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Abstract

Purpose—To determine the validity of the validate the adult patient-reported outcome measure 

tools, the Michigan Retinal Degeneration Questionnaire (MRDQ) and Michigan Vision-Related 

Anxiety Questionnaire (MVAQ), in adolescent patients with inherited retinal diseases (IRDs).

Methods—Ninety-one adolescent patients diagnosed with IRDs were recruited at the Hospital 

for Sick Children (University of Toronto) and the Kellogg Eye Center (University of Michigan). 

The patients were administered the MRDQ, MVAQ, and Patient Health Questionnaire-4 (PHQ-4). 

Test-retest variability was assessed in eighteen patients within 14 days of the initial administration. 

Adolescent responses were analyzed for validity and reliability. As a further validation step, 
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comparisons were made to adult data from the original MRDQ and MVAQ studies to ensure 

consistency in response ranges.

Results—The existing MRDQ and MVAQ content and format could accurately detect the impact 

of IRD on activities of daily living in adolescents with IRDs. No floor/ceiling effects were 

identified, test-retest reliability was established (r = 0.73–0.86), and no items were excluded after 

differential item functioning analysis. Domain and trait associations with visual acuity and IRD 

phenotypes were similar between adolescents and adults.

Conclusions—The MRDQ and MVAQ are psychometrically validated questionnaires for which 

we have shown validity for use in adolescent patients with IRDs.

INTRODUCTION

Inherited retinal diseases (IRDs) refer to a diverse group of rare hereditary diseases with 

photoreceptor malfunction that can lead to blindness (1). IRDs are genetically heterogeneous 

and show variability in the severity of signs and symptoms, such as photophobia and 

nyctalopia. The visual impairment of patients with IRDs is most often silent and invisible, 

even though these changes impact patients’ daily lives and their ability to perform activities 

of daily living (2–4). These challenges and health outcomes meaningful to patients with 

IRDs are not captured by routine ophthalmic clinical tests, which are primarily retinal 

functional and structural tests (5–7). This requires the development of patient-reported 

outcome measures (PROMs); questionnaires that assess the preferred health needs and 

outcomes of patients (7–9). PROMs provide an important insight into the impact of a 

condition on patient experience, translating to a meaningful assessment that optimizes 

clinician decision-making (2,7,10). This could involve measuring the impact of IRDs on 

a patient’s activities of daily living (11–13), which could then be used to best interpret 

outcomes (2).

Over the years, several PROMs were developed to assess for meaningful changes in 

vision; however, until recently, the tools available were not developed or validated for 

patients with IRDs (2,5). Only recently was a set of IRD-specific tools designed for adult 

patients: the Michigan Retinal Degeneration Questionnaire (MRDQ) (3) and Michigan 

Vision-Related Anxiety Questionnaire (MVAQ) (4). PROMs like the MRDQ and MVAQ 

are becoming critical for patients with IRDs, given challenges to the recent U.S. Food and 

Drug Administration (FDA), European Medical Agency, and Health Canada approvals of 

novel therapies such as gene replacement therapy for the RPE65-related IRD and the many 

other upcoming therapeutic trials for IRDs (1). MRDQ and MVAQ assess the impact of 

an IRD on adult patients’ daily activities. However, many IRDs manifest in childhood and, 

therefore, most amenable to gene therapy treatment also in childhood. There remains a great 

unmet need to develop PROMs tailored to pediatric patients with IRDs (1,9).

Considering the original development of MRDQ and MVAQ included 18-year-old patients 

with IRD, the present study aims to determine if these tools are valid PROMs for adolescent 

patients. While children and adults have different experiences with their conditions (14), we 

hypothesize that the MRDQ and MVAQ can be used as patient-reported outcome measures 

(PROMs) in adolescents with inherited retinal disorders (IRDs) because of the similarities in 
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the functional vision-related difficulties and limitations between adolescents and adults with 

IRDs (15–17). Novel PROMs for children are being created in a separate study. As with the 

development of the MRDQ and MVAQ, these tools were validated in accordance with FDA 

guidelines (10,18) and addressed a critical unmet need in clinical practice and research.

METHODS

This study was jointly approved by the Institutional Review Boards of the Hospital for 

Sick Children (HSC), Toronto, Ontario, and the University of Michigan (UM), Ann Arbor, 

Michigan. Informed consent and informed assent were obtained as required by the local 

institutions. All research procedures respected the tenets of the Declaration of Helsinki.

