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OBJECTIVES: To explore associations between speciﬁc learning disorder with impairment in reading
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(dyslexia) and ophthalmic abnormalities in children aged 7 to 9 years.
METHODS: Cross-sectional analysis was performed on cohort study data from the Avon Longitudinal
Study of Parents and Children. Reading impairment was deﬁned according to Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition criteria. Children who achieved .2 SD below the mean in the
Neale Analysis of Reading Ability Scale II and level ,4 in nonmathematical national key stage 2 tests
were deﬁned as having severe reading impairment (SRI). Children with blindness or IQ ,70 were
excluded.
RESULTS: Data were available for 5822 children, of whom 172 (3%) met the criteria for SRI. No association
was found between SRI and strabismus, motor fusion, sensory fusion at a distance, refractive error,
amblyopia, convergence, accommodation, or contrast sensitivity. Abnormalities in sensory fusion at near
were mildly higher in children with SRI compared with their peers (1 in 6 vs 1 in 10, P = .08), as were
children with stereoacuity worse than 60 seconds/arc (1 in 6 vs 1 in 10, P = .001).
CONCLUSIONS: Four of every 5 children with SRI had normal ophthalmic function in each test used.
A small minority of children displayed minor anomalies in stereoacuity or fusion of near targets.
The slight excess of these children among those with SRI may be a result of their reading impairment
or may be unrelated. We found no evidence that vision-based treatments would be useful to help
children with SRI.
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WHAT’S KNOWN ON THIS SUBJECT: Dyslexia has
a lifelong impact on learning. The consensus in
the literature from clinical studies is that
dyslexia is not caused by vision abnormalities.
However, interventions and therapies directed at
eye-related functions are still available.
WHAT THIS STUDY ADDS: In this cohort the
majority of dyslexic children had normal results
for all ophthalmic tests. These population-based
data support the consensus that dyslexia is not
primarily a vision problem and that vision-based
therapies are not justiﬁed or likely to help.
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Speciﬁc learning disorder with
reading impairment (dyslexia) affects
3% to 20% of school-aged children
(∼375 000 UK children1) depending
on the deﬁnition used.2 Reading
difﬁculties have implications for adult
life, including health and
employment.3 There is increasing
emphasis on early detection and
phonological intervention to improve
outcomes in children with signiﬁcant
reading difﬁculties.4,5 According to
the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition
(DSM-V), children with speciﬁc
learning disorder with reading
impairment have long-term
difﬁculties in word reading rate,
accuracy, or comprehension that
begin during school years and occur
in the absence of a primary cause for
reading difﬁculties, such as
neurologic or school factors. The
difﬁculty should have been present
for $6 months and must affect either
academic performance or activities of
daily living.6
A number of neurodevelopmental
conditions are associated with
ophthalmic abnormalities.7–9 Reading
requires adequate vision and the
neurologic ability to identify what is
seen, and consequently the study of
difﬁculties in vision and visual
perception has been of interest in
elucidating the pathophysiology of
reading impairment.10,11
Interestingly, recent work has shown
age-appropriate levels of reading
ability even in the presence of severe
visual problems.12,13
The strong consensus of the scientiﬁc
community is that reading problems,
including dyslexia, are not caused by
vision abnormalities.10 This
consensus has not yet been tested in
a large population cohort.
A number of small, typically clinic- or
school-based case–control studies
have postulated associations between
dyslexia and poor stereopsis,14,15
abnormal fusion,16 increased demand
on sensory fusion processes,17
abnormal convergence,16,18 and
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reduced contrast sensitivity.19,20
However, other studies have found no
association between these
abnormalities and dyslexia.2,16,18,20–23
A descriptive review of 114 articles
published from 2000 to 2012 found
that eye movement anomalies, visual
contrast deﬁcits, and pseudoneglect
were the main ophthalmic features
associated with dyslexia.24 It has been
hypothesized that the abnormalities in
eye movements are potentially the
result, not the cause, of the condition.10
This study aims to investigate the
association between DSM-V classiﬁed
speciﬁc learning disorder with
reading impairment and a range of
ophthalmic abnormalities assessed at
age 7, based on data from a large,
prospectively collected UK birth
cohort.

METHODS
Patients
The Avon Longitudinal Study of
Parents and Children (ALSPAC) is
a longitudinal birth cohort study of
children born to mothers resident in
Avon, UK who had an estimated
delivery date between April 1, 1991
and December 31, 1992.
Approximately 72% of eligible
pregnant women were recruited.
Participants gave informed consent
before taking part. Ethical approval
for the study was obtained from the
ALSPAC Ethics and Law Committee
and the Local Research Ethics
Committees.
Cross-sectional data were available
from children aged 7 to 9 years. The
Focus@7 assessment involved
a comprehensive 20-minute protocoldriven orthoptic examination and
completion of a questionnaire. The
Focus@9 clinic involved completion
of the Neale Analysis of Reading
Ability Scale (NARA) II.

