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ackground: Accommodative dysfunction and convergence
insufficiency (CI) are common pediatric vision problems
that have been associated with an increase in frequency
and severity of vision-specific symptoms that affect chil-
dren when doing schoolwork. However, the relationship
between accommodative dysfunction and CI and other
learning problems, such as attention deficit hyperactivity
disorder (ADHD), are not well understood. The purpose of
this study was to evaluate the frequency of ADHD behav-
iors in school-aged children with symptomatic accommo-
dative dysfunction or CI.

ethods: Children 8 to 15 years of age with symptomatic
accommodative dysfunction or CI were recruited from the
teaching clinic at the Southern California College of
Optometry. Children with learning disabilities or ADHD
were excluded. One parent of each child completed the
Conners Parent Rating Scale–Revised Short Form (CPRS-
R:S). The children’s scores on the CPRS-R:S were com-
pared with the normative sample.

esults: Twenty-four children (9 boys and 15 girls) partici-
pated in the study with a mean age of 10.93 years (SD �
1.75). On the CPRS-R:S, cognitive problem/inattention,
hyperactivity, and ADHD index were significantly different
from normative values (p � .001 for all tests).

onclusions: The results from this preliminary study suggest
that school-aged children with symptomatic accommoda-
tive dysfunction or CI have a higher frequency of behav-
iors related to school performance and attention as mea-
sured by the CPRS-R:S.

ey Words: Attention deficit hyperactivity disorder, conver-
gence insufficiency, accommodative insufficiency, learning
disabilities, accommodation.

portion of these data was presented at the College of
ptometrist in Vision Development meeting, 2003 Phoenix, AZ.
orsting E, Rouse M, Chu R. Measuring ADHD behaviors in children
ith symptomatic accommodative dysfunction or convergence
cnsufficiency: a preliminary study. Optometry 2005;76:588-92.
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ttention deficit hyperactivity disorder (ADHD) is
one of the most common behavioral disorders seen
in children and affects between 4% and 12% of the

chool-aged population.1 The condition is associated with
ehaviors that are classified as inattentive, hyperactive/
mpulsive, or a combination of both.2 School performance
s well as general quality of life can also be affected in
hildren with ADHD.1,3 The relationship between various
ision dysfunctions and learning problems such as ADHD
s a controversial area within eye care because of inconsis-
ent research results found when correlating vision deficits
nd school achievement.4 Recently, investigators5,6 have
tarted to evaluate possible relationships between ADHD
nd vision problems in an effort to clarify some of the
ssues associated with assessing the role of vision dysfunc-
ions in learning.

he relationship between vision problems and ADHD has
ocused on behaviors or symptoms that are associated with
ach condition. In a study comparing ADHD children with
 non-ADHD group, Farrar et al.6 found that ADHD chil-
ren scored higher on 14 of the 33 categories on the
odified College of Optometrists in Vision Development

COVD) Quality of Life Outcomes Assessment. The inves-
igators concluded that children with ADHD exhibit more
isual and quality-of-life symptoms than children without
DHD. However, Farrar et al.6 did not find corresponding
ifferences between the 2 groups when conducting a series
f vision tests. Only accommodative facility was signifi-
antly different between the ADHD and non-ADHD
roups. As a result, the higher frequency of visually related
ymptoms observed in the ADHD group could have been

aused by attention problems. Using a case series ap-
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roach, Damari et al.5 reported that significant
earning-related vision problems in children
ould be misdiagnosed as ADHD. However, the
o-occurrence of ADHD and learning-related vi-
ion problems could not be ruled out in the case
eries. Thus, both Farrar et al.6 and Damari et
l.5 showed a possible relationship between be-
aviors associated with ADHD and common
ymptoms of vision problems.

n contrast to the previous studies, Borsting et
l.7 focused on a specific vision condition and
ound that children with a diagnosis of conver-
ence insufficiency (CI) scored higher on the
sychosomatic, learning problems, and hyperac-
ive categories of the Connors Parent’s Rating
cales when compared with a group of children
ith normal binocular vision. In this study, chil-
ren with an existing diagnosis of ADHD were
xcluded. Borsting et al.7 noted that for children
ith CI, the most common behaviors reported
y the parents on the Connors Parent’s Rating
cales were “easily frustrated,” “attention span
roblem,” and “fails to finish things.” One prob-
em with the study by Borsting et al.7 was that
he Connors Parent’s Rating Scales did not in-
lude an ADHD scale consistent with current
iagnostic and statistical manual guidelines for
he diagnosis of ADHD. Another issue is that
hildren with primary accommodative dysfunc-
ion were not included. To partially address
hese issues, we looked at the frequency of
DHD behaviors in a group of school-aged chil-
ren with symptomatic accommodative dys-
unction or CI but who had not been diagnosed
ith ADHD.

