mation was gathered only after signed and
informed consent from the child’s parents or
guardians had been obtained.

CHRISTCHURCH HEALTH AND DEVELOPMENT

STUDY COHORT

For comparative purposes, the cohort of
children studied in the Christchurch Health
and Development Study29 30 was used as a con-
trol series. In this study a birth cohort of 1265
children born in the Christchurch (New
Zealand) urban region during four months in
mid 1977 was studied at birth, 4 months, 1
year and at annual intervals to the age of 16
years, using a combination of methods includ-
ing parental interview, direct assessment and
interview of the child, teacher report, and
information from medical and other records.
At all stages of the study, the collection of
information was conditional on obtaining
signed and informed parental consent. The
mean (SD) birthweight for the CHDS cohort
was 3360 (534) g, and the mean (SD) gestation
was 39.6 (1.6) weeks. Only five children in the
CHDS were <1500 g at birth, and none was
less than 28 weeks of gestation.
Outcome comparisons are based on the

eight year follow up of the CHDS cohort. At
this age information was obtained from both
parental interview and teacher report concern-
ing various aspects of the child’s behaviour and
school performance over the period from 7–8
years. The children were also tested by the
WISC-R. A total of 1092 of the original cohort
of 1265 children were assessed at the 8 year
follow up. Reasons for loss to follow up
included emigration from New Zealand (91
families), death (15 children), and refusal to
participate in the research (67 families). The
final sample thus represented 94.2% of the
cohort who were still alive and resident in New
Zealand at the age of 8. Most (95%) of the
sample were assessed within a month of their
eighth birthday.

OUTCOME MEASURES

A series of measures of child behaviour, cogni-
tive ability, and school achievement were avail-
able from the databases of the two studies.
These measures were obtained using identical
methods across the two studies.

Measures of behaviour
Parental ratings of child behaviour were
obtained using a combination of the parental
forms of the Rutter31 and Conners32 child
behaviour questionnaires. Teacher ratings were
obtained using by combining the teacher
versions of the Rutter31 and Conners33 ques-
tionnaires. Scale scores were derived for the
extent of behavioural problems and diYculties
reported by both parents and teachers in each
of three general dimensions of child behaviour:
Attention deficit hyperactivity—the extent to
which the child was reported to display
inattentive, distractible, impulsive or hyperac-
tive behaviours;
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Conduct problems—the extent to which the child
was reported to display symptoms of aggres-
sive, destructive, oppositional and similar
behaviours;
Anxiety/withdrawal—the extent to which the
child was reported to display shy, anxious, or
withdrawn behaviours.
These three general dimensions of behaviour

were used in previous studies of the CHDS
cohort,34 35 and represent distinct, unidimen-
sional measures of childhood behavioural vari-
ability. The reliabilities of the behaviour
ratings, assessed using coeYcient á, ranged
from 0.82 to 0.91 for measures of attention
deficit/hyperactivity, from 0.84 to 0.93 for
measures of conduct problems, and from 0.64
to 0.81 for measures of anxiety/withdrawal
across the two samples.
To simplify data presentation, the parent and

teacher scores were combined for each child to
provide a global measure of the extent of
behavioural variability in each of the three gen-
eral behaviour domains. CutoV points were
then placed on these scores to define categori-
cal measures representing the risk of more
extreme problem behaviours and diYculties in
each area. A child was classified as showing
behaviour problems on a given behaviour
domain if the child’s score placed him/her
above the 90th percentile on the joint distribu-
tion of the measure across the combined
VLBW and CHDS cohorts.
The decision to use a categorical

representation of the behaviour data was made
primarily to maintain consistency with the
other outcome measures examined. However,
it should be noted that preliminary analyses of
these data conducted on the continuously
scored measures of parent and teacher ratings
produced essentially identical conclusions as
analyses based on categorical outcome criteria.
The results also withstood the choice of cutoV
point used to define problem behaviour
criteria.

