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QUALITY OF LIFE, READING AND ACCOMMODATION IN
CHILDREN WITH LOW VISION

DAWN KISSNER DECARLO
VISION SCIENCE
ABSTRACT

Childhood permanent, uncorrectable vision impairment (VI) is rare, yet it is a
public health burden as the impairment lasts a lifetime. Vision impairment describes
decreased vision that affects everyday activities. Acuity cut-points commonly used
include 20/40, 20/60 or 20/70. Blindness often refers to legal blindness (best corrected
visual acuity of 20/200 or worse or a visual field less than 20 degrees). Children with VI
often have hereditary conditions such as albinism, optic atrophy and retinal degenerations
and are different in many ways than adults with VI. The majority have conditions with
onset at or near birth and as a result also have nystagmus. Despite this, relatively little is
known about the best rehabilitation strategies to ameliorate the symptoms caused by VI.

This dissertation focuses on measuring 3 aspects of pediatric VI: quality of life,
near focusing (accommodation) and reading. Here we have shown that the PedsQL™
4.0, a generic health related quality of life instrument, has excellent internal consistency
reliability. It has good convergent validity as poorer visual acuity is associated with
lower quality of life scores. The PedsQL™ 4.0 can discriminate between samples of
children with normal vision and those with VI. Near accommodative accuracy was
measured using a gold standard autorefraction method and a quick clinical test. Both
tests found greater focusing inaccuracy for children with vision impairment and that the
inaccuracy was greater for a 6D demand condition than 4D. Lastly, this work validated

the use of the MNREAD for measuring reading in children with VI. Maximum reading



rate and reading acuity had excellent test-retest repeatability. Critical print size showed
more variability. The MNREAD test and a paragraph reading test, the Jerry Johns Basic
Reading Inventory, were strongly correlated (p=0.88), however reading rates were faster
on the MNREAD. Clinicians should be aware that MNREAD testing may over-estimate
reading speeds expected for typical reading materials.
The PedsQL™ 4.0, accommodative response testing and MNREAD testing are all

valuable tools that can be used to evaluate function in children with VI. They should be
considered as potential outcome measures for future studies on rehabilitation in pediatric

VL

Keywords: vision impairment, quality of life, pediatric, reading, MNREAD,

accommodative response



DEDICATION
This work is dedicated to all of the children with low vision and their families who so
willingly participated in this research. They inspire me with their creativity, humor,
kindness and perseverance. It is also dedicated to Alie B. Gorrie whose support of the
UAB Center for Low Vision Rehabilitation through Songs for Sight enabled the
formation of the Songs for Sight Youth Low Vision Support Group. The support group
has facilitated friendships between children and families of children with low vision so

that they know they are not alone dealing with the struggles of vision impairment.



ACKNOWLEDGEMENTS

I would like to thank my mentor, Dr. Cynthia Owsley for her support over many
years. She inspired my transition from bench science to clinical science when she invited
me to participate in a study on glaucoma and driving way back in 1998. I have spent
most of my career as a clinician, so to carve out enough time for research, she helped me
develop a successful K23 application that funded this research. Dr. Owsley has taught
me a lot about grantsmanship and manuscript writing. She pushed me when I needed it,
and was understanding when I went through some tremendously difficult times in my
personal life. I will forever be indebted for her support of me and my research.

I am also grateful to Ms. Elizabeth “Lisa” Forte who tirelessly recruited,
scheduled and tested participants. Her attention to detail was paramount in the success of
this project. Our research participants loved seeing her, ensuring that they were always
giving us their best efforts. This project could not have been done without her.

I would also like to thank my committee members Dr. Gerald McGwin, Dr. Paul
Gamlin, Dr. Roderick Fullard and Dr. Kristina Visscher for helping me throughout this
program. I am truly grateful for the help you have given me and the many discussions
about this project.

Lastly, I would like to thank my family for their enduring support of my research
and clinical activities. I thank my parents Mel and Bonnie Kissner, who never quite

understood what I was doing, but were bursting with pride never-the-less for all of their

Vi



support. My husband, Arthur, deserves my thanks for helping me with my many IT
needs at home and listening to research ideas that were far from his field. I am thankful
for the many hours my children, Bonnie and Julia volunteered to help with Songs for
Sight events for children with low vision.

This work was supported by National Institutes of Health Grants K23-EY018864
(DKD), P30-EY003039 (UAB Core Facilities); EyeSight Foundation

of Alabama, Birmingham, AL; Research to Prevent Blindness, New York, NY.

Vii



TABLE OF CONTENTS

Page
ABSTRACT ...ttt ettt ettt et et e et e st e et e et e e nateeaee e il
DEDICATION ...ttt ettt ettt ettt et e et e sate e beesateenneeebeesnteens A%
ACKNOWLEDGMENTS ...ttt ettt et e vi
LIST OF TABLES ...ttt ettt ettt et e s e ix
LIST OF FIGURES.......oiiiiiiit ittt ettt et et Xi
LIST OF ABBREVIATIONS .....coiiitiieeitete ettt Xiii
CHAPTER
1 INTRODUCTION ...ttt ettt ettt ettt ettt e enbeesaeeebeeenneens 1
Epidemiology and Public Health Burden..............cccccoooviiiiiiniiiiiiceeieee e 2
Differences Between Adult and Childhood Onset Vision Impairment .................. 4
Vision-Specific, Health-Related Quality of Life........c.ccccooviiiiniiiniiiniiiee 6
Accommodation in Pediatric Vision Impairment.............cccceeevvuiieeennniieeennnneenn. 10
Reading in Pediatric Vision Impairment...........ccocceeeevieiinieiiniieeniieeniieeseeee 15
2 SPECIFIC AIMS ...ttt ettt ettt ettt e et e s e e bee e 22
3 RELIABILITY AND VALIDITY OF THE PEDSQL™ 4.0 GENERIC
CORE SCALES IN PEDIATRIC VISION IMPAIRMENT .......ccoooiiiiiiiiiiiecieenee. 25
4 ACCOMMODATIVE RESPONSE IN CHILDREN WITH VISION
IMPATRMENT ..ottt ettt ettt ettt et et e et esnre e e e 45
5 REPEATABILITY AND VALIDITY OF THE MNREAD TEST IN
CHILDREN WITH VISION IMPAIRMENT ......ooiiiiiiiiiiiiiieeeeeeeiiieeeee e 68
6 DISCUSSION ...ttt ettt ettt et ettt e et e st e e beeenbeeseaeenneas 88
QUALILY OF LR .ottt e e e ebaee e e 89
ACCOMMOAALION. .....eeiiiiiiiiiieiiiee ettt et e ettt e et e et e e s e e sabeeeeas 90

Vii



REAAING ..veeeiiiiiiie ettt e e ettt e e et e e e enaaeeeeenes 90

LAITNEATIONS «.eeeeneeeeeee et e e e e e e e e e ee e e e et e e e e eaeeeeeeaeeeenaes 92
SUMMEATY ...t e e e e e ettt e e e e e e e seabbeeeeeaeeens 92
FULULE DITECTION. ...t eeeeee e e e e e e e e e e e e aee e e e eeaes 94
LIST OF REFERENCES . ...t 95
APPENDIX: IRB APPROVAL LETTER .. .oeiieeee e 108

viii



LIST OF TABLES
Table Page

RELIABILITY AND VALIDITY OF THE PEDSQL™ 4.0 GENERIC CORE SCALES
IN PEDIATRIC VISION IMPAIRMENT

1 Demographics and Clinical CharacteristiCs ..........ueerruueerrieernieeeniieeiieesiee e 32

2 Descriptive Statistics for PEDs QL 4.0 from children with Vision Impairment
ANA ThEIE PATEIIES ....eeiieiiiiiiee ettt e e ettt e e e ettt e e e et eeeeesbbeeeeenbaeeeessbeeeaeanes 35

3 Correlations between habitual binocular visual acuity and PedsQL 4.0 Scores........... 36
4 Comparison of quality of life between children with and without vision
IMPAITMENL .....eiiiiiiiiiie ettt e e ettt e e ettt e e e esnbbeeeeennsbeeeeennseeaeanns 37
ACCOMMODATIVE RESPONSE IN CHILDREN WITH LOW VISION
1 Demographic and Ocular Characteristics of Participants..........cccccceeevveeenieeeniieennnen. 54
2 Descriptive statistics for accommodative response by test and vision status............... 57

3 Intraclass Correlations for Accommodative Response measured by near
autorefraction by Accommodative Demand and Vision Status............ccoeeeeeviveennen. 58

4 Correlations between Nott dynamic retinoscopy and near autorefraction

between VISIES ANd OVETALL.......coioeeeeee e e 58

REPEATABILITY AND VALIDITY OF THE MNREAD TEST IN
CHILDREN WITH VISION IMPAIRMENT

1 Demographic characteristics of study population.............ccceeevcviieeenniiiiienniiieeeeieeee. 76
2 Visual Characteristics of study population ............ccceeeeeiiiieeeriiiieeeiiiee e 77
3 Intraclass correlations fOr teSt —TeteSt........cccuiiieeriiiiieeiiiie et 78



4 Comparison of MNREAD values and Basic Reading Inventory
maximum reading rates between children with and without vision
impairment by grade LeVeIS..........ooviiiiiiiiiii e



LIST OF FIGURES

Figure Page
INTRODUCTION

1 Eye movement recording for a patient with nystagmus due to
oculocutaneous albINISM. ......c...coiuiiiiiiiiiiiiiiie e 5

2 Frequency distribution of spherical equivalent refractive error of children
with vision impairment seen in UAB Center for Low Vision Rehabilitation................ 6

3 Numbers of negative (problem)comments by focus group topic areas...............cceeeeene. 7
4 Average reading speed by grade for children with low vision and for

national NOrmMAative data...........ccovuiiiiiiiiiiiieiie e 16
RELIABILITY AND VALIDITY OF THE PEDSQL™ 4.0 GENERIC CORE SCALES

IN PEDIATRIC VISION IMPAIRMENT

1 Difference versus means (Bland Altmann) plots comparing child self-report

and parent report forms for the PedSQL 4.0 .........ooiiiiiiiiiiiiiiieeeeiee e 34

ACCOMMODATIVE RESPONSE IN CHILDREN WITH LOW VISION

1 Accommodative stimulus target..........cceeiiiiiiiiiieiiiiiie e 49

2 QGrand Seiko WAM 5500 with UC-Cube mounted to instrument ...........ccceevvueeeeennnn... 50

3 Comparison of spherical equivalent correction for testing versus spherical
equivalent cycloplegic refractiVve €ITOT .........iiieiiiiiieeiiiiee et eieee e 56

4 Difference versus means (Bland Altmann) plots for accommodative response using
the average value for each test over all 4 measurements...........ccccceeevveeeniieenineennnen. 58

5 Distribution of accommodative responses (lag or lead) ..........cccceeveeiiiiiieiiiiieeennnien.. 59

Xi



Figure Page

REPEATABILITY AND VALIDITY OF THE MNREAD TEST IN
CHILDREN WITH VISION IMPAIRMENT

1 Difference versus means plots (Bland-Altmann) comparing results from
VISTE TANA 2. et 78

2 Reading speed in words per minute by grade for the MNREAD test
and Basic Reading INVENLOTY ........cccuiiiiiiiiiiieeiiiieeeeieee ettt et ieee e 80

3 Relationship of reading speed for the MNREAD test and Basic Reading

Inventory to visual acuity for participants with vision impairment .............cccecueeenueen. 80
DISCUSSION
1 Proposed areas of study affecting reading ability ...........cccccoevviiiiiiiiiiiiiienniiiie e, 94

Xii



BPEDS
cm

CPS

D

IQR
logMAR
MEM
MEPEDS
MPS
MRS
NEI VFQ
OD

(0N
PedsQL™
PROM

QoL

VI

wpm

LIST OF ABBREVIATIONS
Baltimore Pediatric Eye Disease Study
centimeter(s)
critical print size
diopter
Inter-quartile range
log minimum angle of resolution
monocular estimate method
Multi-Ethnic Pediatric Eye Disease Study
minimum print size
maximum reading speed
National Eye Institute Vision Function Questionnaire
right eye
left eye
Pediatric Quality of Life Inventory
patient reported outcome measure
quality of life
reading acuity
vision impairment

words per minute

Xiii



CHAPTER 1: INTRODUCTION

The educational system in the U.S. relies heavily on reading for learning and for
progression to more advanced levels of education. Since reading is a highly visual task,
children with irreversible vision impairment (VI) are often at a disadvantage. Most
children with VI have enough sight to read visually and do not learn Braille [1]. Currently
there are no “standards of care” for treatment of the reading disability caused by pediatric
VI, and strategies vary widely by both medical and educational professionals. The main
options available to access reading material include use of: close working distances, large
print, optical or electronic magnification, auditory means and Braille. There is no
evidence-base available to guide clinical and educational decisions about which modality
is most appropriate for each individual. In order to build this evidence base, we must first
develop methodologies appropriate for CHILDREN with VI to reliably measure aspects
of functional vision such as accommodation, reading and vision-targeted health-related
quality of life.

The terms low vision and VI are often used synonymously to refer to a condition
of reduced visual acuity and/or visual field or to reduced visual function. 20/40, 20/60 or
20/70 are frequently used acuity cut-offs for VI. The World Health Organization uses
6/18 (20/60) [2, 3]. Blindness refers to a state without vision, however legal blindness (in
the U.S.) [4] refers to visual acuity less than or equal to 20/200 in the better seeing eye

with best-correction, or if the vision is better than 20/200 then the visual field is less than



or equal to 20 degrees in its widest meridian. Thus, legal blindness is a subset of low
vision. Sometimes the term blindness is used to mean “legal” blindness, adding to the

confusion.

Epidemiology and Public Health Burden

Many people have never met a child with VI since pediatric low vision is rare.
Scientific information about its prevalence is scarce and difficult to obtain. Foster and
Gilbert [5] used data from blind registries in Europe and population based surveys in Asia
and Africa to develop an algorithm to estimate prevalence rates of childhood blindness
based upon mortality rates for children under 5. Gilbert et. al. [6] suggest that the rate is
approximately 0.1/1000 children aged 0-15 years in the wealthiest countries. Using
Foster’s algorithm, Mufioz and West [7] estimated the rate in the United States and
Canada to be 3/10,000 for a total of 20,100 estimated blind children. The Metropolitan
Atlanta Developmental Disabilities Surveillance Program determined the rate of VI and
blindness (vision 20/70 or worse) in Metropolitan Atlanta in children aged 6 to 10
between 1991 and 1994 to be 10.7 per 10,000 children [8]. There were no statistically
significant differences in rates between races or genders.

More recently, population-based studies have been conducted in the United
States. The Multi-Ethnic Pediatric Eye Disease Study (MEPEDS) evaluated African-
American and Hispanic children [9] as well as Asian and non-Hispanic white children
[10] aged 30 to 72 months in Los Angeles, California. Vision was assessed through a
standardized comprehensive eye examination. Of 3,364 African American and Hispanic

children there were only 4 with better eye vision impairment due to ocular disease. An



additional 17 had confirmed bilateral amblyopia. There were no cases of bilateral, non-
refractive or amblyopic vision loss in children of Asian descent (n=939) and only one out
of 947 non-Hispanic white children with better eye VI. Similarly, the Baltimore Pediatric
Eye Disease Study (BPEDS) [11] using the same study protocol as MEPEDS found that 4
of 1347 children had VI in their better eye due to ocular disease. Combining the MPEDS
and BPEDS data, the prevalence of pediatric VI is approximately 13.6 per 10,000
children. Bilateral amblyopia affects an additional 33.3/10,000 preschoolers based upon
these 3 studies. Data from the National Survey of Children’s Health suggests there were
840,922 children in the US with parent reported vision not correctable with glasses or
contact lenses in 2012 [12]. On January 4, 2016, there were 39,471 children who were on
the American Printing House for the Blind, Inc. registry as eligible for federal quota
funds (children must be legally blind to be eligible) [13], but this number does not count
those children with low vision who are not legally blind. Some studies do find
differences in rates between genders, presumably due to x-linked recessive genetic eye
conditions [1].

Although children represent a small proportion of visually impaired or blind
persons in this country when compared against the older adult population, they represent
a significant public health issue due to the number of life-years affected when VI begins
in infancy [14, 15]. In 1996 it was estimated that the global financial cost of childhood
blindness (defined according to the World Health Organization — best corrected vision of
20/400 or worse) in terms of loss of earning capacity is between US $6 trillion and $27
trillion, surpassing the cost of adult blindness [14]. Most of this loss occurs in high-

income countries where the prevalence is lower, but children live longer and have greater



earning capacities. In fact, only cataract ranks higher than childhood blindness on the
global burden of eye disease when measured in disability adjusted life years, also known
as DALYs [16]. The economic burden in 2012 for children ages 0 to 17 in the U.S. was

estimated to be $5.9 billion [17].

Differences Between Adult and Childhood Onset Vision Impairment

Causes of VI and blindness in children vary greatly from those in adults. In 5
studies conducted in the United States, primarily in schools for the blind, optic atrophy,
cataract, albinism, retinopathy of prematurity, cortical VI and retinal degenerative disease
were common causes of VI [1, 18-21]. The underlying etiology of many of these
conditions is genetic. Sometimes the VI is part of a genetic syndrome [20]. Birth trauma
(e.g. hypoxia), premature birth and intrauterine factors (e.g. maternal exposure to toxins)
may also lead to congenital VI. Acquired VI in children may be due to trauma, tumor
(brain or ocular), or later onset hereditary conditions.

Another difference between children and adults with low vision is that there is a
high prevalence of nystagmus in children with congenital VI, whereas nystagmus is
almost never present in adults with acquired impairment. Nystagmus refers to
involuntary, typically conjugate, often rhythmic oscillations of the eyes. The term
congenital nystagmus is often used synonymously with infantile nystagmus syndrome;
however, it is technically incorrect as nystagmus does not typically develop at birth but
more likely at 2—3 months of age. Infantile nystagmus may be associated with retinal or
optic nerve maldevelopment (previously known as sensory nystagmus) or may occur in

isolation (previously known as congenital motor nystagmus). Infantile nystagmus has



several common associated findings: pendular progressing to jerk waveform, associated
strabismus and refractive error, decreasing amplitude/frequency with convergence and
the presence of a null zone [22]. Figure 1 shows a typical waveform for a patient with

oculocutaneous albinism. There also may be an associated head posture or latent
=
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Figure 1: Eye movement recording for a patient with nystagmus due to oculocutaneous
albinism. Blue bars indicated foveation periods.
component. Correlations exist between increasing amplitudes and/or frequencies of
nystagmus and decreasing distance visual acuity due to shorter duration of foveation
(better acuity is associated with longer foveation times) [23]. It has been suggested that
the dampening of the nystagmus in near gaze also promotes better near vision, however
in well-controlled studies, there was no improvement between distance and near acuity,
even when the nystagmus slowed considerably [24-26]. It is also important to note that
children with infantile nystagmus do not perceive the world as moving [27, 28] and do
not show evidence of significant motion smear [29].

Children with VI also tend to have more refractive error than their peers. Du, et
al. [30] reported a normal distribution of refractive error among 813 children with VI, as
opposed to the leptokurtic distribution seen in children with normal vision. They found a

tendency toward hyperopia while Nathan et al.> found a tendency toward myopia among



children with vision impairment. Another study found that albinism, but not foveal
hypoplasia alone was associated with increasing hyperopia [31]. The frequency
distribution of spherical equivalent (sphere power + '2 cylinder power) refractive error in
the right and left eyes among children seen in a low vision clinic is shown in figure 2
[32]. The spherical equivalent values were not normally distributed. Emmetropization is
the process whereby the eye avoids ametropia. The mechanism is not fully understood,
but involves both feedback on retinal image focus and genetic processes. A high
prevalence of ametropia as well as a normal distribution suggest a failure to emmetropize

among children with vision impairment.
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Figure 2: Frequency distribution of spherical equivalent refractive error of children with
vision impairment seen in UAB Center for Low Vision Rehabilitation.

