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ABSTRACT 

 
Although the diagnosis of strabismus requires specialist examination, many individuals 
are aware that they are affected. It is thus possible that self-reporting could be sufficient 
for population or genetic studies of strabismus; however, the accuracy of self-reported 
strabismus has not previously been evaluated. In this study, participants in the Genetics of 
Comitant Congenital Strabismus (CCS) Study were asked to report whether they had 
strabismus prior to receiving a complete orthoptic evaluation. In 671 individuals studied, 
the sensitivity of self-report for detecting true CCS was 48.5%, with a specificity of 
98.6%, giving a PPV of 92.6% (NPV 84.5%). Self-reporting accuracy was influenced by 
the direction, size and constancy of the deviation, and by sex but not education. Self-
reports produced a misclassification rate of 14.5% for CCS alone and 33.1% for 
combined CCS or strabismus-associated conditions. Considering this high 
misclassification rate, self-report should not be used for clinical studies of strabismus. 
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CHAPTER 1 INTRODUCTION 

 

1.1  STRABISMUS, AMBLYOPIA, AND STEREOPSIS 

 

Strabismus is a pathological condition in which the eyes are not properly aligned. 

Strabismus may develop at any time, from infancy through adulthood, but is common in 

children. The prevalence of strabismus ranges from 1-5% in North America (Green-

Simms & Mohney, 2010). The detection and treatment of childhood-onset strabismus is 

particularly important as strabismus can disrupt binocular vision (Hess, 1996; Hubel & 

Wiesel, 1965; Li et al., 2011) and untreated strabismus can lead to the development of 

amblyopia (Birch & Holmes, 2010; Robaei et al., 2006). Many different types of 

strabismus exist, though most forms may be broadly distinguished by two important 

characteristics: onset (congenital vs. acquired) and range of eye movements (comitant vs. 

incomitant).  

 

Amblyopia refers to decreased visual acuity in an eye which otherwise has a normal 

potential for vision. The reduced vision results from the developing brain’s adaptation to 

incompatible images received from the two eyes. The images may be incompatible if one 

is unfocused from a refractive problem, or if two disparate images are received as in 

strabismus (Von Noorden & Campos, 2002). If detected and treated early during 

childhood, amblyopia can be fully corrected, but if treatment is delayed, recovery may 

not be possible and vision loss will be permanent.  

 



Stereopsis is the binocular perception of depth that results from interpretation of slight 

disparities in the binocular input to the visual cortex. Optimal stereopsis requires two 

properly aligned eyes; each receiving a clear image, binocular fusion, and simultaneous 

perception of images from the two eyes. As with amblyopia, if the brain is not receiving 

the same quality image from both eyes, or is suppressing an eye, stereopsis will be 

disrupted.   

 

The consequences of strabismus continue throughout an affected person’s lifetime. In a 

quality of life weight study of patients with adult strabismus, almost 60% of participants 

expressed that they would trade part of their life expectancy to be free of strabismus and 

its associated symptoms (Beauchamp, Felius, Stager, & Beauchamp, 2005). Successful 

surgery can have profound benefits, but the overall long-term results of surgery are 

disappointing, probably as a result of late detection and a poor understanding of the 

cause. Within 10 years of surgery for esotropia, half of all patients will require a 

reoperation (Louwagie, Diehl, Greenberg, & Mohney, 2009), and less than half of all 

exotropia patients have satisfactory alignment >8 years after surgery (Ekdawi, Nusz, 

Diehl, & Mohney, 2009). It is rare for children with congenital esotropia to ever develop 

high-grade stereopsis (Birch & Stager, 2006). Strabismus is associated with psychosocial 

disability (Jackson, Harrad, Morris, & Rumsey, 2006; James, Jenkinson, Harrad, Ezra, & 

Newman, 2011). The disruption of normal interpersonal eye contact causes poor self-

esteem, social anxiety, and phobias. Poor eye contact and reduced stereopsis limit 

employment options, leading to lost productivity. The cost to society from loss of 



function from strabismus and amblyopia has been estimated at well over $20 billion 

(Beauchamp, Felius, Beauchamp, Brown, & Brown, 2007).  

 

1.2  CONGENITAL AND ACQUIRED STRABISMUS 

 

Strabismus presents in many forms and it is classified or distinguished based on the 

characteristics of the misalignment (Von Noorden & Campos, 2002). One important 

characteristic is age of onset. Of adults presenting to the office of a strabismus specialist, 

38-49% report that their strabismus originated during childhood (Beauchamp et al., 2003; 

Beauchamp et al., 2005). Congenital (or infantile) strabismus develops from birth until 

six months of age (Von Noorden & Campos, 2002) and the definition excludes 

strabismus caused secondary to external injury or neurological disease. As opposed to 

neonatal strabismus, which presents as a mild (usually exotropic) misalignment and 

resolves by two to three months of age, congenital strabismus does not resolve on its 

own. Though not all forms of congenital strabismus are recognized at birth, it is believed 

that the source of the misalignment is innate and not clinically recognized until later in 

life (Archer, Sondhi, & Helveston, 1989; Birch, Stager, Wright, & Beck, 1998; Fu, 

Stager, & Birch, 2007; Pediatric Eye Disease Investigator Group, 2002). Accordingly, the 

term “congenital” is frequently applied to strabismus arising beyond six months of age, 

although this type of strabismus has also been called “early acquired strabismus” (Von 

Noorden & Campos, 2002).  

 



Cases of new-onset strabismus in school-aged children and adults may result from (often 

unknown or poorly understood) mechanical or pathological insult to the ocular or 

oculomotor system. This type of strabismus is most often termed acquired or secondary 

strabismus. Many children with esotropia present between the ages of 2-3 years, while 

those with exotropia are most likely to present between 1-4 years of age (Donahue, 

2007). The visual consequences of strabismus (reduction in stereopsis, development of 

amblyopia associated with strabismus) can vary with the age of onset, depending on 

whether the critical period for the development of binocular vision or visual maturation 

has been reached (Fawcett, 2005; Fawcett, Wang, & Birch, 2005).  

 

1.3  COMITANT AND INCOMITANT STRABISMUS 

 

A second way to broadly classify strabismus is based on its comitance; that is, whether or 

not the measured angle of strabismus varies with the direction of gaze (Von Noorden & 

Campos, 2002). Those with comitant strabismus have a full range of eye movements and 

the angle of misalignment is similar in different positions of gaze regardless of the 

fixating eye. Pattern strabismus (defined as a change in the angle of strabismus measured 

in up versus down gaze) and distance-near disparities (defined as a change in the angle of 

strabismus measured at near versus distance fixation) may occur in comitant strabismus. 

Comitant strabismus includes the most common forms of strabismus such as congenital 

esotropia, accommodative esotropia, and intermittent exotropia, and the large majority of 

comitant strabismus begins in childhood.  

 



Incomitant strabismus is also known as paralytic or complex strabismus. In this 

condition, the angle of misalignment varies substantially in defined positions of gaze. The 

variation in the angle of strabismus is caused by absent, impaired, or anomalous 

movement of one or both eyes. Incomitant strabismus makes up 5% of all cases of 

strabismus (Engle, 2007). Duane syndrome and Brown syndrome are among the most 

common types of incomitant strabismus. 

 

1.4  ETIOLOGY OF STRABISMUS 

 

Over the past decade, the causes of incomitant congenital strabismus (ICS) have become 

well understood. Forms of ICS can be inherited as Mendelian traits, and the genetic 

mutation(s) of several types have been identified. As reviewed by Engle (2007) and 

Oystreck (2011), anatomic, genetic, and neurodevelopmental studies all support a 

neurogenic etiology of ICS.  These disruptions in neural development may occur at any 

point along efferent oculomotor pathways and result in abnormal or absent cranial nerve 

innervation of the extraocular muscles (Engle, 2007; Oystreck, Engle, & Bosley, 2011).  

 

In contrast, the pathogenesis of comitant congenital strabismus (CCS) is unknown 

(Donahue, 2007; Tychsen et al., 2008) though two theories have been proposed. One 

theory, now refuted by animal studies (Tychsen et al., 2008), suggests the oculomotor 

system, as in ICS, is the primary source of strabismus. It asserts that there is some defect 

in the signal sent to the extraocular muscles, in the presence of an intact sensory system, 

that causes strabismus. As part of this theory, the brain is otherwise capable of binocular 



vision (Chavasse (1939) cited in (Tychsen, 2010; Von Noorden & Campos, 2002)). 

Alternatively, Worth (1903) attributes the primary source of the problem to the sensory 

system. Worth’s theory proposes that congenital strabismus results from a deficiency in 

the sensory system and the lack of binocular vision, rather than the motor system (Worth 

(1903) cited in (Tychsen, 2010; Von Noorden & Campos, 2002)). This theory has been 

supported by primate studies of infantile esotropia, whose strabismus mimics infantile 

esotropia found in humans (Tychsen et al., 2008). However, even this theory is not 

entirely supported by clinical observations, as occasional rare patients with congenital 

esotropia will develop high-grade stereopsis if their misalignment is corrected early in 

life (Wright, Edelman, McVey, Terry, & Lin, 1994). 

 

The heritability of strabismus is well recognized and supported by population, twin and 

family studies (Paul & Hardage, 1994; Lorenz, 2002). Increased heritability can result 

from genetic or environmental factors. Although environmental risk factors such as low 

birth weight, prematurity, and maternal tobacco use are associated with strabismus (Chew 

et al., 1994; Pennefather et al., 1999; Torp-Pedersen et al., 2010a; Torp-Pedersen et al., 

2010b), evidence for strong genetic liability remains when known environmental factors 

associated with strabismus are taken into account (Wilmer & Backus, 2009). Despite 

evidence of a strong genetic contribution to the development of CCS, details of its 

genetic architecture remain unknown.  

 



1.5  STRABISMUS-ASSOCIATED CONDITIONS 

 

As the etiology of CCS is unknown, it is important to consider strabismus-associated 

conditions (SAC), both those that result from strabismus and those that may contribute to 

the development of the condition. Study of SAC is especially important when seeking a 

genetic etiology for strabismus, as related genetic defects may determine the risk for 

developing both strabismus and SAC. Studying associated conditions may thus prove to 

be helpful in the determination of the underlying cause of some forms of CCS.  

 

SAC include visual conditions that result from strabismus, such as amblyopia and 

decreased or absent stereopsis, including monofixation syndrome. Other conditions such 

as latent nystagmus, dissociated vertical deviation and inferior oblique overaction are 

believed to be a result of the deficits in binocular vision that occur in strabismic 

individuals. Lastly, refractive errors such as hyperopia and anisometropia, are also 

associated with strabismus. 

 

Latent nystagmus, inferior oblique overaction and dissociated vertical deviation are most 

often viewed as a constellation of findings accompanying a diagnosis of infantile or 

congenital esotropia (Castro et al., 2011; Louwagie et al., 2009; Strominger, 2008). 

However, these findings may be present alone or in addition to other early onset 

disturbances of binocular vision (Lim, Smith, Kraft, & Buncic, 2008; Tychsen et al., 

2010).  

 



Monofixation syndrome, or microstrabismus, is a minute binocular misalignment that is 

too small to be detected by standard ocular motility evaluation (Campos, 2008). The 

hallmarks of microstrabismus or monofixation syndrome are decreased stereopsis and a 

central suppression scotoma noted under binocular conditions. Parents of children with 

congenital esotropia may have a higher prevalence of primary monofixation syndrome 

(Scott, Noble, Raymond, & Parks, 1994). 

