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Purpose: Construct and validate a patient-reported outcome measure for screening and
monitoring vision-related anxiety in patients with inherited retinal degenerations.

Corresponding author: K. Thiran Jayasundera, MD, Retinal Dystrophy Clinic, Kellogg Eye Center, University of Michigan, 1000
Wall Street, Ann Arbor, MlI, 48105, thiran@med.umich.edu, Phone: (734) 232-8080, Fax: (734) 764-3906.

AUTHOR CREDIT STATEMENT

Gabrielle D. Lacy: Conceptualization, Methodology, Investigation, Writing, Visualization, Project administration. Maria Fernanda
Abalem: Conceptualization, Methodology, Investigation, Writing, Supervision, Project administration. Chris A. Andrews:
Methodology, Formal analysis, Investigation, Writing, Visualization. Rebhi Abuzaitoun: Investigation, Writing- Review & Editing.
Lilia T. Popova: Conceptualization, Investigation. Erin P. Santos: Conceptualization, Investigation. Gina Yu: Conceptualization,
Investigation. Hanan Y. Rakine: Conceptualization, Investigation. Natasha Baig: Conceptualization, Investigation. Joshua R.
Ehrlich: Conceptualization, Validation, Writing - Review & Editing. Abigail T. Fahim: Investigation, Resources. Kari H. Branham:
Investigation, Resources. Bonnielin K. Swenor: Validation, Writing - Review & Editing. Paul R. Lichter: Funding acquisition.
Writing- Review & Editing. Supervision. Gislin Dagnelie: Validation, Writing - Review & Editing. Joan A. Stelmack: Validation,
Writing - Review & Editing. David C. Musch: Conceptualization, Methodology, Validation, Writing - Review & Editing. K. Thiran
Jayasundera: Conceptualization, Methodology, Investigation, Resources, Writing, Supervision, Project administration, Funding
acquisition.

DISCLOSURE STATEMENT

The authors have no financial disclosures. This paper has not been published elsewhere.

Publisher's Disclaimer: This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a
cover page and metadata, and formatting for readability, but it is not yet the definitive version of record. This version will undergo
additional copyediting, typesetting and review before it is published in its final form, but we are providing this version to give early
visibility of the article. Please note that, during the production process, errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lacy et al. Page 2

Design: Item-response theory and graded response modeling to quantitatively validate
questionnaire items generated from qualitative interviews and patient feedback.

Methods: Patients at the Kellogg Eye Center (University of Michigan) with a clinical diagnosis
of an inherited retinal degeneration (n=128) participated in an interviewer-administered
questionnaire. The questionnaire consisted of 166 items, 26 of which pertained to concepts of
“worry” and “anxiety”. The subset of vision-related anxiety questions was analyzed by a graded
response model using Cai’s Metropolis-Hastings Robbins-Monro algorithm R (version 3.6.3) mirt
package. Item reduction was performed on the basis of item fit, item information, and item
discriminability. To assess test-retest variability, 25 participants completed the questionnaire a
second time 4-16 days later.

Results: The final questionnaire consisted of 14-items divided into two unidimensional domains:
rod-function and cone-function anxiety. The questionnaire exhibited convergent validity with the
Patient Health Questionnaire (PHQ-4) for symptoms of depression and anxiety. This vision-related
anxiety questionnaire has high marginal reliability (0.81, 0.83) and exhibits minimal test-retest
variability (p=0.81 (0.64, 0.91); 0.83 (0.68, 0.92)).

Conclusions: The Michigan Vision-related Anxiety Questionnaire (MVAQ) is a
psychometrically validated 14-item patient-reported outcome measure to be used as a psychosocial
screening and monitoring tool for patients with inherited retinal degenerations. It can be utilized in
therapeutic clinical trials for measuring the benefit of an investigational therapy on a patient’s
vision related anxiety.

Keywords

patient-reported outcomes; PROM; inherited retinal degeneration; retinal dystrophy; anxiety;
depression; mental health; gene therapy; questionnaire; Michigan Vision-Related Anxiety
Questionnaire; MVAQ

INTRODUCTION

Inherited retinal diseases (IRDs) are a diverse set of conditions caused by mutations in over
270 different genes identified to-datel. These conditions present with a wide range of
clinical phenotypes and unique symptomatology depending on the particular retinal
physiological pathways affected. These phenotypic patterns include: rod-cone, cone-rod,
cone, and macular dysfunction.

IRDs can often lead to severe vision impairment which may substantially impact
psychosocial aspects of a patient’s quality-of-life. Current literature suggests that visually
impaired populations suffer higher rates of depression, and are more likely to seek mental
healthcare23. Furthermore, as visual function declines, patients may experience worsening
symptoms of depression and anxiety*S.

Changes in mental health are noteworthy outcome measures that have been minimally
considered in IRD treatment. It is important for clinicians to understand vision-related
anxiety to better guide treatment. Obtaining patient reported outcomes (PROs) by means of
valid and reliable questionnaires are useful in measuring and monitoring changes in disease
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state based on a patient's perspective and experience. While some existing PRO measures
incorporate mood-related questions’-9, there is currently no sufficiently validated and
reliable tool to measure psychosocial changes related to IRD conditions and their affected
physiological pathways. Given the mixed phenotypes of IRDs, it is best to understand which
aspects of visual dysfunction are causing patients to experience challenges in daily life and
emotional well-being. There is an unmet need for a vision-related anxiety PRO instrument
for patients with IRDs that can be used as; 1) a screening tool for symptoms of mental health
decline, and 2) a monitoring tool for therapeutic interventions and low-vision rehabilitation.