Vision-Specific, Health-Related Quality of Life
Quality of life (QoL) is a holistic concept that has no physical or temporal basis
and as such it is not directly measurable [33]. Koot [34] suggests that at a minimum,
physical, emotional and social domains be addressed in the study of quality of life. These
constructs were evaluated through the use of focus groups of children with VI ages 5 to

12 and their parents [35]. The focus groups were conducted in separate rooms by trained



facilitators using a structured script. Psychosocial aspects of VI and school-related issues
were in the top three for negative comments for both parent and child focus groups
(Figure 3). The findings of these focus groups helped to inform the choice of quality of

life instrument used in this work.

A. B.

school-related

l psychosocil
expectations & frustrations

psychosocial

|
|
I W glasses & adaptive cquipment
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near vision |y dependency

dependency [ general vision
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Figure 3: Numbers of negative (problem)comments by focus group topic areas. A.)
parent focus groups (gray bars) and B.)child focus groups (black bars). Note: reprinted
from “Impact of pediatric vision impairment on daily life: Results of focus groups” by
D.K. DeCarlo, G. McGwin, Jr, M.L. Bixler, J. Wallander and C. Owsley. Optometry and
Vision Science, 89, p. 13-14. Copyright 2012 by Wolters Kluwer Health, Inc and
Copyright Clearance Center. Reprinted with permission.

The National Eye Institute Vision Function Questionnaire (NEI VFQ) was
designed to assess vision-specific health-related QoL across a range of chronic eye
diseases in adults [36-42]. It has become the gold-standard for QoL measurement in
adults with eye disease. However, many questions, for example those about driving, do
not apply to children. So, although the NEI VFQ has become widely accepted in eye care
research, it is not suitable for use with children.

There is a significant movement in the field of pediatric QoL research to pair

disease or function specific modules with generic QoL instruments. By using a generic



measure, QoL can be compared across disease states. Surveys that assessed multiple
domains of health-related QoL and that were designed for use in children ages 5-18 were
reviewed. Those surveys that were available in both child and parent proxy report forms
and had acceptable psychometric properties were given highest consideration for use in
this research. Three finalists were identified: the Child Health Questionnaire,[43, 44] the
DISABKIDS project [45] and the Peds QL 4.0 [46-48]. The Child Health Questionnaire,
Child form has an emphasis on behavior problems (e.g. lying, cheating) not typical in
children with VI and thus it was not chosen for this project. The DISABKIDS Chronic
Generic Measure-37 simply does not cover the age range we plan to study and therefore
also was not chosen.

The PedsQL™ (Pediatric Quality of Life Inventory™) is designed as a modular
system, with a generic core scale and disease specific modules [49]. The main advantage
is that the generic core scale can be compared across health conditions as well as to
healthy populations. It is a 23-item measure designed to address physical, social,
emotional and school functioning. The PedsQL™ 4.0 has been shown to have adequate
internal consistency reliability (Cronbach’s o ranging from 0.68 to 0.88 for child forms
and 0.75 to 0.99 for parent forms [46]. The PedsQL™ 4.0 was also able to distinguish
between healthy children and those with acute or chronic conditions and was related to
indicators of morbidity and illness burden [46].

The PedsQL™ 4.0 has forms for child self-report for ages 5-7, 8-12 and 13-18.
Parent proxy report forms are available as well, plus a form for ages 2-4. Several disease-
specific modules are available including asthma [48], rheumatology [50], diabetes[51],

cancer [52] and cardiac conditions [47]. The PedsQL™ 4.0 generic core scale is an



excellent QoL measure as it has been thoroughly validated, tested in many chronic health
conditions, has developmentally appropriate versions to accommodate different ages, is
short and easy to administer and has both parent and child report forms. Scores on the
PedsQL™ 4.0 range from 0 to 100 with 100 being a state of perfect health.

Investigators have also sought to develop a QoL measure for children with VI,
however, none has emerged as a standard for evaluation of QoL in this population. The
Effects of Youngsters’ Eyesight on Quality of Life questionnaire was developed
specifically for use in children with juvenile arthritis-associated uveitis[53, 54] and
addresses issues not typical for children with non-inflammatory-related vision
impairment. The Children’s Visual Function Questionnaire is a parent-report only
instrument for children up to age 7 [55]. The LV Prasad Vision Function Questionnaire
was designed as a screening tool for use in developing countries. This questionnaire
measures only vision function and does not address domains involving social, emotional
or school functioning [56]. The Impact of Vision Impairment for Children questionnaire
[57] was developed in Australia for children ages 8 to18 and addresses many
psychosocial and school related issues addressed more generally by the PedsQL 4.0.

There have been a few small studies looking at groups of children with specific
ocular conditions. One study (n= 38) used the PedsQL 4.0 to assess QoL in children with
inherited retinal conditions [58]. Overall, the scores were low (Total score 65.5 £16.7),
Physical Health Score 65.1 £20.3 and Psychosocial Health Score 65.7 +£16.4) for Child
report and Total score 60.6 +17.9, Physical Health Score 59.4 +£21.6 and Psychosocial
Health Score 62.0 +17.0. The participation rate was low (29%) so there may have been

selection bias. Additionally, since the survey was mailed to families, it cannot be



guaranteed that the child independently completed the survey. As many inherited retinal
conditions are progressive (precise diagnoses were not given), fear of further loss of
vision may have also contributed to low scores.

A study of congenital cataract used 2 QoL measures (PedsQL 4.0 and the Impact
of Vision Impairment for Children questionnaire[57]) as well as a functional vision
assessment (Cardiff Visual Ability Questionnaire for Children) [59]. They evaluated 72
children with congenital cataracts of whom 60% (n=43) were bilateral. The median
best-corrected visual acuity was 0.18 logMAR (IQR 0.02-0.43), but these were children
who had become aphakic, pseudophakic or had developed secondary glaucoma, so visual
acuity alone does not adequately represent their visual status. The participants had
reduced QoL as measured by both instruments. Interestingly, the decrease in QoL
associated with congenital cataracts on the PedsQL 4.0 was similar to that experienced in
pediatric liver transplant patients. Another study in children with glaucoma found that
decreased acuity, bilateral involvement and multiple surgical procedures were associated

with poorer QoL [60].

Accommodation in Pediatric Vision Impairment
Accommodation refers to the involuntary process of changing the shape of the
physiological intraocular lens that induces a power change which brings an object of
interest into focus on the retina. Accommodation is a complex process that is
neurologically intertwined with convergence and pupillary constriction. Information is
sent from the photoreceptors through the retinogeniculocortical pathway presumably

providing blur information to neurons in the temporal and frontal cortex that likely
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project to the supraoculomotor area of the midbrain, located dorsal and lateral to the
oculomotor nucleus. These inputs are not fully understood. These neurons project to the
Edinger-Westphal nucleus which provides the primary drive for accommodation and
pupillary constriction. They also project to medial rectus motoneurons to produce
convergence. Input likely also comes from an area near or including the nucleus of the
posterior commissure. Additionally, cells in the frontal eye fields have been shown to be
related to ocular accommodation [61]. Afferent fibers from the Edinger-Westphal nucleus
travel with the oculomotor nerve to synapse in the ciliary ganglion and then through the
short ciliary nerve to the iris sphincter muscle to decrease pupil size or to the ciliary body
to affect accommodation. Some fibers go directly to the medial rectus muscle to
stimulate convergence without synapsing in the ciliary ganglion [62].

Once the ciliary muscle is stimulated to contract, the biomechanical changes that
increase lens power begin to occur. As the ciliary muscle contracts, it moves inward and
anteriorly. This action releases tension on the anterior lens zonules which in turn allows
the elastic properties of the lens capsule and the viscoelastic properties of the lens itself to
enable the lens to assume a more spherical shape (which produces more plus power) [62].

Children with VI tend to hold reading materials much closer than other children
(the object’s image on the retina is larger when it is held closer) as a primary means to
compensate for their vision impairment. Reading at closer distances requires more
accommodative effort. The accommodative demand (diopters) is the reciprocal of the test
distance in meters; at 25cm 4D of accommodation is required whereas at Scm 20D is
needed. Thus, if holding objects closer is a rehabilitation strategy for reading that is

encouraged for visually impaired children, it is important that they have adequate
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accommodative ability to maintain focus at that distance. If there is anomalous
accommodation, then remediation with lenses and/or vision therapy can be part of the
rehabilitation strategy.

Experts agree that blur is a stimulus to accommodation [63-66]. It is well
established that myopes interpret and adapt to blur differently than emmetropes [67-70].
Ciuffreda et al [71] found that blur sensitivity decreased with increased target size in
participants with normal vision. Chung and Bedell [72] demonstrated that some low
vision observers show higher tolerance to blur. Given that accommodation is driven by
blur detection [73] it would be logical to expect that VI may affect accommodative
accuracy. In one study [74] 10 participants with VI due to congenital nystagmus
(isolated or associated with albinism) between ages 17 and 30 had their accommodative
accuracy measured using a Hartinger coincidence-optometer. The accommodative error
of the nystagmats was 50% greater than the normal controls. Perhaps owing to the small
sample size, the differences were statistically significant (t-test, <0.01) only at stimulus
levels of 1,4 and 6 diopters.

Many additional factors are known to affect accommodative response including
vergence, proximity and chromatic aberration [66]. Factors that contribute to depth of
focus (the distance the image is in front of or behind the retina before defocus is
apparent), such as target contrast [75], spatial frequency[76], luminance [77] and pupil
diameter [78]can vary significantly before there is any effect on accommodation.
Ciuffreda’s work [76, 79, 80] has demonstrated that amblyopic eyes show reduced static
accommodative response to broadband stimuli. They also found that the increased depth

of focus generally found in eyes with amblyopia cannot account for most of the
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accommodative loss. He proposes that a gain loss in the accommodative system is
responsible for the reduction in accommodative response magnitude.

According to Ciuffreda [73] the accommodative system is much more sensitive to
the effects of target retinal eccentricity [81] and retinal-image motion [82]. The latter two
are likely to affect accommodation in vision impairment due to central scotomas and/or
nystagmus in addition to the effects of the acuity impairment.

The accuracy of near focus (measured in diopters) is called the accommodative
response. It is the difference between the accommodative demand required to perfectly
focus a target and the amount of accommodative effort actually used to focus that target.
If more effort is exerted than is necessary to achieve perfect focus, it is termed a lead of
accommodation whereas less effort is termed a lag of accommodation. Dynamic
retinoscopy is used to measure accommodative response and can be performed by a
clinician or with the use of an autorefractor. There are two methods for dynamic
retinoscopy performed by clinicians: monocular estimate method (MEM), which uses
lenses to focus the reflex and Nott in which the clinician moves the retinoscope to focus
the reflex at the far point. Automated measures of accommodative response use an open-
field autorefractor so that the target can be presented in free space at a distance
determined by the examiner.

Leat and Gargon [83] using Nott retinoscopy found that children ages 3 to 10 had
inter-observer repeatability within 0.5D, and that the mean across all age groups was
0.48D (+/-1D, 95% confidence limits), although from ages 11 to 26 the mean lag
increases with accommodative demand. Rouse et. al. [84] using MEM retinoscopy

measurements taken at the child’s habitual working distance (average 35cm +/- 7cm or
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2.86D accommodative demand) found mean lags of accommodation of +0.33D OD and
+0.35D OS. McClelland and Saunders [85] using Nott retinoscopy studied 125 school
aged children from 4 to 15 years of age and using regression analysis found no difference
in accommodative response between age groups, but that the accommodative lag did
increase with stimulus demand (0.30 +/- 0.39 at 4D, 0.74+/- 0.58 at 6D and 2.50 +/-1.27
at 10D).

Assuming equal testing conditions (target size, test distance, contrast) there is no a
priori reason to expect differences in accommodative response measurements between
these methods [86-88]. Accommodative response measured by both MEM and Nott has
been shown to have high correlation with automated measures [89-91]. However, the
COMET-2 study found that accommodative responses in myopic children using the
Grand Seiko WR 5100K showed a greater lag of accommodation than Nott or MEM
dynamic retinoscopy. They could not identify a cut-point using receiver-operator curve
analyses with either type of dynamic retinoscopy to achieve adequate sensitivity and
specificity to detect a 1D or greater lag of accommodation as measured by the Grand
Seiko [92].

Automated measurement is the preferred method of assessing accommodation in
large scale studies of refractive error in children [93, 94], however automated
measurement of accommodative response may not be obtainable in all patients with
nystagmus. This equipment requires considerable cooperation from the child and steady
fixation, which cannot always be obtained when there is nystagmus present. In a small

pilot project, Heyman and colleagues [95] examined 10 children with congenital macular
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disorders and were able to measure accommodative response using the Grand Seiko
WV500 Autorefractor demonstrating that automated testing is possible in this population.
Accommodation has been studied in some groups of people with vision
impairment. Reduced accommodative response has been shown in small numbers of
subjects with albinism [96], juvenile macular degeneration [97], congenital nystagmus
[74] and achromatopsia[98]. Reduced accommodative response has also been shown in
amblyopia [76]. In the largest study to date, Leat and Mohr [99] examined the
accommodative response of 21 pre-presbyopes with low vision (aged 3 to 35 years) and
found that 85% were outside the 95% range of normal and that the errors were often more
than predicted by the increased depth of focus due to their low vision. Possibly owing to
their small sample size, no statistical associations were found with visual acuity, age,
nystagmus (presence or absence) or refractive error. They conclude that this reduced
accommodation may have important clinical implications in the rehabilitation of young

people with vision impairment.

Reading in Pediatric Vision Impairment
Reading is a critical task for education and much of our learning depends upon it.
If we are unable to read, or unable to read at an ability level similar to our peers, we are
unlikely to be able to succeed educationally. Reading translates into literacy, an essential
skill with life-long quality of life implications. Low literacy levels are strongly associated
with lower socioeconomic status [100]. As such, reading has important implications for

both education and employment.
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In a study of 185 visually impaired students in Tennessee, Corn et. al. [101] found
that average silent reading rates (which are typically faster than oral reading rates) by
grade prior to intervention with low vision devices were less than 100 words per minute
across all grades (see figure 4). The reading speeds in this study were measured using an
educationally based test, the Burns and Roe Informal Reading Inventory [102]. Using
Carver’s normative data [103] compared to their data on children with VI, Corn and
colleagues reported that second graders start out with silent reading rates about 50%
below their peers and this lag is maintained through elementary school, after which the
gap widens (because school-age children with VI in her study on average, plateaued
under 100 words per minute by 6" grade). In terms of workload, it would take the
average visually impaired 2" grader twice as long to read the same assignment, assuming
they had the stamina to do so, and this discrepancy in time to complete a reading task
only increases in higher grades. It is easy to see then, how deleterious VI could be to
education.
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Figure 4: Average reading speed by grade for children with low vision and for national
normative data. Note: From “An initial study of reading and comprehension rates for
students who received optical devices” by A.L. Corn, R.S. Wall, R.T. Jose et.al., Journal
of Vision Impairment and Blindness, 2002, 96, 322-334. Copyright 2002 by SAGE
Publications. Reprinted with permission.
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Most children with VI have enough sight to read visually and do not learn Braille
[1, 104]. A consistent finding of studies of reading rate in children with VI is that they
are on average slower readers than their peers. Two studies found that reading rates did
not exceed 100 wpm for any age group and that differences in reading speed between
children with and without VI increased with increasing age [105, 106]. Of all studies
found after an exhaustive literature search, the fastest mean maximum oral reading rate
reported in a study of children with VI is 147 + 61 words per minute (wpm) [107]. The
reading rate increased by 9.9 wpm per year of age, in contrast to normative data from
Carver [108] where the reading rate of children with normal vision increased by 14 wpm
per year of age. Because reading rates will vary depending on many factors (age and
grade of child, text size, difficulty, length, mode of presentation, type of reading: oral
versus silent, skimming versus reading for comprehension, also known as rauding), there
is no gold standard “normal” reading rate for children or adults. Studies using a sighted
control group provide the best comparisons, as the testing situations are the same. A
study conducted in the Netherlands examined both children with normal vision and with
vision impairment who had between 40 and 60 months of education. The low vision
readers were slower on both single word (75.4 + 21wpm) and continuous text reading
(54.4 £ 17.9 wpm) than their age matched peers who read 87.6 + 18.3 wpm for single
words and 83.1 + 25.0 wpm for continuous text [109]. Rice and colleagues found that
normally sighted readers aged 8 to 18 (median 11) had mean maximum reading speeds of
177 + 46 wpm, while children with vision impairment (age range 10-12) read more

slowly at 140 + 29 wpm [110].
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Other studies have also reported slower reading rates for children with vision
impairment [105, 106, 111, 112]. Douglas and colleagues [105] found reading accuracy,
comprehension and speed in a large sample of children with vision impairment in Great
Britain to lag behind their normally sighted peers. Mean oral reading rates did not exceed
100 wpm for any age group and differences in reading ability (accuracy, comprehension
and speed) increased with increasing age. In a follow-up study, they matched 25 low
vision readers to 25 normally sighted readers based on reading ability and found that on
average the normally sighted readers were almost 2 years younger than those with vision
impairment [113]. They also determined that children with vision impairment were more
likely to make substitution errors than mispronunciations, whereas the reverse is true in
children with normal vision.

In a study of adults with congenital VI, maximum reading speeds were 18.8%
slower in participants with albinism and 14.7% slower in those with idiopathic infantile
nystagmus when compared to controls [112] suggesting that this limitation in reading
speed is not simply a delay in development. Studying reading rates in children is more
complex than in adults, as reading rates continue to develop among normally sighted
children even through college [108]. Legge points out that the blend of developmental
factors in perception and cognition that underlie the gradual development of reading
speed are unknown [114].

Much of what we know about the visual requirements for reading comes from a
series of papers on adults by Legge and colleagues known as “Psychophysics of
Reading”[115-131]. From their work on adults, we know that in normal vision,

maximum reading rates are achieved for characters subtending 0.3-2 degrees of visual
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angle and that there is a gradual decline for letters larger than 2 degrees, possibly due to
speed limitations in the smooth-pursuit eye-movement system. Additionally, they
demonstrated that at least 4 letters must be simultaneously visible, or reading speed will
slow [123]. There is wide variability in reading performance among adult low vision
readers, most of which can be accounted for by the status of the central field and media
[128].

Legge and colleagues [132] translated their basic research on reading and vision
and developed the MNRead test. Once developed, a chart-based version was created
[132] to use as a simple to administer test for both research and clinical care. MNREAD
has print sizes from logMAR -.5 to 1.3 (corresponding to Snellen 20/6.3 to 20/400), for a
standard reading distance of 40 cm with 0.1 logMAR steps between sentences. The print
(font style, character and line spacing) is similar to what one would encounter in ordinary
reading tasks. MNREAD is based on a restricted vocabulary of common words the
majority of which were in the 1000 most frequent words in third grade school books.

There are many tools (primarily used by educators) that can be used to measure
reading speeds such as the Dynamic Indicators of Basic Early Literacy Skills test [133],
the Basic Reading Inventory [134] or the Burns and Roe Informal Reading Inventory
[102], however these tests are impractical for clinical use and measure only reading
speed. The MNREAD is the only clinical test that is commercially available to measure
reading speed at multiple print sizes. Classic near vision tests measure only the near
acuity. Legge developed the concept of the Critical Print Size or the smallest print size at
which maximum reading rate is achieved. Reading acuity is the smallest size print

resolvable. Reading rate slows rapidly as the reading acuity is approached. Critical print
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size therefore, could be used to objectively determine print size recommendations and
device prescriptions for use in the educational setting.

There are no psychometrically validated tests for use with children with VI to
determine reading acuity/rate or critical print size. The MNRead determines (among other
things) the Critical Print Size, or smallest print size read at maximum reading rate as well
as the reading acuity (minimum print size) and reading rate. Reading acuity/rate would be
a primary outcome measure for any future trials of interventions for reading rehabilitation
for children with vision impairment, therefore it is important to investigate the
performance of this test in that population.