  

Studies of refractive conditions associated with strabismus have found that high and 

moderate hyperopia occur more often in strabismic versus non-strabismic individuals 

(Atkinson et al., 1996; Birch, Stager, Wang, & O'Connor, 2010; Ingram, Traynar, 

Walker, & Wilson, 1979; Robaei et al., 2006), and that esotropic patients are more likely 

to be hyperopic than exotropic patients (Abrahamsson, Fabian, & Sjostrand, 1992; Green-

Simms & Mohney, 2010). Hyperopia is also more likely to increase with time in 

deviating esotropic eyes, which results in anisometropia (Abrahamsson et al., 1992). In 

the setting of a positive family history, hyperopia is a risk factor for developing esotropia 

or accommodative esotropia (Aurell & Norrsell, 1990; Birch, Fawcett, Morale, Weakley, 

& Wheaton, 2005).  

 

1.6  SELF-REPORT 

 

Health care data is collected from many sources. However, all sources have limitations 

and errors may be present. Choosing a data source to measure “affected status” (that is, 

whether or not an individual has a condition) for a study is one of the critical steps in the 



design of any research, as the accuracy of the data source can affect the validity of the 

findings. Accurate measurement of the affected status reduces the possibility of 

misclassifying an individual and of overestimating or underestimating the presence of the 

disease in the population under study (Newell, Girgis, Sanson Fisher, & Savolainen, 

1999). When misclassification exists, the true association between disease and risk 

factors cannot be found (Flegal, Brownie, & Haas, 1986). 

 

A research participant’s affected status may be determined by several methods. Often, 

clinical examination is the measure of choice. Though not without limitation or 

measurement error, the quality of this data source is assumed to be higher than that of 

other sources such as medical records or self-report. Consequently, clinical examination 

is deemed the gold standard measurement for most studies. However, clinical 

examination can be logistically difficult and comes with a cost of time and resources; 

consequently, many large-scale studies rely on self-report to determine whether or not a 

condition is present.  

 

Though frequently chosen for its relative convenience and low cost, the value of a self-

reported diagnosis may be limited, (Harlow & Linet, 1989; Newell et al., 1999) as 

individuals may intentionally or unintentionally provide false information. Despite the 

wide use of self-report, it is difficult to discern which factors contribute to an accurate 

report for any research study. Cognitive factors such as an individual’s knowledge of the 

targeted condition and ability to recall it, as well as motivational factors that influence an 

individual’s willingness to report their condition, can limit the accuracy of self-report 



(Brener, Billy, & Grady, 2003; J. B. Jobe, 2003). Poor knowledge can result when the 

individual lacks health care or when poor communication between patient and clinician 

leads to incomplete understanding of a diagnosis (Colditz et al., 1986; Kehoe, Wu, Leske, 

& Chylack, 1994). Though there is no consensus as to the effects of age, sex, education 

and health status (Cleary & Jette, 1984; Haapanen, Miilunpalo, Pasanen, Oja, & Vuori, 

1997; Harlow & Linet, 1989; J. B. Jobe et al., 1990; Kriegsman, Penninx, Van Eijk, 

Boeke, & Deeg, 1996) on an individual’s ability to recall a health event, recall is 

associated with the emotional impact of the event (Phelps & Sharot, 2008; Talarico & 

Rubin, 2003). Willingness to share information is sometimes restricted by confidentiality 

concerns particularly if an actual or perceived social stigma is associated with the 

targeted condition (Link & Phelan, 2006). Thus, the emotional impact and stigma of the 

condition being studied affects the accuracy of self-reported data, even as the influence of 

other contributing factors is poorly understood and must be determined individually for 

every condition. Any study using self-report to collect data must therefore investigate the 

accuracy of self-reports in order to support the validity of the study’s findings. 

 

Clinical and epidemiological studies use self-reports to ascertain the affection status of an 

individual as a means to measure the prevalence and associated risk factors for a wide 

range of diseases and conditions. Researchers often trust in the accuracy of the self-

report, though the degree to which the collected data is accurate is often unknown. 

Several early studies have assessed the agreement between self-reported and documented 

medical conditions. While some research suggest self-reports are valid for certain chronic 

and acute conditions (Bush, Miller, Golden, & Hale, 1989; Harlow & Linet, 1989; Kehoe 



et al., 1994) others indicate that self-report alone is not sufficient to accurately establish 

affection status of the targeted condition (Newell et al., 1999; Wu, Li, & Ke, 2000). 

When self-reports have been assessed for accuracy, not only does accuracy vary widely 

among conditions (Bush et al., 1989; Colditz et al., 1986; Kehoe et al., 1994) but the 

accuracy of self-report for a specific condition can vary from study to study (Kehoe et al., 

1994; Wu et al., 2000). This variability among studies is related not only to 

inconsistencies found in disease definition but it is likely also associated with the 

diversity of study populations, sample sizes, reference standards, and methods of analysis 

used among investigations (Harlow & Linet, 1989; Newell et al., 1999).  

 

The diversity of self-reporting accuracy also makes it difficult to detect variables 

associated with accurate reporting. Haapanen and colleagues (1997) found considerable 

agreement between self-report and medical record for conditions such as diabetes and 

cardiovascular diseases as a group but poorer agreement for less chronic and less 

symptomatically defined conditions like lower back pain and musculoskeletal disease. 

The authors suggested that the discrepancies found for these latter conditions were 

associated with the characteristics of the disease rather than the characteristics of the 

respondent (Haapanen et al., 1997). Although several discrepancies between physician-

reported and self-reported medical conditions are outlined, Kehoe and colleagues (Kehoe 

et al., 1994) endorsed the findings by Colditz and colleagues (Colditz et al., 1986) that 

the use of self-report could be reliable for well-defined conditions, and indicated that 

respondent characteristics such as age, sex, education, and race may be slightly 

associated with reporting accuracy for some but not all diseases. With some reservation, 



Kehoe et al. (1994) described the number of healthcare encounters per year as having a 

greater effect on accuracy; a finding supported by Haapanen et al. (1997). These 

observations are consistent with the observations of Harlow and Linet (1989) that 

frequent and recent visits to a provider for a specific condition increase the self-reporting 

accuracy for that condition (Harlow & Linet, 1989). Wu, Li and Ke (2000) also stress the 

variability of accuracy among diseases under investigation, but suggested lack of 

statistical power precluded the detection of statistically significant factors accounting for 

the observed accuracy. More recent studies maintain the variability of accuracy of self-

reported disease and the lack of reliable correlates of accuracy across investigated 

conditions (Englert et al., 2010; Jones, Bartrop, Dickson, & Forcier, 2011; Leikauf & 

Federman, 2009). The inability to draw solid conclusions from the self-report literature 

emphasizes that self-reported data is not 100% accurate and could lead to 

misclassification of affected status and flawed associations.  

 

1.6.1  Self-Reported Ophthalmic Conditions 

 

Although self-reporting is frequently employed in ophthalmic research to assess 

prevalence and risk factors, few investigators assess or report the accuracy of self-

reported ocular conditions. As part of the Beaver Dam Eye Study, investigators examined 

the accuracy of self-reported and proxy-reported diagnoses of cataract and macular 

degeneration (Linton, Klein, & Klein, 1991). In this population-based study, residents 

over 40 years of age or their proxies were interviewed by telephone. Within two years, 

willing participants completed an “in person” questionnaire and received an ocular 



examination. A comparison of all three methods of self-report (telephone, telephone by 

proxy and “in person”) showed good reliability. The agreement between the report of 

cataracts by telephone and the clinical examination was 81.2%, with a sensitivity of just 

38.4% and a specificity of 97.3%. When the clinical findings were compared to the self-

report at the time of the examination, the agreement was 83.6%, with a sensitivity of 

46.3% and a specificity of 96.0%. The self-report of macular degeneration had an 

agreement of 89% between the telephone interview and examination, with a sensitivity of 

only 17.3% and a specificity of 96.1%.  At the time of the examination, the self-report of 

macular degeneration agreed with the clinical findings 92% of the time, with a sensitivity 

of 17.9% and specificity of 98.7%. Nevertheless, the authors considered the low 

sensitivity of self-reporting and rated the accuracy of each measure as poor in comparison 

to clinical measures for both cataract and macular degeneration. They suggest that the use 

of any of these self-report measures in the place of a clinical diagnosis of cataract or 

macular degeneration could result in significant misclassification error, an 

underestimation of prevalence, and inadequate recognition of important associated 

demographic characteristics and clinical factors (Linton et al., 1991).  

 

As part of the Physicians’ Health Study, Christen and colleagues (1994) asked male 

physicians aged 40-84 years whether they had a diagnosis of cataract (Christen et al., 

1994). Medical records confirmed 97.6% of self-reports for lens changes; however, when 

the clinical definition of cataract was extended to include resulting visual acuity loss of 

20/30 or greater, only 50% of self-reports of cataract were confirmed. This study 



emphasizes that oversimplification of self-report questions as compared to diagnostic 

criteria can produce a large number of false positives.  

 

Bowie and colleagues (2003) studied the accuracy of self-reported cataract and cataract 

surgery provided by subjects aged 72 or older who were enrolled in the Salisbury Eye 

Evaluation, a population-based study of aging and visual disabilities. Self-reported 

cataract diagnosis showed poor accuracy as compared to clinical examination with lens 

grading, with a sensitivity of 55%, specificity of 77%, and positive predictive value of 

76%. However, cataract surgery was more accurately self-reported: sensitivity of 94%, 

specificity of 100%, and positive predictive value of 95%.  The authors suggest that 

affected status based entirely on self-reported history of cataract would result in 

misclassification of affection status in study participants (Bowie, Congdon, Lai, & West, 

2003). 

 

In a population of indigenous Australians (Taylor et al., 2010), cataract was over reported 

by 54% of the participants when compared with standardized ophthalmic examinations. 

Of those misreporting cataract, clinical criteria for cataract was not matched in 83%, and 

vision loss from a cause other than a cataract was present in the remaining 17%.  Of those 

patients who reported a history of cataract surgery, 7% had no evidence of cataract 

surgery on clinical examination (Taylor et al., 2010). Goujon et al. (2010) also studied 

indigenous Australians and found discrepancies between self-report and clinical 

diagnosis for several other ophthalmic conditions. Self-reported diabetic retinopathy was 

not confirmed by examination in 54%, glaucoma in 85% of participants, and age related 



macular degeneration in 91%. Furthermore, diabetic retinopathy was underreported for 

60% of those clinically diagnosed. Taylor et al. (2010) and Goujon et al. (2010) each 

acknowledged that their findings challenge the accuracy of self-reported data. (Taylor et 

al., 2010; Goujon et al., 2010). 

 

These studies show that awareness of ophthalmic diagnoses is variable and depending on 

the accuracy required, self-reports may not be sufficient.   

 

1.6.2  Self-Reported Strabismus 

 

Little data exists concerning the accuracy of self-reported strabismus history, whether 

obtained from affected patients or from parent-proxies. Many studies do not use a 

reference or gold standard, leaving the accuracy of the self-report untested. With a few 

exceptions, when a reference standard is in place, studies seldom validate the accuracy of 

the report of strabismus, nor do they comment on any differences observed between the 

reported strabismus status and the observed status derived from the reference standard 

(Ferreira, Oelrich, & Bateman, 2002; Rice et al., 2009; Shaaban et al., 2009). As a result, 

self-reported strabismus data is often used without knowledge of its accuracy.  