Cognitive ability
The WISC-R was used for both cohorts,27

focusing only on the full scale IQ score. The
reliability of the WISC-R, as assessed by split
half methods, was 0.93 for the CHDS cohort
and 0.92 for the VLBW cohort. For a small
number of children in the VLBW cohort (5.8%
of the sample) it was not possible to obtain a
reliable assessment of IQ using the WISC-R,
because of associated sensorineural problems
or disabilities. However, using information
available from other sources (medical records,
reports of psychological assessments), it was
clear that most of these children had severely
impaired cognitive functioning.
For the purposes of the present analysis, the

available WISC-R assessment information was
used to define a binary measure of cognitive
impairment. To be classified as having a cogni-
tive impairment, the child had to meet one of
the following criteria: either (a) the child’s
measured total IQ score was more than one
standard deviation below the expected mean
(total IQ < 85); or (b) the child was known on

the basis of other available assessment infor-
mation to be intellectually impaired.

Teacher ratings of school performance
Teachers were asked to rate the child’s general
level of performance in relation to their peers in
each of five curriculum areas: reading; written
expression; mathematics; spelling; and physical
education. Ratings were made on a five point
scale ranging from 1 (very good) to 5 (very
poor). For the purposes of the present analysis,
these ratings were classified into binary vari-
ables representing whether the teacher rated
the child’s performance as below average (poor
or very poor) in relation to other children of the
same age.

Special education
In addition to the overall assessment of school
performance, detailed information was ob-
tained on the extent of special education
received by the child including: enrolment in a
special school or special needs class/unit; the
use of specialist services including speech/
language therapy, specialist teachers of the
blind or deaf, Education Service psychologists,
and related specialists; the use of teacher aides
or other forms of remedial or special education
funded by the Ministry of Education. This
information was combined to form two binary
measures of special education assistance: (a)
whether the child was enrolled in a special
school, class or unit; (b) whether the child
received any form of Ministry of Education
funded special education in the school setting.

CONTROL VARIABLES

To control for between cohort variability in
pre-existing circumstances, a range of meas-
ures relating to family background, perinatal,
and other factors were selected from the data-
bases of the two studies. These measures were
chosen on the basis that (a) they were
measured in common across the two studies
and (b) they were likely, given the available evi-
dence from other studies, to be correlated with
VLBW status, and/or predictive of the outcome
measures studied. The measures chosen were
as follows:
Measures of family sociodemographic
background—maternal age at the child’s birth;
maternal education (no formal educational
qualifications, secondary qualifications, terti-
ary qualifications); family type (single parent
family, two parent family); child ethnicity
(Maori/Pacific Island, other); maternal smok-
ing during pregnancy (yes, no); duration of any
breastfeeding (months);
Perinatal factors—gender,multiple birth,mater-
nal parity, non-spontaneous delivery (forceps/
breech/caesarean section);
School related factors—grade level.
Table 1 shows a comparison of the covariate

measures across the two cohorts. The VLBW
cohort seems to reflect a mix of characteristics.
On the one hand, the parents of the VLBW
children were of higher parity (p<0.01) and
better educated (p<0.05) than the mothers of
the CHDS cohort. On the other hand, VLBW
families contained significantly higher
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(p<0.001) proportions of children of Maori or
Pacific Island ethnicity and children living in
single parent families. There were significantly
higher (p<0.0001) rates of multiple birth and
non-spontaneous delivery in the VLBW co-
hort. Fewer children in the VLBW cohort were
in their third year of schooling (p<0.05),
reflecting the fact that the VLBW cohort were
assessed at a slightly younger age on average
than children in the CHDS cohort. Rates of
parental smoking and breastfeeding seemed to
be similar across the two cohorts, as did the
gender balance of subjects.

