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Abstract
Aims—To compare the visual function of a
cohort of very low birthweight (VLBW)
children in early adolescence with that of
their normal birthweight peers; to corre-
late visual impairment in this group with
available perinatal data; and to examine
the relation between the visual ability of
VLBW children and their cognitive and
motor skills.
Methods—As part of a long term neurode-
velopmental study, 137 VLBW children
and 163 normal birthweight controls were
visually assessed between the ages of 11
and 13 years. Their eyes were examined
for strabismus and movement disorders,
and the use of visual correction for refrac-
tive errors was noted. Measures were
made of visual acuity, stereopsis, and con-
trast sensitivity. All children had stand-
ardised tests of motor ability and cognitive
skills. Perinatal data, including cranial
ultrasonography results, had been ob-
tained from the children’s notes. No data
were available however, regarding retin-
opathy of prematurity as screening was
not established when these infants were
born.
Results—On all measures, the visual func-
tion of the VLBW children was poorer
than that of the controls. Reduced visual
function was present in 63.5% of VLBW
children compared with 36% of controls.
Poor contrast sensitivity and strabismus
were predictive of poor motor skills in the
VLBW children. Poor contrast sensitivity
and poor visual acuity (at 0.3 metres) were
predictive of lower IQ. Low birthweight,
intraventricular haemorrhage, intrauter-
ine growth retardation and low 1 minute
Apgar scores predicted reduced visual
function.
Conclusions—VLBW children have a high
incidence of impaired vision. Stereopsis
and contrast sensitivity are useful addi-
tions to the screening of this high risk
group. They identified impaired vision
that was not detected by normal screening
and were related to impaired neurodevel-
opmental outcome.
(Arch Dis Child 1997;76:F82–F87)
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tive impairment; motor skills; stereopsis; contrast sensi-
tivity.

Several studies have shown that infants of very
low birthweight (VLBW) are at increased risk

of long term visual impairment.1–11 This risk is
even greater among those infants who devel-
oped retinopathy of prematurity (ROP) during
the neonatal period.12–15 ROP, however, is not
the only risk factor for poor visual outcome;
intraventricular haemorrhage (IVH) and periv-
entricular leucomalacia (PVL) have also been
associated with ocular morbidity.2 3 16 17 In-
creased ambient light within the neonatal unit
and phototherapy have also been proposed
as possible adverse factors in retinal
development.18 19

In the worst instances blindness may occur
secondary to cicatricial ROP15 or intracerebral
haemorrhage aVecting the visual centres.16 Less
severe visual impairments, including reduced
visual acuity, refractive errors, strabismus, and
nystagmus have been found in larger numbers
of VLBW children1–15 than in normal birth-
weight children. The reported incidence of
these visual impairments varies from
15-33%,2 7 depending on the visual measures
used, the age at testing, and the entry criteria.
More recently, a few reports have noted the

presence of more subtle impairments of visual
function among VLBW survivors of neonatal
intensive care. These have included abnormali-
ties of colour vision,1 stereo-acuity,1 5 and con-
trast sensitivity.1 18 These abnormalities may be
present even in those children with otherwise
apparently normal visual function. These stud-
ies have therefore found a higher incidence of
overall visual impairment of 45-59%.1 5 It is not
clear from these studies whether these subtle
impairments are related to adverse perinatal
events, although one study of more mature
infants implicated high levels of illumination in
the nursery to impaired contrast sensitivity.18

Nor is it clear whether such subtle abnormali-
ties are relevant to neurodevelopmental out-
come.
This study examines the ocular morbidity

and visual function, at 11-13 years, of a large
cohort of VLBW children, for whom detailed
perinatal data including cranial ultrasono-
graphic studies were available.