Participants

Adolescent patients (aged 13 to <18 years) with IRD were recruited between March and 

December 2021 at two collaborative sites: the Department of Ophthalmology and Vision 

Sciences (HSC, Toronto) and Kellogg Eye Center (UM, Michigan). Participants at HSC 

were recruited during their routine clinic visits or from the Fighting Blindness Canada 

(FBC) patient registry (19), which provides information for patients with IRDs, either 

consented by the patient or their caregivers. Patients at Kellogg Eye Center were identified 

by searching the electronic medical records for patients with IRDs. Potential participants 

were then sent invitation letters, including the consent form, and were later contacted by 

telephone.

Inclusion criteria were adolescents aged 13 to <18 years with an IRD diagnosis per 

clinical evaluation by a fellowship-trained IRD specialist. Information collected included 

age, sex, full-field electroretinogram (ERG), retinal imaging (optical coherence tomography 

and fundus autofluorescence), widefield perimetry, and genetic testing results from CLIA-

approved laboratories when available. According to established guidelines, participants’ 

phenotypes (hereafter “IRD phenotype”) were classified as rod-cone dystrophy, cone/cone-

rod dystrophy, or macular dystrophy (20). Of note, transsynaptic-retinal dystrophies (X-

linked retinoschisis and X-linked congenital stationary night blindness) were included in 

the above three phenotypes based on ERG amplitude evaluation and categorization. Patients 

were excluded if they had insufficient command of the English language, were unable to 

complete the PROM according to the judgment of their caregivers, or had an impairment 

that affected their ability to understand and provide informed assent.

Interview Protocols

The Michigan Retinal Degeneration Questionnaire (MRDQ) measures the impact of visual 

disability on activities of daily living in patients with IRDs (3). The questionnaire consists of 

59 Likert-scaled items spanning seven scored domains: Central Vision (11 questions), Color 

Vision (4 questions), Contrast Sensitivity (7 questions), Scotopic Function (12 questions), 

Photopic Peripheral Vision (9 questions), Mesopic Peripheral Vision (9 questions), 

and Photosensitivity (7 questions). The Michigan Vision-Related Anxiety Questionnaire 

(MVAQ) assesses the patient’s psychosocial well-being associated with their IRD condition 

(4). This tool consists of 14 Likert-scaled items spanning two separately scored domains: 
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Rod Function Anxiety (6 questions) and Cone Function Anxiety (8 questions). The MRDQ 

and MVAQ contain maintained appropriate language for the adolescent population, as 

evidenced by a Flesch-Kincaid reading score of 8 for participants 13 and up (21,22). This 

was reaffirmed by administering both tools to an independent set of unaffected adolescents 

(n=5) to verify the relevance and comprehensibility of items to their age group prior to the 

larger study. Items from the MRDQ and MVAQ are detailed in Lacy et al. (3) and Lacy et al. 

(4), respectively.

In addition to the MRDQ and MVAQ, the participants completed the shortened version of 

the Patient Health Questionnaire (PHQ-4), a validated tool for detecting clinical depression 

and anxiety that is widely used and designed to minimize respondent burden. The PHQ-4 

questionnaire provides a total score of 0–12 and two subscales: depression (0–6) and anxiety 

(0–6) (23,24).

This study occurred during the COVID-19 pandemic, and adaptations were made to the 

methodology to minimize infection risk. The MRDQ and MVAQ were administered verbally 

by research assistants in-person, over the phone, or on the institution-provided ZOOM 

(Zoom Video Communications, Inc., San Jose, CA, USA) video call. Subjects had the option 

to complete a second administration 14 days following their initial interview to assess the 

test-retest variability of the two patient-reported outcome measures. If the visual acuity 

had not been assessed within six months before the first interview, it was measured using 

one of three teleophthalmic visual acuity tests based on patient preference and access to 

devices (laptop/tablet, android phone, or iOS phone): Freiburg Vision Test (‘FrACT’, http://

michaelbach.de/fract/) (25), Verana Vision Test (Verana Health, NYC, NY, USA) (26), or 

Peek Acuity (Peek Vision Ltd, Berkhamstead, England, UK) (27).