STATISTICAL ANALYSIS

Tests of the significance of bivariate associa-
tions between cohort membership and other
measures were derived using t tests for
independent samples for mean comparisons,
and ÷2 tests of independence for comparisons
of proportions. Statistical control for con-
founding variables was achieved using multiple
logistic regression methods36 in which the log
odds of each outcome measure were regressed
on a series of design variables defining cohort
membership and the significant covariates.
Significant covariates were identified using
methods of both forward and backward
variable elimination, to identify the best fitting
model for each outcome. In addition to the
covariate measures listed above, to control for
between cohort variability in the timing of
assessments, the child’s age in months at
assessment was included in all regression

equations. Adjusted risk distributions for each
outcome were computed from the logistic
model parameters using the method described
by Lee.37 Odds ratio estimates and correspond-
ing confidence intervals were also derived using
the fitted model parameters.

Results
Table 2 shows comparisons of the rates of
behavioural problems, cognitive impairment,
poor school achievement and special education
between the VLBW and CHDS cohorts. The
VLBW cohort was further subdivided by
birthweight to compare outcomes between
ELBW and other VLBW children.
A substantial minority of children in the

VLBW cohort were experiencing problems or
diYculties across all domains of functioning:
about 20% met criteria for individual behav-
iour problems; just under a quarter had
WISC-R IQ scores which placed them more
than one standard deviation below the ex-
pected mean; between 25–40% were perform-
ing poorly in each area of the curriculum; and
just under a quarter were receiving some form
of special education. However, there was little
evidence to suggest substantial diVerences in
overall outcome risks between children who
weighed <1000 g at birth and those who
weighed 1000–1499 g. Outcome risks tended
to be higher for the ELBW group, but this was
not invariably the case and, in general, rates of
problems and diYculties were very similar
between the two groups.
Compared with the CHDS cohort, there

were clear and highly significant (p<0.0001)
tendencies for levels of functioning to be poorer
among children in the VLBW cohort across all
areas of functioning: the odds ratios between
outcomes and group status ranged from 2.1 to
4.4 for measures of behaviour, from 2.1 to 2.4
for cognitive impairment, from 1.7 to 4.9 for
measures of school achievement, and from 2.9
to 6.3 for measures of special education.
To provide an approximate measure of the

extent of impairment across multiple domains,
an impairment score was constructed for each
child as follows: for each of the four general
domains of functioning examined in table 2
(behaviour problems, cognitive impairment,
school performance, special needs), the child

Table 1 Comparison of VLBW and CHDS cohorts on social, perinatal, and school
related factors

Measure
VLBW cohort
(n = 298)

CHDS cohort
(n = 1092) p Value

Sociodemographic factors:
Mean age of mother at birth of child (years) 25.8 25.8 >.80
Mother had no formal educational
qualifications 39.9% 47.2% <.05

Child of Maori/Pacific Island ethnicity 32.9% 14.4% <.001
Single parent family 21.2% 12.3% <.001
Mother smoked during pregnancy 33.9% 34.2% >.80
Child fed breast milk (( 1 month) 72.5% 70.5% >.50
Mean duration of breastfeeding (months) 3.9 4.0 >.60

Perinatal factors:
Male 48.3% 51.0% >.40
Multiple birth 24.2% 2.1% <.0001
Non-spontaneous delivery 68.1% 17.4% <.0001
Mean maternal parity 2.3 2.0 <.01

School factors:
Child in third year of schooling 17.7% 24.2% <.05

Table 2 Rates (%) of problem behaviour, cognitive impairment, school achievement, and special education assistance in VLBW and CHDS cohorts

Measure

VLBW cohort CHDS cohort

p Value

Odds ratio (95% CI)

<1000 g
(n=77)

1000–
1499 g
(n=221) (n = 1092)

VLBW (<1000 g)
vs CHDS

VLBW (1000–1499 g)
vs CHDS

Behaviour problems:
Inattention/hyperactivity 21.3 22.1 7.4 <.0001 3.4 (1.9,6.2) 3.5 (2.4,5.3)
Conduct problems 12.0 18.0 8.1 <.0001 2.1 (0.7,4.3) 2.5 (1.6,3.8)
Anxiety/withdrawal 25.3 17.9 7.1 <.0001 4.4 (2.5,7.8) 2.9 (1.9,4.3)