Methods
The population studied was derived from two
hospital based cohorts of VLBW children
treated at the Mersey regional neonatal unit.
Both groups have already been part of separate
neurodevelopmental follow up studies, and
have been combined in the present study to
increase the numbers for analysis. The first
group were children with a birthweight of
<1251 g were born between January 1980 and
June 1981 inclusive. These children had been
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seen at 6 and 8 years by Marlow and
colleagues.20 The second group were children
with a birthweight of <1501 g, < 31weeks ges-
tation, and birth rates between January 1982
and November 1983 inclusive. These children
had been seen at 6 years of age.21 None of the
children had a major neurodevelopmental
handicap, and at the time of the original study
were in mainstream schools. Altogether at the
time of the six year studies, 146 VLBW
children were recruited. For the present study,
all the VLBW children were traced, but three
children have since emigrated and five families
were not willing to participate in a further
study.
A normal birthweight control population

was recruited, at the time of the initial studies,
from classmates of the same sex and similar age
to the VLBW children. This was found at the
time to provide close matches for
socioeconomic as well as educational variables.
These original controls were also traced and,
where possible, used for the present study. As
the overall study also looked at educational and
cognitive outcome, VLBW children who were
now at diVerent schools from their controls,
had a new control selected from their present
school to match for educational experience.
Overall, 160 control children were assessed, of
which 100 were original controls.
Informed written consent was obtained from

the parents of all the children involved in the
study. The children were seen and assessed in
their schools. Further information was also
sought from the parents in the form of a health
questionnaire.
All assessments were made with the children

wearing their usual visual correction, where
appropriate. It was not possible within the
scope of this study to refract the children to
assess the appropriateness of their prescrip-
tions.
Monocular visual acuity was assessed in each

eye using Snellen charts at 6 metres and 0.3
metres. Also noted was whether the glasses
worn were for correction of myopia or
hypermetropia. Acuity was considered abnor-
mal if either eye had an acuity of 6/12 or worse.
Cover testing for was performed for the

detection of strabismus.When present, the side
and nature of the strabismus were noted.
Examination for ocular movements was also
performed.
Stereopsis was assessed using the TNO ran-

dom dot test.22 The test pictures are viewed
through red/green lenses worn over the chil-
dren’s glasses where appropriate. The test
identifies the level of stereo-acuity between 30
and 480 seconds of arc. Normal stereo acuity
on this test is defined as a resolution of 60 sec-
onds of arc or better, and reduced stereo acuity
as a resolution of 90 to 480 seconds of arc.
Contrast sensitivity was tested at 18 inches

using the Functional Acuity Contrast Test
(FACT).23 The contrast threshold for each eye
is tested at five spatial frequencies: 1.5, 3, 6, 12
and 18 cycles per degree (CPD). The contrast
threshold is considered abnormal if it is higher
than the 95th centile of the population on
which the test was standardised.

Gross and fine motor skills were assessed
using age band 4 of the Movement Assessment
Battery for Children (Movement ABC).24 As
this test is used to identify motor impairment,
higher scores represent poorer performance. A
score of 13.5 or greater out of a possible total of
40 corresponds to the performance of the least
able 5% of the population, thus it is considered
to represent clinically significant motor impair-
ment.
The children’s IQ was measured using a

short form of the Wechsler Intelligence Scale
for Children (WISC III).25 This provides
subscale measures of the verbal and perform-
ance elements of IQ as well as an overall, or full
scale IQ.
The following perinatal variables had been

recorded for the VLBW children and were used
to examine the relation between adverse
perinatal factors and visual impairment: Birth-
weight (kg); gestational age at birth (weeks);
small for gestational age (>2 SD below mean
for gestation)26; extremely low birthweight
(ELBW <1000 g); fetal distress before or dur-
ing labour; low Apgar scores at 1 and 5 minutes
(<=2 and <=5, respectively); fits; intraven-
tricular haemorrhage (excluding subependy-
mal haemorrhage); cystic periventricular leu-
comalacia; confirmed episodes of sepsis;
respiratory distress syndrome (defined using
clinical and radiological criteria).
The results were analysed using SPSS for

Windows. The numbers of children were
analysed using ÷2 tests, and to predict visual
impairment from perinatal data multiple logis-
tic regression models were used.