 

There are only a few limited studies of the accuracy of self-reported strabismus in the 

literature. In the Multi-Ethnic Pediatric Eye Disease study (2008), clinical examination of 

Hispanic or Latino and African American participants aged 6 to 72 months confirmed 

only 62% of the parent-proxy self-reported strabismus diagnoses (Multi-ethnic Pediatric 



Eye Disease Study Group, 2008). Chew and colleagues (1994) investigated strabismus 

risk factors in the Collaborative Perinatal Project cohort. Participants were examined by 

neurologists and pediatricians using the Hirschberg test, which is a crude measurement 

and only approximates manifest strabismus (Von Noorden & Campos, 2002). Gold-

standard clinical examinations by an ophthalmologist or orthoptist were not performed. 

Of those diagnosed with strabismus, 40% of those initially diagnosed with esotropia and 

100% of those initially diagnosed with exotropia, had a medical record review performed 

by an ophthalmologist. This chart review compared the limited ocular examination to 

ophthalmologist or pediatrician records of the participant. The initial diagnosis from the 

limited eye exam was confirmed in 83% of esotropia cases and 89% of exotropia cases 

(Chew et al., 1994). Since all those diagnosed with exotropia were reviewed and 

corrected, no misclassification of exotropia was assumed in the study, but because 60% 

of their esotropia cohort was not examined, they estimated a 10% misclassification rate 

for esotropia cases. The investigators also assume that no cases of esotropia or exotropia 

were missed in the participants that were not diagnosed with strabismus. In a related 

investigation, Podgor and colleagues used this information to recalculate the between-

siblings odds ratio of strabismus, or what is their increased risk of developing strabismus 

because of their positive family history (Podgor, Remaley, & Chew, 1996). Associations 

between siblings were unchanged for exotropia as they did not believe there was any 

misclassification. However, adjusted associations for esotropia in separate birth sibling 

(S-S) and multiple birth siblings (M-M) changed from 2.6 to 3.0 for S-S and from 5.4 to 

7.0 for M-M. The limited data available to date and the evidence that misclassification 

can substantially alter the results of genetic association studies strongly support the need 



to perform robust assessment of the accuracy of self-reporting and parental proxy-

reporting of strabismus.  

 

1.7  STUDY RATIONALE 

 

Accurate determination of affected status, the presence or absence of a condition, is vital 

when the end point of an analysis depends on these raw data. Misclassification of 

affected status in clinical and epidemiological research distorts true prevalence of a 

disease and obscures associated risk factors. Genetic linkage and association studies 

require designation of participants as affected or unaffected to maximize statistical power 

and the chances of finding true genotype-phenotype associations. Two common ways to 

obtain these data is by clinical examination and self-report. Clinical examination, 

considered the gold standard for diagnosis of strabismus, involves substantial time and 

effort on behalf of participants and clinicians. When large study populations are required, 

self-reported strabismus affection status could result in a substantial reduction in the time 

and resources required by participants and researchers. However, the accuracy of self-

reported strabismus is not known, with two limited studies performed to date showing 

conflicting results. It is important to know if and to what extent strabismus self-reports 

differ from the affected status determined by clinical examination. This knowledge could 

be especially beneficial for large genetic studies, where time and resources devoted to 

ascertaining phenotype affection status by clinical examination remain high despite the 

reductions in time and costs to genotype samples realized from technological advances 

(Green & Guyer, 2011).  



 

1.8  RESEARCH OBJECTIVES 

 

1.8.1  Main Study Objective 

 

To determine the accuracy of self-reported history of strabismus in family members of 

the patient population at Children's Hospital Boston. To answer this question, the affected 

status reported by participants at the time of enrollment will be compared with the 

findings of the orthoptic examination. The results of this work may hold significance in 

primary care settings where family history is used as a screening tool for surveillance or 

referral of suspect cases. In the research setting, it will help to determine whether future 

genetic research can accurately rely on a self-reported history of strabismus.  

 

1.8.2  Secondary Objectives 

a) Determine which factors may influence the accuracy of self-reported strabismus. 

b) Determine the prevalence of strabismus in families of the patient population 

diagnosed with CCS at Children’s Hospital Boston.  

c) Determine the prevalence of reduced stereoacuity in family members of the patient 

population diagnosed with CCS at Children’s Hospital Boston. 



CHAPTER 2 METHODS 

2.1  STUDY DESIGN 

 

The Strabismus Self-Reporting Accuracy Study was designed to evaluate the accuracy of 

self-reported strabismus. Participants were part of a large prospective research project 

known as the Genetics of Comitant Congenital Strabismus (CCS) Study, which is being 

conducted at Children’s Hospital Boston. The study utilized information provided by 

family members of patients diagnosed with CCS within the Department of 

Ophthalmology and enrolled in the Genetics of CCS Study. Participants completed a 

questionnaire related to their ophthalmic history and received an orthoptic examination to 

determine the accuracy of their self-reported status. 

 

Ethical approval was attained from the Children’s Hospital Boston Institutional Review 

Board (Boston, MA) as well as the Dalhousie University Health Sciences Research 

Ethics Board (Halifax, NS). 

 

2.2  STUDY POPULATION 

 

The participants were family members of patients in the Department of Ophthalmology at 

Children’s Hospital Boston. Located in Eastern Massachusetts, the Department of 

Ophthalmology also serves the pediatric and adult strabismus population in Central and 



Western Massachusetts in addition to the surrounding states of New Hampshire, Maine, 

Rhode Island, Connecticut and New York. 

 

Any 1st or 2nd degree relative of a proband enrolled in the Genetics of CCS Study was 

eligible for inclusion in the study, excluding relatives who were already patients within 

the Department of Ophthalmology and would thus be aware of their affection status. No 

preference was given to an individual’s sex, racial or ethnic origin; however, if the 

participants did not speak English or Spanish, they could not be enrolled in the study. 

There were no age restrictions for the study.  

 

2.3 SPECIFIC INCLUSION AND EXCLUSION CRITERIA 

 

All relatives of a patient with CCS within the Department of Ophthalmology at 

Children’s Hospital Boston were eligible for inclusion in the study if the proband has 

enrolled in the Genetics of CCS Study. 

 

CCS and its associated conditions are defined as:  

a) Strabismus  – manifest or intermittent strabismus of any angle, or phoria greater 

than 10 prism diopters. 

b) Anisometropia  – spherical equivalent or astigmatic difference between eyes of 

≥1.5 diopters.  

c) High hypermetropia – hyperopic refractive error of ≥ 5.00 diopters.  



d) Amblyopia  – vision loss in one eye causing two or more lines difference in 

logMAR visual acuity secondary to strabismus, anisometropia, or refractive 

deprivation.  

 

Exclusion criteria are:  

a) Not genetically related to an individual with CCS (The Genetics of CCS Study 

requires at least one family member to be diagnosed with strabismus). 

b) Already a patient in the Ophthalmology Department at Children’s Hospital Boston 

(Patients seen within the Department of Ophthalmology are aware of their affected 

status as it has already been determined by orthoptic or ophthalmic examination).  

c) Presence of an eye condition that prevents sensorimotor examination or prevents 

definite diagnosis of congenital strabismus (i.e., a condition such as macular 

degeneration that has caused poor visual acuity, or a condition such as thyroid eye 

disease that may cause a secondary strabismus). 

d) Unwilling to participate.  

e) Incapable of giving consent and not having a legal guardian willing or able to do so. 

f) Unable to speak English or Spanish. 

 

Patients with a non-heritable cause for strabismus were not included in the genetic study; 

hence their family members are not included in the Strabismus Self-Reporting Accuracy 

Study. The Genetics of CCS Study excludes patients with any of the following:  

a) Strabismus with a non-heritable etiology causing acquired vision loss. 

b) Structural brain abnormalities. 



c) Conditions causing occlusion of the eye and leading to deprivation amblyopia. 

d) A molecularly defined genetic syndrome or other diagnoses associated with 

strabismus such as trisomy 21 or any form of craniosynostosis. 

e) Other conditions likely to cause vision loss with secondary strabismus including 

trauma or structural ocular abnormalities.  

 

2.4  RECRUITMENT PROCESS 

 

As the Strabismus Self-Reporting Accuracy Study is a subset of the Genetics of CCS 

Study, the recruitment process for the Genetics of CCS Study is described.  

 

The Business Intelligence Team at Children’s Hospital Boston used the hospital’s 

scheduling system, the EPIC Oracle data warehouse, to generate an Excel file containing 

the following fields: medical record number, first name, middle initial, last name, sex, 

date of birth, address, home phone number, upcoming ophthalmology appointment date 

and time, upcoming ophthalmology appointment location, appointment notes, and clinical 

provider. The files were emailed on a monthly basis to the research coordinator.    

 

Once emailed to the research coordinator, the appointment data files were reviewed 

alongside the medical records to determine whether patients met criteria for the study. 

Potential study participants were then sent an introductory letter and brochure providing 

information on the study (Appendix A). A stamped, return-addressed postcard was also 

enclosed which contained a unique identifying code.  If the individual did not wish to be 



contacted further, they were asked to return the postcard; if the post card was not 

returned, they were contacted by phone approximately two weeks after the mailing of the 

introductory letter. Once contact was made and the family agreed to participate, a time to 

meet and enroll in the study was arranged. 

 

2.5  ENROLLMENT PROCESS 

 

Participants were enrolled as part of the Genetics of CCS Study.  The three components of 

the enrollment process: informed consent, participant questionnaire, and orthoptic 

screening are described. The enrollment process took 20 minutes per individual and up to 

60 minutes if several family members were enrolled. Participants were enrolled at 

Children’s Hospital Boston in the Department of Ophthalmology.  

 

At the time of enrollment, participants were given a unique, numerical identification 

code. Only those present for enrollment, or involved with data collection, were aware of 

the family name, otherwise, participants are known only by their study identification 

number.  

 

2.5.1  Informed Consent 

 

At enrollment, the research coordinator or assistant attained the informed consent in 

person. The participant read and signed the consent form. All questions of the prospective 

participants were answered by the research assistant or coordinator prior to signing, and 



the participants were provided with a copy of the signed consent form. Those under the 

age of 18 years were required to have a parent or legal guardian sign the consent form, 

but when capable, children were also asked to sign to indicate their assent. The consent 

form is attached (Appendix B). 

 

The consent form was not specific to the Strabismus Self-Reporting Accuracy Study or 

the Genetics of CCS Study. Instead, it is the general consent form used for all studies 

performed in the Engle Laboratory at Children’s Hospital Boston. It covers the secondary 

use of the data for the Strabismus Self-Reporting Accuracy Study. Coverage includes both 

the written questionnaire (which records the reporting of strabismus), and the orthoptic 

examination.  

 

2.5.2  Participant Questionnaire 

 

Once the consent form was signed, participants were asked to complete a self-

administered questionnaire that included questions on the individual’s ocular and general 

medical history as well as basic demographic information. Every participant was required 

to complete a questionnaire. Parents completed one for themselves and also a proxy 

questionnaire for any children who were enrolled and unable to complete independently.  