Cognitive impairment:
WISC-R Total IQ <85 24.0 21.2 11.5 <.0001 2.4 (1.4,4.3) 2.1 (1.4,3.1)

Below average school performance
Reading 23.9 29.3 15.6 <.0001 1.7 (1.0,3.0) 2.2 (1.6,3.1)
Written expression 37.1 37.4 20.3 <.0001 2.3 (1.4,3.9) 2.3 (1.7,3.2)
Spelling 41.3 40.7 21.3 <.0001 2.6 (1.6,4.3) 2.5 (1.9,3.5)
Mathematics 37.5 37.0 15.9 <.0001 3.2 (1.9,5.2) 3.1 (2.2,4.3)
Physical education 32.9 24.3 9.2 <.0001 4.9 (2.8,8.3) 3.2 (2.2,4.6)

Special education assistance
Enrolled in special school, class or unit 6.5 5.9 1.1 <.0001 6.3 (2.1,18.2) 5.6 (2.5,12.5)
Receiving any form of special education assistance 26.7 22.9 9.4 <.0001 3.5 (2.0,6.1) 2.9 (2.0,4.2)
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was classified as having an impairment if s/he
met criteria for any outcome in that domain. A
count was then derived of the number of areas
(out of four) in which the child had an impair-
ment. Overall, 71% of children in the VLBW
cohort experienced problems or impairments
in at least one of the four general domains of
functioning examined in table 2, 42% in two or
more domains, and 19% in three or more. By
comparison, the corresponding figures for the
CHDS cohort were 42%, 16%, and 7%,
respectively (p<0.0001). These results further
highlight the fact that the general density of
problems and diYculties in the VLBW cohort
was substantially greater than in the general
child population sample.

CONTROL FOR CONFOUNDING COVARIATES

To examine the possibility that the diVerences
observed in table 2 could be explained by pre-
existing diVerences in social and other charac-
teristics between the two cohorts, the data were
reanalysed using multiple logistic regression
methods to control for the social, perinatal, and
school related factors (table 1). In these analy-
ses the log odds of each outcome measure was
regressed on variables describing cohort mem-
bership together with the covariate factors. The
regression equations also included a variable
describing the age of assessment for each child,
to control for variability in the timing of assess-
ment between studies.

The results of these analyses are summarised
in tables 3 and 4. Table 3 shows the adjusted
rates of each outcome for each group after
controlling for the covariate factors, together
with an overall significance test of the between
cohort diVerences derived from the logistic
regression model, and a list of the covariates
that were significant in each equation. The
adjusted rates are the hypothetical rates for
each outcome measure that would have been
observed had the distribution of all covariate
factors been identical across each group.37

Table 4 shows the adjusted odds ratios and
corresponding 95% confidence intervals de-
rived from the fitted model parameters for each
outcome. Separate estimates are given for
comparisons of ELBW and other VLBW chil-
dren with the CHDS cohort.
Table 4 shows that after adjustment for con-

founding covariates, all of the associations
between group status and the outcome meas-
ures remained highly significant (p<0.0001).
In fact, the eVect of covariate control was to
slightly increase the observed diVerentials
between the VLBW and the CHDS cohorts
across all outcome measures. This is most evi-
dent from comparison of the odds ratios in
tables 2 and 4. Before adjustment, the odds
ratios for the ELBW group compared with-
those of the CHDS cohort ranged from 1.7 to
6.3; after adjustment the range was 2.1 to 9.2.
For the VLBW children weighing 1000–1499 g
at birth, odds ratios before adjustment ranged
from 2.1 to 5.6; after adjustment the range was
2.5 to 6.6. The outcomes for which covariate
adjustment seemed to produce the greatest
increase in diVerential between the cohorts
were the measures of cognitive impairment and
inattention/hyperactivity.
Covariate adjustment also produced much

clearer diVerentials between the ELBW and
other VLBW children. For nine out of the 11
outcomes the adjusted rates in table 3 are
clearly higher—in some cases substantially
higher—among ELBW children compared
with other VLBW children. For one of the
remaining outcomes (reading performance),
rates in the two groups were almost identical.
For the other outcome (conduct problems), the