Ocular Assessment
Vision
• Amblyopia (lazy eye): The parent
completed a questionnaire

regarding any previous patching
treatment, and current acuity was
accurately tested in the clinic.

• Contrast sensitivity: Pelli–Robson
chart for each eye.
Need for Glasses: Estimated Refractive
Error
• Average of 3 measurements from
each undilated eye, with a Cannon
R50 autorefractor (Canon Medical
Systems, Melville, NY). Likely hyperopia (farsightedness) was deﬁned as autorefraction in either eye
$+2.0D spherical equivalent and
likely myopia (short-sightedness)
as autorefraction $21.5D spherical equivalent.
Eye Alignment: Strabismus (Squint)
• Assessed with the cover/uncover
test and simultaneous prism cover
test performed at near (33 cm) and
distance (6 m). “Clinically signiﬁcant” strabismus was deﬁned as all
manifest strabismus (deviation of 2
prism diopters [PD] or greater), or
latent deviations of $10 PD if
convergent (unaided at near) and
$15 PD if divergent (unaided at
distance).
Focusing and Forming a Single Image
• Sensory fusion (fusion of 2 slightly
dissimilar images): Worth’s 4-dots
test, used with near (33 cm) and
distance (6 m) viewing targets.
• Motor fusion (coordination of the
eyes to deal with 2 images): Observed with a 20-diopter and then
a 4-diopter prism and near target.
• Stereoacuity (depth perception):
Randot Stereotest at 40 cm.
• Mean near point of convergence
and mean unaided near point of
accommodation (focusing at near):
Royal Air Force rule.
Reading Assessment
Children’s reading was assessed at 9
years on the NARA II (a standardized
reading assessment tool suitable for
children aged 6–12 years).25,26
Reading speed, errors, and
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comprehension were scored by
trained psychologists. Children who
were prescribed glasses for refractive
error wore them. School-based
educational assessments were
performed as part of the National
Curriculum Key Stage 2 at age 11
years, and data have been linked to
ALSPAC unique identiﬁers.
Children who achieved scores ,2 SD
below the mean for any component of
the NARA II and who also did not
meet the national level of attainment
in nonmathematic subjects at key
stage 2 (ie, level ,4 for key stage 2 in
English or science) were deﬁned as
having severe reading impairment
(SRI). Those who achieved ,1 SD
below the mean of the standardized
speed, accuracy, or comprehension
variables of the NARA II and who also
did not meet the national level of
attainment in nonmathematic
subjects at key stage 2 (ie, level ,4
for key stage 2 in English or science)
were deﬁned as having moderate
reading impairment (MRI). Those
with blindness or with an IQ ,70
(assessed at 8 years of age) were
excluded.

Confounders
Confounding factors were assessed
within the data set and from the
literature and were gender, low birth
weight (#2500 g), preterm birth
(gestation ,37 weeks), and maternal
smoking.27–31 IQ, used in secondary
analyses, was measured on a short
form of the Wechsler Intelligence
Scale for Children.32

RESULTS
Reading impairment data were
available for 6852 children, of whom
225 (3.3%) met the criteria for SRI.
Another 624 children had MRI. Of
these children, 5822 had previously
attended the vision assessment at age
7 years and were included in the
analysis. Figure 1 gives a breakdown
of attendance at each of the relevant
sessions.

Description of Nonparticipants
Children who did not attend the
assessments were more likely to be
male, to have mothers who had
education at O level equivalent or
less, to have parents in social class III
or VI, and to have smoking mothers,
compared with children who
attended. This information is
presented in Supplemental Table 4.

Description of Participants
Of the 5822 children who completed
the reading and vision sessions, 3%
(n = 172) had SRI, and ∼8% (n = 479)
had MRI.
Demographic details of the
participants in relation to potentially
confounding variables are listed in
Table 1. Children with reading
impairment were predominantly
male, with overrepresentation of low
birth weight, preterm birth, and
children from families whose parents
were from socioeconomic groups III
and VI.

Table 2 lists the ophthalmic features,
stratiﬁed by reading impairment
category. This information is
summarized in Figure 2. More than
80% of children with SRI had normal
ophthalmic function with all tests
used.
Table 3 presents unadjusted and
adjusted logistic regression analyses
looking at the association between
SRI and visual difﬁculties. The
adjusted model controls for gender,
preterm birth, low birth weight, and
maternal smoking.
In the adjusted model, the prevalence
of stereoacuity worse than 60
seconds/arc was marginally higher in
children with SRI when compared
with the remaining children (OR =
1.58; 95% CI, 1.01–2.47). Additional
adjustment for IQ reduced the effect
size and expanded the 95% CI to
include 1, increasing the likelihood of
it being a chance ﬁnding (OR = 1.46;
95% CI, 0.88–2.42; P = .143).
The likelihood of abnormal near
sensory fusion was also slightly
higher in children with SRI (OR =
1.63; 95% CI, 1.02–2.60). This ﬁnding
is illustrated in Fig 2, where
a stepwise increase in children with
stereoacuity worse than 60 seconds/
arc and in children with abnormal
near sensory fusion can be seen, in
relation to severity of reading
impairment. Additional adjustment
for IQ, though controversial,
decreased the association (OR = 1.65;
95% CI, 0.97–2.81; P = .066).