The MNRead charts have been validated for use in adults with both normal and
low vision [132]. Virgili, et. al. [135] used an Italian version of the MNRead in 116
normally sighted, non-dyslexic children grades 3 to 8. Test-retest means were not
significantly different from each other for reading acuity (logMAR), Critical Print Size
(logMAR) or maximum reading speed (log words per minute). They confirmed that the
reading speed across sentences of sizes above the Critical Print Size was stable and that
the small difference was clinically insignificant. Additionally, the internal consistency of
the Italian charts was high with respect to reading speed measurements (chart 1 o = 0.96,
chart 2 o = 0.97). Recently work has been undertaken in Legge’s laboratory to validate
and establish norms for the MNRead in children with normal vision as young as 8 years
of age [136, 137]. Critical print size (logMAR) was 0.06, 0.03, 0.03 and -0.01 Maximum
reading speeds (words per minute) were 145, 151, 165 and 193 for grades 3,5,7 and
adults, respectively [136]. Thus, children with normal vision as young as 8 years old and

3t grade are able to perform this test. Although reading speeds are slower in children
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with VI, there is no reason to expect that they would be unable to perform this test if they
meet the standards for cognition that we set. Thus, there is ample evidence that the group
we propose to study will have the ability to perform the test. Rice, et. al. [138] studied
children aged 8 to 15 with and without vision impairment and used an abbreviated
protocol where only 3 large paragraphs are read to determine if maximum reading speed
could be determined without administering the entire MNRead test. They found that the
abbreviated protocol produced reading speeds that were nearly identical to standard
administration of the MNRead. This method, however gives only reading speed, not
critical print size or minimum print size, two values of major interest in this proposed
project. Additionally, we will evaluate two testing conditions and compare them to an
educationally based test to determine if either or both conditions are appropriate clinical

measures for recommending print size to use in the classroom.
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CHAPTER 2: SPECIFIC AIMS

As detailed in the introduction to this dissertation, pediatric VI is a low incidence
problem. Because of the low incidence and varied causes, it is difficult to obtain a large
number of participants for clinical research. Much of the research on this population
suffers from small sample sizes and therefore a lack of statistical significance. This is
evidenced by two Cochrane systematic reviews. The first examined optical reading aids
in pediatric VI [139] and concluded that there was a “lack of good quality evidence
regarding the use of optical low vision aids in children and young people.” The second
examined assistive technology for the same population [140] and found that there was not
a single randomized controlled trial on this topic. Both reviews emphasized the need for
high quality evidence for how health care providers and educators manage vision
impairment in children. An additional review of low vision rehabilitation in children
[141] noted that “most studies are descriptive case series with small sample sizes, making
the science in this field very rudimentary.”

To that end, this work was designed to lay the foundation for future research to
elucidate best practices for treating VI in childhood. Before a clinical trial could be
planned, it was important to validate measures for use in children with vision impairment.
As a clinician-scientist, the aims were developed based upon observations seen in my

clinical practice which has a heavy emphasis on pediatric VI.
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Specific Aim 1: To evaluate the reliability, and validity of a previously established
measure of pediatric quality of life, the PedsQL™ 4.0, in children with vision
impairment. Given the importance of patient centered outcome measures in clinical
research, it is important to establish a tool to measure QoL in pediatric vision impairment.
Focus groups[35] conducted in our lab supported the use of the PedsQL™ 4.0 as it has
domains that cover the primary concerns of both parents and children. Using this
instrument has the additional value of being able to compare the impact of VI to that of
many other chronic health conditions of children.

Specific Aim 2: To characterize the focusing accuracy (accommodative response) of
children with VI and to compare their accommodative accuracy to that of children with
normal visual systems. Accurate near focus is important for reading, since defocused
letters will be more difficult to discern. Most children with VI compensate for their
decreased acuity by holding reading materials closer (utilizing relative distance
magnification — the retinal image is larger when the object is closer). This strategy for
compensating for decreased acuity will be less effective in visually impaired children
with accommodative dysfunction. There is currently little data available on this subject in
children with VI and testing of accommodation is often not performed when clinically
assessing these children.

Specific Aim 3: To determine the repeatability and construct validity of the MNRead, a
reading acuity and reading speed test, developed and validated for use with adults, in
visually impaired children. The MNRead determines (among other things) the Critical

Print Size, or smallest print size read at maximum reading rate as well as the reading
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acuity (minimum print size). Reading acuity/rate would be a primary outcome measure
for any future trials of interventions for reading rehabilitation for children with vision
impairment, therefore it is important to investigate the performance of this test in that
population. Internal consistency of the charts (Cronbach’s alpha) as well as test-retest
repeatability will be measured. Construct validity will be evaluated by comparing
MNRead reading speeds to a standardized educational test, the Basic Reading Inventory

[134].
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Abstract

Purpose: The PedsQL 4.0 is a generic health-related quality of life (HRQoL) instrument
that has been used across many pediatric health conditions. We hypothesized that this
instrument would be valid for use in children with vision impairment (VI) and that it
could distinguish between children with VI and normally sighted children.

Methods: 70 children with VI and 44 age matched controls underwent vision testing
including binocular best corrected distance visual acuity. They completed the PedsQL 4.0
Generic Core Scale Child Report (ages 8-12) or Teen Report (ages 13-18) as appropriate.
Parents completed the Parent Proxy Report in a room separate from their child. Analyses
included descriptive statistics, intra-class correlations, t-tests and determination

of Cronbach’s Alpha for subscales.

Results: Groups were similar with regard to age, race and gender. PedsQL subscales did
not show any floor effects in this population, however some scales did have ceiling
effects of up to 28% in certain groups. Cronbach’s Alpha was excellent (=0.88) for all
subscales and reports. PedsQL Total Score for children with VI was significantly
different than the score for children with normal sight for both age groups and for both
parent and child report. The Total score was also significantly associated with visual
acuity. Parent and child reports correlated poorly (ICC<0.5), showing the importance of
obtaining both perspectives.

Conclusions: The PedsQL 4.0 is a valuable instrument that can be used to assess HRQoL
among children and teens with low vision. It has internal consistency reliability as well as

discriminative validity.
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Introduction

Pediatric vision impairment (VI) is a low incidence condition, however it is of
public health significance owing to the number of life years affected when VI begins in
childhood. Vision impairment from ocular disease was rare in both the Multi-Ethnic
Pediatric Eye Disease Study [1] and the Baltimore Pediatric Eye Disease Study [2]; each
study found a prevalence of 0.1%. Data from the National Survey of Children’s Health
suggests there were 840,922 children in the US with parent reported vision not
correctable with glasses or contact lenses in 2012 [3]. The most common causes of VI
and blindness in children are different from those in adults. In 5 studies conducted in the
United States, optic atrophy, optic nerve hypoplasia, retinopathy of prematurity, cataract,
albinism, cerebral VI and retinal degenerative disease were the most frequent causes of
pediatric VI [4-8].

Quality of life (QoL) is an important measure of the impact of VI. It is intuitive
that VI would affect QoL, and there are many studies evaluating QoL as it relates to VI in
adults. In adults, health related QoL instruments such as the SF-36 [9] did not adequately
capture the impact of VI. Therefore several instruments were developed to address
vision-specific, health related QoL, the most widely known being the NEI-VFQ [10].
Although there are vision-specific QoL measures for children with VI, none offer both
parent and child reports. The Children’s Visual Function Questionnaire (CVFQ) is a
parent proxy-report instrument designed for children up to age 7 [11]. The Impact of
Vision Impairment for Children(IVI-C) [12] uses child self-report but has no parent

report.
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Previously we reported on focus groups of children with VI and their parents
about QoL [13]. After review of the transcripts we determined that the PedsQL™ 4.0
Generic Core Scales were appropriate for use in pediatric VI as they covered the domains
most frequently mentioned in those focus groups. It is a 23-question instrument with age-
appropriate forms that yields a Total score, Physical Health Summary score (8 items,
equivalent to the Physical Functioning subscale) and Psychosocial Health Summary score
(15 items, based on the Emotional Functioning subscale [5 items], Social Functioning
subscale [5 items], and School Functioning subscale [5 items]). It also has both child and
parent report forms, which is important as we found that parents and children had
different perspectives of the impact of VI. Importantly, the PedsQL™ 4.0 has been
widely used across many chronic conditions of children so that comparisons can be made
across conditions.

The objective of this study was to examine the internal consistency reliability and
construct validity of the PedsQL™ 4.0 Generic Core Scales in children with VI. We
hypothesized that the PedsQL™ 4.0 Generic Core Scales could distinguish between
children with VI and those with normal sight (discriminant validity) and that poorer
visual acuity would be associated with lower health-related QoL (convergent validity).
Additionally, we sought to determine if the differences in concerns reported in our focus

group study would manifest as differences in scores between parent and child reports.

Methods

This study was approved by the University of Alabama at Birmingham

Institutional Review Board (IRB). A partial HIPPA waiver was granted by the IRB to
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obtain personal health information for screening and recruitment of participants. After
thorough discussion of the study, all parents and children provided written consent or
assent as appropriate for participation. Parents also authorized disclosure of health
information for research.
Vision Impairment Sample

Patients and their parents/guardians (hereafter referred to as parents) were
recruited from the clinical low vision rehabilitation practice of one of the authors (DKD).
Eligible patients were identified through record review. Eligibility criteria included ages
8 to 18 years with best-corrected visual acuity between 20/40 and 20/800, inclusive and
ability to speak and understand English. Children with vision less than 20/800 were
excluded as they utilize non-visual means for many activities such as reading and
mobility and therefore function very differently than children with low vision. Children
with co-morbid conditions including intellectual disability were not eligible. Parents of
eligible children were sent letters telling them about the study. Approximately 2 weeks
later a study coordinator contacted parents by phone and those that were willing to
participate in the study were scheduled for a study visit.
Normally Sighted Sample

Children without VI were recruited by means of a flyer placed in the clinic
waiting room. Parents of potential participants contacted the study coordinator and were
scheduled for a study visit if they reported normal vision and denied other disabilities.
Many of the children enrolled were siblings or friends of children with VI. Once in the
study, participants were confirmed to meet the following entry criteria: (a) Free of ocular

disease as determined by dilated eye health evaluation (b) 20/25 (logMAR 0.1) or better
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acuity in each eye, best-corrected (c) Refractive error between +4D and —4D with no
more than 2D astigmatism or 0.75D anisometropia (d) Normal stereopsis.
Characterization of Vision

Parents provided demographic and health information including gender, race,
history of premature birth, whether or not they were receiving special services in school,
the type of school setting they attended (public, private, homeschool or school for the
blind), whether or not they had repeated a grade and the gender and marital status of the
parent informant. All participants had their best-corrected vision measured in each eye
individually as well as using both eyes together using the EVA Tester (Jaeb Center for
Health Research, Tampa, FL). Results were recorded as a score code and converted to
logMAR. The Slosson Intelligence Test-revised 3™ edition [14] using the supplementary
manual for use with the blind and visually impaired [15] was administered to all
participants. At the end of the visit, participants were dilated and their ocular diagnosis
was confirmed (including the absence of abnormalities for those in the control group).
Administration of the PedsQL™ 4.0 Generic Core Scales

The PedsQL™ 4.0 Generic Core Scales assess health related QoL over the past
month. Responses are on a 5-point scale (0 = never a problem; 1 = almost never a
problem; 2 = sometimes a problem; 3 = often a problem; 4 = almost always a problem).
Items are reverse scored and linearly transformed to a 0 to 100 scale (0 =100; 1 =75; 2 =
50; 3 = 25; 4 = 0) with higher scores indicating a better QoL.

The PedsQL™ 4.0 Generic Core Scale child report (ages 8 to 12) and teen report
(ages 13 to 18) was administered to participants with normal and with impaired vision in

a separate room without their parent present. Children could read and independently
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answer the questions if they chose, however if the child had difficulty seeing the survey
or reading it a trained coordinator was present who would read the survey to them.
Parents self-administered the age-appropriate parent proxy form for their child.
Statistical Analyses

Statistical analyses were conducted using SAS 9.0 (Cary, NC). Demographic data
was analyzed using descriptive statistics. Differences between participants with and
without VI on demographic characteristics were compared using independent sample t-
tests. Internal consistency reliability of PedsQL subscales was determined using
Cronbach’s Alpha. Values greater than 0.7 were deemed acceptable [16]. Construct
validity was assessed using the known groups method using independent sample t-tests to
compare PedsQL scores between children with and without vision impairment.
Spearman correlations between best-corrected visual acuity and PedsQL™ 4.0 scores
were used to further assess construct validity. Intraclass correlations and Bland Altman
plots [17] were determined to assess the relationship between child and parent-report

SCOrces.

Results
Letters were mailed to parents of 99 potential participants with VI. Of those 73
(74%) agreed to participate in the study. Three were deemed ineligible as their better
seeing eye was better than 20/40, for a final sample of 70. All participants were part of a
parent-child dyad; 70 included a child with VI and 44 included a child without VI. No

parent informants were visually impaired. The mean age was 13 + 3 years for participants
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in both the VI group and the normally sighted group). Participants were mostly white

(69% VI, 73% normally sighted) or African American (24% VI, 23% normally sighted).

Table 1: Demographics and Clinical Characteristics:

Vision Normal p-value
Impairment Vision (n=44)
(n=70)
Age [mean, (SD)] 13.0 (3.1) 12.8 (2.9) 0.8
Gender [n, (% male)] 46 (65.7) 21 (47.7) 0.1
Race [n, (%)]
White 48 (68.6) 32 (72.7) 0.8
Black 17 (24.3) 10 (22.7)
Other 5(7.1) 2 (4.6)
Premature Birth [n, (%)] 11 (15.7) 5(11.4) 0.5
Receives special services at school [n, 35 (50.0) 0(0.0) <0.001*
(%0)]
Screening Intelligence Total Standard
Score [mean, (SD)] 105.2 (16.3) 106.2 (12.8) 0.7
School Setting [n, (%)]
Public 45 (64.3) 32 (72.7) 0.02*
Private 10 (14.3) 4(9.1)
Homeschool 5(7.1) 8 (18.2)
School for the Blind 10 (14.3) 0 (0.0)
Repeated a grade [n, (%)] 7 (10.0) 3(7.0) 0.6
Ocular Diagnosis [n, (%)] <0.001*
Achromatopsia or Cone dystrophy 9(12.9) 0
Congenital glaucoma 1(1.4) 0
Congenital nystagmus 229 0
Ocular or Oculocutaneous Albinism 30 (42.9) 0
Optic Atrophy 8(11.4) 0
Optic nerve hypoplasia 4 (5.7) 0
Other 4 (5.7) 0
Retinal Degeneration 9 (12.9) 0
Retinopathy of Prematurity 229 0
Stargardt macular degeneration 1(1.4) 0
None (control) 0 (0.0) 44 (100.0)
LogMAR Visual Acuity [mean, (SD)]
Better eye 0.7 (0.2) -0.1 (0.05) <0.001*
Worse eye 0.8 (0.3) -0.06 (0.04) <0.001*
Binocular 0.7 (0.2) -0.13 (0.04) <0.001*
Gender of Parent informant [n, (% 55 (78.6) 36 (81.8) 0.9
female)]
Two or more adults in household [n, 60 (85.7) 40 (90.9) 0.4

(%o)]

*Denotes significance at p<0.05
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Most parent informants were female (79% VI vs. 82% normally sighted). Demographic

characteristics are summarized in Table 1. Best-corrected visual acuity on average was

better than 20/20 (-0.1 logMAR) in the children with normal sight. Children with VI had
vision ranging from 20/40 (0.3 logMAR) to 20/500 (1.4 logMAR) with a mean visual
acuity of 20/100 (0.7 logMAR). Children with VI were no more likely to have been born
prematurely or to have repeated a grade, however they were much more likely to receive
special services at school (50% VI vs. 0% normally sighted). Standard scores on the
Slosson Intelligence Test was not different between children with and without V1.
Quality of Life

The PedsQL™ 4.0 scores can be found in Table 2. All participants and their parent
informant completed the survey. The mean scores of 8 to 12-year-old children ranged
from 68 (Emotional Health Functioning) to 84 (Physical Functioning) while their parents
scored between 69 (School Functioning) and 88 (Physical Functioning). For the teen
group, their scores ranged from 80 (Emotional Health Functioning) to 87 (Physical
Functioning). Parents of teens’ scores ranged from 68 (School Functioning) to 80
(Physical Functioning). Differences between parent and child report can be seen in the
Bland-Altman plots in Figure 1. Note that all Scale and Summary Scores show a positive
bias, indicating that children perceived their QoL to be better than their parents perceived
it to be. In fact, parent and child reports showed only weak to modest correlations
(Intraclass Correlation range 0.10 to 0.45 for children 8 to 12 and 0.13 to 0.34 for teens

13 to 18).
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Figure 1: Difference versus means (Bland Altmann) plots comparing child self-report
and parent report forms for the PedsQL 4.0

34



S€

Table 2: Descriptive Statistics for PEDs QL 4.0 from children with Vision Impairment (n=70) and their parents (n=70).

Mean g;irilggii Median  Score Range % Ceiling Cr%?)i‘;h S
Psychosocial Health Summary Child 8 - 12 73.0 13.7 73.3 46.7 - 100 3.1 0.88
Score Parent 8-12 71.8 14.7 73.3 43.3-100 3.1 0.88
Teen 13-18 81.1 12.8 83.3 43.3-100 2.6 0.91
Parent 13-18 72.1 17.6 74.2 33.3-100 5.3 0.91
Emotional Health Functioning Child 8 - 12 67.7 17.2 70.0 35.0- 100 3.1 0.89
Scale Parent 8-12 74.2 17.3 70.0 50.0 - 100 15.6 0.90
Teen 13-18 79.7 18.1 85.0 35.0-100 13.2 0.91
Parent 13-18 71.4 20.6 70.0 20.0 - 100 10.5 0.91
Social Functioning Scale Child 8 - 12 72.5 22.1 75.0 20.0 - 100 12.5 0.89
Parent 8-12 72.0 21.4 72.5 10.0 - 100 12.5 0.89
Teen 13-18 82.4 15.2 87.5 50.0 - 100 18.4 0.91
Parent 13-18 76.6 21.1 82.5 35.0-100 26.3 0.91
School Functioning Scale Child 8 - 12 78.9 16.1 80.0 50.0 - 100 18.8 0.90
Parent 8-12 69.2 19.1 70.0 20.0 - 100 6.3 0.90
Teen 13-18 81.3 14.2 80.0 45.0 - 100 18.4 0.92
Parent 13-18 68.4 20.3 70.0 25.0 - 100 7.9 0.91
Physical Health Summary Score  Child 8 - 12 84.4 10.9 84.4 53.1-100 6.3 0.89
Parent 8-12 87.8 12.0 89.1 62.5 - 100 28.1 0.90
Teen 13-18 87.0 12.6 90.6 56.2 - 100 18.4 0.92
Parent 13-18 80.2 19.1 84.4 28.1-100 13.2 0.91
Total Scale Score Child 8 - 12 77.0 11.7 75.5 52.2-100 3.1 0.88
Parent 8-12 77.4 12.2 79.3 51.1-100 3.1 0.88
Teen 13-18 83.2 11.2 85.9 51.1-100 2.6 0.90
Parent 13-18 75.0 16.5 71.7 38.0 - 100 5.3 0.90




Internal Consistency Reliability

The PedsQL™ 4.0 subscales did not show any floor effects in this population,
however some scales did have ceiling effects of up to 28% in for parent report and 19%
for child report (Table 2). Cronbach’s Alpha was excellent (= 0.88) for all subscales for
both parent and child forms (Table 2).
Construct Validity: Convergent Validity

Most PedsQL™4.0 subscale scores were moderately negatively correlated with
logMAR visual acuity (Table 3). The correlation is negative as higher logMAR scores
represent poorer visual acuity and higher PedsQL™4.0 scores represent better QoL.
Weaker correlations were found for the teen self-report emotional health functioning
scale and school functioning scale as well as for the parent report for 8-12-year-old
children on the emotional health functioning scale and physical health summary score.
For child, teen and parent report, the Total Score was significantly correlated with acuity

(p<0.05). This suggests that lower acuity is associated with poorer QoL.