Table 3 Rates (%) of problem behaviour, cognitive impairment, school achievement and special education assistance in
VLBW and CHDS cohorts after adjustment for covariates

Measure

VLBW cohort
CHDS
cohort p Value

Significant
covariates a<1000 g 1000g–1499 g

Behaviour problems:
Inattention/hyperactivity 27.0 23.8 7.0 <0.0001 1,2,6–8
Conduct problems 14.2 18.6 8.0 <0.0001 1–3,5,7
Anxiety/withdrawal 29.8 20.0 6.9 <0.0001 8,9

Cognitive impairment:
WISC-R Total IQ <85 36.2 24.7 10.7 <0.0001 2,5,6,8,9

Below average school performance:
Reading 31.0 31.8 15.2 <0.0001 1–4,8,9
Written expression 40.7 36.5 20.4 <0.0001 1–4,8
Spelling 45.9 40.8 21.1 <0.0001 3,4,6,8
Mathematics 43.7 37.5 15.7 <0.0001 1,2,8
Physical education 32.8 22.3 9.4 <0.0001 1,5,8

Special education assistance:
Enrolled in special school, class or unit 8.7 6.5 1.1 <0.0001 5,9
Receiving any form of special education assistance 30.7 24.1 9.3 <0.0001 1,2

*Significant covariates: 1 = gender; 2 = maternal education; 3 = maternal age; 4 = maternal parity; 5 = single parent family; 6 =
duration of breastfeeding; 7 = maternal smoking during pregnancy; 8 = grade level; 9 = age at assessment.

Table 4 Odds ratios (95% CIs) for VLBW cohort compared with CHDS cohort after
adjustment for covariates

Measure
VLBW (<1000 g)
vs CHDS

VLBW
(1000–1499 g)
vs CHDS

Behaviour problems:
Inattention/hyperactivity 6.0 (2.9, 12.4) 4.9 (2.9, 8.3)
Conduct problems 2.1 (0.9, 4.9) 3.0 (1.7, 5.1)
Anxiety/withdrawal 5.9 (3.1, 11.3) 3.4 (2.0, 5.8)

Cognitive impairment:
WISC-R Total IQ <85 6.3 (3.1, 12.9) 3.2 (1.9, 5.3)

Below average school performance:
Reading 2.9 (1.4,5.8) 3.0 (1.9, 4.8)
Written expression 3.0 (1.6, 5.7) 2.5 (1.6, 3.9)
Spelling 3.7 (1.9, 6.9) 2.9 (1.9, 4.5)
Mathematics 4.6 (2.5, 8.4) 3.5 (2.3, 5.3)
Physical education 5.0 (2.6, 9.5) 2.9 (1.7, 4.8)

Special education assistance:
Enrolled in special school, class or unit 9.2 (3.0, 28.2) 6.6 (2.8, 15.8)
Receiving any form of special education assistance 4.6 (2.4, 8.6) 3.2 (2.0, 5.1)
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adjusted rate for the ELBW group was lower
than that for other VLBW children, but the
adjusted results show less marked diVerences
between these groups than the observed rates
in table 2. Taken together, these results suggest
that there is good evidence for a gradient
correlation between birthweight and risks of
impairment across all domains of functioning.

ADDITIONAL ANALYSES

The logistic regression analyses reported in
tables 3 and 4 were extended to examine
several other issues relating to the risk of
adverse outcomes.