Statistical Analysis
Analyses were performed in Stata
version 12 (Stata Corp, College
Station, TX). After descriptive
statistics were computed, crosstabulations and regression models
were used to calculate odds ratios
(ORs) and 95% conﬁdence intervals
(CIs) to assess associations between
reading impairment and ocular
abnormalities, adjusting for potential
confounders.

FIGURE 1
Flow diagram of denominator calculation.
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TABLE 1 Demographics of the Children Who Entered Both the Reading and Vision Sessions as a Whole and Then Categorized by Presence and Severity
of RI (total n = 5822)

Gender
Male
Female
Missing
Socioeconomic status
I–II
III–VI
Missing
Gestation
,37 wk
$37 wk
Missing
Birth weight
,2500 g
$2500 g
Missing
Maternal smoking
No
Yes, any
Missing
Maternal education
O levels or less
A levels or more
Missing

Attendees, n (%)

SRI, n (%)

MRI, n (%)

Typically Developing, n (%)

df, x2 Statistic (P)

2867 (49.2)
2955 (50.8)
n=0

122 (70.9)
50 (29.1)
n=0

301 (62.8)
178 (37.2)
n=0

2444 (47.3)
2727 (52.7)
n=0

2, 75.9 (,.001)

1557 (30.1)
3621 (69.9)
n = 644

16 (11.7)
121 (88.3)
n = 35

53 (13.3)
345 (86.7)
n = 81

1488 (32.0)
3155 (68.0)
n = 528

2, 5.4 (.068)

302 (5.4)
5263 (94.6)
n = 257

17 (10.7)
142 (89.3)
n = 13

30 (6.7)
419 (93.3)
n = 30

255 (5.1)
4702 (94.9)
n = 214

2, 83.8 (,.001)

263 (4.8)
5240 (95.2)
n = 319

13 (8.3)
143 (91.7)
n = 16

25 (5.6)
421 (94.4)
n = 33

225 (4.6)
4676 (95.4)
n = 270

2, 10.7 (.005)

4728 (86.3)
749 (13.7)
345

114 (73.6)
41 (26.5)
n = 17

364 (82.5)
77 (17.5)
n = 38

4250 (87.1)
631 (12.9)
n = 290

2, 29.1 (,.001)

3001 (55.5)
2402 (44.5)
419

122 (80.3)
30 (19.7)
n = 20

338 (78.6)
92 (21.4)
n = 49

2541 (52.7)
2280 (47.3)
n = 350

2, 145.9 (,.001)

df, degree(s) of freedom; RI, reading impairment.

Additional supplementary analyses
were performed with additional
adjustment for maternal education
and socioeconomic status, with
a slight resultant increase in the
signiﬁcance of the results but no
overall change (Supplemental
Table 5).

DISCUSSION
Speciﬁc learning disorder with
reading impairment is a common
developmental difﬁculty of childhood.
Under DSM-V criteria, the crosssectional prevalence of SRI in this
study of 6000 children was 3%
(n = 172), with MRI affecting another
8% (n = 479).
To our knowledge this is the ﬁrst
large study to assess such a broad
spectrum of ophthalmic
abnormalities in a population-based
cohort of children. Data have been
presented on several measures of
vision and eye function that have
previously been linked with poor
reading: contrast sensitivity,
strabismus and amblyopia, and
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binocular function (motor fusion,
distance sensory fusion, convergence,
accommodation), but no association
between these and reading
impairment has been found in this
large sample. This ﬁnding was
consistent with the majority of
studies.2,16,20,21,23 In contrast, 1
case–control study involving 55
Finnish children with dyslexia found
an association with convergence
insufﬁciency.18 A review of the
literature in 2013 found that
poor perception of low contrast
was associated with dyslexia.24
These results were based on
small school-based studies, with
participants generally described as
having “reading difﬁculties” rather
than speciﬁcally dyslexia, and were
not corroborated by the current
study.