Results
A total of 137 VLBW children were visually
assessed. They had a median birthweight of
1100 g (range 620-1500 g) and a mean gesta-
tion of 28 weeks (range 24-35weeks). All chil-
dren had been admitted to the Mersey
Regional Neonatal Unit and 84 children had
required mechanical ventilation. One hundred
and sixty three control children were also visu-
ally assessed, although three did not have con-
trast sensitivity measured due to unavailability
of the chart on the days of their assessments.
Health questionnaires were received from 130
(95%) of the VLBW children’s parents and
from 150 (94%) of the control children’s
parents. Median age (range) at assessment was
142 months (132-163) for the VLBW children
and 143 months (130-164) for the controls.
The VLBW children had poorer vision than

their normal birthweight controls. The ques-
tionnaire revealed that 49 of 130 (38%) VLBW
children had failed an eye test at some point in
their lives in contrast with 35 of 150 (23%) of
the controls (÷2=6.84, P=0.009). More of the
VLBW children, 41 of 130 (31%), had worn
glasses at some point compared with 29 of 150
(19%) normal birthweight children (÷2= 5.53,
P=0.02). Of the children still wearing glasses
for refractive errors at the time of examination,
there were more VLBW children than controls
wearing correction for myopia. There were no
diVerences in the number of children in each
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group wearing correction for hypermetropia
(table 1) .
Examination showed that there was a higher

incidence of strabismus among the VLBW
children (table 1). Thirteen VLBW children
had strabismus, of these most were esotropic,
three right-sided and eight left-sided. Two
children had alternating strabismus. Among
the controls only four children had strabismus.
Three children were esotropic, two left-sided
and one right The remaining child was
exotropic. Only one VLBW child and no
controls were found to exhibit nystagmus.
Visual acuity, both distant (6 metres) and

near (0.3 metres), was poorer in the VLBW
children than in their controls, despite the chil-
dren wearing their usual corrective lenses. One
VLBW child was blind in one eye (visual acu-
ity worse than 6/60). Overall, there were more
VLBW children than controls with impaired
visual acuity (6/12 or worse) for both measures.

(table 1). Even among those children with
visual acuity of 6/9 or better we found that the
VLBW children had significantly lower acuity
than their controls (P=0.004, Mann-Whitney
U test). Impaired distant visual acuity was
present more frequently in the left eye of the
VLBW children than in the right. The reason
for this finding was unclear.
Stereopsis was reduced or absent in signifi-

cantly greater numbers of the VLBW children
than in those of normal birthweight (table1).
The VLBW children had significantly poorer

contrast sensitivity than the controls; this was
true for both eyes and for all grating widths
(table 1). However, the diVerences were more
obvious for the left eye and for the smaller
grating widths (higher spatial frequencies). No
child had abnormalities of contrast sensitivity
exclusively at the lower spatial frequencies.
Two index children were unable to complete
the test. One of these children was blind in one
eye with substantially impaired vision in the
other eye. The other child failed to complete
the test for cognitive reasons.
VLBW children with reduced visual function

on any measure, were more likely to have
significantly impaired motor skills, as assessed
by the Movement ABC (table 2). A multiple
logistic regression model was used to see which
visual outcome measures were most predictive
of significantly impaired motor skills. Reduced
contrast sensitivity, at any spatial frequency,
proved the best predictor, the model fitting best
for reduced contrast sensitivity at 12 cycles per
degree. The odds ratio for significantly im-
paired motor performance among those failing
at this spatial frequency was 8.4 (95%
confidence interval 2.85 to 24.7); P=0.0001.
The presence of a squint was also predictive of
poor motor skills with an odds ratio of 5.1
(1.36 to 19.1); P=0.013. Poor visual function
was also predictive of lower IQ. A similar mul-
tiple logistic regression model was used to pre-
dict a full scale IQ more than one standard
deviation below the mean (<85). Abnormal
contrast sensitivity was the only significant
predictor of low IQ, the best fit being for
reduced contrast sensitivity at a spatial fre-
quency of 18 cycles per degree. The odds ratio
for a full scale IQ of <85 among those failing at
this spatial frequency was 2.6 (1.2 to 5.9);
P=0.014. This prediction was more significant
if the performance IQ subscale was used as the
dependent variable in the model: odds ratio 4.2
(1.4 to 12.8); P=0.009. Abnormal contrast
sensitivity was not predictive of the verbal IQ
subscale score, but this score was significantly
predicted by poor visual acuity (at 0.3 metres)
with an odds ratio of 2.1 (1.3 to 3.4); P=0.002.
Multiple logistic regression models were

used to determine whether these measures of
reduced visual function could be predicted
from the available perinatal data. The perinatal
variables used in the model were as follows:
Variables relating to growth and maturity: birth-
weight (kg); gestation (weeks); small for
gestational age; extremely low birthweight;
Variables relating to perinatal asphyxia or other
risk factors for neurological damage: fetal distress;
low Apgar scores at 1 and 5 minutes ( = <2 and