Control for degree of sensorineural disability
One possible explanation for the excess risk of
adverse educational and behavioural outcomes
among VLBW children is that a substantial
minority of these children have some degree of
detectable sensory or neurological impairment,
and that were the degree of sensorineural
impairment to be taken into account, any
observable increase in the risk of these
outcomes would be explained. To examine this
possibility, the data were reanalysed to include
a measure of the degree of sensorineural
disability in the regression models for behav-
ioural and educational outcomes. The degree
of sensorineural disability was graded on a four
point scale ranging from none to severe,28

defined using the criteria from the Victoria
Infant Collaborative Study.38 The classification
of disability on this scale involves an assess-
ment of the degree of disability from cerebral
palsy, blindness, deafness and intellectual
impairment. This analysis showed that, even
after adjusting for the degree of sensorineural
disability, the VLBW children tended to have
higher rates of behaviour problems, poorer
functioning in all areas of school performance,
and greater need for special education
(p<0.01). After this adjustment the odds ratios
for these outcome measures in the ELBW
group compared with the CHDS cohort,
ranged from 1.7–5.9, and for VLBW children
weighing 1000–1499 g, it ranged from 1.9–4.6.
These odds ratios are somewhat smaller than
those seen in table 4, suggesting that control for
degree of sensorineural disability accounted for
some of the diVerences in performance be-
tween VLBW and other children.
Nevertheless, the results clearly suggest that
even among VLBW children without observ-
able neurological disability, there was a detect-
able increase in the risk of adverse educational
and behavioural outcomes at 7–8 years of age.

Chronological age vs corrected age
In common with most other studies in this
area, the results of our study were based on
analyses involving chronological age at assess-
ment. However, it has been argued that age
adjusted for prematurity would provide a more
appropriate basis for comparison, at least up to
school age.24 39 To examine this possibility, the
data were reanalysed to include in the
regression equations an estimate of age at
assessment adjusted for prematurity. This
analysis did not materially alter the conclusions

drawn from the analyses already reported in
tables 3 and 4, suggesting that issues relating to
the choice of adjusted age vs chronological age
are largely irrelevant by middle childhood.

Gender diVerences
The covariate adjusted results in table 3 show
that for seven out of the 11 outcome measures,
gender was a significant covariate. Boys had
significantly higher rates of problems and
poorer overall levels of functioning than girls
when averaged over the two cohorts. But is
there any evidence of gender diVerences in the
gradient of risk across diVerent outcomes? To
examine this possibility a range of logistic
models was fitted to the data to test for gender
interactions in the associations between cohort
membership and outcomes. The results of this
analysis clearly showed that there was no
association between gender and VLBW status
across all outcomes, suggesting that the overall
gradient of risk for boys was similar to that for
girls. In other words, although boys had higher
overall risks for some outcomes than girls, the
relative risks of problems among VLBW boys,
compared with boys in the general child
sample, were similar to the relative risks for
VLBW girls, compared with girls from the
general child sample.

Discussion
The results of the study are consistent with an
emerging body of evidence on the longer term
consequences for children of VLBW. It is clear
that a substantial number of children in this
cohort of VLBW children were experiencing
problems and impairments of functioning at
the age of 7–8 years: between 20–40% of these
children were identified as exhibiting high lev-
els of behavioural problems, cognitive impair-
ment, poor school achievement, or requiring
special education. In total, nearly three out of
four children in the cohort had impaired func-
tioning in at least one of the domains
examined: over 40% were impaired in two or
more domains.
Comparted with the general child popula-

tion sample, VLBW children showed clear and
consistent tendencies towards poorer levels of
functioning across all domains examined.
These diVerences persisted even after control
for pre-existing diVerences in social, perinatal,
and other characteristics of the two cohorts,
and regardless of whether chronological age or
age adjusted for prematurity was used as the
criterion for measurement. Taken together,
these results provide strong evidence to suggest
that, as a group, VLBW children are at
increased risk of behavioural problems, intel-
lectual and educational diYculties, and have
much greater need for special education than
children in the general child population. This
increased risk is reflected in a greater density of
problems and diYculties among VLBW chil-
dren, with substantially more of these children
having impairments in multiple domains of
functioning than in the general child popula-
tion. These findings corroborate a growing
body of research in this area.1–26
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A question of interest to a number of
researchers has been whether the observed
excess risk of problems among VLBW children
is limited to those with detectable neurological
disabilities or whether there are more subtle
deficits experienced even among those without
obvious neurological damage.26 Typically, re-
searchers have approached this question either
by excluding from their samples those children
with detectable sensorineural disabilities, or by
conducting separate analyses on samples,
excluding those with recognisable neurological
impairment (usually defined as having an IQ
score of <85). A few studies have used the
alternative approach of introducing a measure
such as IQ into regression analyses to control
for the degree of neurological impairment in
the sample. We used a similar approach in this
study by including a measure of the extent of
sensorineural disability in supplementary
analyses. These analyses showed that even after
control for potential confounding factors and
the degree of detectable sensorineural disabil-
ity, levels of school achievement were clearly
lower and behavioural problems among the
VLBW cohort were clearly higher compared
with those of the general child population.
Similar conclusions have been drawn from
other studies,3 12 18 19 22 suggesting that the
increased risk of adverse long term educational
and behavioural outcomes applies to VLBW
children in general, and not simply to those
with detectable disabilities.
These findings suggest that the longer term