Data Analysis

Analysis was conducted in R (4.1.2, R Foundation for Statistical Computing, Vienna, 

Austria). Patient responses were input to the existing MRDQ and MVAQ graded response 

models to calculate nine domain scores. Results from this study were then compared 

to the findings in the original adult patient with IRDs cohort used for the creation and 

psychometric validation of MRDQ and MVAQ (3,4).

Graded response model—Building the MRDQ and MVAQ models is detailed 

previously (3,4). Briefly, graded response models were built using Cai’s Metropolis-

Hastings Robbins-Monro algorithm (28), implemented in the R (version 3.6.3) package 

mirt.(29) A graded response model gives each person one parameter score (θ) that quantifies 

their visual disability (for MRDQ) or vision-related anxiety (for MVAQ). The scales were 

created with a mean of 0 and a variance of 1 from the original adult population. Higher 

person scores indicate greater disability or anxiety in relation to IRD. These models were 

used to score the adolescent responses (3,4).

Performance by measure domain—The presence of floor or ceiling effects was 

investigated for each domain of the MRDQ and MVAQ to establish whether the 

questionnaires were properly centered, ensuring the domain’s ability to capture different 

levels of visual disability and vision-related anxiety within the IRD population.
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Test-retest variability—Test-retest reliability was quantified for each domain using the 

Pearson correlation between participants’ scores on the first and second tests, the mean 

change between administrations, and the estimated standard deviation (SD) of measurement 

error (30). The measurement error SD estimate is based on the bias-corrected Bland-Altman 

difference scores method, and confidence intervals (CI) were computed by jackknife 

resampling (31).

Differential item functioning—Differential item functioning (DIF) was investigated to 

determine whether responses to an item depended on a covariate after controlling for overall 

disability or anxiety. DIF was independently investigated for each of the 73 items (59 

MRDQ and 14 MVAQ) and each of 7 covariates: logMAR corrected visual acuity in the 

better eye (logMAR BE) and worse eye (logMAR WE), age, sex, administration site (HSC 

and UM), IRD phenotype (rod-cone, cone/cone-rod, and macular dystrophy), and total 

PHQ-4 scores (0–12 scale). Multiple linear regression was used for each item and covariate 

combination to quantify the correlation between the mean response to the item and the 

covariate, controlling for the domain score. The P value of the coefficient of the covariate 

was used to judge DIF. Only item/covariate combinations with a P < .001 were reported due 

to the many comparisons that were conducted.

Domain and trait associations—Patient covariates were summarized by counts and 

percentages or medians and ranges. The proportion of missing data was summarized 

for each item. Coefficients of determination quantified correlation between domains and 

covariates. Domain correlations with covariates were assessed by simple linear models: 

regression for continuous covariates and ANOVA for categorical covariates. The following 

traits were investigated for known-group validity: logMAR BE, logMAR WE, age (13 to 

<18 years), sex, administration site (HSC and UM), and IRD phenotype (rod-cone, cone/

cone-rod, and macular dystrophy). Comparing domain scores between different phenotypes 

was done as a test of instrument validity.

Patient Health Questionnaire-4 and Michigan Vision-Related Anxiety Questionnaire 
association.: After completing the MVAQ, participants were asked items from the validated 

PHQ-4 to assess symptoms of depression and anxiety (23,24). Responses were compared 

with MVAQ using linear regression to establish convergent validity.

Comparison to adults with inherited retinal diseases—Results from the univariate 

analyses of domain and trait associations in adolescents were compared to those from 

adults who had participated in the original validation studies (Supplementary Material 1) 

(3,4). Additionally, nine (one for each scale) multivariable regression models were used to 

assess the equality of associations between the MRDQ/MVAQ domains and visual acuity 

(logMAR BE), age, sex, and IRD phenotype in adults and adolescents using interaction 

terms. Differences in coefficients (adolescent minus adult) are reported with 95% confidence 

intervals.
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RESULTS

Participants

Ninety-one adolescent patients with clinically diagnosed IRDs were administered 

the MRDQ and MVAQ (Supplementary Material 2). Participants took, on average, 

approximately 13 minutes to complete the MRDQ and 4 minutes to complete the MVAQ. 