 

Questions specifically related to the Strabismus Self-Reporting Accuracy Study asked 

whether or not the participant has strabismus or amblyopia, or was ever treated for 

strabismus or amblyopia. To assist with understanding and recognition, questions 



included both common lay terminology for strabismus (e.g., “crossed” or “wandering” 

eye) and medical language. A handout defining some of the questionnaire’s terminology 

was also provided (Appendix C). Participants recorded their answers by checking one of 

the three possible responses provided for each question (“Yes’, “No”, or “I’m not sure”.) 

The full participant questionnaire is presented in Appendix D.  The research coordinator 

or assistant was available to assist with any further questions.   

 

 2.5.3  Orthoptic Examination 

 

The orthoptic examination is a sensorimotor evaluation designed to detect all forms of 

strabismus as well as any associated conditions.  The examination was performed at the 

time of enrollment by a clinically experienced orthoptist in the Department of 

Ophthalmology. The examination was completed on a research basis; therefore it did not 

become part of a participant’s medical record, nor was there a charge for the examination.  

The orthoptic examination consisted of: 

a) Brief ocular history – participants were asked if they had strabismus or amblyopia 

or were ever treated for strabismus or amblyopia 

b) Measurement of optical correction and refractive status as well as visual acuity 

c) Binocularity, fusion, and stereoacuity: efforts were made to ensure the highest level 

was achieved. This included additional plus lenses for presbyopic participants and 

proper illumination for all testing. 

d) Ocular alignment in primary position as well as diagnostic gaze positions 

e) Extraocular motility 



f) Other findings:  

a. Pupil examination 

b. Lid position 

c. Nystagmus 

 

Guidelines for the examination of participants and for entering and categorizing their data 

can be found in the Comitant Congenital Strabismus Study: Data Collection and Entry 

Reference Manual (Appendix E). If the participant was found to have a condition that 

they were not aware of, or if the examining orthoptist had any concerns about a known 

condition, the participant was urged to see their primary care doctor or an 

ophthalmologist.   

 

2.6  Data Entry 

 

The results of the orthoptic screening were recorded on standard clinical examination 

forms in use at the Children’s Hospital Boston Department of Ophthalmology (Appendix 

F).  The examination forms were entered into the ‘eye examination’ section of the Engle 

Laboratory’s customized genetic pedigree software () in accordance with the reference 

manual. This ensured consistent and reproducible assessment of the phenotype of all 

participants. An example of the Progeny Genetics database eye examination data is 

provided in Appendix G. 

 



Once the examination data was entered, the participant was coded as “Affected with 

CCS”, “Affected with a condition associated with CCS” or “Unaffected”.  If affected, 

they were further labeled as to their specific condition as diagnosed by the orthoptist. If a 

diagnosis of CCS was recorded, one of the following conditions was also used to label 

participants: 

a) Esotropia: manifest esotropia in primary position 

b) Infantile Esotropia:  manifest esotropia that develops within the first six months of 

life 

c) Accommodative Esotropia: manifest esotropia reduces with hyperopic correction 

to a range that fusion may be achieved (less than 10 prism diopters) or reliably 

demonstrate fusion.  If bifocals are required to reduce the deviation to 10 prism 

diopters or less it’s acceptable.   

d) Intermittent Esotropia: patient has an intermittent esotropia at any point during the 

examination in primary position. 

e) Esophoria: esophoria of 10 prism diopters or more in primary position 

f) Exotropia: manifest exotropia in primary position 

g) Infantile Exotropia: manifest exotropia that develops within the first six months of 

life. 

h) Intermittent Exotropia: intermittent exotropia at any point during the examination 

in primary position 

i) Exophoria: exophoria of 10 diopters or more in primary position 

j) Microstrabismus or monofixation syndrome: small angle manifest deviation in 

primary position, deviation may be difficult to detect, but must demonstrate 



reduced stereopsis and central suppression scotoma for monofixation syndrome 

diagnosis. 

k) Strabismus surgery – unknown diagnosis: diagnosis of exclusion for participants 

whose original deviation is unknown but report and show evidence of prior 

strabismus surgery. All those reporting a history of strabismus surgery were coded 

as affected, and the original deviation was recorded when known. 

 

If a strabismus-associated condition (SAC) was diagnosed, one or more of the following 

conditions was also used to further label participants: 

a) Refractive conditions: 

a. Anisometropia: 1.5 Diopters or more difference in refractive error 

(spherical equivalent or astigmatic value) 

b. High hyperopia: 5.00 Diopters or more of hyperopia.  

c. Anisometropia + High hyperopia: meets criteria for both anisometropia 

and high hyperopia 

b) Decreased stereo: Low grade stereoacuity: With proper optical correction, and 

ideal lighting and instruction, participant is unable to achieve better than 60 

seconds of arc (range will be 60-3000 seconds of arc).  Clinical judgment needs to 

be implemented when testing young children.  

 

The participant questionnaire data was entered into the database by the research 

coordinators while the orthoptic screening data was entered by orthoptists.  All who 

collected or entered data were trained to use the Progeny Genetics database in three 



sessions by the Research Director or the Lead Orthoptist. The first session oriented the 

user to the database and walked them through the data entry process. During the second 

session, the user entered data under direct supervision. In the final session, the user 

entered data independently, but all data was reviewed. Once all three training sessions 

were completed, users were able to enter data, however, the Research Director of the 

Engle Lab and the Lead Orthoptist continued to audit data entry regularly. At the time of 

data extraction, the Lead Orthoptist had entered directly, or audited, more than 86% of 

the phenotypic data for Strabismus Self-Reporting Accuracy Study.  

 

2.7  DATA EXTRACTION 

 

The Progeny Genetics database was queried using the following search criteria: 

a) All those with a participant identification (ID) except those also coded as the 

index case (proband). 

b) All those with a participant ID except if they also had a Children's Hospital 

Boston medical record number. 

c) All those with a participant ID that also completed an orthoptic examination. 

 

This query was designed to identify all family members who participated in the study and 

completed an orthoptic examination, and who were not already patients of the 

Department of Ophthalmology at Children’s Hospital Boston.  As the Genetics of CCS 

Study is ongoing, only participants from the study inception date, March 1, 2005, until 

August 31, 2010 were included.  



 

Once the individuals were identified, the following information was displayed: 

a) Participant ID 

b) Date of birth 

c) Date of enrollment or orthoptic examination 

d) Educational level 

e) Race  

f) Sex 

g) Affected status – determined by orthoptic screening 

h) Diagnosis – determined by orthoptic screening 

i) Deviation in prism diopters at near and distance with and without correction 

j) Answers to self report questions: 

a. Do you have the same eye condition as the original study subject? 

b. Do you have strabismus or amblyopia?  

c. Have you had amblyopia treatment? 

d. Have you had eye muscle surgery? 

 

Using this information, a few additional pieces of data were added to the extracted 

database: 

 

a) All participants were recoded with a second non-identifiable ID that was 

unrelated to the original CCS study ID.   



b) The answers from the self-report questions were combined to form a simple, 

“Yes,” “No,” or “Unsure” response to globally answer the question, “Do you have 

strabismus or a condition associated with strabismus?” If participants were found 

to have high hyperopia or anisometropia, the questionnaire was reviewed and the 

eye examination was checked to determine whether glasses were worn. 

c) If responses to the participant questionnaire section on strabismus were 

incomplete, then the history obtained verbally at the time of enrollment and 

recorded on the orthoptic examination form were used in its place. The self-

reported history at the time of the orthoptic examination was often combined with 

the response provided to the research assistant, to answer the question “Do you 

have strabismus or a condition associated with strabismus?”  

d) The source of the data used to answer the self-reported question regarding 

strabismus was indicated as the “participant questionnaire,” “orthoptic 

examination and verbal report at enrollment,” or the “orthoptic examination” 

alone. 

e) The age at the time of enrollment or orthoptic examination was calculated. 

f) After reviewing the age at the time of enrollment, educational level and family 

tree, it was retrospectively determined whether the patient or a parent had 

completed the questionnaire.  It was assumed that all of those 18 years and older 

completed their own report.  If a parent completed the report on behalf of the 

child, their education level was entered. If both parents were present, they most 

often worked together to complete each child’s questionnaire, and so the highest 

education level of either parent was indicated.   



g) For those diagnosed with CCS on the orthoptic examination, the deviation 

measured in prism diopters was recorded.  The largest deviation was chosen from 

primary position at near or distance with or without optical correction if worn by 

the participant. 

 

The following data were submitted for statistical review. 

 

a) ID: Specifically the new ID assigned to the Strabismus Self-Reporting Accuracy 

Study participants. 

b) Affection status: Affected status as determined by the orthoptic screening.  

c) Diagnosis: Ophthalmic diagnosis of the participant as determined by the orthoptic 

screening.  

d) Maximal size of the deviation in prism diopters. 

e) Self-reported status: Affected status as reported by the participant. 

f) Self or parental: Whether it was truly self-reported or reported by a parent. 

g) Type of report: The source of the self–report.  

h) Sex: Of the participant. 

i) Education: The educational level of the participant if self reported. If reported by 

a parent, their educational level was recorded.   

 



2.8  STATISTICAL ANALYSIS 

 

To determine the accuracy of self-reported strabismus, the sensitivity, specificity, 

positive predictive value (PPV) and negative predictive value (NPV) with 95% 

confidence intervals (CI) were calculated. Sensitivity, specificity, PPV and NPV were 

calculated using the following parameters: True positive (TP), defined as those that have 

strabismus as determined by the orthoptic examination, and who correctly identified 

themselves as having strabismus by their self-report; False positive (FP), defined those 

that self-reported strabismus but were not found to have strabismus on the orthoptic 

examination; True negative (TN), defined as those that do not have strabismus as 

determined by the orthoptic examination, and who correctly identified themselves as not 

having strabismus by their self-report; False negative (FN), defined as those that self-

reported not having strabismus, but were found to have strabismus on the orthoptic 

examination. Sensitivity was calculated as: Sensitivity = TP / (TP + FN). Specificity was 

calculated as: Specificity = TN / (TN + FP). PPV was calculated as: PPV = TP / (FP + 

TP). NPV was calculated as: NPV = TN / (FN + TN). The overall accuracy was 

calculated as: Accuracy = TP + TN / (TP + TN + FP + FN). Misclassification was 

calculated by subtracting the overall accuracy from 100.  

 

Prevalence of strabismus and prevalence of reduced stereoacuity were estimated by 

percentage with 95% CI using the proc FREQ procedure within Statistical Analysis 

Software (SAS) to provide descriptive statistics, and to create frequency and cross-

tabulation tables.  



 

Factors considered to potentially influence the accuracy of the self-report, such as 

educational background, sex, direction of the deviation, size of the deviation, and the 

control of the deviation, were tested by Fisher’s exact test. All tests were two-sided, with 

the type I error set at 0.05. Multivariate logistic regression was used to evaluate the 

simultaneous effects of these multiple factors to the probability of positive self-reports in 

affected patients. All analysis was conducted using SAS (Statiscal Analysis Software 9.2, 

North Carolina).   