ethods
ample Selection
hildren ages 8 to 15 years with symptomatic
ccommodative dysfunction or CI (based on a
iagnosis by the attending faculty) were re-
ruited from the Vision Therapy Service at the
outhern California College of Optometry from
000 to 2003. If a subject met the criteria listed
elow, then that child was invited to participate
n the study. The research study was approved
y the Institutional Review Board at the South-
rn California College of Optometry. A parent
rovided written consent, and each child pro-

ided assent before any testing was done. T

OLUME 76 / NUMBER 10 / OCTOBER 2005
o participate in the study, subjects had to meet
he following inclusion criteria: corrected visual
cuity of 20/25 or better in each eye, no constant
trabismus, and no significant ocular pathology
nd no existing vision therapy program. Subjects
ith refractive errors greater than 1.25 diopter

phere of hyperopia, 1.00 diopter sphere of an-
sometropia or 1.00 diopter of astigmatism, or
reater than 0.50 diopter sphere of myopia wore
efractive corrections for at least 1 month before
articipating in the experiment. Subjects with a
iagnosis of a learning disability or ADHD (ob-
ained by parental report) were excluded to elim-
nate potential bias on our measurement of
DHD-type behaviors.

o meet the criteria for the diagnosis of CI, all 3
f the following signs were required: (1) greater
xophoria at near-than distance by 4 prism di-
pters, (2) failed Sheard’s criteria or minimum
ormative positive fusional vergence at near

�15 prism diopters for break), and (3) receded
ear point of convergence (� 6 cm break point).8

o meet the diagnosis of accommodative dys-
unction, the accommodative amplitude had to
e at least 2 diopters below Hofstetter’s mini-
um expected9 as measured by a push-up am-

litude10 or monocular accommodative facility
ested with � 2.00 flipper lenses of 6 cycles per
inute or less.11 The diagnosis of accommoda-

ive insufficiency (AI) was derived from Borsting
t al.10 where an amplitude accommodative of 2
iopters below Hofstetter’s minimum expected
as significantly associated with symptoms.
his finding is also consistent with a recent study
y Sterner et al.12 that found that accommoda-
ive amplitudes of school-aged children were
ower than predicted by Hofstetter’s formula.
he diagnosis of accommodative dysfunction or
I was confirmed by one of the investigators. In
ddition, each child had to show significant as-
ociated symptoms by scoring 16 or higher on
he revised version of the Convergence Insuffi-
iency Symptom Survey (CISS-V15) or a score of
or higher on the older version of the CISS as

eported by the parent or the child.7,13

ata Collection
ne parent or guardian of each child was asked

o complete the Connors Parent Rating Scale–
evised Short Form (CPRS-R:S) in a separate
oom while the child performed other activities.

he CRPS-R:S uses 27 questions to evaluate a
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O

road range of school-related behaviors in the
ollowing categories: oppositional, cognitive
roblems/inattention, hyperactivity, and ADHD
ndex, and has normative data from 2,426 chil-
ren ages 3 to 17 across the United States.3 The
PRS-R:S asks the parent to rate the frequency
f behaviors observed during the last month as
ollows: “not true at all,” “just a little true,”
pretty much true,” or “very much true.” The
PRS-R:S was administered according to stan-
ardized instructions.3 The scores for the CPRS-
:S were converted to T-scores (mean of 50 and
tandard deviation of 10) according to the proce-
ures outlined in the manual. Scores greater
han 50 on the CPRS-R:S indicate a higher fre-
uency of a behavior. The T-scores were then
ompared with the normative sample for the
PRS-R:S.

alculating a sample size estimate was difficult
ecause we had not administered the CRPS-R:S
o a group of children with symptomatic accom-
odative dysfunction or CI. As a result, this

reliminary study would indicate whether clin-
cally significant differences exist in a small sam-
le of school-aged children.

esults
wenty-four children 8 to 15 years of age, with
ymptomatic accommodative dysfunction or CI
articipated in the study. The mean age of the
ubjects was 10.9 years (SD � 1.75), and there
ere 9 boys and 15 girls. Thirteen subjects had
oth CI and accommodative dysfunction, 2 sub-

ects had only CI, and 9 subjects had only ac-
ommodative dysfunction.

he mean and SD for each category are as fol-
ows; oppositional (mean � 54, SD � 9.65), cog-
itive problems/inattention (mean � 59, SD �
2.04), hyperactivity (mean � 61, SD � 15.23),
nd ADHD index (mean � 60, SD � 12.59).
ndividual subjects’ T-scores for the CPRS-R:S
ere compared to a mean value of 50 using a
ne-sample t test (see Table 1) with a Bonferroni
djustment to account for administering multi-
le statistical tests (.05/4 � .0125). The one-
ample t tests for the CPRS-R:S showed that
ognitive problems/inattention, hyperactivity,
nd ADHD index categories were significantly
igher than a mean of 50 (p � 0.001 for all tests;
ee Figures 1-3). For the oppositional category,

he mean score of 54 was not significantly dif- c

90
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erent from a mean value of 50 when using a
onferroni adjustment. Thus, 3 of the 4 catego-
ies in the CPRS-R:S were significantly higher
han normative values for children with accom-
odative dysfunction or CI.

