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Purpose: Our purpose was to evaluate visual acuity in aniridia subjects and the more severely affected phenotype in WAGR 
syndrome subjects, and to assess potential impact on visual function.
Materials and Methods: This was a retrospective comparative study of 25 aniridia subjects with nonsense mutations of PAX6 (50 
eyes) and 25 WAGR syndrome subjects with large deletion mutations involving PAX6 (50 eyes). Aniridia subjects were age- and 
gender-matched with WAGR syndrome subjects in the Coordination of Rare Diseases at Sanford (CoRDS) database. Best-corrected 
ETDRS visual acuity measurements were converted to LogMAR visual acuity values, which were used to perform statistical analyses.
Results: The age and gender distribution of the subjects was not statistically significantly different. The mean LogMAR values in 
aniridia and WAGR syndrome subjects were 0.95±0.53 and 1.51±0.99, respectively (P<0.001). In the better-seeing eye, mean 
LogMAR values were 0.78±0.15 in aniridia subjects and 1.40±0.88 in WAGR syndrome subjects (P=0.001). The mean LogMAR 
values for the better-seeing eye corresponded to Snellen visual acuity of 20/125 in aniridia subjects and 20/500 in WAGR syndrome 
subjects. This average visual acuity was worse than the threshold for profound visual impairment (WHO criteria) and legal blindness 
(AAO criteria) in WAGR syndrome but not in aniridia subjects. In analysis of both eyes, the visual efficiency was 34% in aniridia 
subjects and 2% in WAGR syndrome subjects.
Conclusion: Visual acuity was significantly worse in WAGR subjects with multi-gene deletion mutations compared with aniridia 
subjects with nonsense mutations, which corresponded to differences in standard visual function thresholds. Our results suggest that 
visual acuity may indicate severity of ocular involvement and variability of phenotype in aniridia and WAGR syndrome.
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Introduction
Aniridia is a panocular congenital malformation of the eye featuring complete or partial iris hypoplasia and foveal 
hypoplasia, resulting in reduced visual acuity.1 Glaucoma, cataract and keratopathy also may occur in individuals 
affected with aniridia, which may be associated with further vision loss.2–5 Nearly all cases of aniridia are caused by 
mutation or deletion of the paired box 6 (PAX6) gene at 11p13, with resulting haploinsufficiency.6,7 Nonsense PAX6 
mutations were identified in about a third of sequence variants from aniridic families, which may be higher than other 
genetically mediated diseases.7 PAX6 is a critically important gene involved in ocular development, and mutations of 
PAX6 are associated with aniridia and other congenital anomalies of the eye.1,6,7 Wilms tumor, aniridia, genitourinary 
anomalies, and cognitive disability (WAGR) syndrome has been associated with large heterozygous genomic deletions at 
the 11p13 chromosome, which includes deletion of the PAX6 locus and the WT1 locus.8,9 Terminology change from 
WAGR syndrome to WAGR spectrum has been recommended to incorporate the wide variety of phenotypic variation and 
various common clinical issues that have been associated with this disorder.10

Visual acuity in aniridia is variable, ranging from logMAR 0.5–1.0 (Snellen equivalent 20/60 to 20/200) or worse.1,11 

Little is known about the factors that influence visual function in patients with aniridia due to mutations in PAX6, but the 
type of mutation (deletion, nonsense, missense, and other variants) may play a role.6 Visual acuity is an accepted metric 
for severity of ocular disease in many conditions, including diabetic retinopathy12 and age-related macular 
degeneration.13 Visual acuity is also used in determining level of visual impairment by the World Health Organization 
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(WHO), legal blindness by the American Academy of Ophthalmology (AAO), and disability by the United States Social 
Security Administration (SSA).14–16 Our hypothesis was that visual acuity may reflect disease severity in aniridia 
subjects and more severely-affected WAGR spectrum subjects. Our subjects included aniridia subjects with nonsense 
mutations within the PAX6 gene and WAGR spectrum subjects with multi-gene deletion mutations of the PAX6 gene and 
adjacent genes. In this study, our objective was to compare the visual acuity of aniridia subjects and WAGR spectrum 
subjects.