Depth Perception
Children with SRI were found to have
slightly higher odds of stereoacuity
worse than 60 seconds/arc. This
ﬁnding is in keeping with published
work,14,15 but a number of studies,
including a study of 86 children with

dyslexia and controls and
a descriptive review, have found
contrasting results,16,20–22 all of
whom described no association
between dyslexia and stereoacuity.
In all 3 groups the majority of
children who had stereoacuity worse
than 60 seconds/arc (n = 590) in
fact had an only minimally worse
score of 70 seconds/arc (typically
developing 85%, n = 425; MRI 85%,
n = 54; and SRI 89%, n = 25). There
was a slightly higher percentage of
children with stereoacuity of 400 or
worse in the SRI group, compared
with the MRI and typically developing
groups, but the numbers were small:
SRI, n = 2 (1.2% of all severely
dyslexic patients, 7% of those with
reduced stereoacuity); MRI, n = 2
(0.4% of total, 3% of those with
reduced stereoacuity); without
dyslexia, n = 13 (0.3% of total, 3% of
those with reduced stereoacuity).
The threshold of 60 seconds selected
in our study was based on Parks’s33
deﬁnition of grades of stereoscopic
vision and the advice of experts in the
ﬁeld but was essentially arbitrary.34

Downloaded from pediatrics.aappublications.org at Pacific Univ on May 26, 2015

CREAVIN et al

TABLE 2 Ophthalmic Features of Children Who Entered Both the Vision and Reading Sessions and Had Sufﬁcient Data Collected to Categorize by
Presence and Severity of RI (total n = 5822)
All in Reading and Vision
Sessions Completing Each
Individual Eye Test, n (%)

SRI, n (%)

MRI, n (%)

Typically Developing, n (%)

df, x2 Statistic (P)

5674 (97.9)
123 (2.1)
25

165 (96.5)
6 (3.5)
1

470 (98.3)
8 (1.7)
1

5039 (97.9)
109 (2.1)
23

2, 2.1 (.359)

4478 (88.5)
584 (11.5)
760

118 (83.7)
23 (16.3)
31

363 (86.6)
56 (13.4)
60

3997 (88.8)
505 (11.2)
669

2, 5.0 (.083)

4672 (96.2)
185 (3.8)
965

133 (96.4)
5 (3.6)
34

384 (96.2)
15 (3.8)
80

4155 (96.2)
165 (3.8)
851

2, 0.0 (.992)

4896 (84.3)
909 (15.7)
29

147 (85.5)
25 (14.5)
0

418 (87.3)
61 (12.7)
0

4331 (84.0)
823 (16.0)
29

3, 5.2 (.271)

5128 (89.7)
592 (10.3)
102

138 (83.1)
28 (16.9)
6

406 (86.6)
63 (13.4)
10

4584 (90.1)
501 (9.9)
86

2, 13.8 (.001)

204 (3.5)
72 (1.2)
5522 (95.2)
24

6 (3.5)
0 (0.0)
165 (96.5)
1

20 (4.2)
4 (0.8)
451 (94.9)
4

178 (3.5)
68 (1.3)
4906 (95.2)
19

5602 (96.2)
220 (3.2)
0

165 (95.9)
7 (4.1)
0

455 (95.0)
24 (5.0)
0

4982 (96.3)
189 (3.7)
0

2, 2.26 (.324)

5415 (84.1)
366 (5.1)
51

161 (85.8)
8 (3.6)
3

446 (85.7)
29 (4.8)
4

4808 (83.9)
329 (5.2)
44

2, 0.8 (.665)

5003 (86.8)
761 (13.2)
58

138 (83.6)
27 (16.4)
7

388 (82.0)
85 (18.0)
6

4477 (87.3)
649 (12.7)
45

2, 12.1 (.002)

5351 (98.3)
94 (1.7)
377

150 (97.4)
4 (2.6)
18

437 (97.8)
10 (2.2)
32

4764 (98.4)
80 (1.7)
327

Clinically signiﬁcant strabismus
Normal
Abnormal
Missing
Sensory fusion (near)
Normal
Abnormal
Missing
Sensory fusion (distance)
Normal
Abnormal
Missing
Motor fusion
Normal
Abnormal
Missing
Stereoacuity
60 seconds or better
Worse than 60 seconds
Missing
Mean estimated SE
Hypermetropia
Myopia
Emmetropia
Missing
Amblyopia
Normal
Abnormal
Missing
Mean convergence
Top 95% of children (score of 6 or 7)
Abnormal (score of 8–40)
Missing
Accommodation
Normal
Abnormal
Missing
Contrast (best eye)
Normal
Abnormal
Missing

3, 3.7 (.508)a

2, 1.5 (.349)a

df, degree(s) of freedom; RI, reading impairment.
a Fisher’s exact test.

Adler et al35 tested the value of
a single Randot screening test and
found that many children who exhibit
abnormal stereoacuity on initial
testing exhibit a normal result on
retesting, and therefore a single
assessment should be interpreted
with caution. There may be reverse
causation if children with SRI are less
likely to guess when nearing the limit
of their stereoacuity during testing
than are children without SRI.

Furthermore, clinically signiﬁcant
reduced stereoacuity affected only
1% of children with SRI and 0.4% of
children with MRI and, indeed, also
affects 0.3% of nondyslexic children.

rather than with controls selected
from schools and clinics. Therefore,
this study may be more likely to
identify associations.