Table 3: Correlations between habitual binocular visual acuity and PedsQL 4.0 Scores

Form Child Parent

Report Report
Psychosocial Health Summary Score ~ Children 8-12 - 0.36 -0.33
Teen 13-18 -0.20 -0.46
Emotional Health Functioning Scale Children 8-12  -0.27 -0.15
Teen 13-18 -0.11 -0.40
Social Functioning Scale Children 8-12  -0.32 -0.41
Teen 13-18 -0.30 -0.46
School Functioning Scale Children 8-12 - 0.31 -0.30
Teen 13-18 -0.18 -0.40
Physical Health Summary Score Children 8-12  -0.23 -0.15
Teen 13-18 -0.22 -0.32
Total Scale Score Children 8-12  -0.34 -0.32
Teen 13-18 -0.25 -0.45
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Table 4. Comparison of quality of life between children with and without vision impairment

Children (8-12)

Teens (13-18)

Domain Visually impaired Control lue? Visually impaired Control lue?
mean + SD mean + SD value mean + SD mean+SD P V&¢
Child Report n=232 n=19 n =238 n=25
Physical Functioning 84.4+£10.9 88.5 8.7 0.2 87.0+12.6 94.4+5.7 0.003
Emotional Functioning 67.7+17.2 77.4 +20.5 0.1 79.7+18.1 86.4 + 14.6 0.13
Social Functioning 72.5+22.1 84.2 £22.3 0.1 82.4+£15.2 91.8+15.9 0.02
School Functioning 78.9 £ 16.1 88.4+13.5 0.04 81.3+14.2 88.8 +£12.5 0.04
Total Score 77.0£11.7 85.1+11.6 0.02 83.2+11.2 90.9+8.4 0.005
Parent Report n=32 n=19 n =38 n=25
Physical Functioning 87.8+12.0 92.1+15.9 0.3 80.3+19.1 943+8.0 0.0002
Emotional Functioning 742 +£17.3 82.4+16.8 0.11 71.4+20.6 91.0+10.9 <0.001
Social Functioning 72.0+21.4 92.6+11.5 <0.001 76.6 £21.1 942+9.1 <0.001
School Functioning 69.2 +£19.1 86.1 £21.1  0.005 68.4 +20.3 87.6+14.9 <0.001
Total Score 77.4+12.2 88.8+12.2  0.002 75.0+16.5 92.1£6.5 <0.001

2 P value of < 0.05 was considered statistically significant.



Construct Validity: Discriminative Validity

For children, scores were significantly different between those with and without
VI for the School Functioning Scale (p=0.04) and Total Score (p=0.02) (Table 4). For
teens, significant differences were found for Physical Functioning (p=0.003), Social
Functioning (p=0.02), School Functioning (p=0.04) and Total Score (p=0.005). Parent
report for children 8 to 12 was significantly lower for those with VI compared to those
without VI for Social Functioning, School Functioning and Total Score. Parent report for
Teens (13-18) was significantly lower across all scales for those with VI versus those

without VI.

Discussion

The PedsQL™4.0 was evaluated to determine the internal consistency reliability
and construct validity of the instrument in children and teens with VI to determine if this
instrument should be used in this population. We sought to determine if this generic
health-related QoL instrument would detect differences between children with and
without VI and within the group with VI if worse VA would be associated with lower
QoL scores. Overall, the use of the PedsQL™4.0 in children with VI was supported. Our
sample included children without other co-morbidities and with vision better than 20/800.
However, the mean binocular acuity was 0.7 logMAR (20/100). Despite relatively good
central acuity, and mostly stable, congenital conditions (for example: albinism,
achromatopsia), the PedsQL™4.0 did discriminate between groups of children with and

without VI and lower scores were associated with worse visual acuity.
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A small study (n= 38) in the United Kingdom used the PedsQL™4.0 to assess
QoL in children with inherited retinal conditions found even lower QoL than in our study
[18] (Total score 65.5 +£16.7, Physical Health Score 65.1 +20.3 and Psychosocial Health
Score 65.7 £16.4 for Child report and Total score 60.6 £17.9, Physical Health Score 59.4
+21.6 and Psychosocial Health Score 62.0 £17.0). However, they mailed surveys to
families who consented to participate, and only 29% of those contacted participated.
Therefore, it may have only been those with the poorest QoL that elected to complete the
surveys. Additionally, it cannot be guaranteed that the child completed their survey on
their own. Many of the conditions may have been progressive forms of retinal
degenerations (exact diagnoses were not provided) and the fear of the future in children
with a progressive disease may have contributed to lower scores as well.

Interestingly, teens in our sample scored higher on most scales and summary
scores than younger children, however parents of both groups scored their children
approximately the same. In a study of children with glaucoma, teens also reported better
QoL than younger children with the same diagnosis [19]. Similar findings were reported
in a small study on microphthalmia [20]. This may indicate that as children mature they
learn to cope with their VI better so that it has less impact on their QoL. It is unclear why
the same would not be found for parent proxy report. One possible explanation is that
problems related to the child’s VI led the parent to seek low vision rehabilitation,
emphasizing the impairment for the parent; while the child received accommodations and
adaptive equipment which likely de-emphasized the impairment for the child.

Problems with proxy reporting for pediatric QoL have been well documented. In

one large meta-analysis (119 studies), the correlation between child and proxy was only
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0.22 [21]. Reasons for differences between parent and child report include the
informant’s own biases and personal problems, denial, provision of answers deemed
acceptable by the informant and simply lack of knowledge [22]. Additionally, in our
study many of the children had conditions that were hereditary and parents may have felt
responsible for their child’s impairment which could also affect their survey answers.
Parent proxy reports had only weak to moderate correlations with child report, with
children reporting somewhat better QoL. Examination of the Bland Altman plots in
Figure 1 show that at times the discrepancy between child and parent report is quite large
across all domains. The PedsQL™4.0 was chosen for use in this current study as it
covered the topics most frequently discussed by both parents and children in our focus
group study. In that study, children were most concerned with psychosocial aspects of
their VI while parents were most concerned about school functioning [13]. The difference
in scores on the PedsQL™4.0 between parents and children further supports its use in
this population as differences were expected a priori based on the focus group results.
Strengths of this study include measurement of both parent and child report,
independent of one another but on the same day. Additionally, children in our sample had
normal intelligence and no significant comorbid conditions, enabling assessment of the
impact of VI rather than the impact of multiple disabilities on QoL. Selection bias was
possible as all participants were recruited from a single low vision service in a
department of ophthalmology. Parents who take their children for clinical low vision
evaluations may be more concerned about the impact of their child’s VI on their daily life
and their future. It could also be true that those children with poorer QoL are those most

likely to need and receive a low vision evaluation. This may lead to lower scores.
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However, the converse may be true in that the child would be more likely to have the
tools and accommodations needed to compensate for their VI in school and elsewhere
leading to higher scores.
Conclusion
The PedsQL™ 4.0 is a valid, well-established QoL instrument for use in children.
It is a reliable measure for children with VI and can discriminate between groups of
children with and without VI. This study demonstrates the considerable impact that VI

has on daily life in children and that the impact is related to the severity of VI.
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Introduction

Children with irreversible vision impairment (V1) tend to hold reading materials much
closer than other children (the object’s image on the retina is larger when it is held closer)
as a primary means to compensate for their vision impairment. Thus, if holding objects
closer is a rehabilitation strategy for reading that is encouraged for visually impaired
children, it is important that they have adequate accommodative ability to maintain focus
at that distance. If there is anomalous accommodation, then remediation with lenses

and/or vision therapy can be part of the rehabilitation strategy.

Accommodation is the process whereby the natural intraocular lens changes shape
to produce the appropriate refractive power to keep images clear on the retina. Reading at
closer distances requires more accommodative effort than reading at longer distances.
The accommodative demand in diopters (D) is the reciprocal of the test distance in
meters(m); 4D of accommodation is required at 0.25m whereas 20D is needed at 0.05m.
The accuracy of accommodation is known as the accommodative response and is
determined by subtracting the actual accommodation produced from the accommodative
demand with positive values indicating a “lag” of accommodation and negative values

indicating a “lead” of accommodation.

Experts agree that blur is a stimulus to accommodation[1-4]. Many additional
factors are known to affect accommodative response including vergence, proximity and
chromatic aberration.[4] Depth of Focus refers to the distance both in front and behind
the retina where the image is deemed to be in focus by the observer. Factors that

contribute to depth of focus, such as target contrast[5], spatial frequency[6], luminance[7]
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and pupil diameter[8] can vary significantly before there is any effect on accommodation.
However, according to Ciuffreda[9] the accommodative system is much more sensitive to
the effects of target retinal eccentricity[10] and retinal-image motion[11]. The latter two
are likely to degrade accommodation in VI due to central scotomas and/or nystagmus in

addition to the effects of the acuity impairment.

The purpose of this study is to characterize the accommodative response of
children with VI and compare it to children with normal vision. Additionally, we will
determine test-retest reliability for Nott dynamic retinoscopy and autorefractometry. We
will determine the correlation between dynamic retinoscopy and autorefractometry as
dynamic retinoscopy is a clinical test that does not require specialized equipment. The
utility of this information is that it may help us to understand the near symptoms of
children with VI who frequently complain of visual fatigue[12] as well as to design

appropriate rehabilitation strategies.

Methods

This study was approved by the University of Alabama at Birmingham
Institutional Review Board for Human Use and adhered to the tenets of the Declaration of
Helsinki. A parent or guardian provided written informed consent. Children aged 14 and
older also provided written informed consent, whereas younger children provided written

assent.

Participants with VI were recruited from the patient base of one of the authors

(DKD). Participants with normal vision were recruited using flyers in the clinic waiting
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room. Eligibility for participants with VI included having VI of organic etiology, clear
media and a natural intraocular lens. Eligibility for children with normal vision included
best-corrected visual acuity in each eye of 0.1 logMAR (20/25) or better, at least 50
seconds of stereopsis and refractive error between +4D and -4D with no more than 1.5D
astigmatism or 0.75D anisometropia. For both groups, participants were excluded from
data analysis if their cycloplegic refractive error differed by £4D or more than their
manifest refraction. Information about demographics and ocular health were collected
from the parent and from the medical record. Ocular health status was confirmed by
dilated examination. The Slosson Intelligence Test-revised 3™ edition[13] was
administered to all participants at the first visit. Participants had their visual acuity
measured with best correction in place using the EVA Tester (Jaeb Center, Tampa, FL)
binocularly and then monocularly at a 3-meter test distance using the eETDRS
protocol.[14] EVA scores were converted to logMAR using the formula: 1.7 —
(0.02)(letter score). Refraction was determined using retinoscopy and/or loose lenses as
appropriate for the child. Near reading acuity was measured using the MNREAD chart
(Precision Vision Inc, LaSalle, IL) at 20cm. Ocular alignment was measured using the
cover test at 20cm and 3 meters, Worth 4-dot test and Random Dot 2 Stereoacuity Test

(Vision Assessment Corporation, Elk Grove Village, IL).

After all accommodative testing was completed at the first visit only, each patient
was cyclopleged using 2 drops of 1% cyclopentolate in each eye, with the instillation of
the 2" drop 5 minutes after the first. Cycloplegic autorefraction was measured using the

WAM 5500 while fixating a target located 8.5 meters away 30 to 45 minutes later.
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All participants wore their habitual correction for testing unless their manifest
refraction differed by > 1D spherical equivalent, in which case they wore the manifest
refraction in a trial frame. Participants wearing bifocals also had their accommodative
response measured in a trial frame. The target was an Ulster-Cardiff Accommodation
Cube (UC-Cube), which is an internally illuminated 4.4 x 4.4 x 4.4-centimeter white cube
with high contrast black targets. The cube was illuminated for all participants except
those with achromatopsia who found it too bright. Room lighting was dim for all
participants. The standard cube with fish targets were used as the fish were of varying
sizes and had details that could be discussed with the child to ensure attention to the
target (Figure 1). An adapter was made for the WAM 5500 to mount the UC cube and

ruler to the WAM 5500 (Figure 2). For dynamic retinoscopy, the standard, unmodified

Figure 1: Accommodative stimulus target
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UC Cube and ruler was used. Two test distances were assessed: 16.6 cm and 25¢cm,

corresponding to accommodative demands of 6D and 4D, respectively. The eye with

better acuity was measured. If acuity was equal, the dominant eye was measured. Ocular
dominance was determined by having the participant fixate the examiners right eye
through an aperture held in both hands at arm’s length. The fixating eye was deemed
dominant. All accommodative response testing was performed with both eyes open as
occlusion tends to increase nystagmus in people with nystagmus. It has been shown that
the order of target presentation does not significantly affect the results [15], therefore the
targets were presented in order of increasing accommodative demand. Participants were
randomized to having Nott dynamic retinoscopy or autorefractometry done first.
Retesting occurred using the same procedures no less than 1 week and no more than 3

weeks later.

Figure 2: Grand Seiko WAM 5500 with UC-Cube mounted to instrument
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Autorefractometry:

The WAM 5500 (Grand Seiko, Japan) is an open-field autorefractor that measures
monocular refractive state while fixating targets binocularly. For this study, the WAM
5500 was connected to a laptop computer with the included WCS-1 Hi Speed Mode
Control software, and data were collected dynamically at SHz. In the dynamic mode, the
WAM 5500 determines the spherical equivalent refraction (sphere + 'z cylinder power)
and pupil diameter. This data along with the eye measured and a time stamp is stored in

a Microsoft Excel file.

Participants were seated comfortably at the WAM 5500 with their head and chin
in the appropriate rests on the instrument. The UC-Cube was positioned 25cm from the
eye. The participant was asked to focus on the picture and keep it clear, and was engaged
in discussion about the pictures on the cube to help ensure appropriate effort. Data were
collected for up to 2 minutes, with the goal of obtaining at least 20 seconds of recording
with the instrument aligned with the pupil. After a 2-minute rest period during which the
participant was instructed to look in the distance, the procedure was repeated. The same
procedure, including the rest period was then repeated twice for the 16.67cm test distance
(6D demand). In the dynamic mode, measurements are not seen by the examiner.
Missing data can only be detected once the Excel spreadsheet is reviewed, so when in
doubt, the examiner erred on the side of collecting more data than was needed. The sign
of the spherical equivalent refraction measurement was changed (plus to minus and vice
versa) and was subtracted from the accommodative demand to yield the accommodative
response. Measurements were discarded if they were not deemed to be physiologically

possible: a) the difference between successive measurements was > 10D per second (limit
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of the human accommodation system)[16] or b) the accommodative response was outside
the range of -8D to +8D for the 4D demand condition and -8D to +10D for the 6D
demand condition to allow for significant lead/lags as well as uncorrected or under-

corrected refractive error up to the maximum +4D permitted.
Nott Dynamic Retinoscopy:

The UC-cube was set initially to 25 cm and the participant was engaged in
conversation about the picture. The examiner oriented the streak vertically and began
examining the reflex at 50cm. At this distance, “against” motion was seen and the
retinoscope was moved closer until neutrality was achieved; the examiner continued to
move the retinoscope until “with” motion was seen and then bracketed the response to
identify the final point of neutrality. A second examiner recorded the distance. Testing
was then performed in the same manner for the 16.7cm target distance. Both distances
were then repeated. Accommodative response was determined by subtracting the
reciprocal of the distance of the point of neutrality from the eye in meters from the

accommodative demand.

Data analysis:

Data analysis was conducted using SAS 9.0 (SAS (version 9.4 SAS, Cary, NC) or
Prism 8 for Mac (GraphPad Software, San Diego, CA). Demographic and clinical data
was summarized using descriptive statistics and Chi Square or Paired Wilcoxon Sign
Rank test Test as appropriate. Residual refractive error for autorefractometry was
determined by subtracting the spherical equivalent (Sphere + 1/2cylinder power) of the
refractive correction used for testing from the spherical equivalent for the cycloplegic

autorefraction. Residual refractive error for dynamic retinoscopy was determined by
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subtracting the refractive power in the horizontal meridian of the refractive correction
used for testing from the refractive power in the horizontal meridian for the cycloplegic
autorefraction since all testing was conducted with the retinoscope streak oriented
vertically. Power in the horizontal meridian was calculated using the power vector
method.[17] Data from the dynamic mode for the WAM was summarized as mean,
standard deviation, minimum and maximum for each test condition for children with VI
and with normal vision. Test-retest reliability was assessed with intraclass correlation
coefficients (Shrout-Fleiss reliability, random set) of the accommodative response for
each demand level at each visit and trial separately for normal participants and those with
VI. The relationship between WAM near autorefractometry and Nott retinoscopy was
also assessed using Intraclass correlations. Data from all 4 measurements (2 trials per
visit X 2 visits) were then pooled to provide a single measure for each technique and
demand level. Factors that might contribute to reduced accommodation were
investigated using either correlations, Kruskal Wallis test or a Chi-square test, as
appropriate. The 95% range for normal accommodation was calculated as the mean for
the control group +£1.96 x standard deviation for each test and demand. Statistical

significance was set at oc=0.05 (two-tailed) for all analyses.

Results
Letters were sent to parents of 99 children with VI in grades 1 through 12 who did
not have a history of developmental delay or cognitive impairment in the medical record.
Of those, 77 agreed to participate and 74 were eligible for the study. Three had visual

acuity in their better eye greater than 20/40 and were excluded. An additional 12
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Table 1: Demographic and Ocular Characteristics of Participants

Participants with Participants with ~ p-value

Characteristic Vision Impairment Normal Vision
(N=62) (N=45)
Age (mean + SD) 12.5 + 3.4 years 12.7 £ 3.1 years 0.8
Gender (n, %)
Female 21 (34%) 23 (51%) =0.07
Male 41 (66%) 22 (49%)
Race (n, %)
White 44 (71%) 33 (73%) =0.7
Other 18 (29%) 12 (27%)
Premature Birth (n, %) 7 (11%) 5 (11%) =1.0
Screening Intelligence Total Standard Score
(mean =+ SD) 107+ 14 107 + 13 =0.9
Ocular Health Diagnosis (n, %)
Achromatopsia or Cone dystrophy 9 (14.5%)
Congenital nystagmus 2 (3.2%)
Ocular or Oculocutaneous Albinism 26 (42%)
Optic Atrophy 8 (12.9%) <0.001
Optic nerve hypoplasia 4 (6.5%)
Other 5(8.1%)
Retinal Degeneration 8 (12.9%)
None 0 45 (100%)
Ever diagnosed with ADHD (n,%) 13 (21%) 11 (24%) =0.7
Medicated for ADHD (n,%) 9 (69%) 5 (45%) =0.2
Eyes feel tired when reading or doing close
work (n,%)
Never 10 (16%) 22 (49%)
Infrequently/not often 17 (27%) 13 (29%) <0.0001
Sometimes 22 (35%) 10 (22%)
Fairly often 9 (15%) 0
Always 4 (6%) 0

Words blur or come in and out of focus
when reading or doing close work (n, %)

Never 26 (42%) 34 (77%)

Infrequently/not often 13 (21%) 4 (9%) =0.002

Sometimes 16 (26%) 6 (14%)

Fairly often 4 (6%) 0

Always 3 (5%) 0
Visual Acuity (logMAR) (mean, SD)

Tested eye 0.68 £0.22 -0.09 +0.05

Fellow eye 0.76 £0.23 -0.08 +0.05

Binocular 0.65 +£0.22 -0.13 +0.05 <0.0001
MNREAD minimum print size OU 0.57+0.3 -0.15 £0.1 <0.0001
(logMAR) (mean, SD)
Nystagmus (n, %) 42 (69%) 0 <0.0001
Fusion on Worth 4-dot (n, %) 34 (55%) 45 (100%) <0.0001
Stereopsis >100 sec arc (n,%) 18 (29%) 45 (100%) <0.0001
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participants with VI were excluded from analysis as both their manifest refraction and
their habitual correction differed from their cycloplegic autorefraction by more than +
4D. All children with normal vision recruited for the study were eligible for
participation. The final sample included 62 children with VI and 45 children with normal
vision.