Patients and Methods
The study was approved by the University of Virginia Institutional Review Board (IRB) and performed according to 
tenets of the Declaration of Helsinki. In this retrospective comparative study, the requirement for consent was waived by 
the IRB because the information was recorded by the investigator in such a way that the identity of the subjects was not 
readily ascertained directly or through identifiers linked to the subjects, the investigator did not contact subjects, and the 
investigator did not re-identify subjects. Aniridia subjects with defined PAX6 mutations, as determined by PAX6 Gene 
Sequencing and Del/Dup Panel (GeneDx, Gaithersburg, MD), were identified in the electronic medical record at the 
University of Virginia Department of Ophthalmology. Subjects with congenital aniridia and nonsense mutations of PAX6 
were included in the study (traumatic causes of aniridia were excluded).

Visual acuity for these patients was obtained during clinic visits utilizing the Early Treatment Diabetic Retinopathy 
Study (ETDRS) standardized visual acuity testing chart.12 Visual acuity measurement were best-corrected visual acuity. 
Visual acuity for subjects old enough to perform subjective vision testing but not old enough to read the ETDRS chart 
were measured using the LEA vision chart for young children17 Subjects with aniridia and nonsense mutations that were 
not old enough to perform subjective vision testing were excluded from the study. Personal health information was de- 
identified to create the final data set used for the aniridia subjects.

Age- and gender-matched WAGR spectrum subjects were included from the Coordination of Rare Diseases at 
Sanford (CoRDS) database, which was developed in collaboration with the International WAGR Syndrome 
Association (IWSA).10 The CoRDS Registry allows participants with WAGR spectrum to enroll and provide information 
about a variety of health conditions, including visual acuity and ocular comorbidities. De-identified visual acuity data for 
WAGR spectrum subjects from their eye-care providers was obtained from the CoRDS Registry database.

Visual acuities (Snellen Visual Acuity) were converted to logMAR values and vice versa as described previously.18 

Visual acuity analyses were performed for both eyes, and the eyes with better or worse vision (if the vision was 
symmetric, the same value was entered for the better- and worse-vision analyses). Visual impairment was classified as 
moderate (20/70 to 20/160), severe (20/200 or worse) or profound (20/500 to 20/1000) according to World Health 
Organization (WHO) criteria.14 Legal blindness was classified as 20/200 or worse and/or 20 degrees or less of visual 
field, according to the American Academy of Ophthalmology criteria.15 Ability to read a Snellen Chart was based on 
a standard chart with range from 20/10 to 20/400. Visual efficiency for both eyes was determined as described previously, 
with a lower number for visual efficiency reflecting lower visual acuity.16 Thresholds for visual efficiency to qualify for 
disability vary in different states in the US from about 20–60%, but less than 20% visual efficiency would likely qualify 
for disability in all US states.

Groups were compared using the non-paired t-test, Fisher’s exact test, and the comparison of proportions (z) test. 
P values less than 0.05 were considered statistically significant. Data were collected and stored in compliance with Health 
Insurance Portability and Privacy Act (HIPPA) guidelines.

Results
One hundred eyes in 50 subjects were included in the study (Table 1), including 25 aniridia subjects (50 eyes) with 
nonsense mutations and 25 age- and gender-matched WAGR spectrum subjects (50 eyes) with deletion mutations. Three 
subjects with aniridia were excluded from the study because they could not perform subjective visual acuity testing due 
to young age. Most aniridia subjects were measured using ETDRS standardized visual acuity testing (23/25, 92%), while 
two subjects were measured using standardized LEA vision testing for young children (2/25, 8%). There was no 
significant difference in the gender distribution between groups (P = 0.571). The median age was 13 years in both 
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groups, while the mean age was 15.4 ± 11.6 and 16.8 ± 13.3 (P = 0.693) for the aniridia and WAGR spectrum subjects, 
respectively.