We used severe impairment, as
deﬁned by the DSM-V taxonomy, as
our cutoff, whereas other studies
have used different deﬁnitions of
dyslexia, and our children with
reading impairment were compared
with the general cohort population

Fusing Ability
A total of 83% of children with SRI
had normal sensory fusion, compared
with 89% of children without reading
impairment. Jainta and Kapoula17
suggested that children with reading
impairment place a larger demand on
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FIGURE 2
Percentage of ophthalmic abnormalities in children according to reading (RI) impairment category.

their sensory fusion processes.
Although it carries some biological
plausibility, it is not clear what the
functional impact of reduced near
sensory fusion would be in regard to
reading ability, and this measure has
not commonly been assessed in the
literature; therefore, these results
should be interpreted with caution
and do not suggest that vision
therapy for reading problems is
warranted.

Strengths and Limitations

Additional analysis revealed that
there was no propensity for
a particular type of fusion
abnormality. A total of 48% (n = 11)
of children with SRI and abnormal
sensory fusion suppressed the image
from one or other eye (ie, saw 2 or

ALSPAC is one of the largest and most
detailed population-based cohort
studies of prospectively collected
visual data and uses reproducible
orthoptic tests. Previously literature
reviews in general have been based
on school-based studies involving

3 dots), and 52% (n = 12) were
diplopic (ie, saw 5 dots). This
distribution was similar to that seen
in those with MRI (45%, n = 25 vs
55%, n = 31) and in typically
developing children (41%, n = 208 vs
59%, n = 297). Those with poor
sensory fusion at near were more
likely to have strabismus (OR = 66.32;
95% CI, 44.52–98.82).

small numbers of children and
controls.24 The ALSPAC study took
place in a deﬁned geographic area
and was comparable with the United
Kingdom as a whole in the 1991
census; however, the number of
nonwhite families in ALSPAC was
disproportionately small.36
Noncycloplegic refraction was used to
deﬁne refractive error. The reliability
of this method was evaluated against
cycloplegic retinoscopy in children
deﬁned as having hyperopia in
a nested validation study and was
found to be 71% sensitive and 99%
speciﬁc. However, this method may
have resulted in an underestimate in
the prevalence of hyperopia and
therefore reduced our ability to

TABLE 3 Ophthalmic Abnormalities in Children With SRI Compared With Controls by Use of the Complete Case Data Set and Adjusted for Gender, Low
Birth Weight, Preterm Birth, and Maternal Smoking
Ophthalmic Abnormality
Clinically signiﬁcant strabismus
Poor sensory fusion (near)
Poor sensory fusion (distance)
Abnormal motor fusion
Poor stereoacuity
Refractive errora
Amblyopia
Mean convergence
Accommodation
Contrast sensitivity (best eye)
a

Unadjusted Model OR (95% CI) (n of Children in Analysis)
1.71
1.51
0.95
0.89
1.80
0.66
1.08
0.73
1.30
1.54

(0.74–3.95)
(0.96–2.39)
(0.38–2.34)
(0.58–1.36)
(1.18–2.72)
(0.32–1.34)
(0.50–2.34)
(0.36–1.50)
(0.85–1.97)
(0.56–4.25)

(5797)
(5062)
(4857)
(5817)
(5720)
(5798)
(5822)
(5781)
(5764)
(5445)

P
.207
.074
.908
.591
.006
.252
.839
.389
.225
.403

Adjusted Model OR (95% CI) (n of Children in Analysis)
1.62
1.63
0.92
1.06
1.58
0.83
1.13
0.76
1.37
1.80

(0.69–3.81)
(1.02–2.60)
(0.37–2.30)
(0.69–1.65)
(1.01–2.47)
(0.33–2.06)
(0.52–2.46)
(0.37–1.58)
(0.88–2.14)
(0.64–5.08)

(5392)
(4685)
(4483)
(5399)
(5324)
(5325)
(5416)
(5383)
(5361)
(5056)

P
.269
.041
.857
.782
.044
.690
.766
.465
.159
.266

Hypermetropia and myopia.

1062

Downloaded from pediatrics.aappublications.org at Pacific Univ on May 26, 2015

CREAVIN et al

quantify associations between
hyperopia and reading impairment.37
A number of other ophthalmic-related
variables are mentioned in the
literature but not presented in this
article, such as ocular motility
problems (eg, poor saccades),
because no objective data were
collected on these problems, and
visuocognitive impairments, which
were not assessed until later in the
ALSPAC study.
The current study uses crosssectional data collected between 7
and 9 years of age, with vision testing
being performed before reading tests.
The data are observational so cannot
indicate causality even if there are
associations.
There was low sample attrition in
adjusted analyses of only ∼9%. Given
this small amount of missing data, we
concluded the results were robust,
and we did not undertake more
formal analyses such as missing value
imputation. Sample attrition
associated with selective dropout by
7 to 9 years was potentially a more
serious problem, although research
has suggested that its impact on ORs
may be minor.38
Despite the large sample size, there
are 2 potential limitations. First, there
was the possibility that the test
statistics in logistic regression may
deviate from the x2 distribution in
a more major way for more rare
predictors compared with more
prevalent predictors. Hence, although
power issues clearly favor our
reported associations related to the
2 most prevalent predictors, it is
possible that the 2 rarest predictors,
strabismus and contrast sensitivity,
also with ORs .1.5, may provide
stronger evidence of an association
than their reported P values of .269
and .266, respectively. However, use of
Fisher’s exact test to compare the
unadjusted associations reported in
Table 3 suggested that the P values
may be biased toward the null but only
to a minor extent (eg, .341 compared