Participants with and without VI were similar with respect to age, race,
intelligence, diagnosis of ADHD and premature birth (Table 1). There were more males
than females among the participants with VI but not among participants with normal
vision. Common diagnoses associated with VI were albinism, achromatopsia or cone
dystrophy and optic atrophy. Children with VI had more complaints about their eyes
feeling tired when doing near work (18% reported fairly often or always versus 0% for
children with normal vision, p<0.0001). Children with VI were also more likely to report
words blurring or coming in and out of focus when reading or doing close work (37%
reported this occurred at least sometimes versus only 14% of their normally sighted
peers, p=0.0006).

Mean binocular visual acuity at distance for participants with VI was 0.65 + 0.22
logMAR (20/90) versus -0.13 £ 0.05 logMAR (20/15) for participants with normal
vision. Near reading acuity was also significantly better for participants with normal
sight (Table 1). Over two-thirds of participants with VI had nystagmus and 53% had
strabismus whereas no participants with normal vision had either. Twenty percent of
participants with normal vision wore glasses versus 66% of children with VI. Many in
both groups had uncorrected or under-corrected refractive error both with regards to

spherical equivalent that is measured by the autorefractometer and power in the
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horizontal meridian that is measured by dynamic retinoscopy with the streak vertical
(Figure 3). The refractive correction for testing was significantly different from the
cycloplegic autorefraction for both spherical equivalent refractive error and JO refractive
error (horizontal meridian) for children with and without VI (p<0.001). In many cases
hyperopia was under-corrected while myopia was over-corrected leading to a need for
increased accommodation at near. This, however, did not impact accommodative

accuracy as measured by near autorefraction or Nott dynamic retinoscopy.

Spherical Equivalent as Tested
Power in the horizontal meridian as tested

o ’ Low Vision 161 Low Vision
) ~ o Normal Vision B S o Normal Vision

18K -18

(rrrrrrrrr1rr1rr1rrrrrrrrrrrrrrr1rr-1 'I/'l'I'I'I'I'I'I'I'I'I'I'I'I'I‘I
-18-16-14-12-10 -8 6 -4 -2 0 2 4 6 8 10 12 -20-18-16-14-12-10-8 -6 -4 -2 0 2 4 6 8 10 12
Spherical Equivalent Cycloplegic Refractive Error Cylcoplegic autorefaction in the horizontal meridian

Figure 3: Comparison of spherical equivalent correction for testing versus spherical
equivalent cycloplegic refractive error.

Results from each trial and each demand level by test and vision status are
presented in Table 2. Test-retest reliability for the WAM 5500 was excellent within visits
and between visits for both children with and without VI. Nott retinoscopy had
somewhat lower test-retest reliability (Table 3). Correlations between the 2 tests were
moderate for children with VI at both demands and for children with normal vision at the

6D demand, however correlations were weak for the 4D demand primarily at the first
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visit. (Table 4). Difference versus means plots show that as the lag of accommodation

increases, so does the difference in results between the tests (Figure 4).

Table 2: Descriptive statistics for accommodative response by test and vision status

Test Group Visit Trial n  Median IQR Min Max
1 1 45 1.02 0.83-1.25 0.10 3.32
Normal 2 45 1.01 0.19-2.79 0.19 2.79
Near Vision 2 1 45 0.95 0.76 —1.22 0.29 1.63
Autorefraction 2 45 0.93 0.39-194 0.39 1.94
4 diopter 1 1 61 1.81 1.01-2.55 0.00 4.45
Demand Vision 2 62 1.71 1.03-2.29 -024 434
Impairment ) 1 60 1.64 1.05-2.07 231 5.29
2 61 1.62 1.01-2.22 -1.77 4.36
1 1 45 1.29 1.03-1.53 0.19 3.23
Normal 2 45 1.25 1.09 - 1.57 -0.04 2.60
Near Vision 2 1 45 1.19 0.77-1.50 0.11 245
Autorefraction 2 45 1.22 0.79-1.60 -028  2.10
6 diopter 1 1 62 2.39 1.61-3.43 0.04 6.79
Demand Vision 2 62 2.35 1.76-3.35 0.46 6.40
Impairment ) 1 61 2.20 1.67-3.11 0.18 6.02
2 61 2.21 1.51-2.93 0.49 5.60
1 1 45 0.43 0.30-0.67 -0.26 1.18
Normal 2 45 0.30 0.15-0.67 -0.35 1.37
Nott Dynamic Vision 2 1 45 0.43 0.23-0.67 -0.17 1.22
Retinoscopy 2 45 0.36 0.15-0.55 -0.17 1.14
4 diopter Vision 1 1 62 0.90 0.55-1.47 0.00 2.89
Demand Impairment 2 62 0.88 049 -1.37 0.08 2.97
2 1 62 0.97 0.55-1.30 -0.26 2.63
2 62 0.92 0.61-1.26 -0.35 2.28
1 1 45 0.74 0.29 -1.00 -0.25 2.77
Normal 2 45 0.74 0.29-0.87 -0.90 2.88
Nott Dynamic Vision 2 1 45 0.44 0.29-0.74 -0.45 145
Retinoscopy 2 45 0.44 0.12-0.74 -0.67 145
6 diopter 1 1 62 1.70 1.12-243 -0.25 3.87
Demand Vision 2 62 1.79 1.12 -2.55 -0.45 3.73
Impairment ) 1 62 1.51 1.00-2.30 -0.67  3.67
2 62 1.51 1.00 —2.30 -0.06 3.65

IOR = interquartile range Min = minimum Max = maximum
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Table 3: Intraclass Correlations for Accommodative Response measured by near
autorefraction or Nott dynamic retinoscopy by Accommodative Demand and Vision
Status

Test Vision Demand Between Trials  Between Visits
Status Visit 1 Visit2 Trial 1  Trial 2
Vision 4D 0.82 0.91 0.69 0.78
Near Auto- Impairment 6D 0.94 0.94 0.81 0.79
refraction Normal 4D 0.93 0.91 0.72 0.79
Vision 6D 0.92 0.93 0.85 0.88
Vision 4D 0.76 0.88 0.61 0.60
Nott Impairment 6D 0.87 0.92 0.53 0.60
Retinoscopy =~ Normal 4D 0.80 0.57 0.54 0.62
Vision 6D 0.74 0.66 0.21 0.39

Table 4: Correlations between Nott dynamic retinoscopy and near autorefraction
between visits and overall.

Vision Status Accommodative Visit1  Visit2 Overall
Demand
Vision Impairment 4D 0.40 0.47 0.44
Vision Impairment 6D 0.40 0.47 0.44
Normal Vision 4D 0.13 0.45 0.13
Normal Vision 6D 0.45 0.22 0.33
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Figure 4: Difference versus means plots for accommodative response over 2 visits at 4D
and 6 D demands
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Histograms of the pooled accommodative response for each test and demand level
are shown in Figure 5. The WAM 5500 tended to measure larger lags of accommodation
than Nott dynamic retinoscopy. Greater lags were also seen for the 6D versus 4D
demand condition for both tests for both children with VI and normal vision. For the 4D
demand condition, 40% (n=25) of participants with VI had lags greater than the 95%
range of normal for the normal vision control group by Nott dynamic retinoscopy and
55% (n=34) by near autorefractometry. For the 6D demand, 70% (n=43) exceeded the
95% range of normal for the normal vision control group by Nott dynamic retinoscopy

and 61% (n=38) by near autorefractometry.
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Figure 5: Distribution of accommodative responses (lag or lead) by test and demand.
There was no association between accommodative response (by either test or

demand) and refractive error, gender or symptoms of blur or focusing difficulties.
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However, poorer binocular acuity was associated with greater lags of accommodation for
both the 4D and 6D demand conditions measured by near autorefractometry (p= 0.009 for
4D and p = 0.01, respectively) but not by Nott dynamic retinoscopy. Those in the VI
group without fusion on the Worth 4-dot test, indicating a lack of basic binocular
function, were compared to those with fusion and to the group with normal vision. The
differences were statistically significant for each test/demand (Kruskal-Wallis test,

p<0.0001).

Discussion

This work included the largest sample of children with VI to date in a study on
accommodative response. It confirms that the majority of children with VI under-
accommodate for near targets. This is important, as children with VI are known to
use very close working distances for reading and other detailed tasks. They also
frequently report symptoms of visual fatigue and eye strain.[12] Here, we have shown
that they do not accommodate as well as their normally sighted peers as measured by
a common clinical test and by a gold standard autorefraction. Accommodation has
been studied in some groups of people with vision impairment. Reduced
accommodative response has been shown in small numbers of subjects with
albinism[ 18], juvenile macular degeneration[19], congenital nystagmus[20] and
achromatopsia.[21] Reduced accommodative response has also been shown in

amblyopia,[6] Down Syndrome[22] and autism spectrum disorder.[23]

Leat and Mohr[24] examined the accommodative response of 21 participants with

low vision (aged 3 to 35 years) and found that 85% were outside the 95% range of
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normal and that the errors were often more than predicted by the increased depth of
focus due to their low vision. Similar to our study, there were no statistical
associations with visual acuity, age, presence of nystagmus or refractive error when

using Nott dynamic retinoscopy.

McClelland and Saunders [25] using Nott retinoscopy studied 125 school aged
children from 4 to 15 years of age and using regression analysis found no difference
in accommodative response between age groups, but that the accommodative lag did
increase with stimulus demand (0.30 = 0.39 at 4D and 0.74+ 0.58 at 6D). Also using
Nott retinoscopy, we found similar results among our participants with normal vision
(0.43 +£0.27 at 4D and 0.58 + 0.40 at 6D). Participants with low vision had an even
greater increase in accommodative lag with increasing stimulus demand (0.99 +0.54

at 4D and 1.75 £ 0.83 at 6D).

Our near autorefraction results and Nott dynamic retinoscopy were moderately
correlated. The accommodative response was less (the lag of accommodation was
greater) as measured by the WAM 5500 compared to dynamic retinoscopy. This is
consistent with the findings of the COMET-2 study[26] that compared near
autorefraction with a Grand Seiko WR-5100K to both Nott and MEM dynamic
retinoscopy. They found that neither Nott or MEM had adequate sensitivity and
specificity to identify myopic children with an accommodative lag > 1.00D measured
by the autorefractor. The mean accommodative lag measured by the WAM 5500 was
greater than that of either dynamic retinoscopy test by approximately 0.5D, which is
similar to what was found here for children with normal vision. For Nott dynamic

retinoscopy, the examiner is observing the response and may encourage active
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focusing more when they see an increased lag whereas the encouragement to maintain
active focusing would not be biased with the actual measurements of the WAM 5500
since they were not visible. This difference may contribute to smaller lags on

dynamic retinoscopy.

Some might argue that accurate accommodation is not necessary in vision
impairment owing to the larger tolerance for defocus in people with low vision.
Legge et al[27] showed that in 30 adult low vision observers the amount of dioptric
blur needed to reduce acuity 0.1 log unit ranges from about 0.5D for those with near
normal acuity to up to 5D for those with 20/800 acuity. However, there is significant
variability among observers and the majority of those with acuity better than 20/200
had 1D or less tolerance for defocus. Both Legge [28] and Chung [29] have shown in
people with normal vision that with increased blur the reading curves are shifted
toward larger print size and the critical print size as well as reading acuity suffer. This
shift in the reading curve due to blur may preclude a child from accessing print in the
classroom who could access it with appropriate correction. Additionally, Chung [29]
found that reading speeds were 23% slower when 3 diopters of blur were present.
Some of our participants had lags of accommodation of that magnitude or greater.
Further research is needed to explore the relationship of accommodation with near

visual acuity and reading ability in children with low vision.

Clinical experience suggests that most children with VI use working distances of
10-20cm. A large print (2M or approximately 16-point Arial font) letter at a distance
of 10cm has a fundamental spatial frequency of 1.5 cycles per degree. Charman and

Tucker [30] found that for spatial frequencies <1 cycle/degree the eye adopts a
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response similar of that to the empty-field value, but that as the spatial frequency is
increased above 1 cycle/degree the response rapidly becomes more accurate and that
at >3 cycles/degree the eye attempts to achieve an optimal response. Studies have also
shown that the lower spatial frequencies are important in guiding the accommodation
response to its final level [30, 31]. Since accommodation is well maintained for
square-wave grating stimuli of all spatial frequencies less than 20 cycles per degree,
[32] one would expect that for broad-band stimuli such as the pictures we used,
accommodation would also be maintained. Therefore, it is reasonable to expect good

responses from patients with low vision.

Although the reason for poor accommodative accuracy in children with low
vision is not known, there are several possibilities. First, children with VI do hold
materials close so that their image subtends a larger angle on the retina. They may
find a larger, but blurry image preferable to the extra work required to maintain a
clear image. Second, convergence and accommodation are neurologically linked. As
many of these participants had reduced or no binocular vision there is less incentive
for convergence which may in turn contribute to less accommodation. Our results
showing an increased lag of accommodation between the 3 groups when the VI group
was divided by fusion on the Worth-4 dot test supports this. Third, children with VI
may simply be more tolerant of blur due to an increased depth of focus. This is
supported by our finding using near autorefractometry that higher lags were
associated with poorer visual acuity at both the 4 and 6D demand levels. However,
Ciuffreda’s work [6, 33, 34] demonstrated that amblyopic eyes show reduced static

accommodative response to broadband stimuli but that the increased depth of focus
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generally found in eyes with amblyopia cannot account for most of the

accommodative loss.

Strengths of our study include a large population of children with vision
impairment whose cycloplegic refractive error was known so that children with large
amounts of uncorrected refractive error were excluded. A weakness of this study was
that the participants were all recruited from a single low vision rehabilitation clinic
and those children who are seen in a low vision service may have more focusing
difficulties than those not seeking vision rehabilitation. Additionally, there was only
a single examiner performing Nott retinoscopy that examiner was not masked as to
the visual status of the participant. Masking would not have been possible in patients
with nystagmus which comprised the majority of participants, so masking was not

attempted.

In summary, near accommodative responses are less accurate in children with low
vision, yet the reason is poorly understood. Accuracy decreases with decreasing
stimulus distance. This is particularly problematic in children with VI since they
depend upon the shorter viewing distances for magnification. They report significant
symptoms of fatigue and blur when reading, yet these complaints do not correlate
with accommodative response. This work suggests that both convergence and visual
acuity may play a role. Both Nott dynamic retinoscopy and open field near
autorefraction are useful in children with VI. However, most clinicians do not have
access to an open field autorefractor. They should keep in mind that the actual lag
experienced by a low vision patient is likely larger than that measured by a clinical

technique.
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Abstract

Purpose: To evaluate the test-retest reliability and validity of the MNREAD test for use
in children with VI and to compare their performance to that of normally sighted
children.

Methods: Children with (n=62) and without (n=40) VI were administered the MNREAD
test and the Jerry Johns Basic Reading Inventory (BRI) on 2 study visits, 1 to 3 weeks
apart. Maximum Reading Speed, Critical Print Size and Reading Acuity were determined
for the MNREAD and test-retest reliability was evaluated. Reading rate for the
MNREAD test was compared to the BRI results.

Results: Strong correlations between visits were found for all MNREAD parameters
(0.68 to 0.99). Older, but not younger, children with VI read significantly slower on both
the MNREAD and the BRI than children with normal vision (P< 0.05). Reading rates
between the two tests were strongly correlated (r=0.88). Reading rate increased 4.4
wpm/year (VI) and 10.6 wpm/year (normal vision) on the MNREAD test. It increased by
5.9 wpm/year (VI) and 9.7 wpm/year (normal vision) on the BRI. Poorer visual acuity
was associated with slower reading rates on the MNREAD, but not the BRI, as the
MNREAD relies largely on visual factors and the BRI also relies on linguistic and
grammar skills.

Conclusions: The MNREAD test is reliable and valid for use in children with vision
impairment.

Translational Relevance: The MNREAD test can be utilized by clinicians as it is a quick,

easy to administer method to evaluate reading vision in children with VI.
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Introduction

Much of what we know about the visual requirements for reading with normal or
impaired vision comes from the work of Legge and colleagues.[1] In adults, we know
that the integrity of the central visual field accounts for the largest portion of the variance
in reading speed.[2] However, most of the adults with vision impairment in those studies
learned to read before they developed vision impairment. The majority of children with
vision impairment have enough sight to read visually and do not learn to read Braille.[3,
4] After an extensive literature search, the fastest mean maximum oral reading rate found
in a study of children with vision impairment was 147 = 61 words per minute (wpm).[5]
The reading rate in that study increased by 9.9 wpm per year of age, in contrast to
normative data from Carver[6] where the reading rate of children with normal vision
increased by 14 wpm per year of age. There are several additional studies supporting the
finding of decreased reading rates among children with vision impairment.[7-11] Because
reading rates will vary depending on many factors (age and grade of child, text size,
difficulty, length, mode of presentation, type of reading: oral versus silent, skimming
versus reading each sentence for comprehension), there is no gold standard “normal”
reading rate for children or adults. Studies using a normally sighted control group

provide the best comparisons, as the testing situations are the same.

The MNREAD acuity charts are commercially available reading speed and acuity
tests that are increasingly being used to measure outcomes after medical treatment for eye
disease such as diabetic retinopathy,[12] retinal vein occlusion,[13] macular hole or
pucker[14] or to evaluate medical devices such as multi-focal intraocular lens

implants.[15] The MNREAD has also been used to determine effects of vision
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rehabilitation in adults.[16, 17] Despite its benefits, the use of the MNREAD in children
has been limited[11, 18, 19] and the repeatability and validity of the English Version has
yet to be studied in children with low vision. The MNREAD Acuity Charts use sentences
of 10 standard word length (60 characters) to determine reading speed across print sizes
that decrease logarithmically from ranging from 8M (11.6 mm x-height) to 0.13M (0.19
mm x-height). This corresponds to a range from 20/6 (-0.5 logMAR) to 20/400 (1.3
logMAR) when tested at 40 centimeters. Testing with the MNREAD Acuity Charts
yeilds 3 reading performance measures: maximum oral reading rate, reading acuity
(smallest print size read) and critical print size (smallest print size read at the maximum
reading rate). More recently, a reading accessibility index has been developed to provide
a single measure that reflects an individual’s ability to access print.[20] The purpose of
our study was to investigate the test-re-test reliability as well as the validity of the

MNREAD acuity charts in children with and without vision impairment.

Methods

This study was approved by the University of Alabama at Birmingham
Institutional Review Board for Human Use and adhered to the tenets of the Declaration of
Helsinki. A parent or guardian provided written informed consent. Children aged 14 and
older also provided written informed consent, whereas younger children provided written

assent.
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Participants

Children with VI not correctable with glasses or contact lenses were recruited for
participation from the UAB Center for Low Vision Rehabilitation. Children with normal
vision were recruited through flyers placed in the Center’s waiting room. Children in 1™
through 12 grade were invited to participate. Inclusion criteria for children with VI were
bilateral VI of organic etiology and best-corrected visual acuity in the better eye between
0.3 and 1.6 logMAR (20/40 to 20/800). Inclusion criteria for children with normal sight
were best-corrected visual acuity in each eye of at least 0.1 logMAR (20/25 or better),
and refractive error between +4D and -4D with no more than 1.5D astigmatism or 0.75D
anisometropia. Exclusion criteria for both groups included diagnosis of a reading
disability, total standard score on the Slosson Intelligence test of less than or equal to 85
or the inability to read at a third grade independent level on the Word Reading test of the
Jerry John’s Basic Reading Inventory.[21] This reading level was chosen, as the
MNREAD sentences are comprised of words from the 1000 most common words found

in 3" grade schoolbooks.[22]
Procedures

Parents provided information about birth history, ocular diagnosis, medical
conditions, medications and school (grade, accommodations and services). Visual acuity
was measured using the EVA electronic visual acuity tester (Jaeb Center for Health
Research, Tampa, FL) at a 3 meter test distance using the standard protocol[23] after
best-correction. Acuity was measured OD, OS and OU. EVA scores were converted to

logMAR with the following formula: 1.7 —(0.02)(letter score).
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MNREAD testing was conducted binocularly using the patient’s habitual
correction for reading and the MNREAD Acuity Charts 1 and 2 (Precision Vision Inc,
LaSalle, IL). Two reading conditions were used for participants with VI: fixed 20 cm
distance or preferred distance. For preferred distance testing, participants with VI were
permitted to get closer to the card as needed in order to read the print. Participants with
VI were randomized to use either chart 1 or chart 2 at a fixed 20cm distance; the
remaining card was tested at their preferred distances. Only data for the 20cm fixed test
distance is presented here. The order of testing was also randomized. Participants with
normal vision read both charts 1 and 2 at the fixed 20cm distance, but the order of
presentation was randomized. The card was placed on a reading stand and the 20cm
testing distance was maintained through the use of strings attached to the card. Sentences
were covered and revealed one at a time during testing. Participants were instructed to
read each sentence as quickly as possible without making mistakes, but if they did make a
mistake not to fix it but rather to finish reading. A second examiner timed the passage

reading and recorded results to the nearest 0.1 second as well as errors.