As shown in Table 2, the intragroup comparison of right and left eyes in aniridia compared with WAGR spectrum 
subjects was not significantly different (P = 0.287 and 0.526, respectively). Intergroup comparisons of right eyes (P = 
0.004) and left eyes (P = 0.035) in aniridia subjects compared with WAGR spectrum subjects were significantly different. 
The mean LogMAR vision was significantly different between the aniridia and WAGR spectrum subjects (P < 0.001). 
Intragroup comparison of the better- and worse-seeing eye was significantly different for aniridia subjects (P -= 0.022) 
but not for WAGR spectrum subjects. Intergroup comparison was significantly different for the better-seeing eye (P = 
0.001) but not the worse-seeing eye (P = 0.061) in the aniridia and WAGR spectrum subjects. In Figure 1, scatter plots 
show the separation of LogMAR values of the two groups, the spread of values in the aniridia group (greater asymmetry 
of values in the better- and worse-seeing eyes), and the generally worse vision in the WAGR spectrum group.

LogMAR values in aniridia subjects and WAGR spectrum subjects were converted to Snellen visual acuity values and 
evaluated using various vision function thresholds (Table 3). The values for better-seeing eye were used to determine the 
average vision impairment according to WHO criteria, which was moderate in aniridia subjects and profound in WAGR 
spectrum subjects. The average LogMAR values were at the level of legal blindness by AAO criteria for WAGR 
spectrum subjects but not for aniridia subjects. In WAGR spectrum subjects, 49/50 eyes (98%) met the criteria for serious 
visual impairment (WHO criteria) and legal blindness (AAO criteria). In contrast, in aniridia subjects, 11/50 eyes (22%) 
met the criteria for serious visual impairment and legal blindness (P < 0.001, compared with WAGR spectrum subjects).

Based on the average logMAR value converted to Snellen visual acuity, the average aniridia subject can be tested on 
a standard wall vision-testing chart, whereas the average WAGR subject likely cannot be tested. With both eyes tested 
individually, 92% of aniridia eyes and 70% of the WAGR eyes could read the standard wall vision-testing chart (P = 
0.011). With the better-seeing eye, all of the aniridia subjects (100%) and 72% of the WAGR subjects could read the 

Table 1 Characteristics of Aniridia and WAGR Spectrum Subjects

Aniridia WAGR Spectrum P value

Number of patients 25 25
Number of eyes 50 50

Gender, male/female, N (%) 13/12 (52/48) 10/15 (40/60) 0.571

Mean age ± SD, years 15.4 ± 11.6 16.8 ± 13.3 0.693
Median age (range), years 13 (2–41) 13 (2–50)

Nonsense mutation, N (%) 25 (100) 0 (0)
0.000

Large* deletion mutation, N (%) 0 (0) 25 (100)

Note: *Multi-gene.

Table 2 Visual Acuity in Aniridia and WAGR Spectrum Subjects

Aniridia WAGR Spectrum P value

Number of patients 25 25
Number of eyes 50 50

LogMAR OD* 0.87±0.25 1.42±0.87 0.004

LogMAR OS, mean ± SD 1.03±0.70 1.60±1.11 0.035
LogMAR eyes, mean ± SD 0.95±0.53 1.51±0.99 <0.001

LogMAR eyes, median (range) 0.9 (0.5–3.7) 1.2 (0.9–4.7)

LogMAR better eye† 0.78±0.15 1.40±0.88 0.001
LogMAR worse eye, mean ± SD 1.12±0.70 1.62±1.10 0.061

Median better eye (range) 0.8 (0.5–1.0) 1.1 (0.9–4.7)

Notes: *Intragroup comparisons of OD with OS were not statistically significantly different in aniridia (P = 
0.287) and WAGR syndrome (P = 0.526) subjects. †Intragroup comparisons of better-seeing eye with worse- 
seeing eye were statistically significantly different for aniridia subjects (P = 0.022) but not for WAGR spectrum 
subjects (P = 0.439).
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standard wall vision-testing chart (P = 0.014). Using both eyes for determination of visual efficiency, which is often used 
for disability determination, the average WAGR spectrum subject has lower visual efficiency and likely has greater vision 
disability compared with the average aniridia subject.

Discussion
Aniridia is a panocular congenital malformation resulting from mutation or deletion of the PAX6 gene with significant 
phenotypic variability. In WAGR spectrum, the phenotype of systemic involvement with Wilms tumor, genitourinary 
abnormalities, and other abnormalities is attributed to large, multi-gene deletion mutations that involves PAX6 and other 
genes adjacent to PAX6. In this study, we assessed the visual acuity in aniridia and WAGR spectrum subjects. We found 
that WAGR spectrum subjects had significantly worse visual acuity compared with aniridia subjects with ocular findings 
associated with nonsense mutations of PAX6. These visual acuity findings in our subjects corresponded to visual function 
thresholds that were worse in WAGR spectrum subjects compared with our aniridia subjects.