 
 



CHAPTER 3 RESULTS 

 

3.1  OVERVIEW OF PARTICIPANTS 

 

Detailed results of the participant data obtained for the Strabismus Self-Reporting 

Accuracy Study from July 1, 2005 through August 31, 2010 are presented in Table 1. Of 

the 1990 family members enrolled in the Genetics of CCS Study during this time, 876 had 

orthoptic examination data. Of these, 185 were either patients within the Ophthalmology 

Department at Children’s Hospital Boston, or had brought outside eye examination 

records that were entered into the Progeny Genetics database in lieu of completing an 

orthoptic examination. Another 7 participants were excluded because they had a 

structural eye problem (i.e., orbital tumor, macular degeneration, anomalous optic nerve, 

etc.) and 13 participants were excluded as the orthoptic examination could not 

conclusively determine whether they were affected or unaffected (i.e., patient 

cooperation, monovision and trial lenses were unavailable, or equipment failure). This 

left 671 participants who met inclusion criteria.  The age of enrolled family members 

ranged from under one year up to 84 years, with a mean of 33.9 years (standard deviation 

16.8 years). Of these 671 participants, 83 (12.4%) reported having strabismus, or an 

associated condition, and 572 (85.3%) reported not having strabismus. The remaining 16 

individuals (2.4%) reported they were uncertain whether or not they had strabismus.  

 



The orthoptic examination diagnosed 135 participants (20.1 %) with a form of CCS and 

162 (24.1%) with a SAC. By orthoptic examination, the remaining 374 patients (55.7%) 

were unaffected with strabismus or a SAC. 

 

In 143 cases (21.3%), a proxy made the self-report. The proxy reports agreed with the 

orthoptic examination in 77.5% of cases. The remaining 528 self-reports (78.7%) had no 

proxy. The self-report was obtained entirely from the participant questionnaire for 454 

participants (67.7%), from a combination of the orthoptic examination and verbal report 

at enrollment in 188 (28.0%), and entirely from the orthoptic history in 29 (4.3%). Of 

note, when self-reports were available from multiple sources, there were 19 discrepancies 

between the reports.  Therefore, when comparisons could be made between different 

reports they were in agreement 95.8% of the time. 

 

The majority of participants, 429, were female (63.9%).  Almost 60% of participants had 

a college education, and of those participants approximately half, or 29.5% of the total 

population had a graduate or professional education.  For the remaining participants, 

10.4% had a high school education, 2.8% had some college education and 0.3% had a 

grade school education.  The educational background question was not answered by 

27.7% of participants.   

 

Most of the 671 participants were Caucasian (80.8%). Other races selected on the 

questionnaire were ‘Black, Non-Hispanic’ (5.1%), ‘Hispanic’ (4.2%), ‘Asian or Pacific 

Islander’ (2.5%), and ‘Native American or Alaskan’ (0.3%). The remaining participants 



described themselves as ‘Unknown’ (4.5%) or ‘Other’ (1.1%) while 1.6% did not record 

a response. 

 

Table 1: Strabismus Self-Reporting Accuracy Study participant data (N = 671). CCS, 
comitant congenital strabismus; SAC, strabismus-association condition. 
 

    Number (n) Percent (%) 

Affected with Strabismus 83 12.4 

Unaffected with Strabismus 572 85.2 

Self-report status 

Uncertain 16 2.4 

Affected CCS 135 20.1 

Affected SAC 162 24.1 

Orthoptic 
examination status 

Unaffected 374 55.7 

Participant Questionnaire 454 67.7 

Enrollment and Examination 188 28.0 

Type of report 

Examination 29 4.3 

Yes 528 78.7 Actual self-report 

Proxy (parental) 143 21.3 

Female 429 63.9 Sex 

Male 242 36.1 

Grade school 2 0.3 

High school 70 10.4 

Some College 19 2.8 

College or University 198 29.5 

Graduate or Professional 196 29.2 

Education 

Not recorded 186 27.7 

Race White, Non Hispanic 542 80.8 

 Black, Non Hispanic 34 5.1 

 Hispanic 28 4.2 

 Asian or Pacific Islander 17 2.5 

 Native American or Alaskan 2 0.3 

 Other 7 1.0 

 Unknown 30 4.5 

 Not recorded 11 1.6 

 



3.2  SELF-REPORT DATA 

 

The orthoptic diagnoses of the 83 participants with self-reported strabismus (as 

determined by the orthoptic examination) are presented in Table 2. Only 6% of those 

who reported strabismus had no detectable CCS or SAC and had not reported surgical 

correction of strabismus or had any signs of prior strabismus surgery.  

 

Table 2: The orthoptic examination diagnosis of those that reported ‘yes’ when asked 
whether they were affected with strabismus. 
 

Status Number (n) Percent (%) 

    Affected with CCS 63 75.9 

    Affected with SAC 15 18.1 

    Unaffected 5 6.0 

Total 83 100.0 

 
 

The orthoptic status of the 572 participants who reported that they did not have 

strabismus is presented in Table 3.  Of these, 37.1% had either CCS or SAC.  

 

Table 3: The orthoptic examination diagnosis of those that reported ‘no’ when asked 
whether they were affected with strabismus. 
 

Status Number (n) Percent (%) 
    Affected with CCS 67 11.7 
    Affected with SAC 145 25.4 
    Unaffected 360 62.9 
Total 572 100.0 

   
 



Table 4 shows the 16 participants that were uncertain of whether or not they had 

strabismus or an associated condition.  Of these participants 6 individuals or 31.2% had 

CCS, while another 12.5% had a SAC.  The remaining 56.2% were unaffected.  

 

Table 4: The orthoptic examination diagnosis of those that reported they were ‘uncertain’ 
when asked whether they were affected with strabismus. 
 

Status Number (n) Percent (%) 
    Affected with CCS 5 31.25 
    Affected with SAC 2 12.5 
    Unaffected 9 56.25 
Total 16 100.0 

   
 

The specific strabismus phenotypes of those diagnosed with CCS are detailed in Table 5.  

This includes the 63 participants affected from Table 2, the 67 from Table 3 and the 5 

from Table 4.  



Table 5: Comitant congenital strabismus phenotypes in the study population. The first 
five diagnoses, esotropia or esophoria, describe deviations where one eye turns inward. 
Exophoria, intermittent exotropia and exotropia describe deviations where one eye turns 
outward. Microstrabismus or monofixation syndromes are small angle deviations, and 
strabismus surgery (unknown diagnosis) describes participants that reported a history of 
strabismus surgery, but are unaware of which direction their eye originally turned.  
 

Comitant Congenital Strabismus Number (n) Percent (%) 

    Accommodative Esotropia 1 0.7 

    Esophoria 13 9.6 

    Esotropia 23 17.0 

    Infantile Esotropia 4 3.0 

    Intermittent Esotropia 19 14.1 

    Exophoria 31 23.0 

    Intermittent Exotropia 21 15.6 

    Exotropia 5 3.7 

    Microstrabismus or Monofixation syndrome 9 6.7 

    Strabismus surgery (unknown diagnosis) 9 6.7 

Total CCS Affected  135 100 

 
 

Table 6 includes the breakdown of those diagnosed with a SAC and their specific 

phenotype as determined by the orthoptic examination. The most common condition 

associated with strabismus in our study population was decreased stereopsis (87%). This 

was distantly followed by anisometropia (8%) and high hyperopia (2.5%). 

 



 
Table 6: Specific strabismus-associated conditions in the study population. 
Anisometropia and high hyperopia are refractive conditions and decreased stereopsis 
implies subnormal binocular vision. 
 

Strabismus-Associated Conditions Number (n) Percent (%) 

    Anisometropia 13 8.0 
    Anisometropia & Decreased stereo 2 1.2 
    High hyperopia 4 2.5 
    High hyperopia & Decreased stereo 1 0.6 
    Decreased stereo 141 87.0 
    Cranial nerve IV palsy* 1 0.6 

Total SAC Affected 162 100 

 

*Participant diagnosed with congenital cranial nerve IV palsy. Excluded from CCS 
definition, therefore placed in SAC category for the purpose of this study. For the 
Genetics of CCS Study, has been diagnosed with incomitant congenital strabismus (ICS). 
 

3.3  ACCURACY OF SELF-REPORTS 

 

When self-reports for participants diagnosed with CCS were analyzed and compared to 

the gold standard orthoptic examination, the sensitivity was 48.5% and the specificity 

was 98.6%.  The positive predictive value was 92.6% and the negative predictive value 

was 84.5%. When the analysis was expanded to include those diagnosed with either CCS 

or a SAC, the sensitivity decreased to 26.9% and specificity remained at 98.6%. The 

positive and negative predictive values were 94.0% and 62.9% respectively.  A summary 

of these data points can be viewed in Table 7. 

 

 
 
 
 
 



 
 
 
Table 7: The accuracy of self-reports of the presence of strabismus. CCS, comitant 
congenital strabismus; SAC, strabismus-associated condition; DS, decreased stereopsis. 
 

 CCS  CCS + SAC  CCS + (SAC - DS) 
Sensitivity (%) 48.5 26.9 49.0 
Specificity (%) 98.6 98.6 98.6 
PPV (%) 92.6 94.0 93.5 
NPV (%) 84.5 62.9 82.8 

 

When the ‘uncertain’ self-reports are excluded, almost half of those affected with CCS 

(48.5%) are aware they have strabismus, but only 9.4% of those with a SAC are aware of 

their status. However, though it is possible that participants might be aware that they have 

strabismus or one of the associated condition such as high hyperopia or anisometropia, its 

less likely that they would know they have decreased stereopsis. For this reason, and 

considering the large percentage of patients who were considered to have a SAC as a 

result of decreased stereopsis, the analysis was repeated after excluding those with 

decreased stereopsis from the SAC group. The adjusted analysis including sensitivity, 

specificity, positive and negative predictive values can be viewed in the last column of 

Table 7. Again disregarding the ‘uncertain’ self-reports, the adjusted analysis revealed 

that only 4.2% of those with decreased stereopsis reported having strabismus or a 

condition associated with strabismus. This was significantly different from the rest of 

those in the SAC group where 52.9% were aware that they had strabismus or an 

associated condition, and 48.5% in the affected group that knew they had strabismus 

(p<0.001, Fisher’s exact test). There was no significant difference between the SAC 

group (excluding those with decreased stereopsis) and those with CCS (p=0.80, Fisher’s 

exact test) as about half of each group was aware of their status.  



 

A graph illustrating the awareness level of participants in the various categories can be 

seen in Figure 1. 

 

 

Figure 1: Awareness of self-reported strabismus in patients with or without CCS and 
SAC.  CCS, comitant congenital strabismus; SAC, strabismus-associated condition; DS, 
decreased stereopsis. The black and grey bars combined represent the total number of 
participants. 
 

3.4  OTHER FACTORS RELATED TO ACCURACY OF SELF-REPORT 

 

In the study population 20.1% of participants were diagnosed with CCS; however, CCS 

was diagnosed in significantly more males (26.4%) than females (16.5%), (p=0.002, 

Fisher’s exact test) as shown in Table 8. When sex was compared for accuracy of self-
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report (reports made by proxies were excluded), sensitivity, specificity and positive 

predictive value did not differ significantly between males and females. The negative 

predictive value of self-reported strabismus was significantly higher in females (87.3%) 

than in males (70.3%), (p<0.001, Fisher’s exact test), indicating that males were less 

likely than females to be aware of strabismus when it was present, even though they were 

more likely to be affected.  