with .403). In contrast, sensory fusion
(near), the most prevalent predictor,
had better agreement (.081 compared
with .074).
Second, the strength of evidence from
the adjusted associations was weak.
With only 2 out of 10 predictors
showing associations at the 5% level,
one can estimate a global P value
across all predictors of .086,
assuming predictors were
independent. If predictors are
correlated, the true global P value
will gravitate toward the null.

General Discussion
The evidence base for currently
practiced ophthalmic interventions in
SRI is thin, despite their common
use.5,10,39 Process-focused therapies,
including colored ﬁlters and
treatments targeting visuomotor
function, exist for dyslexia and are
commonly offered privately by
behavioral optometrists. Many of
these interventions are based on the
premise that a disorder in vision
causes the disorder in reading and
that, because of the plasticity of the
brain, the vision difﬁculty can be
improved with practice and
consequently that the reading deﬁcit
will subsequently improve.
There is a lack of robust
epidemiologic evidence to suggest
that these therapies are effective in
improving outcomes for those with
dyslexia.5 No national guidelines or
recommendations exist for the use of
ophthalmic interventions in dyslexia
management. The best evidence is for
intensive interventions involving
instruction on phonics, word
analysis, and reading ﬂuency and
comprehension.40 Professional bodies
recommend only routine vision
checks and advise that children with
SRI should have appropriate
non–vision-based support.41,42
However, many organizations and
Web sites continue to recommend
vision-based treatments.43,44
The data presented in this article may
be helpful for families as reassurance

that visual function is unlikely to be
contributing to their child’s reading
problems and so they can pursue
other options for supporting their
child. The potential treatment options
for dyslexia are varied and may be
lifelong, so the ﬁnancial implications
are signiﬁcant, as is the opportunity
cost to children and families of
pursuing interventions that are not
evidence-based while perhaps
neglecting other potentially beneﬁcial
interventions.

CONCLUSIONS
A large majority of children with SRI
had normal vision as measured on
a range of tests. No indication was
found for routinely referring children
diagnosed with SRI to an
ophthalmologist or optometrist.
A minority of children with SRI had
mildly reduced abilities in stereopsis
testing and when fusing near targets,
the signiﬁcance of which is unclear,
whereas the majority of children with
SRI had normal function in all tests.
Other evidence has not been found in
support of ophthalmic therapies as
a treatment of SRI or dyslexia. We
suggest a detailed synthesis of the
evidence and guidance from National
Institute for Health and Care
Excellence on managing speciﬁc
learning difﬁculties including SRI, to
optimize outcomes for affected
children and their families without
raising hopes and expectations
regarding treatment outcomes.

ACKNOWLEDGMENTS
Ms Williams is funded by an NIHR
fellowship. Dr Creavin is an academic
clinical fellow funded by the National
Institute for Health Research. The UK
Medical Research Council and the
Wellcome Trust (Grant ref: 092731)
and the University of Bristol provide
core support for ALSPAC. We are
extremely grateful to all the families
who took part in this study, the
midwives for their help in recruiting
them and the whole ALSPAC team,

Downloaded from pediatrics.aappublications.org at Pacific Univ on May 26, 2015

PEDIATRICS Volume 135, number 6, June 2015

1063

which includes interviewers,
computer and laboratory technicians,
clerical workers, research scientists,
volunteers, managers, receptionists,
and nurses. Thanks also to Dr Kate
Northstone who has worked
extensively on the vision data in her
role as a senior ALSPAC statistician.
The ALSPAC study Web site contains
details of all available data through
a fully searchable data dictionary:
http://www.bris.ac.uk/alspac/
researchers/data-access/datadictionary/.
REFERENCES
1. Elliott J, Place M. Children in Difﬁculty:
A Guide to Understanding and Helping.
2nd ed. London, England: Routledge
Falmer; 2004:222
2. Handler SM, Fierson WM; Section on
Ophthalmology; Council on Children With
Disabilities; American Academy of
Ophthalmology; American Association for
Pediatric Ophthalmology and
Strabismus; American Association of
Certiﬁed Orthoptists. Learning
disabilities, dyslexia, and vision.
Pediatrics. 2011;127(3). Available at:
www.pediatrics.org/cgi/content/full/127/
3/e818
3. Shaywitz SE, Fletcher JM, Holahan JM,
et al. Persistence of dyslexia: the
Connecticut Longitudinal Study at
adolescence. Pediatrics. 1999;104(6):
1351–1359
4. Rose J. Identifying and teaching children
and young people with dyslexia and
literacy difﬁculties: an independent
report from Sir Jim Rose to the
Secretary of State for Children. 2009.
Available at: www.education.gov.uk/
publications/eOrderingDownload/006592009DOM-EN.pdf. Accessed November 12,
2014
5. Henderson LM, Taylor RH, Barrett B,
Grifﬁths PG. Treating reading difﬁculties
with colour. BMJ. 2014;349:g5160
6. American Psychiatric Association.
Diagnostic and Statistical Manual of
Mental Disorders. 5th ed. Arlington, VA:
American Psychiatric Association; 2013
7. Creavin AL, Lingam R, Northstone K,
Williams C. Ophthalmic abnormalities in
children with developmental