The following parameters were determined for the MNREAD: maximum oral
reading rate (MRR), critical print size (CPS) and reading acuity (RA) as recommended in
the test instructions, accounting for errors. Maximum oral reading rate was determined
as the mean of the 3 fastest reading speeds. The smallest print size that could be read at
90% of the maximum reading rate was designated the CPS. RA was the smallest print
read adjusted for errors. The MNREAD cards are labeled for a 40cm reading distance,

and were adjusted by 0.3 logMAR since the test was done at 20cm.
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The Basic Reading Inventory (BRI) is a test used in the educational setting and
was chosen to assess the validity of the MNREAD because it is straightforward to
administer and is not used in the school districts where we recruited participants. The test
offers both word reading lists to determine reading level (through 12 grade) and graded
word passages (through 8" grade). In this test, students were asked to choose between a
regular print version (ranges from an x-height of 2.25 mm for 3™ grade lists/passages to
1.75 mm for 8" grade passages) and a large print version (6-7mm x-height for all
passages). Participants were permitted to hold the print at their desired working distance,
as would be done in the school setting. Words read per minute were calculated using
standard length words (a standard length word is 6 characters long) as recommended by
Legge[1] rather than the actual word count. The independent reading level was
determined for word reading lists as well as graded passages per the instructor manual.

The highest passage reading level in the BRI is 8™ grade.

MNREAD and BRI testing was repeated one to three weeks later, according to the
same randomization scheme, administration and scoring protocols as were used at the
initial visit.

Data Analysis

Data was analyzed using SAS (version 9.4 SAS, Cary, NC). Figures were created
with Prism 8 form Mac (GraphPad Software, San Diego, CA). T-tests and Chi-square
tests were used to detect differences between children with and without vision
impairment for continuous and categorical data, respectively. Test-retest repeatability
was measured using intra-class correlations. Bland — Altman plots were used to

graphically evaluate differences between test and retest values. Linear Regression was
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used to determine the relationship between grade and reading speed. Significance was set

at p< 0.05, 2-tailed.
Results

Letters were sent to 99 parents of children with VI in grades 1 through 12 who
were patients of the first author and who did not have a history of developmental delay or
cognitive impairment. Of those, 78 agreed to participate. Forty-four children with
normal vision were enrolled, one was screened out due to diagnosis of dyslexia. Sixteen

children with VI (8 of whom were in 1rst or 2™ grade) and 4 children with normal vision

were excluded from analysis due to inability to read 3™ grade word lists on the BRI at an
independent level and/or total standard score on the Slosson Intelligence test of 85 or
less. No children in 1rst grade were included in the analysis, however 3 of 6 second
graders with VI met inclusion criteria. There were 62 children with vision impairment
and 40 children with normal vision who met entry criteria and were included in these
analyses. The children with VI were similar to children with normal vision with respect
to age, gender, race, intelligence and number of adults in the household (Table 1).
However, children with VI were more likely to live in a household with income of less

than $30,000 per year.
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Table 1: Demographic characteristics of study population

Participants  Participants  p-
with Vision with Normal value
Impairment  Vision
(N=62) (N=40)
Age (mean, (SD)) 13.3 (3.0) 13.3 (2.6) 0.99
Gender (n, % male) 40 (64.5) 20 (50.0) 0.15
Race (n, %)
White 42 (67.7) 30 (75) 0.7
Black 15 (24.2) 8(20.0)
Other 5(8.1) 2(5.0)
Premature Birth (n, %) 7(11.3) 5(12.5) 0.9

Screening Intelligence Total Standard Score  107.9(14.5) 106.3 (12.4) 0.6
(mean, (SD))
School Setting (n, %)

Public 38 (61.3) 30 (75.0) 0.01*
Private 10 (16.1) 2 (5.0)
Homeschool 5(8.1) 8(20.0)
School for the Blind 9(14.5) 0(0.0)
Receives special services at school
No service or accommodations 3(4.8) 40 (100.0) <0.01*
Accommodations but no direct services 30 (48.4) 0 (0.0)
Direct services of non-vision specialist 3(4.8) 0 (0.0)
Direct services of TVI 8(12.9) 0 (0.0)
Direct services of TVI & mobility specialist 7 (11.3) 0 (0.0)
Extensive services at school for the blind 9 (14.5) 0 (0.0)
Orientation and mobility services only 2(3.2) 0 (0.0)
Uses an electronic video magnifier at home 24 (38.7) 0 (0.00) <0.01*
(n, %)
Family income
Less than$29,999 14 (22.6) 3(7.5) 0.01*
$30,000 or more 46 (74.2) 29 (72.5)
Decline to answer 2(3.2) 8 (20.0)
Number of adults in household
1 (n, %) 10 (16.1) 4 (10.0) 0.4
2 or more (n, %) 52 (83.9) 36 (90.0)
Number of children in household (mean, SD) 2.1 (0.9) 2.7 (1.3) 0.004*

TVI = teacher of the visually impaired

Table 2 details the visual characteristics of the participants. Albinism was the most

frequent cause of VI, followed by retinal dystrophies or degenerations and optic atrophy.
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Table 2: Visual Characteristics of study population

Participants Participants p-value
with Vision with Normal
Impairment Vision
(N=62) (N=40)
Ocular Diagnosis
Achromatopsia, cone dystrophy 7(11.3) 0 (0.0) <0.001*
Albinism, congenital nystagmus 27 (43.6) 0 (0.0)
Optic atrophy 8(12.9) 0 (0.0)
Optic nerve hypoplasia 4 (6.5) 0 (0.0)
Other 6 (9.6) 0 (0.0
Retinal degeneration/dystrophy 8(12.9) 0(0.0)
Retinopathy of prematurity 2(3.2) 0 (0.0)
None (control) 0 (0.0) 40 (100.0)
Best-corrected distance visual acuity
(logMAR) 0.7 (0.2) -0.08 (0.05) <0.001*
OD (mean (SD)) 0.7 (0.3) -0.09 (0.05) <0.001*
OS (mean (SD)) 0.6 (0.2) -0.12 (0.04) <0.001*
OU (mean (SD))
Reading acuity OU (logMAR) 0.57 (0.23) -0.15 (0.10) <0.001*
Nystagmus (n, %) 41 (67.2) 0 (0.00) <0.001*
Mars Contrast Sensitivity (mean (SD)) 1.6 (0.2) 1.8 (0.05) <0.001*

Two-thirds of the VI group had nystagmus. The mean best-corrected binocular visual

visual acuity was 0.6 + 0.2 logMAR (20/80) for children with VI and -0.13 £ 0.04 (20/15)
for children with normal sight. Children with normal sight also performed better on

contrast sensitivity testing.

Difference versus mean plots (Bland and Altmann) are presented for RA, CPS,
MRR and Basic Reading Inventory Reading Rate for the entire sample in order to
illustrate test-retest relationships (Figure 1). None of the slopes were significantly
different than zero, suggesting no systematic bias between the measurements. There is
very strong agreement overall between test and retest values for RA, CPS,

MNREADMRR and Basic Reading Inventory grade level and MRR (Table 3).
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Figure 1: Difference versus means plots (Bland-Altmann) comparing results from visit 1
and 2. Open circles denote participants with normal vision and closed circles denote
participants with VI. Red dotted lines indicate the mean difference between the two
measures. The green dashed lines indicate +/- 1.96 SD

Table 3: Intraclass correlations for test —retest.

MNREAD MNREAD MNREAD Basic Reading
Reading Critical Print ~ Maximum Reading  Inventory Reading
Acuity Size Rate Rate
Overall 0.99 0.95 0.94 0.93
VI 0.95 0.77 0.94 0.93
Control 0.93 0.68 0.93 0.91

Comparing children with VI to those without VI, there are significant between
groups differences in RA and CPS as the groups were designed to differ in visual ability
(Table 4). Although children with VI on average read slower on both the MNREAD and
the BRI, the difference was only statistically significant for those in grades 9-12. As
expected, both RA and CPS were significantly different (p<0.001) between participants

with and without VI across all age groups.
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Table 4: Comparison of MNREAD values and Basic Reading Inventory (BRI) maximum
reading rates between children with and without vision impairment by grade levels.
Average values for each participant over the 2 visits were used for comparisons

MNREAD Maximum BRI Maximum Reading

Reading Acuity  Critical Print Size Reading Rate Rate

Grade [mean, (SD)] [mean (SD)] [mean (SD)] [mean (SD)]
VI Control VI Control VI Control p- VI Control p-
value value
2-5 0.59 -0.16 0.95 0.23 146.5 180.6 0.06 111.1 124.9 0.2
(0.17)  (0.05) (0.19) (0.07) (44.1) (34.1) (26.0) (24.0)
6-8 0.58 -0.12 0.89 0.23 183.6 191.2 0.66 147.4 143.3 0.82
(0.23) (0.15) (0.24) (0.16) (54.8) (39.5) (57.9) (38.6)

9-12 058 -0.18 089 0.3  183.0 2368 <0.0 1571  181.8  0.04*
0.26) (0.04) (0.22) (0.07) (45.9) (343)  1*  (402)  (29.0)

All 057 -0.15 090 0.9 1717 2059 <0.0 1403  153.6  0.13

grades (0.23) (0.10) (0.21) (0.12) (48.9) (43.2) 1*  (454) (39.1)

To assess the validity of the MNREAD test, we compared the reading rates from the
MNREAD and the BRI. While the values are strongly correlated (Pearson r = 0.88), they
are still significantly different both overall and when grouped by vision status. The
MNREAD tests yields faster reading speeds than the BRI. Reading speeds on the
MNREAD were 31.4 +21.5 wpm faster for children with VI and 52.3 £19.5 wpm faster
for children with normal vision than reading speeds on the BRI.

When looking at reading speed by grade level, among children with vision
impairment, on average reading speed increased 4.4 wpm (95% CI 0.3 to 8.4) on the
MNREAD test and 5.9 wpm (95% CI 2.4 to 9.5) on the Basic Reading Inventory each
year. Children without vision impairment increased 10.6 wpm (95% CI 6.2 to 15.0) on
the MNREAD test and 9.7 wpm (95% CI 5.8 to 13.7) on the Basic Reading Inventory

each year. (Figure 2)
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Figure 2: Reading speed in words per minute (wpm) by grade for the MNREAD test
(left) and Basic Reading Inventory (BRI — right).

The association between best-corrected visual acuity and reading speed for both
the MNREAD test and the Basic Reading Inventory (reading speed for each test averaged
over the 2 visits) was investigated using univariate regression (Figure 3). There was a
significant association between poorer visual acuity and lower reading speeds on the
MNREAD test (Pearson r=-0.26, p= 0.04) but not on the Basic Reading Inventory

(Pearson r=-0.13, p=0.3).
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Inventory (right) to visual acuity for participants with vision impairment. (WPM = words
per minute). Dotted lines indicate 95% confidence interval.
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Discussion

The MNREAD test shows good test-retest reliability for children with VI and
with normal vision. CPS varied the most from visit 1 to visit 2, with the majority of
results within 0.2 logMAR (2 lines of print size). Reading speed is highly variable from
person to person, however the ICC was excellent for both reading tests. These results are
similar to those of Virgili et al[18] who examined the use of the MNREAD test in Italian
children with normal vision and Subramanian and Pardhan[24] who examined it in adults

with low vision.

The MNREAD reading speeds in our study were similar to those of Calabrese et
al[25] who found that at age 8 children read on average 137 wpm and increased by 8.13
wpm/year until they were age 16 when their reading speeds plateaued around 202 wpm.
The children without VI in this study exceeded the reading speeds in her cohort and
increased their reading speeds by more words per year. However, although younger
children read similarly to their normally sighted peers, the older children with VI did not
reach 202 wpm. This is not surprising as reading speeds in our VI group increased
annually by half of that of Calabrese’s cohort. These students with VI did not reach a
plateau in reading speed, unlike those of Corn et al[9] who found that reading speeds

plateaued under 100 wpm after 6™ grade among readers with VI.

The MNREAD maximum reading speed, is an average of the 3 fastest reading
speeds on the test and is much faster than the reading speeds on the BRI. The BRI is a
paragraph reading test, and as such the reading rates would not be expected to be
identical between the 2 tests. However, the strong correlation between the 2 tests supports

the validity of the MNREAD test. It is well known that the type of reading being done
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impacts reading speed. Several possibilities exist as to the reason why reading speeds are
greater on the MNREAD test. First, the MNREAD is short enough that the reader does
not need to take a breath during reading of the sentence and they are instructed to read as
quickly and accurately as possible.. Second, readers may become fatigued over the
course of reading the paragraph. Adult readers with glaucoma have been shown to read
more slowly on longer passages.[26] Third, the reader may be slower as they try to
comprehend the paragraph (although no instructions regarding comprehension were
given and no comprehension questions were asked). Fourth, the passages being read on
the BRI were at the child’s independent reading level up to the 8% grade level which is

the maximum for the test, so the complexity of the passage may have been greater.

Two-thirds of the participants with VI in this study had nystagmus and one might
attribute slower reading speeds among the VI group to nystagmus. However it has been
shown that people with nystagmus are reading during non-foveating periods.[27] This
was further supported by Dysli and Abegg[28] who found that although latency to
initiating reading of an 8-letter word was longer, first fixation duration was shorter and
the number of fixations were greater among participants with nystagmus. Text reading
speeds were the same as healthy controls. Wang and Dell’Osso[29] described the
concept of children with nystagmus being “slow to see”. They found that the oculomotor
system utilizes foveating and braking saccades to adapt to the underlying nystagmus and
that the foveation periods following foveating saccades facilitate how well the person
sees. They propose that these periods have a negative effect on how quickly they see

making target acquisition time an additional factor in visual function.
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The concept of being “slow to see” could explain why there are greater percent
differences in reading speed between readers with VI and normal sight on the MNREAD
test versus the BRI. Although in general, the VI readers do read faster on the MNREAD
than the BRI, they may be “slow to see” and therefore take longer on a shorter passage
than their normally sighted counterparts who are able to begin as soon as the sentence is
revealed. These shorter sentences likely reflect differences in their ability to percieve the
stimulus, whereas the longer passages would be more dependent on other skills such as
grammar and linguistics.[28, 29] Despite the differences between children with and
without VI, reading speeds in this group of children with VI are faster than those reported

in the literature.

A strength of this study is that the participants were screened to be sure that they
were not cognitively impaired and that they were able to read at an independent reading
level of at least grade 3. Some causes of pediatric low vision such as septo-optic
dysplasia[30] or retinopathy of prematurity[31] are associated with other disabilities, and
having vision impairment does not protect a child with low vision from having a reading
disability. By restricting enrollment to those without cognitive or reading deficits we are
able to measure reading speed without those potential confounders. Additionally, 62
children with VI is a large sample size given the prevalence of pediatric VI in the US

population.

Conclusion
The MNREAD test shows good test-retest reliability and criterion validity. It is
useful in the evaluation of reading in children with VI, but should be interpreted with

caution as it may over-estimate reading ability for longer passages. As the critical print
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size is the most variable parameter across visits, it may be necessary to determine the
CPS on more than one occasion before using this information to recommend print sizes

for educational purposes.
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CHAPTER 6: DISCUSSION

The importance of studying children with vision impairment cannot be over-
estimated. When VI begins in childhood, it has a lifelong impact. It is clear that we do
not have an evidence base upon which to guide clinical practice for the rehabilitation and
education of children with VI. This work provides a basis for 3 possible outcome
measures for use in intervention trials in this population. It also provides insight into
problems encountered by children with VI.

The children who participated in these studies had a variety of causes for VI,
primarily of a congenital and/or hereditary nature. These conditions are representative of
those found in various surveys of causes of VI among children in schools for the blind or
other studies specifically studying childhood VI. Because the incidence of permanent,
uncorrectable VI in children is so rare, population-based epidemiological studies such as
the MEPEDS [142] or BPEDS [11] do not give us guidance as to the actual distribution
of causes. Our studies purposefully excluded children with multiple disabilities as the
goal was to ascertain the impact of VI, and including children with conditions such as
cerebral vision impairment or VI with concomitant cerebral palsy would add confounders
that would likely affect study outcomes. Therefore, we included children whose only

disability was VI.
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Quality of Life

Quality of life is impacted by vision impairment, primarily in the psychosocial
domain. This was evidenced by both our previous work using focus groups[35] and the
work described here using the Peds QL™ 4.0. QoL scores were 8 to 20 points higher for
children with normal vision than children with VI across all domains except physical
functioning and by both parent and child report. In general, children rated their QoL
higher than parents. Additionally, the impact of VI on QoL is related to visual acuity.
In future intervention studies, the Peds QL™ 4.0 would be an appropriate instrument to
use as a patient reported outcome measure (PROM) as we have shown it to have
excellent internal consistency reliability and to be able to discriminate between groups of
children with and without VI. While it may be intuitive that VI would impact QoL, it is
important to identify an instrument that can reliably do so in children as the patient’s
perspective has become increasingly important in clinical vision research [143].
Although PROMs are often used as secondary outcome measures, in some low vision
rehabilitation trials they are used as the primary outcome measure [ 144, 145]. PROMs
are of paramount importance in any intervention trial. Having an appropriate measure to
obtain the patient and their parent’s perspective is important since if we only find
improvement in clinical values, without subjective improvement for the person, the
intervention may not be the most appropriate. Conversely, if two interventions are found
equally efficacious in this population, a PROM may help to determine which is more

appropriate.
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Accommodation

Young children whose distance refractive error is corrected must accommodate to
see clearly at near. It is well known that slight under-accommodation to near targets is
normal. However, the children with VI in this study tended to under-focus near targets
both by a clinical test of accommodative accuracy (Nott dynamic retinoscopy) and a gold
standard autorefraction (open field autorefraction with the Grand Seiko WAM 500) by on
average approximately twice on average that of the normally sighted control group. The
test-retest reliability was greater for the WAM 5500 than for the Nott retinoscopy,
supporting its use in research on near focusing in children with VI. However, the trends
with Nott retinoscopy were the same and this research supports its use as a clinical test in
children with VI as most clinicians do not have access to an open field autorefractor.
Although some may argue that since there is increased blur tolerance among children
with low vision an increased lag of accommodation would be expected and not harmful.
While this is true for lower lags, some participants appeared to accommodate very little if
at all. This means that for at least some children with vision impairment poor
accommodation likely does affect their near task performance, especially reading. Since
poor accommodative ability is remediable with plus lenses at near, it is important to be

able to discern which children need them.