The sample consisted of 51 males (56%), and the ages ranged from 13 to 17.9 years 

(mean 16.0) years old. Forty-seven (51.6%) presented with a rod-cone dystrophy phenotype, 

while 33 (36.3%) and 11 (12.1%) presented with cone/cone-rod and macular dystrophy 

phenotypes, respectively. Seventy-nine patients had conclusive genetic testing available 

(Supplementary Material 3).

Data Analysis

All items considered for analysis were answered by 97% of participants on average. 

Questions deemed not applicable by the participants were considered unanswered. No items 

were removed, and no domains were adapted in the analysis.

Performance by measure domain—The presence of floor or ceiling effects was not 

identified from any domain score (θ) distributions for the MRDQ and MVAQ (Figure 1).

Test-retest variability—Eighteen subjects from the initial sample participated in a 

second administration to measure test-retest reliability. There was low variability observed 

in the mean change in patient responses across repeat administrations of both PROMs 

obtained in 12–15 days across all domains. The MRDQ’s and MVAQ’s Pearson correlations 

between the first and second administrations exceed 0.7, the average changes in θ between 

administrations are less than 0.2, and the SDs of measurement error are less than <0.34 

(Table 1). All values are comparable to the initial adult studies (3,4).

Differential item functioning—DIF was not found in any item for covariates, such as 

age, sex, and site. Five items were significantly correlated with visual acuity (MRDQ items 

26 and 29 from the Scotopic Function domain, item 30 from the Mesopic Peripheral Vision 

domain, and items 2 and 3 from the MVAQ Cone Function Anxiety domain), and two items 

(MRDQ items 29 and 30) were associated with IRD phenotype (rod-cone, cone/cone-rod, or 

macular dystrophy). No items were removed or domains adapted.

Domain and trait associations—The correlations between domain scores (θ) and 

patients’ clinical characteristics (logMAR BE, logMAR WE, age, sex, IRD phenotype) are 

summarized in Table 2. The Central Vision domain had a statistically significant positive 

correlation with logMAR BE and logMAR WE but not with the IRD phenotype. The Color 

Vision, Contrast Sensitivity, Scotopic Function, Photopic Peripheral Vision, and Mesopic 

Peripheral Vision domains had statistically significant positive correlations with logMAR 

BE, logMAR WE, and IRD phenotype.

Patient Health Questionnaire-4 and Michigan Vision-Related Anxiety Questionnaire 
association.: A statistically significant relationship was observed between each of the 
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two domains of anxiety (Rod Function Anxiety and Cone Function Anxiety) and PHQ-4 

screening scores in adolescents (Table 3). A positive linear correlation was observed 

between PHQ-4 total scores and both Rod Function Anxiety (R2 = 11.8%, P = .001) and 

Cone Function Anxiety (R2 = 9.7%, P = .003).

Comparison to adults with inherited retinal diseases—Univariate analyses were 

performed to identify the presence of an association between the PROM’s domains and each 

covariate (Table 2). The association between the Central Vision domain and the logMAR 

BE differed statistically between adults and adolescents (P = .049), as did the association 

between age and the Cone Function Anxiety domain (P = .029), the association between the 

Color Vision domain and sex (P = .009), and the association between the Mesopic Peripheral 

domain and IRD phenotype (P = .024). However, when controlling for variables altogether 

in the multivariate analysis, there were no differences (P > .05) found between adults 

and adolescents when comparing domain and trait associations (Table 4). Supplementary 

Material 4 shows the relationship of domain scores (θ) of each MRDQ/MVAQ domain with 

logMAR BE, sex, and IRD phenotype (rod-cone, cone/cone-rod, and macular dystrophy) 

between adolescents and adults upon multivariate analysis (3,4).

DISCUSSION

Considering the growing number of novel therapeutic opportunities being assessed, there 

is an urgent need for tailored PROMs to assess the impact of IRD on the daily living of 

affected adolescents. As such, this study validated the MRDQ and MVAQ as useful PROMs 

for adolescent patients with IRD. This new knowledge addresses a pressing need as IRDs 

are most often of early onset, and there are no other tailored tools currently available for this 

group.

The strength of the MRDQ and MVAQ is that the validation in adolescents was performed 

using a graded response model (GRM)––this was built in the original studies (3,4). Unlike 

a Rasch model, which requires uniform item discrimination, a GRM accounts for variance 

and distribution of patient responses when fitting the model. Further, the MRDQ and MVAQ 

provided response scales anchored in a contextual meaning rather than a simple numerical 

Likert scale, which provided to establish consistency across the population and over time.