1064

coordination disorder. Dev Med Child
Neurol. 2014;56(2):164–170
8. Creavin AL, Brown RD. Ophthalmic
abnormalities in children with Down
syndrome. J Pediatr Ophthalmol
Strabismus. 2009;46(2):76–82
9. Creavin AL, Brown RD. Ophthalmic
assessment of children with Down
syndrome: is England doing its bit?
Strabismus. 2010;18(4):142–145
10. American Academy of Pediatrics, Section
on Ophthalmology, Council on Children
With Disabilities;American Academy of
Ophthalmology;American Association for
Pediatric Ophthalmology and
Strabismus;American Association of
Certiﬁed Orthoptists. Joint statement:
learning disabilities, dyslexia, and vision.
Pediatrics. 2009;124(2):837–844
11. Williams C, Northstone K, Sabates R,
Feinstein L, Emond A, Dutton GN. Visual
perceptual difﬁculties and underachievement at school in a large
community-based sample of children.
PLoS ONE. 2011;6(3):e14772
12. MacDonald JT, Kutzbach BR, Holleschau
AM, Wyckoff S, Summers CG. Reading
skills in children and adults with
albinism: the role of visual impairment.
J Pediatr Ophthalmol Strabismus. 2012;
49(3):184–188
13. Kutzbach BR, Summers CG, Holleschau
AM, MacDonald JT. Neurodevelopment in
children with albinism. Ophthalmology.
2008;115(10):1805–1808, 1808.e1–2
14. Felmingham KL, Jakobson LS. Visual and
visuomotor performance in dyslexic
children. Exp Brain Res. 1995;106(3):
467–474
15. Everatt J, Bradshaw MF, Hibbard PB.
Visual processing and dyslexia.
Perception. 1999;28(2):243–254
16. Castro SMC, Salgado CA, Andrade FP,
Ciasca SM, Carvalho KMM. Visual
control in children with developmental
dyslexia. Arq Bras Oftalmol. 2008;71(6):
837–840
17. Jainta S, Kapoula Z. Dyslexic children are
confronted with unstable binocular
ﬁxation while reading. PLoS ONE. 2011;
6(4):e18694
18. Latvala ML, Korhonen TT, Penttinen M,
Laippala P. Ophthalmic ﬁndings in
dyslexic schoolchildren. Br J Ophthalmol.
1994;78(5):339–343

19. Skottun BC. The magnocellular deﬁcit
theory of dyslexia: the evidence from
contrast sensitivity. Vision Res. 2000;
40(1):111–127
20. Lennerstrand G, Ygge J. Dyslexia;
ophthalmological aspects 1991. Acta
Ophthalmol (Copenh). 1992;70(1):3–13
21. Buzzelli AR. Stereopsis, accommodative
and vergence facility: do they relate to
dyslexia? Optom Vis Sci. 1991;68(11):
842–846
22. Ygge J, Lennerstrand G, Rydberg A,
Wijecoon S, Pettersson BM. Oculomotor
functions in a Swedish population of
dyslexic and normally reading children.
Acta Ophthalmol (Copenh). 1993;71(1):
10–21
23. Wahlberg-Ramsay M, Nordström M,
Salkic J, Brautaset R. Evaluation of
aspects of binocular vision in children
with dyslexia. Strabismus. 2012;20(4):
139–144
24. Quercia P, Feiss L, Michel C.
Developmental dyslexia and vision. Clin
Ophthalmol. 2013;7:869–881
25. Neale M. Neale Analysis of Reading
Ability-Revised (NARA-II). 2nd rev ed.
Windsor, Berkshire, England: NFERNelson; 1997
26. Neale M, Christophers U, Whetton C.
Neale Analysis of Reading Ability. Rev
British ed. Windsor, Berkshire, England:
NFER-Nelson; 1989
27. Peterson RL, Pennington BF.
Developmental dyslexia. Lancet. 2012;
379(9830):1997–2007
28. Kirkegaard I, Obel C, Hedegaard M,
Henriksen TB. Gestational age and birth
weight in relation to school performance
of 10-year-old children: a follow-up study
of children born after 32 completed
weeks. Pediatrics. 2006;118(4):1600–1606
29. Wocadlo C, Rieger I. Phonology, rapid
naming and academic achievement in
very preterm children at eight years of
age. Early Hum Dev. 2007;83(6):367–377
30. Guarini A, Sansavini A, Fabbri C, et al.
Long-term effects of preterm birth on
language and literacy at eight years.
J Child Lang. 2010;37(4):865–885
31. Bos LT, Tijms J. The incidence of
prematurity or low birth weight for
gestational age among children with
dyslexia. Acta Paediatr. 2012;101(11):
e526–e528