Reading
The goal of this paper was to validate the use of the MNREAD in children with
VI. That goal was achieved with strong intraclass correlations for test-retest values for

reading acuity, critical print size and maximum reading rate as well as strong correlations
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with an educationally based test, the Jerry Johns Basic Reading Inventory. The data
collected for this aim also afforded an opportunity to look further into reading across
grades for children with VI. Unlike Corn et al’s study[106], we did not find a plateau in
reading ability although the slope of change for children with VI was less than that of the
children with normal vision (4.4 versus 10.6 wpm/year). Since the disparity was less for
the Jerry Johns Basic Reading Inventory (5.9 vs 9.7 wpm/year), this study also confirms
in children that the MNREAD is a measure of their ability to see the stimulus whereas the
longer passage is also affected by other factors such as linguistics. The MNREAD which
contains 10-word sentences is a useful instrument for studies of reading in children with
VI, however researchers interested in more than the purely psychophysical aspects of
reading should also consider using a longer consider using a task that includes longer
reading passages. Children with VI, like their normally sighted peers have a wide range
of reading abilities. Given the low incidence of pediatric VI in the population, many
studies do not screen out children with lower intellectual ability. By limiting eligibility to
children with screening IQ > 85, our sample included only those without intellectual
disability, similar to that of the control children. The fastest reading speed of all
participants on the Jerry Johns Basic Reading Inventory was achieved by a child with VI.
So, VI in and of itself does not rule out normal or even very fast reading speeds. This
means that we need to further investigate WHY some children with VI read much more

slowly than their normally sighted peers while others become excellent readers.
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Limitations
These studies have two main limitations. First, all participants were from a single
clinic in Birmingham, Alabama and may not be representative of children with VI in
other parts of the country or world. Second, although the sample size was large
compared to other studies on children with VI, the sample size was not large enough to

do stratified analysis based on eye condition or visual acuity.

Summary

Each experiment in this dissertation was designed to contribute to answering the
clinical dilemma of how to best prescribe adaptive equipment for children with VI. Some
clinicians believe that for the most part children with VI do not need adaptive equipment
as they simply hold things closer to achieve relative distance magnification. The
rationale is that the image of an object that is moved 2 times closer will subtend an angle
on the retina that is twice as large as when it was at the original location; four times as
close then the image is four times as large, and so on. By increasing the retinal image
size through relative distance magnification, there is theoretically no need for other forms
of magnification. However, the studies presented in this dissertation have shown that
simply allowing children with VI to hold things closer in order to see them may work for
some, but is likely not ideal for others. The QoL of children with VI is affected
especially with regards to psychosocial aspects. Their primary means of coping with
their impairment therefore is not adequate as they still related difficulties in many areas
including keeping up in school or doing things their friends could do. We also know that

using relative distance magnification is going to be most effective if the child has the
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accommodative accuracy to keep the image clear at the closer distance, but many
children with VI do not have that ability. Lastly, we know that some readers with VI are
quite fast while others are slow. We have not yet discovered the reason why some read
more slowly but our results suggest that the vergence system may play a role. We have
shown that reading speed is not mediated by visual acuity alone. Clinicians can use this
information to encourage educators to seek other causes of reading difficulty such as a
reading disability.

When determining the best rehabilitation plan for a child with VI, all of the above
must be considered. A child already struggling with social and emotional issues related
to their VI may be less likely to accept a rehabilitation strategy that will make them look
even more different than their peers. For example, in some schools, children with VI use
a video magnifier (also known as a CCTV) that the child must push on a cart from class
to class. Many reject this device simply because they feel it garners unwanted attention
from other children and emphasizes the difference between them and their peers. A child
who has a large lag of accommodation may benefit from reading glasses, or if they are
already wearing glasses, from a bifocal correction. The MNREAD determines a child’s
critical print size (the smallest size print that facilitates reading rates near their maximum
reading speed) so that clinicians can recommend appropriate enlarged print sizes or to
help determine the amount of magnification needed to provide optimal access to print.
Measuring quality of life, accommodation and reading are important foundations for

developing a rehabilitation plan for children with VI.
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Future Direction
The three studies that comprise this dissertation are all related not just because
they were done with children who have impaired vision, but also because the results of
one may impact or be impacted by the other. For example, the ability to read is
associated with educational success. Lack of success can affect QoL. Poor near focusing
may impact the ability to read. Planned future work includes evaluating other factors that

may influence reading in children with VI.

Demographic
Visual Mf)lor Psychological
Integration
Reading
Ability
Rapid
Automatized Ophthalmological
Naming

Executive
Function

Figure 4: Proposed areas of study affecting reading ability

Clinical trials involving interventions with adaptive equipment such as optical or
video magnifier should include measures of the impact on QOL as well as reading ability.
The more we know about how children with VI function, the better we can design and
test interventions. To achieve optimal sample sizes, it is likely that these studies will

need to be multi-center.

94



REFERENCES

DeCarlo DK, Nowakowski R. Causes of visual impairment among students at the
Alabama School for the Blind. Journal of the American Optometric Association.
1999;70(10):647-52. PubMed PMID: 10561923.

World Health Organization Study Group on the Prevention of Blindness. World
Health Organization Technical Report Series. Geneva: World Health Organization,
1972.

World Health Organization. International classification of impairments, disabilities
and handicaps: a manual of classification relating to the consequence of disease.
Geneva: World Health Organization, 1980.

Social Security Administration. Disability evaluation under Social Security (“Blue
Book™) 2008. Available from:
https://www.ssa.gov/disability/professionals/bluebook/2.00-
SpecialSensesandSpeech-Adult.htm.

Foster A, Gilbert C. Epidemiology of childhood blindness. Eye. 1992;6 ( Pt 2):173-
6. PubMed PMID: 1624040.

Gilbert CE, Anderton L, Dandona L, Foster A. Prevalence of visual impairment in
children: a review of available data. Ophthalmic epidemiology. 1999;6(1):73-82.
PubMed PMID: 10384686.

Munoz B, West SK. Blindness and visual impairment in the Americas and the
Caribbean. The British journal of ophthalmology. 2002;86(5):498-504. PubMed
PMID: 11973241.

Van Naarden Braun K, Christensen D, Doernberg N, Schieve L, Rice C, Wiggins L,
et al. Trends in the prevalence of autism spectrum disorder, cerebral palsy, hearing
loss, intellectual disability, and vision impairment, metropolitan atlanta, 1991-2010.
PloS one. 2015;10(4):e0124120. Epub 2015/04/30. doi:
10.1371/journal.pone.0124120. PubMed PMID: 25923140; PubMed Central
PMCID: PMCPM(C4414511.

Multi-Ethnic Pediatric Eye Disease Study Group. Prevalence and causes of visual
impairment in African-American and Hispanic preschool children: the multi-ethnic
pediatric eye disease study. Ophthalmology. 2009;116(10):1990-2000 el. Epub
2009/07/14. doi: 10.1016/j.0phtha.2009.03.027. PubMed PMID: 19592106;
PubMed Central PMCID: PMCPMC2757506.

95



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Tarczy-Hornoch K, Cotter SA, Borchert M, McKean-Cowdin R, Lin J, Wen G, et
al. Prevalence and causes of visual impairment in Asian and non-Hispanic white
preschool children: Multi-ethnic Pediatric Eye Disease Study. Ophthalmology.
2013;120(6):1220-6. Epub 2013/04/09. doi: 10.1016/j.0ophtha.2012.12.029. PubMed
PMID: 23561327; PubMed Central PMCID: PMCPM(C4848010.

Friedman DS, Repka MX, Katz J, Giordano L, Ibironke J, Hawes P, et al.
Prevalence of decreased visual acuity among preschool-aged children in an
American urban population: the Baltimore Pediatric Eye Disease Study, methods,
and results. Ophthalmology. 2008;115(10):1786-95, 95 el-4. Epub 2008/06/10. doi:
10.1016/j.0phtha.2008.04.006. PubMed PMID: 18538407; PubMed Central
PMCID: PMCPMC2574567.

DeCarlo DK, McGwin G, Owsley C, Swanson MW. Attention deficit hyperactivity
disorder among children with vision impairment in the National Survey of
Children's Health Optom Vis Sci. 2013;90(E-abstract: 135714).

American Printing House for the Blind Inc. Annual Report 2017: Distribution of
Eligible Students Based on the Federal Quota Census of January 4, 2016 (Fiscal
Year 2017) [1-26-2019]. Available from: https://www.aph.org/federal-
quota/distribution-of-students-2017/.

Rahi JS, Gilbert CE, Foster A, Minassian D. Measuring the burden of childhood
blindness. The British journal of ophthalmology. 1999;83(4):387-8. PubMed PMID:
10434856.

Adams PF, Hendershot GE, Marano MA. Current estimates from the National
Health Interview Survey, 1996. Vital Health Stat 10. 1999;(200):1-203. PubMed
PMID: 15782448.

Gilbert C, Foster A. Childhood blindness in the context of VISION 2020--the right
to sight. Bull World Health Organ. 2001;79(3):227-32. PubMed PMID: 11285667.

Wittenborn JS, Zhang X, Feagan CW, Crouse WL, Shrestha S, Kemper AR, et al.
The economic burden of vision loss and eye disorders among the United States
population younger than 40 years. Ophthalmology. 2013;120(9):1728-35. Epub
2013/05/02. doi: 10.1016/j.0phtha.2013.01.068. PubMed PMID: 23631946;
PubMed Central PMCID: PMCPMC5304763.

Wilkinson ME, Stewart IW. Iowa's pediatric low vision services. Journal of the
American Optometric Association. 1996;67(7):397-402. PubMed PMID: 8888865.

Steinkuller PG, Du L, Gilbert C, Foster A, Collins ML, Coats DK. Childhood
blindness. Journal of AAPOS : the official publication of the American Association
for Pediatric Ophthalmology and Strabismus / American Association for Pediatric
Ophthalmology and Strabismus. 1999;3(1):26-32. PubMed PMID: 10071898.

96



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mets MB. Childhood blindness and visual loss: an assessment at two institutions
including a "new" cause. Trans Am Ophthalmol Soc. 1999;97:653-96. PubMed
PMID: 10703143.

Ingelse J, Steele G. Characteristics of the pediatric/adolescent low-vision population
at the Illinois School for the Visually Impaired. Optometry. 2001;72(12):761-6.
PubMed PMID: 12363249.

Hertle RW. Committee for the Classification of Eye Movement Abnormalities, A
classification of eye movement abnormalities and strabismus. Bethesda, MD:
National Eye Institute, 2001.

Sheth NV, Dell'Osso LF, Leigh RJ, Van Doren CL, Peckham HP. The effects of
afferent stimulation on congenital nystagmus foveation periods. Vision Res.
1995;35(16):2371-82. PubMed PMID: 7571472.

Ukwade MT, Bedell HE. Variation of congenital nystagmus with viewing distance.
Optom Vis Sci. 1992;69(12):976-85. PubMed PMID: 1300523.

Dickinson CM. The elucidation and use of the effect of near fixation in congenital
nystagmus. Ophthalmic Physiol Opt. 1986;6(3):303-11. PubMed PMID: 3822471.

Hanson KS, Bedell HE, White JM, Ukwade MT. Distance and near visual acuity in
infantile nystagmus. Optom Vis Sci. 2006;83(11):823-9. PubMed PMID:
17106409.

Leigh RJ, Dell'Osso LF, Yaniglos SS, Thurston SE. Oscillopsia, retinal image
stabilization and congenital nystagmus. Investigative ophthalmology & visual
science. 1988;29(2):279-82. PubMed PMID: 3338885.

Abadi RV, Whittle JP, Worfolk R. Oscillopsia and tolerance to retinal image
movement in congenital nystagmus. Investigative ophthalmology & visual science.
1999;40(2):339-45. PubMed PMID: 9950591.

Bedell HE, Bollenbacher MA. Perception of motion smear in normal observers and
in persons with congenital nystagmus. Investigative ophthalmology & visual
science. 1996;37(1):188-95. PubMed PMID: 8550322.

Du JW, Schmid KL, Bevan JD, Frater KM, Ollett R, Hein B. Retrospective analysis
of refractive errors in children with vision impairment. Optom Vis Sci.
2005;82(9):807-16. PubMed PMID: 16189490.

Healey N, McLoone E, Mahon G, Jackson AJ, Saunders KJ, McClelland JF.
Investigating the relationship between foveal morphology and refractive error in a
population with infantile nystagmus syndrome. Investigative ophthalmology &
visual science. 2013;54(4):2934-9. Epub 2013/03/23. doi: 10.1167/iovs.12-11537.
PubMed PMID: 23518766.

97



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

DeCarlo DK, McGwin G, Forte EL, Gao L, Owsley C. Refractive error and cause
of vision impairment among children in a low vision service. Investigative
ophthalmology & visual science. 2013;54(ARVO E-Abstract 5727).

Wallander JL, Schmitt M, Koot HM. Quality of life measurement in children and
adolescents: issues, instruments, and applications. J Clin Psychol. 2001;57(4):571-
85. PubMed PMID: 11255207.

Koot HM, Wallander JL. Quality of Life in Child and Adolescent Illness Concepts,
Methods and Findings. NY: Taylor & Francis, Inc; 2001.

DeCarlo DK, McGwin G, Jr., Bixler ML, Wallander J, Owsley C. Impact of
pediatric vision impairment on daily life: results of focus groups. Optom Vis Sci.
2012;89(9):1409-16. Epub 2012/08/07. doi: 10.1097/0OPX.0b013e318264f1dc.
PubMed PMID: 22863790; PubMed Central PMCID: PMC3474353.

Clemons TE, Chew EY, Bressler SB, McBee W. National Eye Institute Visual
Function Questionnaire in the Age-Related Eye Disease Study (AREDS): AREDS
Report No. 10. Arch Ophthalmol. 2003;121(2):211-7. PubMed PMID: 12583787.

Dong LM, Childs AL, Mangione CM, Bass EB, Bressler NM, Hawkins BS, et al.
Health- and vision-related quality of life among patients with choroidal
neovascularization secondary to age-related macular degeneration at enrollment in

randomized trials of submacular surgery: SST report no. 4. American journal of
ophthalmology. 2004;138(1):91-108. PubMed PMID: 15234287.

Hall TA, McGwin G, Jr., Searcey K, Xie A, Hupp SL, Owsley C, et al. Health-
related quality of life and psychosocial characteristics of patients with benign
essential blepharospasm. Arch Ophthalmol. 2006;124(1):116-9. PubMed PMID:
16401794.

Klein R, Moss SE, Klein BE, Gutierrez P, Mangione CM. The NEI-VFQ-25 in
people with long-term type 1 diabetes mellitus: the Wisconsin Epidemiologic Study
of Diabetic Retinopathy. Arch Ophthalmol. 2001;119(5):733-40. PubMed PMID:
11346401.

Kymes SM, Walline JJ, Zadnik K, Gordon MO. Quality of life in keratoconus. Am
J Ophthalmol. 2004;138(4):527-35. PubMed PMID: 15488776.

Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD. Development
of the 25-item National Eye Institute Visual Function Questionnaire. Arch
Ophthalmol. 2001;119(7):1050-8. PubMed PMID: 11448327.

Mangione CM, Lee PP, Pitts J, Gutierrez P, Berry S, Hays RD. Psychometric
properties of the National Eye Institute Visual Function Questionnaire (NEI-VFQ).
NEI-VFQ Field Test Investigators. Arch Ophthalmol. 1998;116(11):1496-504.
PubMed PMID: 9823352.

98



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Raat H, Botterweck AM, Landgraf JM, Hoogeveen WC, Essink-Bot ML.
Reliability and validity of the short form of the child health questionnaire for

parents (CHQ-PF28) in large random school based and general population samples.
J Epidemiol Community Health. 2005;59(1):75-82. PubMed PMID: 15598731.

Raat H, Bonsel GJ, Essink-Bot ML, Landgraf JM, Gemke RJ. Reliability and
validity of comprehensive health status measures in children: The Child Health

Questionnaire in relation to the Health Utilities Index. J Clin Epidemiol.
2002;55(1):67-76. PubMed PMID: 11781124.

Baars RM, Atherton CI, Koopman HM, Bullinger M, Power M. The European
DISABKIDS project: development of seven condition-specific modules to measure
health related quality of life in children and adolescents. Health Qual Life
Outcomes. 2005;3:70. PubMed PMID: 16283947.

Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the Pediatric
Quality of Life Inventory version 4.0 generic core scales in healthy and patient
populations. Med Care. 2001;39(8):800-12. PubMed PMID: 11468499.

Varni JW, Seid M, Knight TS, Uzark K, Szer IS. The PedsQL 4.0 Generic Core
Scales: sensitivity, responsiveness, and impact on clinical decision-making. J Behav
Med. 2002;25(2):175-93. PubMed PMID: 11977437.

Chan KS, Mangione-Smith R, Burwinkle TM, Rosen M, Varni JW. The PedsQL:
reliability and validity of the short-form generic core scales and Asthma Module.
Med Care. 2005;43(3):256-65. PubMed PMID: 15725982.

Varni JW, Seid M, Rode CA. The PedsQL: measurement model for the pediatric
quality of life inventory. Med Care. 1999;37(2):126-39.

Varni JW, Seid M, Smith Knight T, Burwinkle T, Brown J, Szer IS. The PedsQL in
pediatric rheumatology: reliability, validity, and responsiveness of the Pediatric
Quality of Life Inventory Generic Core Scales and Rheumatology Module. Arthritis
Rheum. 2002;46(3):714-25. PubMed PMID: 11920407.

Varni JW, Burwinkle TM, Jacobs JR, Gottschalk M, Kaufman F, Jones KL. The
PedsQL in type 1 and type 2 diabetes: reliability and validity of the Pediatric
Quality of Life Inventory Generic Core Scales and type 1 Diabetes Module.
Diabetes Care. 2003;26(3):631-7. PubMed PMID: 12610013.

Bhat SR, Goodwin TL, Burwinkle TM, Lansdale MF, Dahl GV, Huhn SL, et al.
Profile of daily life in children with brain tumors: an assessment of health-related
quality of life. J Clin Oncol. 2005;23(24):5493-500. PubMed PMID: 16110009.

Angeles-Han ST, Griffin KW, Harrison MJ, Lehman TJ, Leong T, Robb RR, et al.
Development of a vision-related quality of life instrument for children ages 8-18
years for use in juvenile idiopathic arthritis-associated uveitis. Arthritis Care Res

99



54.

55.

56.

57.

58.

59.

60.

61.

62.

(Hoboken). 2011;63(9):1254-61. doi: 10.1002/acr.20524. PubMed PMID:
21678564; PubMed Central PMCID: PMCPMC3169749.

Angeles-Han ST, Yeh S, McCracken C, Jenkins K, Stryker D, Myoung E, et al.
Using the Effects of Youngsters' Eyesight on Quality of Life Questionnaire to
Measure Visual Outcomes in Children With Uveitis. Arthritis Care Res (Hoboken).
2015;67(11):1513-20. doi: 10.1002/acr.22627. PubMed PMID: 26037544; PubMed
Central PMCID: PMCPMC(C4624475.

Birch EE, Cheng CS, Felius J. Validity and reliability of the Children's Visual
Function Questionnaire (CVFQ). Journal of AAPOS : the official publication of the
American Association for Pediatric Ophthalmology and Strabismus / American
Association for Pediatric Ophthalmology and Strabismus. 2007;11(5):473-9.
PubMed PMID: 17512228.

Gothwal VK, Lovie-Kitchin JE, Nutheti R. The development of the LV Prasad-
Functional Vision Questionnaire: a measure of functional vision performance of
visually impaired children. Investigative ophthalmology & visual science.
2003;44(9):4131-9. PubMed PMID: 12939337.

Cochrane GM, Marella M, Keeffe JE, Lamoureux EL. The Impact of Vision
Impairment for Children (IVI_C): validation of a vision-specific pediatric quality-
of-life questionnaire using Rasch analysis. Invest Ophthalmol Vis Sci.
2011;52(3):1632-40. doi: 10.1167/i0vs.10-6079. PubMed PMID: 21178144.

Hamblion EL, Moore AT, Rahi JS. The health-related quality of life of children
with hereditary retinal disorders and the psychosocial impact on their families.
Investigative ophthalmology & visual science. 2011;52(11):7981-6. Epub
2011/09/09. doi: 10.1167/iovs.11-7890. PubMed PMID: 21900374.