The GRM analysis gives an overall person score (θ), the numerical equivalent of an 

individual’s ability or disability in a domain/trait. With scores captured from each domain 

of MRDQ and MVAQ, participants’ responses underwent rigorous testing against different 

validity and reliability guidelines to establish their suitability in adolescent patients with 

IRDs. Importantly, the tools’ performance in adolescents did not show any floor or 

ceiling effects, therefore showing a sufficient ability to capture the range of vision-related 

disabilities (MRDQ) and vision-related anxieties (MVAQ) in adolescent patients with IRDs. 

Additionally, both tools (domain correlations with covariates) performed similarly in the 

adolescent participants and the adults who participated in the original validation of MRDQ 

and MVAQ (3,4).
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The MRDQ and MVAQ domain test-retest reliability measurements were very similar 

in adolescent patients compared to the previously published results in adult patients 

(3,4). Verifying test-retest reliability in adolescents was an essential metric for validating 

functional outcome measures in the IRD populations, as it allows interpretation of change in 

a given functional ability over time in the setting of a clinical trial or natural history study 

(2). The test-retest variability of adolescents is comparable to that of adults with IRDs (3,4).

Correlations between domain scores and clinical characteristics were found in adolescents 

with IRDs. Of note, visual acuity only modestly correlated with different domains (Table 

2), highlighting that each domain measures a form of functional vision beyond visual 

acuity and foveal function per se (32). Furthermore, differential item functioning measures 

confirms that individual items in each domain of these PROMs are not specifically affected 

by covariates such as age and sex. Upon multivariate analysis, no differences were found 

for any domain regarding their trait associations between adolescents and the previously 

studied adult cohort (3,4), further supporting that MRDQ and MVAQ are suitable for use in 

adolescents with IRDs.

The traits measured by MVAQ agreed with symptoms of clinical depression and anxiety in 

adolescents. This was verified through correlations identified between MVAQ and PHQ-4 

scores, confirming convergent validity. Furthermore, this correlation was also found in the 

adult population utilized for the original validation of MVAQ (4).

There are a few limitations to the study. This study was conducted during the 

COVID-19 pandemic, which challenged recruitment and forced remote assessment. As most 

participants preferred to be assessed remotely, different visual acuity assessment tools had 

to be used based on the accessibility of devices by the patients. Additionally, participants 

were provided a choice from different modes of test administration (i.e., in-person, over 

the phone, or on the institution-provided Zoom). A minor limitation is our cohort did not 

include all genetic subtypes of IRDs; however, it reflects the general distribution of clinical 

phenotypes for a group of diseases classified as orphan diseases (20,33). It is worth noting 

that the macular dystrophy group had a small sample size (n=11) compared to the other IRD 

phenotypes, which is consistent with the typical distribution of IRD phenotypes.

The domain/trait correlations for MRDQ and MVAQ in adolescents were similar to those 

previously published in adults (3,4). Although adolescents and the previously studied adults 

evaluated were at different stages of their disease process, the domains of MRDQ and 

MVAQ capture the degree of disability and distress in both groups. Hence, these two tools 

can be used to longitudinally track the self-reported impact of visual disability and vision-

related anxiety into adulthood without the difficulty of having different scoring systems.

In summary, there is an urgent need for to integrate adolescent IRD patients’ perspectives 

and preferences into their care alongside measuring their vision function and structure 

(7,11–13). Adolescence is a stressful physical, social, and emotional transition period, which 

an IRD diagnosis and progressive vision loss can significantly impact. As most IRDs are 

of early onset, adolescence seems to be a strategic period to initiate a potential therapy. 

Understanding the impact of an IRD on the patient’s activities of daily living and distress 
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using tools such as the MRDQ and MVAQ can assist eye care providers in optimizing 

the management of their patient’s needs and better understanding of response to any 

intervention. The MRDQ and MVAQ are now validated to reliably assess for vision-related 

disability and IRD-related distress in adolescents with IRDs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of domain (θ) scores in adolescents.
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Table 1.