Figure 1 Scatter plots for LogMAR values in aniridia and WAGR spectrum subjects. (A) Values for both eyes in aniridia (N=50) and WAGR spectrum (N=50) subjects. (B) 
Values for the better-seeing eye in aniridia (N=25) and WAGR spectrum (N=25) subjects. (C) Values for the worse-seeing eye in aniridia (N=25) and WAGR spectrum 
(N=25) subjects. Heavy horizontal lines indicate the mean and lighter horizontal lines indicate the standard deviation for each group. The analyses of all eyes and better- 
seeing eyes comparing aniridia and WAGR spectrum subjects were statistically significantly different in both analyses. 
Abbreviations: BCVA, best-corrected visual acuity; WAGR, WAGR spectrum (syndrome) subjects.

Table 3 Average Visual Function Thresholds in Aniridia and WAGR Spectrum Subjects

Aniridia WAGR Spectrum

Mean LogMAR, better eye, mean ± SD 0.78 ± 0.15 1.40 ± 0.88
Mean Snellen vision, better eye 20/125 20/500

Visual impairment* Moderate Profound

Legal blindness† No Yes
Read wall chart in office** Yes No

Visual efficiency, both eyes‡ 34% 2%

Notes: *WHO criteria for visual impairment: moderate is 20/70-20/160, severe is 20/200 or worse, 
profound is 20/500-20/1000.14 †American Academy of Ophthalmology (AAO) criteria for legal blindness: 
20/200 or worse (and/or 20 degrees or less of VF).15 **Assumption that the wall chart is a Snellen Chart 
with range of 20/10 to 20/400. ‡Lower visual efficiency corresponds to lower acuity of both eyes. Thresholds 
for disability vary from state to state in the US, generally ranging from 20 to 60%. Visual efficiency less than 
20% would likely be considered a severe vision disability.16
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Due to the panocular abnormalities caused by PAX6 mutations and the phenotypic variability, genotype–phenotype 
associations in aniridia are difficult. In one study, the authors assigned a severity grade (mild, moderate, or severe) to 
each patient based on the extent of ocular anatomic changes, the occurrence of complications, and the degree of visual 
impairment.19 Patients with nonsense and C-terminal mutations had a more severe phenotype than those with missense 
mutations. Another study assigned severity of iris hypoplasia (mild or severe) and foveal hypoplasia (mild or severe), and 
included surgical history for cataract, glaucoma, and aniridia-related keratopathy.20 In this study, patients with missense 
mutations had a milder phenotype.20

When optical coherence tomography was used to grade foveal hypoplasia in patients with aniridia, more severe foveal 
hypoplasia occurred in patients with loss-of-function mutations (prematurely truncating nonsense, frameshift, C terminal 
extension variants, and whole- or partial-PAX6 coding sequence deletions), and less severe foveal hypoplasia in patients 
with mutations in the 3’ regulatory region without removing any PAX6 coding sequences.11 Patients with missense 
mutations exhibited variable grades of foveal hypoplasia depending on the location of the mutation.11 In our study, all 
subjects had clinical findings of foveal hypoplasia, although we did not stratify the subjects according to the optical 
coherence tomography grading of this anomaly. Vasilyeva and co-workers assessed genotype–phenotype correlations by 
assigning up to six characteristic features of aniridia to subjects with different mutations. In this study there was no 
statistical difference between patients with 11p13 rearrangements and those with nonsense mutations.21 Consistent with 
other studies, patients with mutations in the 3’ regulatory region had the mildest phenotype.21