prognosis for VLBW children is not particu-
larly promising. At the same time it is
important not to interpret these results in a
totally pessimistic light. The outcome meas-
ures used in the present study provide fairly
gross measures of impairment and, to that
extent, it would be expected that some degree
of impairment would be relatively common in
any child sample. It is true that most VLBW
children exhibited impairments in some area of
functioning, but it is also the case that similar
impairments were common among the CHDS
cohort. Although VLBW children had consist-
ently poorer overall levels of functioning,
nevertheless, most VLBW children were func-
tioning within the normal range of variability
across all measures of behaviour and
educational achievement, suggesting that for a
substantial proportion of these children, their
VLBW status may have little practical im-
portance on their subsequent development.
This conclusion is supported by recent studies
of health related quality of life among the
Canadian cohort of ELBW children studied by
Saigal and colleagues.15 22 As teenagers these
children reported greater morbidity and func-
tional impairment than normal birthweight
controls, but on self reported quality of life
measures, the two groups were generally very
similar.40 41

Of all the outcomes examined, enrolment in
special education facilities was the outcome
most strongly related to VLBW status: even
after adjustment for covariates, VLBW chil-
dren had odds of enrolment up to ninefold
higher than children in the general child

sample. This is supported by similar findings in
other studies.5 19 20 It seems likely that this sub-
stantial diVerential reflects the now well estab-
lished observation that among extremely pre-
mature and VLBW children, a small minority
experience a considerable degree of disability
that can only be catered for within highly spe-
cialised educational settings. We have shown
elsewhere that 9.7% of this VLBW cohort may
be classified as having a moderate or severe
sensorineural disability,28 and it is largely these
children who were enrolled in special educa-
tion facilities. At the same time, it is also possi-
ble that some component of this diVerential
may be spurious and arise from a selection or
labelling bias, in which children identified as
VLBW are more likely to be monitored closely
through childhood and thereby be granted
greater access to specialist services. Apart from
enrolment in special education facilities, the
highest odds ratios were observed for the
ELBW group on measures of cognitive impair-
ment and inattention/hyperactivity. It is in
these two areas that perhaps the most consist-
ent findings have emerged in studies of other
VLBW samples, which suggests that, as a
group, VLBW children may be at particular
risk of cognitive disability and problems of
inattention and hyperactivity.
Consideration of the patterning of outcome

risk with birthweight suggested evidence to
support a gradient model of the relation
between birthweight and levels of functioning:
almost without exception, after covariate ad-
justment, ELBW children had higher rates of
problems and diYculties than other VLBW
children who in turn had higher rates than the
general child sample. This pattern of results
was repeated for outcomes across all domains
of functioning examined. The gradient relation
seemed to be similar for boys and girls, despite
the fact that boys had higher risks of some out-
comes than girls. This latter result is reassuring
to the extent that, while it is well known that
boys have higher risks of many adverse perina-
tal and childhood outcomes, VLBW boys, if
they survive, do not seem to be at greater rela-
tive risk than VLBW girls in terms of overall
levels of functioning in middle childhood.
Compared with the general child population,
the odds of poor cognitive, educational, or
behavioural outcomes among VLBW children
seem to be the same for both boys and girls.
A major strength of this study lies in the fact