Table 1 Prevalence in numbers (%) of visual impairments in VLBW children and
normal birthweight controls

VLBW (n=137) Controls (n=163) ÷2 P value

Abnormal visual acuity:
6 m 23 (17) 13 (8) 5.47 0.02

0.3 m 19 (14) 10 (6) 5.0 0.025
Strabismus 13 (9.5) 4 (2.5) 6.89 0.009
Spectacle wear 31 (23) 21 (13) 4.79 0.03
Myopia 20 (15) 13 (8) 3.25 0.07
Hypermetropia 11 (8) 8 (5) 1.18 0.27

Stereopsis:
Abnormal 50 (36) 24 (15) 18.9 0.00001
Absent 27 (20) 9 (5.5) 14.1 0.0002

Poor contrast sensitivity at spatial frequency:
1.5 CPD 23 (17) 8 (5) 10.9 0.0009
3 CPD 25 (18) 6 (4) 16.5 0.00005
6 CPD 44 (32) 19 (12) 18.1 0.00002
12 CPD 51 (37) 20 (12.5) 24.8 <0.00000
18 CPD 62 (45) 25 (16) 31.3 <0.00000
Any 66 (48) 31 (19) 27.8 <0.00000

Table 2 Prevalence of impaired motor performance, as assessed by the Movement ABC, in
VLBW children with impaired visual function

Prevalence of motor impairment (ABC score
>13) by group

÷2 P valueImpaired Normal

Acuity:
at 6 m 12/23 (56%) 23/112 (20%) 9.9 0.002
at 0.3 m 10/19 (53%) 26/117 (22%) 7.8 0.005

Squint 8/13 (61%) 27/122 (22%) 9.4 0.002
Refractive error 14/31 (45%) 22/105 (21%) 7.2 0.007
Stereopsis 20/50 (40%) 15/85 (18%) 8.2 0.004

Contrast sensitivity (CPD=cycles per degree):
at 1.5 CPD 9/21 (43%) 27/114 (24%) 3.3 0.07
at 3 CPD 10/23 (43%) 26/112 (23%) 4.0 0.04
at 6 CPD 21/40 (52%) 15/95 (16%) 19.4 <0.0000
at 12 CPD 21/44 (48%) 15/91 (16%) 14.8 0.0001
at 18 CPD 24/50 (48%) 12/85 (14%) 18.4 <0.0000

Table 3 Prediction of visual morbidity from perinatal data

Visual impairment Perinatal factor Odds ratio (95% CI) P value

Visual acuity <6/9
at 6 m Birthweight (kg) −20.1 (−1.8 to −221.4) 0.014
at 0.3 m No predictive variables
Poor contrast sensitivity (at
any spatial frequency) Birthweight (kg) −6.7 (−1.1 to −40.4) 0.035

Myopia Birthweight (kg) −99 (−3.3 to −2980) 0.007
SGA 5.4 (1.3 to 22.8) 0.02
IVH 4.6 (1.1 to 19.3) 0.03

Hypermetropia No predictive variables
Squint IVH 5.1 (1.2 to 21.5) 0.02
Absent stereopsis Apgar score (1 minute) −1.3 (−1.1 to −1.16) 0.003

SGA: Small for gestational age; IVH: intraventricular haemorrhage.
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= <5, respectively); fits in the neonatal period;
intraventricular haemorrhage; cystic periven-
tricular leucomalacia;
Variables relating to other neonatal diseases:
sepsis; respiratory distress syndrome (RDS). It
should be noted that screening for ROP had
not been established in this unit during this
period.
Poor visual acuity and abnormal contrast

sensitivity were both significantly predicted by
low birthweight alone. The presence of myopia
was predicted by low birthweight, low weight
for gestation (SGA), and by intraventricular
haemorrhages. Strabismus was predicted by
intraventricular haemorrhage alone. Absent
stereopsis was predicted by low 1minute Apgar
score. The odds ratios and significance values
are shown in table 3. No predictive variables
were found for hypermetropia or for visual
acuity at 0.3 metres, but the numbers of
children with these problems were small.