iscussion
he results from this preliminary study suggest

hat school-aged children with symptomatic ac-

Table 1. Scores for the CPRS-R:S

Category
Mean T

score (SD)
one-sample

t test

Oppositional 54 (9.65) �0.036
Cognitive

problems/
inattention

59 (12.04) �0.001*

Hyperactivity 61 (15.23) �0.001*
ADHD index 60 (12.59) �0.001*

* p � 0.01 (when making Bonferonni adjustment for multiple tests).

igure 1 Scatterplot of T-scores for each subject for cognitive problems/
inattention category. Individual T-scores are compared with a
mean value of 50.

igure 2 Scatterplot of T-scores for each subject for hyperactivity
category. Individual T-scores are compared with a mean value
of 50.
ommodative dysfunction or CI have a higher

VOLUME 76 / NUMBER 10 / OCTOBER 2005
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V

requency of behaviors related to school perfor-
ance and attention as measured by the CPRS-
:S. This study replicated results from our pre-
ious study that found that children with CI
cored higher on the CPRS.7 We were able to
how that the association between vision prob-
ems and ADHD was still maintained when we
dded children with symptomatic accommoda-
ive dysfunction to our sample and when using
he CPRS-R:S. However, our results should be
iewed cautiously until the finding is replicated
n a larger sample of children.

e also evaluated the clinical relevance of the
cores on the CPRS-R:S for the accommodative
ysfunction and CI group compared with mean
alues. Connors recommends that a change of
ne half of an SD or 5 T-score units is clinically
ignificant.3 This change is also outside of most
f the subtests’ 95% confidence intervals that we
alculated from Table 7.22 in the manual. We
ould only estimate the 95% confidence intervals
ased on converting the standard errors of mea-
urement, which are given in raw scores, to
verage T-score values. Thus, our symptomatic
ccommodative dysfunction or CI group scores
f 8 standard score units or higher than mean
alues on the cognitive problems/inattention,
yperactivity, and ADHD scales would be con-
idered clinically significant.

hildren with symptomatic accommodative dys-
unction or CI appear to have a higher frequency
f ADHD-like behaviors as measured by the
PRS-R:S. One explanation is that accommoda-

ive dysfunction or CI may cause behaviors sim-
lar to those seen in ADHD, especially the inat-
entive subtype.2 This would be consistent with
he hypothesis put forth by Farrar et al.6 and

igure 3 Scatterplot of T-scores for each subject for ADHD index.
Individual T-scores are compared with a mean value of 50.
amari et al.5 Some of the symptoms on the s

OLUME 76 / NUMBER 10 / OCTOBER 2005
ISS-V15, such as loss of concentration when
eading or reading slowly, are similar to behav-
ors associated with ADHD (inattentive type),
uch as failure to complete assignments and
rouble concentrating in class.2,3 However, this
xplanation does not account for the increase in
he hyperactivity scale in the symptomatic ac-
ommodative dysfunction or CI group. In this
tudy, we did not have a large enough sample
ize to correlate the symptoms between the
ISS-V15 and the CPRS-R:S to more directly test

his hypothesis. In the future, we hope to look at
his hypothesis in more detail.

nother possible mechanism that would explain
he association between accommodative dys-
unction or CI and ADHD behaviors is that ac-
ommodative dysfunction and CI are manifesta-
ions of immaturities in the visuomotor, spatial,
nd attention processing mechanisms. For exam-
le, Atkinson14 found that children with neuro-
ogical disorders have poorer shifts of accommo-
ation to near targets. Yang et al.15 found more
ariability in the latency of combined vergence
nd saccadic responses in children when com-
ared with adults. Yang et al.15 hypothesized
hat increased variability could represent imma-
urity in the control of visual fixation, which is
art of the visuomotor spatial and attention pro-
esses. Evidence for problems in visuomotor,
patial, and attention processing has also been
ound when measuring saccadic ability in chil-
ren with ADHD.16 Children with symptomatic
ccommodative dysfunction or CI may be more
t risk for problems in processing information
sing the visual attention system, which may
esult in poorer control in the accommodative or
ergence mechanisms. That is, findings of a re-
eded near point of convergence or poor positive
usional vergence may result from problems
ith variable latencies and fixation control
ithin the oculomotor system. Thus, children
ith accommodative dysfunction or CI may
ave poorly developed attention mechanisms in
he central nervous system that result in both
oor coordination of the oculomotor system and
anifestation of behaviors seen in ADHD. We

ope that future research will replicate our find-
ngs and begin to determine the exact associa-
ions between accommodative dysfunction or CI
nd visual attention.

his preliminary study found that children with

ymptomatic accommodative dysfunction or CI
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ave a higher frequency of behaviors associated
ith ADHD and learning problems as measured
y the CPRS-R:S.
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