that it is one of only a very few population
based cohort studies that have documented
school aged outcomes for a relatively large
sample of VLBW children.1 5 14 15 22 42 43 The
study is almost unique in that there are only
two other true national cohort studies in exist-
ence: the Dutch follow up study of the cohort
of VLBW and preterm children born in the
Netherlands in 198342; and the Scottish Low
Birthweight Study of children born weighing
<1750 g in Scotland in 1984.43 The Scottish
study has yet to publish school aged follow up
data, and both studies lack comparative data on
an equivalent control population. Of the
remaining population based studies, the
present study probably has greatest similarity
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with the research being conducted by Saigal
and colleagues15 22 on a regional cohort of
ELBW Canadian children born between 1977
and 1981. In this study 143 ELBW children
were compared with matched controls on
school aged outcomes, and had poorer overall
levels of functioning across a wide range of
cognitive, educational, and other measures of
functioning.
A potential weakness of the study, however,

is in the selection of the CHDS cohort as a
control sample. This cohort was born in 1977,
some nine years earlier than the VLBW cohort,
and this raises the possibility that any diVer-
ences between the cohorts may have been
obscured in some way as a result of across time
changes in measurement processes or social or
other conditions between 1977 and 1986.
While the use of historical controls may be
questionable, some reassurance on this matter
can be gained from the observation that the
data collection processes used in the two stud-
ies were supervised by the same researcher
(LJH), using identical measurement instru-
ments administered in essentially identical cir-
cumstances. In addition, there was some
carryover of data collection personnel between
the two studies, which helped to ensure
consistency of measurement methods.
Furthermore, it seems likely that the only

major changes in the period between the two
studies were linked to the rapidly improving
medical technology for the care of VLBW
infants, which, if anything, would have im-
proved the observed outcomes for the VLBW
cohort while having no detectable impact on
outcomes in the general child population.
Finally, the evidence from other research on
the longer term outcomes for VLBW children
provides further reassurance that the diVer-
ences shown here are not artefactual.
While there are clear diVerences in overall

levels of functioning between VLBW and other
children, in the wider context the results do not
suggest that VLBW is a major contributor to
variability in general patterns of child behav-
iour and school achievement in middle child-
hood. Typically, after adjustment for covari-
ates, VLBW children had odds for most
outcomes that were about 2–5 times greater
than those for the CHDS cohort, suggesting an
eVect size in the small to moderate range. This
finding, coupled with the fact that VLBW chil-
dren constitute only a very small proportion of
the general child population (currently around
1% of live births in New Zealand), suggests
that, at best, the impact of VLBW in explaining
the variability in childhood outcomes is likely
to be very small. This is reflected in estimates
of population attributable risk derived from the
adjusted rates in table 3. These estimates sug-
gest that VLBW would probably account for
between 1–6% of the overall prevalence of the
outcomes examined.
In reviewing the evidence on longer term

outcomes for VLBW and premature infants,
several commentators have highlighted the lack
of standardised assessment criteria in the
field.24 26 44 With the possible exception of the
WISC-R IQ test, the source, nature, and

content of assessment tools used across studies
varies considerably. This study adds yet further
measures to this array. However, while the lack
of standardised assessment criteria can be seen
as a weakness, in some sense it is also a
strength, to the extent that the convergence of
findings from a range of studies using a variety
of assessment tools, but all leading to generally
similar conclusions, provides strong grounds
for the assertion that premature and VLBW
children are at greater risk of longer term func-
tional morbidity.
Seen against this background, the results of

this study are not surprising. They nevertheless
serve as a further reminder that technological
interventions used to enhance the survival and
life chances of very small and premature
infants also bring with them the associated cost
of an increased risk of subsequent impaired
functioning. It remains the challenge of neona-
tal medicine to determine the extent to which
further improvements in medical technology
can address, not only issues relating to the neo-
natal outcome for VLBW and premature
infants, but also the wider issue of reduction in
the risk of longer term morbidity among these
children.
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