Downloaded from pediatrics.aappublications.org at Pacific Univ on May 26, 2015

CREAVIN et al

32. Hobby K. WISC-R Split Half Short Form.
Los Angeles, CA: Western Psychological
Services; 1982
33. Parks MM. Th monoﬁxation syndrome.
Trans Am Ophthalmol Soc. 1969;67:
609–657
34. Williams C, Birch EE, Emmett PM,
Northstone K; Avon Longitudinal Study of
Pregnancy and Childhood Study Team.
Stereoacuity at age 3.5 y in children born
full-term is associated with prenatal and
postnatal dietary factors: a report from
a population-based cohort study. Am J
Clin Nutr. 2001;73(2):316–322
35. Adler P, Scally AJ, Barrett BT. Test–retest
variability of Randot stereoacuity
measures gathered in an unselected
sample of UK primary school children.
Br J Ophthalmol. 2012;96(5):656–661
36. Boyd A, Golding J, Macleod J, et al.
Cohort proﬁle: the “children of the
90s”—the index offspring of the Avon
Longitudinal Study of Parents and

Children. Int J Epidemiol. 2013;42(1):
111–127

Learn Disabil. doi:10.1177/
0022219413504995

37. Williams C, Miller L, Northstone K,
Sparrow JM. The use of non-cycloplegic
autorefraction data in general studies of
children’s development. Br J Ophthalmol.
2008;92(5):723–724

41. American Academy of Ophthalmology.
Joint statement: learning disabilities,
dyslexia, and vision. Available at: http://
one.aao.org/clinical-statement/jointstatement-learning-disabilities-dyslexiavis. Accessed September 19, 2014

38. Wolke D, Waylen A, Samara M, et al.
Selective drop-out in longitudinal studies
and non-biased prediction of behaviour
disorders. Br J Psychiatry. 2009;195(3):
249–256

42. The Royal College of Ophthalmologists.
Reading and the Visual System. London,
England: The Royal College of
Ophthalmologists; 2009

39. Rawstron JA, Burley CD, Elder MJ. A
systematic review of the applicability
and efﬁcacy of eye exercises. J Pediatr
Ophthalmol Strabismus. 2005;42(2):
82–88

43. American Optometric Association.
Optometric clinical practice guideline:
care of the patient with learning related
vision problems. 2010. Available at:
www.aoa.org/documents/CPG-20.pdf.
Accessed February 19, 2015

40. Scammacca NK, Roberts G, Vaughn S,
Stuebing KK. A meta-analysis of
interventions for struggling readers in
grades 4–12: 1980–2011 [published
online ahead of print October 3, 2013]. J

44. College of Optometrists in Vision
Development (COVD). About vision
therapy. Available at: https://covd.siteym.com/?Vision_Therapy. Accessed
February 19, 2015

FIT LIKE A GLOVE: As I write this, baseball’s spring season is in full swing. Managers
are looking at veterans and rookies, and games are being played in small stadiums
across Arizona and Florida. Regardless of whether a veteran is guaranteed a roster
spot, or a rookie is trying to break into the Major Leagues, all players face the same
dilemma: how to break in a new baseball glove.
As reported in The New York Times (Sports: March 7, 2015), a baseball glove is
a remarkably personal item. Each player has speciﬁc preferences for model, size, ﬁt,
and how to break the glove in so that if ﬁts perfectly. Gloves worn by outﬁelders are
generally quite long – better to snag ﬂy balls. Gloves worn by inﬁelders are generally
shorter, making it easier to get the ball out for a quick toss. Catchers use heavily
padded mitts, while pitchers wear gloves that have a tight web so that the batters
cannot see how they are holding the ball. However, each player has his own way of
getting the glove ready for use. Some use leather softeners or literally beat the glove
with a large object. Others microwave the glove to soften it and then shape it with
a ball or some other object. Others catch hundreds of balls thrown from a pitching
machine.
I have not purchased a new glove in a long time, but I do remember the terriﬁc smell
and the stiffness of the leather. I always wanted the ﬂex just right so that I could scoop
the ball easily while playing shortstop. My own preference was to put a baseball at
the base of the web and then tuck the glove under the mattress. I do not know if any
Major League players use this technique, but it worked for me in Little League.
Noted by WVR, MD
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