Discussion
Abnormalities of visual function were detected
more frequently among the VLBW children
than their controls for all measures used. In the
VLBW group 33% had abnormalities that
could be detected by standard visual screening
measures—acuity testing, cover testing, and
refraction. This incidence is similar to that
reported by Keith and Kitchen.7 Comparison
of the overall incidence of visual impairment
with the findings of other studies is, however,
problematic. There are major diVerences be-
tween the various studies of visual morbidity in
VLBW children, both in the range of measures
used and in the entry criteria, with some stud-
ies including children with major neurological
handicap. Gibson et al2 found a much lower
incidence (15%), but their study was con-
ducted on infants under 12 months old, and
this may be too early to detect some abnormali-
ties of visual function which may develop sub-
sequently, including myopia4 and strabismus.5

Individual tests are easier to compare. We
found reduced monocular visual acuity (6/12
or worse) in 17% of the VLBW group. This is
higher than in the studies of McGinnity et al4

and Gibson et al2 (10.5%, 9.5%), however both
these studies reported binocular visual acuity
which may account for the lower incidence. In
keeping with the study by Sebris et al,10 we
found that even in the children with acuities in
the normal range, the VLBW children had sig-
nificantly lower acuities.
Strabismus was detected in 9.5% of our

VLBW group. Previous studies have reported
an incidence of 9.9-25 %,2 4–7 15 with a higher
incidence in children who had ROP.13 Our fig-
ures are at the lower end of this range and there
may be a number of reasons for this. Firstly, our
study excluded children with cerebral palsy, a
group with a high incidence of strabismus.19 27

Secondly, the older age at examination may
have missed some squints treated at an earlier
age, and this may be reflected in the higher
incidence of reduced or absent stereopsis.
Visual correction for myopia was worn by

15% of our VLBW group, which is comparable
with that found in previous studies that have

reported an incidence of myopia of
10-27%,5–8 12 14 15 with a higher incidence in the
subgroup who had ROP.12 14 15 As our study
relied on the numbers of children wearing
visual correction, there may have been a
number of children in our study with undetec-
ted refractive errors.
Among the children who would have passed

these standard screening tests, we found a fur-
ther 30% of the group to have reduced visual
function on the more subtle tests, stereopsis,
and contrast sensitivity. This finding is in keep-
ing with that of Dowdeswell et al,1 who found a
significant reduction in contrast sensitivity and
stereopsis along with abnormalities of colour
vision among premature children of less than
32 weeks gestation. When we include the out-
come of these tests, we found 63.5% of the
VLBW group had measurable abnormalities of
visual function compared with 36% of con-
trols.
The VLBW children in our cohort had a

higher incidence of neurodevelopmental im-
pairments, both in motor28 and cognitive areas
(unpublished data). In this study we have dem-
onstrated strong links between these abnormal
outcomes and reduced visual function, particu-
larly in relation to motor skills, IQ, maths and
reading ability. These associations were strong-
est in children with strabismus and those with
reduced contrast sensitivity. This is in contrast
to Dowdeswell et al,1 who found impaired con-
trast sensitivity in children without
neurological impairment (or ROP), but this
may reflect the more sensitive measures of
neurodevelopment used in our study.There are
two possible explanations for associations
between visual and neurodevelopmental im-
pairments. Firstly, both areas of disability may
have a common aetiology, a consequence of
neurological damage. Alternatively, poor visual
function may directly aVect the development of
motor and cognitive skills.
Several studies have reported an association

between visual impairment and major neu-
rodevelopmental handicap in VLBW children
with cerebral lesions detected by ultrasonogra-
phy and magnetic resonance imaging—
specifically intraventricular haemorrhage and
cystic periventricular leucomalacia involving
the parietal and occipital areas.16 17 Our study
found similar links between intraventricular
haemorrhage and the presence of strabismus,
which in turn was associated with poor motor
skills. We also found that low 1 minute Apgar
scores and growth retardation were associated
with absent stereopsis and myopia, respec-
tively. Both these variables are related to fetal
compromise in utero and are risk factors for
ischaemic brain damage. These findings lend
support to a common aetiology with motor
impairment. We found no association, how-
ever, between intraventricular haemorrhage
and periventricular leucomalacia and reduced
contrast sensitivity, which was the most sensi-
tive predictor of impaired motor and cognitive
function in our cohort. Although this latter
finding does not seem to support a common
aetiology, the neurodevelopmental impair-
ments studied in our cohort are of a more sub-
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tle nature than the handicaps reported in the
previous studies. They may, therefore, still be
associated with more subtle lesions in the
periventricular white matter not detected by
the low resolution ultrasonography available in
1980-3. Magnetic resonance imaging scans
have not yet been performed on our cohort.
The relatively weak association between