 

In the study population, 24.1% of participants were diagnosed with a SAC.  While 

slightly more female participants (26.1%) than male participants (20.7%) were diagnosed 

with a SAC, this difference was not significant (p=0.14, Fisher’s exact test, and there was 

no significant difference in sensitivity, specificity, positive or negative predictive value). 

The combined CCS + SAC prevalence was 47.1% for males and 42.7% for females, 

again not significantly different (p=0.26, Fisher’s exact test, and no difference for 

sensitivity, specificity, positive or negative predictive value).  

 

Table 8: Sex and the prevalence of strabismus and associated conditions. CCS, comitant 
congenital strabismus; SAC, strabismus-associated condition 
 

 Female (%) Male (%) P-value 
CCS 16.5 26.4 0.002 
SAC 26.1 20.7 0.14 
CCS+SAC 47.1 42.7 0.26 

 

Self-reporting accuracy of participants with a high school education was compared with 

the accuracy of those with college or university education and above (Table 9.) No 

significant difference was found in these two groups; education was therefore not felt to 

be a factor in the accuracy of self-reported strabismus in our study population. 



Table 9: The accuracy of self-reports with education as a factor.  
 

 High School College and Above P-value 
Sensitivity (%) 50.0 57.1 0.55 
Specificity (%) 98.0 98.6 0.56 
PPV (%) 91.7 93.6 1.00 
NPV (%) 81.7 86.9 0.30 

 

The self-reporting accuracy of participants with inward deviations (esotropia, intermittent 

esotropia, esophoria and accommodative esotropia) was compared with the accuracy of 

those with outward deviations (exotropia, intermittent exotropia, exophoria).  Participants 

with prior strabismus surgery were excluded from this analysis, as the current direction of 

deviation may not match the original deviation. Of those affected, 32 had prior surgery, 

leaving 103 available for review. The participants with an inward deviation were 

significantly more likely to know that they had strabismus than those with an outward 

deviation (Figure 2.) Of those with an inward deviation, 47.4% were aware that they had 

strabismus while only 17.6% of those with an outward deviation were aware (p=0.0026, 

Fisher’s exact test). 

 



 
 

 

Figure 2: Comparison of participant awareness of strabismus with inward and outward 
deviations (p=0.0026, Fisher’s exact test). The black and grey bars combined represent 
the total number of participants. 
 

The size of the deviation was also examined as a potential factor influencing the accuracy 

of self-reported strabismus.  Of those affected with strabismus, the magnitude of the 

ocular misalignment ranged from 0 prism diopters for those with a microstrabismus or 

monofixation syndrome up to 70 prism diopters. Again, those with previous strabismus 

surgery were excluded from this analysis as well as one patient whose deviation could not 

be accurately measured due to limited cooperation, leaving 102 participants to review. 

The groups were sub-divided at 15 prism diopters based on evidence from studies that 

strabismus is cosmetically apparent at approximately 12.5 – 15 prism diopters (Larson, 

Keech, & Verdick, 2003; Reinecke, Sterling, & Wizow, 1991; Weissberg, Suckow, & 

Thorn, 2004). Of those with a deviation less than 15 prism diopters, 25.4% (16 of 63 
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participants) were aware that they had strabismus (Figure 3). Significantly more 

participants with a deviation of 15 prism diopters or more 48.6% (17 of 35 participants) 

were aware of their strabismus (p=0.002, Fisher’s exact test).  

 

 

Figure 3: Self-reporting accuracy based upon the angle of strabismus (p=0.002, Fisher’s 
exact test). The black and grey bars combined represent the total number of participants. 
 
 
The clinical literature is supported in this study using a receiver operating characteristic 

(ROC) curve. The ROC curve utilizes sensitivity and specificity of the self-report along 

with the related indices, true positives and false positives. All possible measurements of 

the angle of strabismus, i.e., 0 through 65 prism diopters were employed in this analysis 

to determine which measured angle of strabismus yields the highest proportion of true 

positives with the lowest proportion of false positives. The ROC curve suggests 15 prism 

diopters as the cut point where the patients with larger angle had highest positive self-
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report rate and the patients with smaller angle had the highest negative self-report rate. 

Figure 4 shows the cut off at 15. 

 
 
Figure 4: The ROC analysis of self-report accuracy and the angle of strabismus. 
TP_RATE is the percent of positive self-reports from patients with larger angle than the 
cut point, and FP_RATE is the percent of negative self-reports from patients with larger 
angle than the cut point. The cut point of 15 prism diopters is indicated with an arrow.
 



As anticipated, participants with a manifest deviation (esotropia and exotropia) were 

much more aware of their strabismus (52.1%) than those with a latent deviation 

(esophoria and exophoria) (4.9%, p<0.001, Fisher’s exact test, Figure 5). Only the 103 

participants who had not had prior strabismus surgery were included. 

 

 

 
Figure 5: Self-reporting accuracy of latent vs. manifest deviations (p<0.001, Fisher’s 
exact test). Manifest indicates a constant misalignment of the eyes, while latent implies 
that the deviation is controlled. 
 

Multivariate logistic regression was used to control for overlapping contributions of 

related factors to the self-perception of strabismus. This allowed for a more accurate 
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interpretation of the true contribution of specific factors. After multivariate analysis, 

direction of the deviation (OR = 3.66, p = 0.021, multivariate logistic regression) and 

control of the deviation (OR = 19.61, p = 0.0002, multivariate logistic regression) 

remained significant factors. 



CHAPTER 4 DISCUSSION 

 

4.1  SELF-REPORTED ACCURACY 

 

4.1.1  Comitant Congenital Strabismus 

 

The main objective of this study was to determine the accuracy of self-reported 

strabismus in the population of subjects enrolled in the comitant congenital strabismus 

(CCS) study. It was determined that the overall accuracy of self-reported strabismus, as 

ascertained by gold standard orthoptic examination, was 85.5%.  The accuracy can be 

further analyzed by looking at the data from two perspectives: based of the orthoptic 

examination results, or based on the self-report.  

 

The results of the orthoptic examination reveal that specificity of self-reporting was high 

indicating that when an orthoptic examination determined that a participant did not have 

strabismus, 98.6% of the participants correctly reported that they were unaffected. 

However, the sensitivity was much lower, indicating that when orthoptic examination 

determined that the participant has strabismus, only 48.5% of the individuals correctly 

self-reported their affected status. This is further revealed when analyzed from the 

perspective of the participant’s self-report. If an individual in this study reported that they 

had strabismus, there was a 92.6% chance that they were correct. If an individual 

reported that they did not have strabismus, there was an 84.5% chance that they were 



correct. The negative predictive value of 84.5% was higher than the sensitivity because of 

the low prevalence of strabismus. That is, even though many of the participants 

incorrectly reported their condition, the prevalence of strabismus in the population is low 

that a random guess of “no strabismus” would usually be correct. The practical result of 

this study is that if affected status were gathered solely by self-report, 14.5% of 

participants would be classified incorrectly. 

 

4.1.2  Strabismus-Associated Conditions 

 

The genetic factors that contribute to the development of strabismus are likely to 

contribute to the presence of strabismus-associated conditions (SAC). For a genetic study 

that relies on self-reporting, it is therefore essential to know whether those with a SAC 

are aware of their affected status. Again, from the perspective of the orthoptic 

examination, the specificity of self-reported SAC remained high at 98.6%, indicating few 

false reports were given when the orthoptic examination determined that participants did 

not have a SAC. However the sensitivity of self-reported SAC was only 26.9%. When 

this is combined with the somewhat higher prevalence of SAC in the population, the 

negative predictive value was only 62.9%. That is, of those with CCS, 48.5% knew that 

they were affected, while only 9.4% of those with a SAC were aware. The 

misclassification rate of self-reporting for the combined CCS and SAC participants 

would be 33.1%.  

 



Aside from those previously diagnosed and treated for strabismus, it is reasonable to 

assume that some participants would know or suspect that they have strabismus, based 

not only on physical appearance, but also due to functional symptoms or consequences 

that they might experience. For instance, individuals may be aware of a fixation 

preference (one eye with better visual acuity than the other) or an inability to appreciate 

3D technology. Similarly, those with glasses are aware of their condition, and may admit 

to having one eye that is stronger or better than the other due to unequal refractive error. 

Though it may be reasonable to expect these individuals know or suspect they have 

strabismus or a refractive condition, it is much less valid to assume participants would 

have knowledge of their level of stereoacuity. To determine just how important a factor 

stereoacuity was to the SAC data, the accuracy of the self-reports was re-examined after 

excluding those with decreased stereopsis from the affected participants. The remaining 

SAC participants had refractive conditions associated with strabismus; anisometropia, 

high hyperopia, and (in one case) congenital cranial nerve IV palsy. In this group, 52.9% 

reported that they were affected, confirming that poor self-knowledge of stereoacuity 

contributed to the low accuracy of self-reporting of SAC overall. Despite this, 

stereoacuity remains an important SAC to consider in patients with strabismus, and 

therefore for the remainder of the analysis, participants with reduced stereopsis were 

included.  

 



4.2  IMPLICATIONS FOR GENETIC STUDIES 

 

The implications of these findings are essential to the Genetics of CCS Study and other 

studies of strabismus that consider self-report as a means to determine affected status in 

the place of clinical examinations. In the Genetics of CCS Study, if only DNA from the 

proband is used, no misclassification will exist as all probands received eye 

examinations. However if self-report is relied upon for family members, and trios or 

linkage analysis is completed, misclassification is induced. The Power for Association 

With Errors (PAWE) software (Buyske, Yang, Matise, & Gordon, 2009; Gordon, Finch, 

Nothnagel, & Ott, 2002; Gordon, Levenstien, Finch, & Ott, 2003) was used to quantify 

the consequences of these misclassifications. Considering the misclassification rate of 

approximately 15%, and using a prevalence of 4%, a study relying exclusively on self-

reported affected status would have a 16% loss of statistical power. To compensate for 

this loss, an increased sample size is required, with consequences on a logarithmic scale. 

These results justify the extra time and expense required to perform orthoptic evaluations 

to confirm the affected status of every participant in a genetic study.  

 

4.3  FACTORS INFLUENCING ACCURACY 

 

Possible predictors of accurate self-report were examined. The educational background of 

the participant or proxy and the sex of those making the self-report were evaluated.  

Additionally, characteristics of strabismus such as the direction, size, and constancy (or 

control) were examined as potential influencing factors. 



 

Previous studies of self-report accuracy have examined the impact of educational 

background. Christen and colleagues (1994) reported that adult male physicians with 

cataract did not demonstrate 100% agreement between self-report and their personal 

medical records. In fact, when the definition of a cataract was extended to include lens 

changes that impaired visual acuity to 20/30 or worse, there was only 50% correlation 

between report and medical records (Christen et al., 1994). In contrast, Bowie and 

colleagues (2003) determined that the educational background of the respondent 

influenced the accuracy of proxy-reported cataract. Those with a high school education or 

higher were better able to accurately report whether a sibling was diagnosed with a 

cataract (Bowie et al., 2003); however, they did not consider whether education was a 

factor in an individual’s self-report. In the present study, educational background was not 

a predictor of accuracy of strabismus self-report. This may be due to the nature of 

strabismus. Participants know their status based on symptoms or observation. This 

knowledge is not dependent on level of education. It must be noted that this finding may 

be limited, as nearly 30% of our participants did not report their educational level. It is 

not possible to determine whether participants intentionally omitted this information, but 

if those with lower educational levels intentionally chose not to report, the results might 

have been influenced.   