Test-Retest Variability of Domain Scores (θ)

Domain (θ) Number of 
Questions

Initial Measurement Test-Retest (95% CI) (n = 18)

n Mean SD ρ Correlation Mean Change SD ME

Michigan Retinal Degeneration Questionnaire (MRDQ)

 Central Vision 11 91 −0.06 0.84 0.83 (0.59, 0.93) −0.13 (−0.27, 0.02) 0.20 (0.13, 0.28)

 Color Vision 4 91 0.02 1.01 0.74 (0.41, 0.90) 0.02 (−0.22, 0.26) 0.34 (0.21, 0.47)

 Contrast Sensitivity 7 91 −0.06 0.90 0.75 (0.43, 0.90) −0.17 (−0.38, 0.03) 0.29 (0.15, 0.43)

 Scotopic Function 12 90 −0.04 0.87 0.84 (0.62, 0.94) −0.05 (−0.25, 0.15) 0.29 (0.20, 0.38)

 Photopic Peripheral Vision 9 90 0.03 0.83 0.83 (0.58, 0.93) −0.16 (−0.33, 0.01) 0.24 (0.16, 0.33)

 Mesopic Peripheral Vision 9 90 −0.15 0.81 0.73 (0.40, 0.89) −0.05 (−0.27, 0.18) 0.32 (0.22, 0.42)

 Photosensitivity 7 90 −0.22 0.98 0.82 (0.57, 0.93) −0.04 (−0.24, 0.16) 0.29 (0.15, 0.43)

Michigan Vision-Related Anxiety Questionnaire (MVAQ)

 Rod Function Anxiety 6 89 0.02 0.58 0.78 (0.50, 0.92) 0.04 (−0.18, 0.26) 0.31 (0.13, 0.50)

 Cone Function Anxiety 8 90 0.17 0.81 0.86 (0.67, 0.95) −0.19 (−0.36, −0.02) 0.24 (0.13, 0.36)

95% CI = 95% confidence interval; ρ Correlation = Pearson correlation coefficient; SD ME = standard deviation of measurement error.

Three test-retest statistics (Pearson correlation, mean difference, and standard deviation of measurement error) and their 95% confidence intervals 
were computed from 18 pairs of tests taken approximately 2 weeks apart).
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Table 2.

Associations Between Domain Scores (θ) and Participant Characteristics Measured by Adjusted R2 with 95% 

Confidence Interval of the Linear Model and by the P Value of the F Test of no Association

Domain (θ) Visual Acuity 
in Better Eye 

(logMAR)

Visual Acuity 
in Worse Eye 

(logMAR)

Age Sex IRD Phenotype

R2 P Value R2 P Value R2 P Value R2 P Value R2 P Value

Michigan Retinal Degeneration Questionnaire (MRDQ)

 Central Vision 64.1 
(50.4, 
74.4)

<.001 60.4 
(46.0, 
71.6)

<.001 2.4 (0.0, 
12.1)

.100 3.6 (0, 
14.3)

.070 2.6 (0.0, 
11.1)

.310

 Color Vision 38.7 
(22.5, 
53.5)

<.001 32.8 
(17.2, 
48.3)

<.001 1.9 (0.0, 
11)

.200 8.5 (0.8, 
21.8)

<.010 1.2 (0.0, 
7.6)

.590

 Contrast 
Sensitivity

53.8 
(38.4, 
66.3)

<.001 50.2 
(34.4, 
63.4)

<.001 3.6 (0.0, 
14.3)

.070 8.0 (0.6, 
21.1)

<.010 1.5 (0.0, 
8.4)

.520

 Scotopic 
Function

22.5 (8.7, 
38.2)

<.001 18.9 (6.2, 
34.4)

<.001 0.1 (0.0, 
5.5)

.700 8.0 (0.6, 
21.2)

<.010 18.8 
(5.3, 
33.5)

<.001

 Photopic 
Peripheral Vision

41.1 
(24.8, 
55.8)

<.001 34.0 
(18.1, 
49.4)

<.001 2.6 (0.0, 
12.7)

.100 9.7 (1.2, 
23.6)

<.010 1.4 (0.0, 
8.2)

.550

 Mesopic 
Peripheral Vision

32.0 
(16.3, 
47.5)

<.001 27.1 
(12.2, 
42.8)

<.001 0.9 (0.0, 
8.6)

.400 4.8 (0.0, 
16.4)

.040 8.9 (0.2, 
21.4)