visual impairments and neurological lesions in
our group may, however, support the alterna-
tive hypothesis, that there is a direct, causative
link between poor visual function and abnor-
malities of neurodevelopment. The age of our
cohort means that at the time of their treatment
as neonates there was no regular ophthalmo-
logical screening. Without data on ROP in this
group, our ability to examine this hypothesis is
limited. Our study does provide, however,
some evidence in support of this hypothesis.
Poor motor skills in our VLBW children were
best predicted by reduced contrast sensitivity
at the higher spatial frequencies. Abnormalities
at these spatial frequencies are associated more
with retinal pathologies rather than cerebral
lesions, which preferentially aVect contrast
sensitivity at the lower spatial frequencies.18 23

Additionally, the areas of neurodevelopment
most significantly predicted by lower contrast
sensitivity in our study—motor skills and
performance IQ—are those where visual input
or visuo-spatial ability are important.
Abnormalities of visual attentiveness and

visually guided behaviour have been described
in children with poor contrast sensitivity.29 In
addition, improvement of contrast sensitivity
by refractive correction improved these behav-
ioural problems, even where there was no
measurable improvement in acuity. Such be-
havioural abnormalities may be a mechanism
whereby subtle visual impairment may ad-
versely aVect the development of motor and
cognitive skills.
As the VLBW children were not screened

ophthalmolgically while infants, we cannot
determine how much of the long term
abnormalities of visual function are the result
of retinopathy or other ocular insults in the
neonatal period. Several studies have shown a
higher incidence of visual impairments in chil-
dren with ROP as infants.12–15 These impair-
ments described are similar to the types of
problems seen in our cohort: reduced acuity;
strabismus; and myopia. Our finding of an
association between an increasing incidence of
visual impairment with decreasing birthweight
may relate, in part, to the inverse relation
between birthweight and the incidence of ROP.
Retinopathy, however, is not solely responsi-

ble for ocular damage in the neonatal period.
Very premature infants have a greater exposure
to other adverse factors, some of which have
been implicated in the aetiology of impaired
vision. These factors include altered environ-
mental temperature,19 high ambient lighting
and phototherapy,18 19 30 impaired nutrition and
prolonged oxygen dependency. Premature
birth itself may adversely aVect visual
maturation.19 29

The exposure of our cohort to these various
adverse factors cannot be accurately assessed

retrospectively. No measures of lighting levels
were made at the time of our cohort’s
treatment, but they will however, have been
exposed to high ambient lighting day and night
while in the intensive nursery and many will
have received phototherapy, although standard
eye patching was used. Very premature infants
are inevitably exposed to impaired nutrition;
total parenteral nutrition was used frequently
among the very immature in our cohort,
although lipid was used less frequently. For
those able to take enteral nutrition, breast milk
will have been used in most cases as there was
a breast milk bank operating at the time. No
data on the presence of bronchopulmonary
dysfunction were available, and we failed to
find any association between impaired vision
and the length of artificial ventilation or the
presence of surfactant deficient lung disease in
our cohort.
We feel that the tests for stereopsis and con-

trast sensitivity are useful additions to the
standard battery of visual screening tests for
VLBW children, who are at high risk of visual
impairment. The use of these tests in high risk
groups, such as children of very low birth-
weight, has been recommended elsewhere.29

They are easy to perform and identify a group
of children with reduced visual function that is
not identified using the standard tests. They
may help identify a group at risk of poor
neurodevelopmental outcome and may be
more useful in predicting such problems than
the standard visual tests. Further work needs to
be done to determine whether this association
is causal and if so, to see if early intervention
with refractive correction helps to improve
neurodevelopmental outcome.
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