 

The sex of the participant had little impact on the accuracy of self-report. Negative 

predictive value was the only significant finding as more female participants were able to 

successfully identify themselves as not having strabismus than male participants, despite 



a significantly higher prevalence of CCS in males than females in this study. When only 

the cosmetic impact of strabismus is considered, the psychosocial literature may help 

explain why females accurately report that they do not have strabismus. Durnian and 

colleagues (2010) reported that female patients scored lower on a strabismus quality of 

life questionnaire than males (Durnian, Owen, Baddon, Noonan, & Marsh, 2010). They 

attributed this to social and media pressure placed on women and the idealized picture of 

facial ‘beauty’. Facial beauty is often attributed to the symmetry of one’s appearance, and 

this symmetry is affected when a noticeable strabismus compromises the ocular 

alignment of the non-fixing eye (Durnian, Noonan, & Marsh, 2011). Because of this 

social pressure, females may spend more time analyzing their appearance and checking 

for any asymmetry. If more acutely aware of their appearance, they may more 

definitively state that they do not have strabismus than males, who may less intensely 

scrutinize their appearance. Though the Durnian study takes the patients’ own perception 

and experience into account, there is also evidence that others judge females with 

strabismus more harshly than males with strabismus in terms of finding employment as 

well as promotions (Coats, Paysse, Towler, & Dipboye, 2000; Goff, Suhr, Ward, Croley, 

& O’Hara, 2006; Mojon-Azzi SM & Mojon DS, 2009).  

 

The direction of the strabismus also significantly influenced the accuracy of self-

reporting. In this study, nearly half or 47.4% of those with an inward deviations, or 

esotropia, were aware that they had strabismus, while less than 20% or 17.6% of those 

with outward deviations, or exotropia were aware that they were affected with 

strabismus. The role of the direction of strabismus in its detection is controversial in the 



literature. Larson and colleagues (2003) found that esotropia and exotropia were equally 

detectable by both lay and experienced examiners (Larson et al., 2003), and both 

esotropic and exotropic patients appear to be equally bothered by their strabismus or 

encounter equal amounts of social bias (Durnian et al., 2010; Nelson, Gunton, Lasker, 

Nelson, & Drohan, 2008). Additional studies have shown that exotropia is easier for both 

lay and experienced examiners to detect (Reinecke et al., 1991; Weissberg et al., 2004) 

and people with exotropia encounter more social bias (Mojon-Azzi SM & Mojon DS, 

2009; Mojon-Azzi, Potnik, & Mojon, 2008). The findings are in contrast to those of Goff 

(2006) and Olitsky (1999) who reported that those with esotropia are discriminated 

against more often (Goff et al., 2006; Olitsky et al., 1999), and that despite nearly equal 

quality of life scores, people with esotropia felt that others underestimated their 

intelligence more often than people with exotropia.  

 

Besides direction, the magnitude and constancy of the strabismus are also associated with 

awareness of affected status. The size of the deviation significantly affected the accuracy 

of self-reported strabismus. Those with a small angle deviation (less than 15 prism 

diopters) were aware that they were affected 25% of the time while closer to 50% were 

aware when the angle of deviation was 15 prism diopters or greater. The 15 prism diopter 

mark, which was the cutoff point determined by an ROC analysis of the CCS cohort in 

this study, is supported in the literature as the angle when both esotropia and exotropia 

are cosmetically recognized (Larson et al., 2003; Reinecke et al., 1991; Weissberg et al., 

2004). Intuitively, it makes sense that those diagnosed with larger deviations would be 

more likely to be aware of their strabismus, as larger deviations would be more apparent 



to the individual as well as others around him or her. A limitation of this study is that the 

largest deviation measurement in prism diopters was used for the analysis whether at near 

or distance, with or without optical correction. The reasoning behind this approach was 

that individuals look at themselves from all angles, and with and without glasses or 

contact lenses. However, perhaps a standard distance should have been used such as the 

near measurement used by Jackson and colleagues (2006), or the distance measurement 

as used by Nelson and colleagues (2008) (Jackson et al., 2006; Nelson et al., 2008).  

 

Similarly, constancy of deviation has a large impact on the accuracy of self-reported 

strabismus. As anticipated, participants with a manifest or constant deviations were more 

aware of their affected status (50% of cases) than those with a phoric or latent deviation 

(5% of cases). By definition, latent deviations would be less symptomatic as they are 

rarely or never present, compared to those with manifest deviations that are constantly 

present. The psychosocial literature helps explain why those with manifest and large 

angle strabismus may more accurately self-report their strabismus. Studies have shown 

that these individuals are more likely to have cosmetically noticeable strabismus and are 

more likely to encounter bias in society. The emotional impact associated with this bias 

would likely result in greater recall, even in those who may no longer manifest 

strabismus. Even those were treated for amblyopia as a child may self-report more 

accurately, as amblyopia treatment alone has been found to affect self-esteem and create 

distress (Hrisos, Clarke, & Wright, 2004; Koklanis, Abel, & Aroni, 2006). 

 



Sixteen participants (2.4 %) reported that they were uncertain whether or not they had 

strabismus. Of these, 31.2% had CCS, while another 12.5% had a SAC.  The remaining 

56.2% were unaffected. It is possible that the unaffected participants who self-reported 

strabismus (or were uncertain) may have “outgrown” their strabismus and thus were no 

longer suffering from strabismus symptoms including the psychosocial bias. However, 

those who were affected with CCS or a SAC on orthoptic examination may have only 

suspected that they had a condition but never had this confirmed by a health care 

professional. For this reason perhaps they were reluctant to report ‘yes’ when asked if 

they had strabismus or a SAC.  

 

4.4  PREVALENCE OF STRABISMUS AND REDUCED STEREOACUITY 

 

The prevalence of strabismus in family members in the present study was 20.1%. This is 

comparable to what has been found in other studies of familial strabismus, which have 

ranged from 9% in first-degree relatives (Hu, 1987) to 30-40% if one or both parents are 

affected (Richter (1967) cited in (Young & Khazaeni, 2005)). Additionally, the 

prevalence of decreased stereopsis in the present study was 21.5%. The prevalence of 

stereopsis has been measured in few studies. Cantolino and von Noorden (1969) reported 

a rate of ‘sensory and motor anomalies’ of 54% and microstrabismus of 7.6% in the 

family members of patients with microstrabismus (Cantolino & Von Noorden, 1969). 

Scott and colleagues found a prevalence of microstrabismus of 9% in families of patients 

with congenital esotropia (Scott et al., 1994). 

 



CCS was diagnosed in significantly more males (26.4%) than females (16.5%), despite 

males being less aware that they have strabismus. Studies investigating the prevalence or 

genetics of strabismus do not report prevalence based on sex, though some studies report 

on sex differences in specific strabismus subtypes. Donnelly and colleagues (2005) 

observed that male participants had a higher prevalence of fully and partially 

accommodative esotropia as well as astigmatic anisometropia than their female 

counterparts. However, the female participants were more likely to be diagnosed with 

exotropia or intermittent exotropia (Donnelly, Stewart, & Hollinger, 2005). The finding 

that intermittent exotropia was more prevalent in females was also reported by Nusz and 

colleagues (2005). Though an X-linked dominant inheritance pattern would explain why 

nearly twice as many females were affected as males, the authors recognized that such a 

simple inheritance pattern is highly unlikely, and could only be considered if other factors 

such as lyonization, incomplete penetrance, or environmental influence on the genes 

involved. Nusz et al. considered the unlikely possibility that the increased female 

prevalence was observed because parents sought out treatment more frequently for their 

daughters than for their sons (Nusz, Mohney, & Diehl, 2005).  

 

In a study of patients with congenital esotropia and their parents, Scott and colleagues 

found that fathers had primary monofixation syndrome more often than mothers (12% 

versus 1.5%, respectively), while mothers had esotropia more often than fathers (12% 

versus 6%, respectively). They postulated that perhaps a higher number of abnormal 

genes were needed in the male than in the female to produce esotropia, while fewer genes 

were required to cause monofixation syndrome (Scott et al., 1994).  The association 



between strabismus and decreased stereopsis or monofixation syndrome in family 

members has not been noted in any other studies investigating the genetic cause of 

strabismus. Population and clinic based studies have had mixed data on sex differences in 

strabismus. It may be of interest for further study to examine whether any sex bias occurs 

in familial strabismus, particularly whether any difference occurs regarding specific types 

of strabismus. 

 

4.5  STUDY LIMITATIONS 

 

4.5.1  Population 

 

The study population for the present study was not representative of the general 

population. To discover disease-associated genes, populations enriched with 

characteristics of the disease are frequently recruited (Antoniou & Easton, 2003). The 

present study is a subset of the Genetics of CCS Study, in which at the minimum, one 

family member by definition had CCS or a SAC, and thus introduced bias into the study 

population. In order to be enrolled, participants were required to have a family member 

diagnosed and currently being treated for strabismus or an associated condition, by a 

pediatric ophthalmologist. This biased the study population in two ways. First, it is 

expected that these family members would have more knowledge of strabismus than the 

general population and therefore might be more aware of their own status. Second, there 

is an increased prevalence of strabismus in our population as participants all had a 

positive family history. This means that our participants were more likely to have 



strabismus than the general population, and also more likely to be aware that they had 

strabismus. Beyond the Genetics of CCS Study these results will be informative for any 

similar populations assembled for genetic or clinical research in strabismus. However, it 

should be cautioned that these results cannot be applied to the general population.  

 

4.5.2  Questionnaire 

 

The questionnaire used reflected questions typically used during a clinical encounter and 

as such was not validated. This questionnaire primarily identified those with strabismus. 

Questions were asked about related conditions such as amblyopia and refractive errors, 

however, specific questions such as “do you have difficulty with depth perception” or “do 

you have reduced depth perception” were not asked. Though questions regarding 

binocularity and stereoacuity may be difficult to answer, these questions should be added 

to future questionnaires in order to fairly evaluate participant knowledge of these 

functions or characteristics. Perhaps careful wording to determine whether there is an 

actual problem with the binocular perception of depth versus fine or gross motor delays 

and incorporating questions about 3D technology may be helpful. 

 

In many cases it was clear either that both parents completed the questionnaire together 

or that only one parent was available. However it was not always clear which parent 

completed the questionnaire, or if both parents contributed to the answers. Future 

questionnaires should also include the relationship of all individuals who contributed to 

completing the questionnaire.  



 

This study has led to modifications and additions to the Genetics of CCS questionnaire.  

 

4.5.3  Ophthalmic examination 

 

A complete ophthalmic examination was not administered as part of the Genetics of CCS 

Study. In its place a brief orthoptic examination was used to screen for and diagnose 

strabismus. It is possible that by only completing sensorimotor exams, an ocular disease 

unknown to the participants could be secondarily causing strabismus or a SAC. This risk 

of this is low, and was considered acceptable to the study design. Though the orthoptic 

examination administered by experienced clinical orthoptists was considered the gold 

standard, there is a chance that strabismus could have been misclassified in some cases.  

 

4.5.4  Refractive status 

 

The most common problem encountered at the ophthalmic examinations was that 

participants who wore glasses did not have their glasses with them, and those wearing 

contact lenses were unaware of the strength of their lenses. Additionally, several 

participants had undergone refractive or cataract surgery, in which case we were unable 

to determine their original refractive status. This may have lead to under-coding of 

refractive conditions such as high hyperopia or anisometropia. 