.020

 Photosensitivity 10.8 (1.7, 
24.9)

<.010 9.1 (1.0, 
22.8

<.010 0.1 (0.0, 
4.9)

.800 1.6 (0.0, 
10.5)

.230 4.9 (0.0, 
15.4)

.110

Michigan Vision-Related Anxiety Questionnaire (MVAQ)

 Rod Function 
Anxiety

7.3 (0.4, 
20.4)

.010 6.9 (0.3, 
19.8)

.010 2.2 (0.0, 
11.9)

.200 16.5 
(4.6, 
31.8)

<.001 7.9 (0.0, 
20)

.030

 Cone Function 
Anxiety

14.6 (3.5, 
29.5)

<.001 15.2 (3.9, 
30.3)

<.001 8 (0.0, 
21.3)

<.100 10.1 
(1.4, 24)

<.010 4.7 (0.0, 
15)

.120

IRD = inherited retinal disease.
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Table 3.

MVAQ Domain Score Correlations with PHQ-4

Rod Function Anxiety Cone Function Anxiety

PHQ-4 Domains R2 (Range) P Value R2 (Range) P Value

 Depression 5.0% (0.0%, 16.9%) 0.036 5.9% (0.0%, 18.3%) 0.023

 Anxiety 14.1% (3.2%, 29.2%) 0.000 9.4% (1.1%, 23.4%) 0.004

 Total 11.8% (2.0%, 26.3%) 0.001 9.7% (1.2%, 23.7%) 0.003

MVAQ = Michigan Vision-Related Anxiety Questionnaire; PHQ-4 = Patient Health Questionnaire-4.
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Table 4.

Multivariate Analysis for Differences of Beta Coefficients with 95% Confidence Intervals Between Adolescent 

and Adults

Domain (θ) Vision in Better 
Eye

Age Sex Macular vs Cone/
Cone-Rod Dystrophy

Rod-Cone vs Cone/
Cone-Rod Dystrophy

Michigan Retinal Degeneration Questionnaire (MRDQ)

 Central Vision 0.08 (−0.01, 0.17) −0.07 (−0.39, 
0.25)

0.07 (−0.44, 
0.57)

0.05 (−0.31, 0.41) −0.21 (−0.45, 0.04)

 Color Vision 0.10 (−0.01, 0.21) −0.43 (−0.84, 
−0.03)

−0.53 (−1.17, 
0.11)

−0.12 (−0.58, 0.34) 0.08 (−0.23, 0.39)

 Contrast Sensitivity 0.11 (0.00, 0.21) −0.15 (−0.54, 
0.24)

0.31 (−0.30, 
0.92)

0.16 (−0.28, 0.61) 0.11 (−0.19, 0.41)

 Scotopic Function 0.01 (−0.10, 0.12) 0.21 (−0.22, 
0.63)

0.76 (0.10, 1.43) 0.30 (−0.18, 0.78) 0.11 (−0.22, 0.43)

 Photopic Peripheral 
Vision

0.09 (−0.02, 0.19) −0.07 (−0.46, 
0.31)

0.19 (−0.42, 
0.80)

−0.32 (−0.76, 0.12) 0.11 (−0.19, 0.41)

 Mesopic Peripheral 
Vision

0.04 (−0.07, 0.15) 0.27 (−0.14, 
0.69)

0.68 (0.02, 1.33) 0.06 (−0.41, 0.53) 0.19 (−0.13, 0.51)

 Photosensitivity 0.02 (−0.11, 0.16) 0.23 (−0.27, 
0.74)

−0.11 (−0.91, 
0.69)

0.01 (−0.57, 0.59) 0.20 (−0.19, 0.59)

Michigan Vision-Related Anxiety Questionnaire (MVAQ)

 Rod Function Anxiety 0.06 (−0.05, 0.17) −0.02 (−0.44, 
0.39)

0.25 (−0.40, 
0.89)

−0.15 (−0.62, 0.32) −0.13 (−0.45, 0.18)

 Cone Function Anxiety 0.16 (0.05, 0.28) −0.17 (−0.61, 
0.26)

0.16 (−0.53, 
0.84)

0.17 (−0.32, 0.67) −0.06 (−0.40, 0.27)

Beta coefficients of adults were from participants of the original validation study (3,4).
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