These studies illustrate the challenges of finding metrics for assessing genotype–phenotype correlations for mutations 
in a single gene like PAX6.22 This challenge is compounded when trying to assess the impact on the eye of multi-gene 
deletions causal for WAGR spectrum compared to PAX6 mutations associated with aniridia. Genotype–phenotype 
correlations have been described for PAX6 mutations, WAGR syndrome, non-aniridia phenotypes, and other develop-
mental eye disorders.23 Visual acuity has been used as a metric for disease severity in a number of other ocular 
conditions. For diabetic retinopathy, change in visual acuity was a main outcome measure in ETDRS in assessing the 
effectiveness of interventions undertaken during the study.12 Visual acuity was also a main outcome measure in studies of 
treatment for exudative age-related macular degeneration.13,24 In our study, we compared visual acuity in ocular aniridia 
due to nonsense mutations with vision in WAGR spectrum associated with large deletion mutations. While vision may be 
reduced due to multiple variables, including foveal hypoplasia, amblyopia, cataract, glaucoma, and keratopathy,2,22 our 
findings suggest that visual acuity may be a simplified metric to assess the severity of ocular involvement and phenotypic 
variability in aniridia and its related conditions involving PAX6 mutation.

In this study, we identified statistically significant asymmetry of vision when we compared both eyes in our aniridia 
subjects, likely due to phenotypic variability and other variables in this group. Strabismus has been associated with 
aniridia in 31%2 and 40%25 of the subjects, suggesting that amblyopia could contribute to the asymmetry of vision in our 
aniridia subjects. In the WAGR subjects, there was a trend toward asymmetry, but the difference was not statistically 
significant, probably due to the generally worse vision in both eyes in this group. We used the better-seeing eye to 
determine the best vision for these subjects for comparison to standard vision function thresholds. We used both eyes to 
calculate visual efficiency, which is a metric used to assess overall vision function for disability determinations. We 
found that the average WAGR spectrum subject had lower visual efficiency values, which would likely qualify for severe 
visual disability in the United States.

The WHO and the United States Social Security Administration (SSA) use visual acuity to categorize the level of 
visual impairment and disability, with the financial burden of severe visual impairment reaching as high as $16.5 billion 
per year in the United States.26 A visual acuity threshold of logMAR 1.0 (20/200 equivalent) in the better-seeing eye is 
used to define “serious” vision impairment by WHO criteria and legal blindness in the United States by American 
Academy of Ophthalmology (AAO) criteria. In this study, the majority (98%) of subjects with WAGR spectrum and the 
minority of aniridia subjects (22%) met the criteria for serious visual impairment (WHO) and legal blindness (AAO), 
which was statistically significantly different (P<0.001). Jacobson, Mian, and Bohnsack found a higher proportion of 
aniridia patients with legal blindness at presentation (38%), perhaps due to inclusion of WAGR subjects and more 
heterogeneous mutations of PAX6 in their subjects.27 Our subjects with PAX6 deletions associated with WAGR spectrum 
disorder had worse visual efficiency values than aniridia subjects with nonsense mutations, with the majority of the 
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WAGR spectrum subjects likely qualifying for SSA disability based on the severity of the vision loss in both eyes 
combined.

Limitations of this study include potential for investigator bias in selection and review of subjects, which is a general 
problem in retrospective studies and was likely reduced by de-personalizing the data. The search of electronic records 
may not have identified all eligible subjects, and the number of patients may not have been sufficiently large to detect all 
differences between groups. We did not determine the causes of reduced vision, which may have been due to multiple 
variables, including foveal hypoplasia, strabismus, amblyopia, cataract, glaucoma, aniridic keratopathy, and other 
abnormalities. Further characterization of these potential causes of decreased visual acuity would be needed for 
genotype–phenotype correlations of ocular malformations in these subjects. While we did not assess cognitive function 
or impairment in this study, all subjects were able to perform visual acuity testing. Although we used standard metrics for 
visual function, we did not perform any individual functional testing or occupational testing in our subjects.

Conclusion
Visual acuity was significantly worse in WAGR spectrum subjects with multi-gene deletion mutations compared with 
aniridia subjects with nonsense mutations in PAX6. These differences in vision corresponded to differences in standard 
visual function thresholds including visual impairment, legal blindness, and visual efficiency, which were worse in 
WAGR spectrum subjects. Our results indicate that visual acuity reflects the severity of ocular disease and phenotypic 
variability in aniridia and WAGR spectrum disorder.

Disclosures
The authors have no potential conflicts of interest in this study.
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