 



Autorefractions were completed for ease and speed as well as to attract as many 

participants as possible. Cycloplegic refractions (or cycloplegic autorefractions) would 

have been ideal, as recent research has shown that there is a significant difference 

between cycloplegic and manifest autorefractions up to the age of 20 years (Kearns et al., 

2010). However, there are several reasons why this was not feasible in this study. First, 

the instillation of drops is administered under the order of a pediatric ophthalmologist, 

and would have to be scheduled accordingly. Second, an additional time commitment 

would be required to allow for pupil dilation and recovery. This additional time, plus the 

added inconvenience of cycloplegia, would have dissuaded many participants from 

taking part in the research or of the eye exams. Lastly, although manifest autorefraction 

may miss some cases of hyperopia, patients who developed strabismus, amblyopia, or 

reduced stereopsis as a result of microstrabismus would have been detected by other 

testing.  

 

4.5.5  Stereoacuity 

 

The best attempt was made to achieve the highest level of stereoacuity in each 

participant. Proper illumination and optical correction was in place, and additional plus 

lenses were provided in an effort to improve reduced stereoacuity in participants with 

presbyopia. A strict age cut-off was not used to determine what was age appropriate 

decreased stereopsis. Instead, clinical judgment was used to determine whether children 

truly had decreased stereopsis, or whether they simply were not capable of performing 



the test. The preference was to code as accurately as possible in children, but under-

coding was preferred rather than over-coding decreased stereopsis.  

 

4.6  FUTURE STUDIES 

 

The present study identified a number of factors that influence the accuracy of self-

reported strabismus. An increased sample size would allow for analysis of additional 

subpopulations and provide the power to detect smaller – but perhaps significant – 

differences between groups. Future studies that include questions referencing stereoacuity 

would improve the evaluation of participant understanding of SACs. Additional questions 

that examine participant knowledge of strabismus and the emotional impact of diagnosis 

may also be considered for future studies. Lastly, this study attempted to only identify the 

question of whether participants are aware that they have strabismus or an associated 

condition, but the accuracy a specific type of strabismus or condition was not examined. 

Future studies could build on this study and answer whether participants are aware of 

their form of strabismus. 

 

4.7  CONCLUSIONS 

 

The Strabismus Self-Reporting Accuracy Study investigates a condition that has an early 

onset and whose subtle forms are not always detected (Campbell & Charney, 1991; 

Larson et al., 2003; Weissberg et al., 2004). Though many studies of strabismus rely on 

self-report, the results of this study suggest that self-reports should not be utilized for 



research that requires precise quantification of strabismus or strabismus associated 

conditions. If self-reported status must be used, increases in sample size of orders of 

magnitude will be required to attain similar statistical power. Therefore, any study 

investigating the genetic contributors to strabismus should include clinical examinations 

of all participants in order to achieve the most accurate data set. 
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Strabismus and genetics 
 
Strabismus (“crossed” or “wandering” eyes)
is a misalignment of the eyes that affects 2-
4% of the population. Strabismus causes
loss of binocular vision and amblyopia
(vision loss in a structurally normal eye),
which if not treated early in life, may
eventually lead to blindness.   
 
Researchers at Children’s Hospital Boston
are investigating the causes of strabismus
by identifying genetic variations that are
associated with its occurrence. We hope that
this study will lead to a better understanding
of strabismus and to new forms of diagnosis
and treatment. 
 
 
Who is eligible to participate? 
 
Families seen in the Department of
Ophthalmology at Children’s Hospital Boston
who have at least one family member
diagnosed with strabismus or a condition
known to be associated with strabismus
(such as amblyopia or farsightedness) are
eligible to participate.  
 
When possible, we would like to enroll the
entire family.  We would like to enroll the
siblings and parents of eligible patients.  If
more than one family member has any of
these conditions, we would like to enroll
other relatives as well. 
 
 

Participation 
 
Participation in the study entails a one-
time visit, which can be combined with
a regular clinic visit to the Department
of Ophthalmology at Children’s
Hospital Boston or can be arranged at
an independent time. Medical
information and DNA samples obtained
will be accessible only by researchers
working on this project. 
 
 
Cost/time commitment 
 
Enrollment will take approximately 1
hour.  There is no fee to participate in
this study, and as a token of our
appreciation each family will receive
either $10 of Children’s Hospital
Boston Café food vouchers or a
Children’s Hospital Boston parking
voucher. 
 
 
What will we do? 
 
We will obtain your family’s informed
consent and medical/family history. 
 
We will perform eye examinations and
video recordings of previously
unexamined family members. 
 
We will obtain a blood sample (about 2
tablespoons) or saliva from which we
will later isolate genetic material (DNA). 
 

Results 
 
In this ongoing study, we are comparing
the genetic makeup and medical
information from different families to
determine which genetic factors play a
role in strabismus.  We hope this work will
enhance the identification of individuals at
risk, improve our ability to detect and
prevent amblyopia and loss of binocular
vision, and provide insight into the causes
of strabismus.  
 
Since this is a research study, individual
results will not be reported to families.
However, families are encouraged to call
or e-mail at any time to ask about the
overall progress of this research.  If
desired, we would also notify participants
if relevant genetic testing becomes
available. 
 
 
Confidentiality 
 
Results obtained from this study are
confidential and are not placed in the
medical records of participating children
or their families.  Medical information and
DNA samples obtained will be accessible
only by researchers working on this
project.  Only at the participant’s request
would we make this information available
to others. 
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APPENDIX F: CHILDREN’S HOSPITAL BOSTON DEPARTMENT OF 

OPHTHALMOLOGY CLINICAL EXAMINATION FORM  

REVIEW

Children's Hospital Boston
Department of Ophthalmology Affix label or fill in Name, History #, and Date of exam:

Linda R. Dagi, MD Anne B. Fulton, MD David G. Hunter, MD, PhD

Sonia Sethee, OD

Kathryn B. Miller, OD

Rober

Carolyn Wu, MD

t A. Petersen, MD Ri

Other: 

chard M. Robb, MD Lois E. H. Smith, MD, PhD

Deborah K. VanderVeen, MD

REASON FOR VISIT Accompanied by: Father Mother Other:

INITIAL VISIT REFERRED BY: Assistant:
or CHIEF COMPLAINT: last name

RETURN VISIT: _____________ days / wks / mos / yrs later / post-op AGE: ________ years, ________ months

for follow-up of:

HISTORY OF PRESENT ILLNESS: No changes since last visit PAST OCULAR HISTORY:

BIRTH HISTORY: (pediatric patients):

MEDICATIONS: None

ALLERGIES: None known

No problems with pregnancy, delivery, or perinatal period

PAST MEDICAL HISTORY:
No significant illnesses or operations

SOCIAL HISTORY:

OF SYSTEMS:
Other systems including constitutional, ears, nose, mouth, and
throat, cardiovascular, respiratory, gastrointestinal, genitourinary,
musculoskeletal, integumentary, neurologic, psychiatric,
endocrine, hematologic, and allergic are reported normal or
unchanged from the previous exam unless otherwise noted or
as indicated on the questionnaire. 

FAMILY HISTORY:
Unremarkable for strabismus, amblyopia, or other eye disease

MAJOR FINDINGS MENTAL STATUS: Alert and cooperative

VISUAL ACUITY: Sn HOTV ATS LEA AC PLT Letters Symbols WEARING: Sphere Cyl Axis Prism, READING ADD

OD: OD: OD: OD: x

OS: OS: OS:
S: xsc: cc: PH:

OU: OU: OU:

MANIFEST REFRACTION

DYNAMIC RETINOSCOPY:

Sphere Cyl Axis

Rapid, complete, and steady OU

OD: x 20/

OS: x 20/

SENSORIMOTOR EVALUATION: Detailed exam ordered because of the complexity of the case. Performed by: SENSORY TESTING

FIXATION: DEVIATIONS: No shift at distance or near last name

y:F

Attempted, but unable to evaluate

risb Lang: +  –Dist: Fuses RE LE Alt Reflexes centered PATTERN:

   +  – Fly (3000 sec arc)Near: Fuses RE LE Alt RE fixing:______(Comitant)______LE fixing: No significant A or V pattern

Animals: Randot circles:Titmus:NYSTAGMUS:

__/3 ____/10_____/9None Dsc:

400 400 50800 80___________________________________

200 200 40400 60

100 140 30200 50DUCTIONS: Full OU Dcc:

100 25140 40VERSIONS: Comitant OU ___________________________________

70 20100

Random Dot E at ___m
Nsc:

___________________________________ W4D: Dist. Stereo:

D: __/4 circles
Ncc: N: 240

___________________________________ 180

Ncc with 120
+3.00 sph: 60

Vect. alt.letters

LANCASTER RED-GREEN TEST: (separate sheet) fuses, suppress OD OS

SENSORIMOTOR IMPRESSION: HEAD TILT TEST:

NPC:
Vergences:

Double Maddox rods: Normal 20 pd BO test

Current Therapy: None

Patching: RE LE ____ hours per day, _____ days/week

Penalization: 1% atropine RE LE qD qOD _____ days/week

V WN

150681   Pkg/500   6/03

CYCLOPLEGIC REFRACTION:
Sphere Cyl Axis

OD: x 20/

OS: x 20/

OS:



Children's Hospital Boston
Department of Ophthalmology

Office visit (Page 2)

EXTERNAL EXAM

Dye disappearance test:

No tilt or turn

Ptosis evaluation

Orbits and lacrimal systems normal

OD OS

No ptosis

IPF:

MRD:

PUPILS: Normal size, shape, and reactivity OU

K cover:

No afferent pupillary defect OU

LF s F

c F

SLIT LAMP EXAM: Normal cornea, anterior chamber,

LI:

and lens by hand light OU

Shape:

CORNEA

White and quiet OUCONJUNCTIVA:

: Normal tear film, epithelium, stroma, OU

ANTERIOR CHAMBER: Normal depth, no cells or flare OU

IRIS: Normal, color_____

:LENS Clear, with normal capsule, cortex, and nucleus OU

ANT. VITREOUS: Clear

INTRAOCULAR PRESSURE (tactile) : normal OU

VISUAL FIELDS:

Full to confrontation, each eye
Attempted, but unable to evaluate

Attempted, but unable to evaluate
( applanation / Tonopen ) :

Perimetry performed (separate sheet)

RE: _______ LE: _______

Dilation: Time:________

Cyclomydril PE 2.5%             Tropicamide 1%Cyclogyl 1% Spray

POSTERIOR SEGMENT ( undilated / dilated ) :
Disc, nerve fiber layer, macula, vessels, and posterior pole normal OU

Fundi

Fundus torsion: OD: extorsion intorsion Photos taken
No abnormal torsion OU OS: extorsion intorsion

ASSESSMENTS / DIAGNOSES: PROCEDURES / PLANS:

Follow-up:

Resident Physician (Sign and Print Name):
I have personally confirmed the pertinent elements of the above history

and examination and discussed the findings and plans with the patient.

Dictated

Exceptions: Signature (attending physician):

No Dictation

Dilation

No Dilation

Color vision

OD:____

OS:____

Amsler Grid

Affix label or fill in Name, History #, and Date of exam:

Wnl       OU
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