Tailor VK, Abou-Rayyah Y, Brookes J, Khaw PT, Papadopoulos M, Adams GGW,
et al. Quality of life and functional vision in children treated for cataract-a cross-
sectional study. Eye (Lond). 2017;31(6):856-64. Epub 2017/01/28. doi:
10.1038/eye.2016.323. PubMed PMID: 28128793; PubMed Central PMCID:
PMCPMC5518828.

AlDarrab A, Al Qurashi M, Al Thiabi S, Khandekar R, Edward DP. Functional
Visual Ability and Quality of Life in Children With Glaucoma. American journal of
ophthalmology. 2019;200:95-9. Epub 2019/01/15. doi: 10.1016/j.2j0.2018.12.023.
PubMed PMID: 30639365.

McDougal DH, Gamlin PD. Autonomic Control of the Eye. Comprehensive
Physiology. 2015;5:439-73.

Ciuffreda KJ. Accommodation, the Pupil, and Presbyopia. In: Benjamin WJ, editor.

Borish’s Clinical Refraction. St. Louis, MO: Butterworth heinemann Elsevier;
2006. p. 93-8.

100



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Ciuffreda KJ. Accommodation and its anomolies. Charman WN, editor. London:
Macmillan Press; 1991. 231-79 p.

Morgan MW. Stimulus to and response of accommodation. Can J Optom.
1968;30:71-8.

Kaufman PL. Accommodation and presbyopia. In: Hart WM, editor. Adler's
Physiology of the Eye. 9th ed. St. Louis: Mosby-Year Book; 1992. p. 411.

Fincham EF. The accommodation reflex and its stimulus. J Physiol.
1951;115(1):13p. PubMed PMID: 14889445.

Thorn F, Cameron L, Arnel J, thorn S, editors. Myopic adults see through defocus
better than emmetropes. Proceeding of the 6th International Conference in Myopia;
1998; Tokyo: Springer.

Vera-Diaz F, Gwiazda J, Thorn F, Held R. Increased accommodation following
adaptation to image blur in myopes. J Vision. 2004;4:1111-9.

Strang NC, Winn B, Bradley A. The role of neural and optical factors in limiting
visual resolution in myopia. Vision Res. 1998;38(11):1713-21.

Rosenfield M, Abraham-Cohen JA. Blur sensitivity in myopes. Optom Vis Sci.
1999;76(5):303-7.

Ciuffreda K, Wang B, Wong D. Foveal and near retinal peripheral contribution to
the human depth-of-focus. Vision Res. 2005;45:2650-8.

Chung ST, Bedell HE. Tolerance of letter acuity to defocus and blur discrimination
in observers with low vision. Invest Ophthalmol Vis Sci. 2007;48:E-abstract 2349.

Ciuffreda KJ. Accommodation, the pupil and presbyopia. In: Benjamin WJ, editor.
Borish's Clincial Refraction. 2nd ed. Philadelphia: Saunders; 2006. p. 77-120.

Ong E, Ciuffreda KJ, Tannen B. Static accommodation in congenital nystagmus.
Investigative ophthalmology & visual science. 1993;34(1):194-204. PubMed
PMID: 8425825.

Ciuffreda KJ, Rumpf D. Contrast and accommodation in amblyopia. Vision Res.
1985;25(10):1445-57. PubMed PMID: 4090279.

Ciuffreda KJ, Hokoda SC, Hung GK, Semmlow JL, Selenow A. Static aspects of
accommodation in human amblyopia. Am J Optom Physiol Opt. 1983;60(6):436-
49. PubMed PMID: 6881274.

Johnson CA. Effects of luminance and stimulus distance on accommodation and
visual resolution. J Opt Soc Am. 1976;66(2):138-42. PubMed PMID: 1082014.

101



78.

79.

80.

81.

82.

3.

&4.

85.

86.

87.

88.

9.

90.

Campbell FW. The depth-of-field of the human eye. Optica Acta. 1957;4:157-64.

Hung GK, Ciuffreda KJ, Semmlow JL, Hokoda SC. Model of static accommodative
behavior in human amblyopia. IEEE Trans Biomed Eng. 1983;30(10):665-72.
PubMed PMID: 6654373.

Ciuffreda KJ, Hokoda SC. Spatial frequency dependence of accommodative
responses in amblyopic eyes. Vision Res. 1983;23(12):1585-94. PubMed PMID:
6666060.

Wang B, Ciuffreda KJ. Depth-of-focus of the human eye in the near retinal
periphery. Vision Res. 2004;44(11):1115-25. PubMed PMID: 15050815.

Hung GK, Ciuffreda KJ. Accommodative responses to eccentric and laterally-
oscillating targets. Ophthalmic Physiol Opt. 1992;12(3):361-4. PubMed PMID:
1454374.

Leat SJ, Gargon JL. Accommodative response in children and young adults using
dynamic retinoscopy. Ophthalmic Physiol Opt. 1996;16(5):375-84. PubMed PMID:
8944182.

Rouse MW, Hutter RF, Shiftlett R. A normative study of the accommodative lag in
elementary school children. Am J Optom Physiol Opt. 1984;61(11):693-7. PubMed
PMID: 6517127.

McClelland JF, Saunders KJ. Accommodative lag using dynamic retinoscopy: age
norms for school-age children. Optom Vis Sci. 2004;81(929-933).

Jackson T, Goss D. Variation and correlation of clinical tests of accommodative
function in a sample of school age children. J] Am Optom Assoc. 1991;62:857-66.

Locke L, Somers W. A comparison study of dynamic retinoscopy techniques.
Optom Vis Sci. 1989;66:540-4.

Goss D, Groppel P, Dominguez L. Comparison of MEM retinoscopy & Nott
retinoscopy & their interexaminer repeatabilities. Journal of Behavioral Optometry.
2005;16(6):149-55.

Rosenfield M, Portello JK, Blustein GH, Jang C. Comparison of clinical techniques
to assess the near accommodative response. Optom Vis Sci. 1996;73(6):382-8.
PubMed PMID: 8807649.

Rouse MW, London R, Allen DC. An evaluation of the monocular estimate method

of dynamic retinoscopy. Am J Optom Physiol Opt. 1982;59(3):234-9. PubMed
PMID: 7072827.

102



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

McClelland JF, Saunders KJ. The repeatability and validity of dynamic retinoscopy
in assessing the accommodative response. Ophthalmic Physiol Opt.
2003;23(3):243-50. PubMed PMID: 12753480.

Correction of Myopia Evaluation Trial 2 Study Group for the Pediatric Eye Disease
Investigator G, Manny RE, Chandler DL, Scheiman MM, Gwiazda JE, Cotter SA,
et al. Accommodative lag by autorefraction and two dynamic retinoscopy methods.
Optom Vis Sci. 2009;86(3):233-43. Epub 2009/02/14. doi:
10.1097/0OPX.0b013e318197180c. PubMed PMID: 19214130; PubMed Central
PMCID: PMCPMC2650735.

Gwiazda JE, Hyman L, Norton TT, Hussein ME, Marsh-Tootle W, Manny R, et al.
Accommodation and related risk factors associated with myopia progression and
their interaction with treatment in COMET children. Investigative ophthalmology &
visual science. 2004;45(7):2143-51. PubMed PMID: 15223788.

Mutti DO, Mitchell GL, Hayes JR, Jones LA, Moeschberger ML, Cotter SA, et al.
Accommodative lag before and after the onset of myopia. Investigative
ophthalmology & visual science. 2006;47(3):837-46. PubMed PMID: 16505015.

Heyman C, Kammer R, Rouse M, Paul K, Reimers B. Accommodative response in
congenital macular disorders. American Academy of Optometry Annual Meeting;
December 7, 2006; Denver, CO: Lippincott, Williams & Wilkins; 2006.

Leat SJ, Shute, R.H., Westall, C.A. Assessing Children's Vision: A Handbook.
Boston: Butterworth-Heinemann; 1999.

White JM, Wick B. Accommodation in humans with juvenile macular degeneration.
Vision Res. 1995;35(6):873-80. PubMed PMID: 7740777.

Heath GG. Accommodative responses of totally color blind observers. Am J Optom
Arch Am Acad Optom. 1956;33:457-65.

Leat SJ, Mohr A. Accommodative response in pre-presbyopes with visual
impairment and its clinical implications. Investigative ophthalmology & visual
science. 2007;48(8):3888-96. PubMed PMID: 17652765.

Barton P, L j. Literacy and dependency: the literacy skills of welfare recipients in
theUnited States. Princeton, NJ: ETS Policy Information Center; 1995.

Corn AL, Wall RS, Jose RT, Bell JK, Wilcox K, Perez A. An initial study of
reading and comprehension rates for students who received optical devices. Journal
of Vision Impairment and Blindness. 2002;96(5):322-34.

Burns PC, Roe BD. Burns and Roe Informal Reading Inventory Preprimer to
twelfth grade 4th ed. Boston: Houghton Mifflin; 1993.

103



103. Carver RP. Silent reading rates in grade equivalents. Journal of Reading Behavior.
1989;21:158-61.

104. Willis DH. Relationships between visual acuity, reading mode and school system
for blind students. Exceptional Children. 1979;46:186-91.

105. Douglas G, Hill E, Long R, Tobin M. The generation of standardised print reading
scores for chldren with low vision in Great Britain. The British Journal of VIsion
Impairment. 2001;19(1):35-8.

106. Corn A, Wall R, Jose T, Bell J, Wilcox K, Perez A. An initial study of reading and
comprehension rates for students who recieved optical devices. Journal of Vision
Impairment and Blindness. 2002;96:322-34.

107. Lovie-Kitchin JE, Bevan JD, Hein B. Reading performance in children with low
vision. Clin Exp Optom. 2001;84(3):148-54. PubMed PMID: 12366326.

108. Carver R. Silent reading rates in grade equivalents. Journal of Reading Behavior.
1989;21:158-1161.

109. Gompel M, van Bon WHIJ, Schreuder R. Reading by Children with Low Vision.
Journal of Vision Impairment and Blindness. 2004;98(2):77-89.

110. Rice ML, Birch EE, Holmes JM. An abbreviated reading speed test. Optom Vis Sci.
2005;82(2):128-33. PubMed PMID: 15711459.

111. Merrill K, Hogue K, Downes S, Holleschau AM, Kutzbach BR, MacDonald JT, et
al. Reading acuity in albinism: evaluation with MNREAD charts. Journal of
AAPOS : the official publication of the American Association for Pediatric
Ophthalmology and Strabismus / American Association for Pediatric
Ophthalmology and Strabismus. 2011;15(1):29-32. Epub 2011/03/15. doi:
10.1016/j.jaapos.2010.12.005. PubMed PMID: 21397802.

112. Barot N, McLean RJ, Gottlob I, Proudlock FA. Reading performance in infantile
nystagmus. Ophthalmology. 2013;120(6):1232-8. Epub 2013/03/07. doi:
10.1016/j.0phtha.2012.11.032. PubMed PMID: 23462273.

113. Douglas G, Grimley M, McLinden M, Watson L. Reading errors made by children
with low vision. Ophthal Physiol Opt. 2004;24(4):319-22.

114. Legge GE. Psychophysics of reading in normal and low vision. Mahwah, NJ:
Lawrence Erlbaum Associates, Publishers; 2007.

115. Ahn SJ, Legge GE. Psychophysics of reading--XIII. Predictors of magnifier-aided
reading speed in low vision. Vision Res. 1995;35(13):1931-8. PubMed PMID:
7660598.

104



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Akutsu H, Legge GE, Ross JA, Schuebel KJ. Psychophysics of reading--X. Effects
of age-related changes in vision. J Gerontol. 1991;46(6):P325-31. PubMed PMID:
1940088.

Beckmann PJ, Legge GE. Psychophysics of reading--XIV. The page navigation
problem in using magnifiers. Vision Res. 1996;36(22):3723-33. PubMed PMID:
8977002.

Chung ST, Mansfield JS, Legge GE. Psychophysics of reading. XVIII. The effect of
print size on reading speed in normal peripheral vision. Vision Res.
1998;38(19):2949-62. PubMed PMID: 9797990.

Harland S, Legge GE, Luebker A. Psychophysics of reading. XVII. Low-vision
performance with four types of electronically magnified text. Optom Vis Sci.
1998;75(3):183-90. PubMed PMID: 9547799.

Legge GE, Ahn SJ, Klitz TS, Luebker A. Psychophysics of reading--XVI. The
visual span in normal and low vision. Vision Res. 1997;37(14):1999-2010. PubMed
PMID: 9274784.

Legge GE, Mansfield JS, Chung ST. Psychophysics of reading. XX. Linking letter
recognition to reading speed in central and peripheral vision. Vision Res.
2001;41(6):725-43. PubMed PMID: 11248262.

Legge GE, Parish DH, Luebker A, Wurm LH. Psychophysics of reading. XI.
Comparing color contrast and luminance contrast. Journal of the Optical Society of
America A, Optics and image science. 1990;7(10):2002-10. PubMed PMID:
2231110.

Legge GE, Pelli DG, Rubin GS, Schleske MM. Psychophysics of reading--1.
Normal vision. Vision Res. 1985;25(2):239-52. PubMed PMID: 4013091.

Legge GE, Ross JA, Isenberg LM, LaMay JM. Psychophysics of reading. Clinical
predictors of low-vision reading speed. Investigative ophthalmology & visual
science. 1992;33(3):677-87. PubMed PMID: 1544792.

Legge GE, Ross JA, Luebker A, LaMay JM. Psychophysics of reading. VIII. The
Minnesota Low-Vision Reading Test. Optom Vis Sci. 1989;66(12):843-53. PubMed
PMID: 2626251.

Legge GE, Rubin GS. Psychophysics of reading. IV. Wavelength effects in normal
and low vision. Journal of the Optical Society of America A, Optics and image
science. 1986;3(1):40-51. PubMed PMID: 3950791.

Legge GE, Rubin GS, Luebker A. Psychophysics of reading--V. The role of
contrast in normal vision. Vision Res. 1987;27(7):1165-77. PubMed PMID:
3660667.

105



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Legge GE, Rubin GS, Pelli DG, Schleske MM. Psychophysics of reading--11. Low
vision. Vision Res. 1985;25(2):253-65. PubMed PMID: 4013092.

Mansfield JS, Legge GE, Bane MC. Psychophysics of reading. XV: Font effects in
normal and low vision. Investigative ophthalmology & visual science.
1996;37(8):1492-501. PubMed PMID: 8675391.

Pelli DG, Legge GE, Schleske MM. Psychophysics of reading. III. A fiberscope
low-vision reading aid. Investigative ophthalmology & visual science.
1985;26(5):751-63. PubMed PMID: 2581916.

Rubin GS, Legge GE. Psychophysics of reading. VI--The role of contrast in low
vision. Vision Res. 1989;29(1):79-91. PubMed PMID: 2788957.

Ahn SJ, Legge GE, Luebker A. Printed cards for measuring low-vision reading
speed. Vision Res. 1995;35(13):1939-44. PubMed PMID: 7660599.

Good RH, Kaminski RA, editors. Dynamic Indicators of Basic Early Literacy
Skills. Eugene, OR: Institute for the Development of Education Achievement; 2002.

Johns J. Basic Reading Inventory: Pre-Primer Through Grade Twelve and Early
Literacy Assessments, 9th edition: Kendall/Hunt Publishing Company; 2005. 610 p.

Virgili G, Cordaro C, Bigoni A, Crovato S, Cecchini P, Menchini U. Reading acuity
in children: evaluation and reliability using MNREAD charts. Investigative
ophthalmology & visual science. 2004;45(9):3349-54. PubMed PMID: 15326160.

Kwon K, Legge GE. personal communication. 2008.

Cheung SH, Kwon, M., Legge, G.E. Aging effects on MNRead Parameters.
Association for Research in Vision and Ophthalmology; May 4, 2006; Ft.
Lauderdale, FL.2006.

Rice ML, Birch EE, Holmes JM. An abbreviated reading speed test. Optom Vis Sci.
2005;82(2):128-33.

Barker L, Thomas R, Rubin G, Dahlmann-Noor A. Optical reading aids for children
and young people with low vision. Cochrane Database Syst Rev.
2015;(3):CD010987. Epub 2015/03/05. doi: 10.1002/14651858.CD010987.pub2.
PubMed PMID: 25738963; PubMed Central PMCID: PMCPMC6769181.

Thomas R, Barker L, Rubin G, Dahlmann-Noor A. Assistive technology for

children and young people with low vision. Cochrane Database Syst Rev.
2015;(6):CD011350. Epub 2015/06/19. doi: 10.1002/14651858.CD011350.pub2.
PubMed PMID: 26086876.

106



141.

142.

143.

144.

145.

Chavda S, Hodge W, Si F, Diab K. Low-vision rehabilitation methods in children: a
systematic review. Canadian journal of ophthalmology Journal canadien
d'ophtalmologie. 2014;49:e71-¢3.

Multi-Ethnic Pediatric Eye Disease Study G. Prevalence and causes of visual
impairment in African-American and Hispanic preschool children: the multi-ethnic
pediatric eye disease study. Ophthalmology. 2009;116(10):1990-2000 el. Epub
2009/07/14. doi: 10.1016/j.0phtha.2009.03.027. PubMed PMID: 19592106;
PubMed Central PMCID: PMCPMC2757506.

Braithwaite T, Calvert M, Gray A, Pesudovs K, Denniston AK. The use of patient-
reported outcome research in modern ophthalmology: impact on clinical trials and
routine clinical practice. Patient Relat Outcome Meas. 2019;10:9-24. Epub
2019/02/19. doi: 10.2147/PROM.S162802. PubMed PMID: 30774489; PubMed
Central PMCID: PMCPMC6352858.

Stelmack JA, Tang XC, Reda DJ, Moran D, Rinne S, Mancil RM, et al. The
Veterans Affairs Low Vision Intervention Trial (LOVIT): design and methodology.
Clin Trials. 2007;4(6):650-60. Epub 2007/11/29. doi: 10.1177/1740774507085274.
PubMed PMID: 18042574.

Stelmack JA, Tang XC, Reda DJ, Stroupe KT, Rinne S, Massof RW, et al. VA
LOVIT II: a protocol to compare low vision rehabilitation and basic low vision.
Ophthalmic Physiol Opt. 2012;32(6):461-71. Epub 2012/09/11. doi:
10.1111/.1475-1313.2012.00933.x. PubMed PMID: 22958237.

107



APPENDIX

INSTITUTIONAL REVIEW BOARD APPROVAL LETTER

108



470 Administration Building

ﬁ THE UNIVERSITY OF 701 20th Street South
ALABAMA AT BIRMING HAM Birmingham, AL 35294-0104
Office of the Institutional Review Board for Human Use 205.934.3789 | Fax 205'32)4'12‘32'
APPROVAL LETTER
TO: DeCarlo, Dawn Kissner

FROM: University of Alabama at Birmingham Institutional Review Board
Federalwide Assurance # FWA00005960
IORG Registration # IRBO0000196 (IRB 01)
IORG Registration # IRBO0000726 (IRB 02)

DATE: 05-Dec-2019

RE: IRB-130204001

Accomodation and Reading (Reading and Pediatric Vision Impairment)

The IRB reviewed and approved the Continuing Review submitted on 03-Dec-2019 for the above
referenced project. The review was conducted in accordance with UAB’s Assurance of
Compliance approved by the Department of Health and Human Services.

Type of Review: Expedited
Expedited Categories: 4, 7
Determination: Approved
Approval Date: 05-Dec-2019
Approval Period: One Year
Expiration Date: 04-Dec-2020

The following populations are approved for inclusion in this project:
e Children

The following apply to this project related to informed consent and/or assent:
e Waiver (Partial) of HIPAA

Documents Included in Review:

e |PR.track.191203
® response.191203
e iprclean.191203

109



	Quality Of Life, Reading And Accommodation In Children With Low Vision
	Recommended Citation

	1-Title page & copyright page_TNR
	2-Abstract_TNR
	3-TABLE OF CONTENTS_TNR
	4-Dissertation Final Draft_TNR
	IPR_2019_IRB130204001_ReadingAccom_Decarlo_20191121_rvsd_20191203_cleancopy_APPROVAL_Letter