This article describes in detail the results of a psychometric validation of the Michigan
Vision-Related Anxiety Questionnaire (MVAQ), a PRO instrument created in accordance
with U.S. Food and Drug Administration guidelines!® and capable of detecting
manifestations in psychosocial symptoms pertaining to an IRD condition. The application of
this tool is an opportunity to capture a previously unmeasured health outcome in a context
that is meaningful to a patient’s daily life.

METHODS

Approval from the University of Michigan Institutional Review Board (HUM00115127) was
obtained prior to the study and the research was performed in accordance with the
Declaration of Helsinki. Participants were all English-speakers, at least 18 years of age, and
able to provide informed consent. Participants were recruited during routine clinical visits
from December 2016-March 2020 at the Kellogg Eye Center (University of Michigan)
Retinal Dystrophy Clinic, and had a clinical diagnosis of an IRD that was confirmed by a
fellowship-trained specialist (KTJ, ATF). Participants with other ocular conditions affecting
visual function were excluded. Electronic health records were reviewed for pertinent clinical
data such as visual acuity, Goldmann visual field testing, full field electroretinography
(FFERG), spectral domain optical coherence tomography (SD-OCT), fundus auto
fluorescence, clinical examination, pedigree analysis and ophthalmic medical history.
Participants were not excluded on the basis of prescription medications, including anti-
depressants and/or anxiolytics.

Phase 1: Item generation

PRO content items were generated through a rigorous qualitative analysis of content
information obtained from in-depth patient interviews designed by a multidisciplinary group
of IRD care-providers. A preliminary questionnaire was developed and iterative revisions of
the questions and responses were based on patient feedback, as previously described!!. Of
the 166 drafted items, 26 items were designated as pertaining to “worry” or “anxiety”.

Phase 2: Administration

Participants were consented in-person at the Kellogg Eye Center. Each interview with the
166 originally drafted items ranged from 35-50 min and was verbally administered by a
research assistant. A subset of participants completed the questionnaire a second time 4-16
days later to assess test-retest variability in order to determine measurement error for
longitudinal studies.
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Phase 3: Psychometrics Analysis and Item reduction

Graded Response Model—Item Response Theory analysis for the MVAQ was
performed using a methodology similar to the development of the Michigan Retinal
Degeneration Questionnaire (MRDQ)12. Unidimensional domains were identified by factor
analysis and then fit to a Graded Response Model using Cai’s Metropolis-Hastings Robbins-
Monro algorithm®2 in R mirt packagel* (version 3.6.3). Patient-level vision anxiety is
represented by ©, which describes the latent trait measured by a singular domain. Within the
model, 6 scores are centered at zero where a higher person-score represents greater anxiety.
Each item within the model was evaluated for inclusion in a domain by analysis of Item
Probability Traces and Item Information Curves. Overall domain performance and ability to
discriminate person-level (6) anxiety were assessed using Test Information Curves, standard
error functions, and marginal reliabilities. Model fit was evaluated by Standardized Root
Mean Square Residual, Root Mean Square Error of Approximation, Comparative Fit Index,
Tucker-Lewis Index, and Cai and Monro’s C21°. The graded response models were
compared to Method of Successive Dichotomizations models with likelihood ratio
statistics16. After item-reduction, Differential Item Functioning analysis was conducted for
sex, age, visual acuity, IRD phenotype, Patient Health Questionnaire (PHQ-4) score, and use
of anti-depressant or anxiolytic medications. Likelihood ratio tests and Bonferroni-corrected
p-values were used to examine differential item functioning.

Domain & Trait Associations and Reliability—Participant characteristics including
corrected Snellen visual acuityl’, age, sex, and IRD phenotype were evaluated for
association with domain scores using bivariate linear models. Reliability was assessed via
Pearson correlations of test and retest scores and mean and standard deviation of domain
change scores between repeated test administrations (Bland-Altman analysis).

Patient Health Questionnaire-4 (PHQ-4) and Self-Rated Health—After completing
the preliminary questionnaire, participants were asked items from the validated PHQ-418.19
to assess symptoms of depression and anxiety. The four-item PHQ short form was selected
to minimize burden of subject fatigue. The PHQ-4 questionnaire gives a total score on a
0-12 point scale as well as two 0-6 point subscales: depression and anxiety. Additionally,
participants were asked two questions to self-rate their general health and quality of vision,
each on a 5-point Likert scale. Responses were compared to MVVAQ using one-way ANOVA
and linear regression.

RESULTS

Phase 1: Item generation

Fifty-five adult patients with IRDs were interviewed to generate content items targeting four
conceptual domains pertaining to visual function!!. Repeated patient feedback in the early
interviews revealed a need to address themes of worry and anxiety, which prompted the
generation of items targeting vision-related anxiety.
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Phase 2: Administration

One hundred and twenty-eight patients with IRDs were asked items pertaining to vision-
related anxiety in functional daily tasks. Participant characteristics are shown in Table 1.
Genetic testing results with a conclusive pathogenic variant were available for 77 patients.
The questionnaire was administered a second time for test-retest variation in 25 patients.

Phase 3: Psychometrics Analysis and Item reduction

Factor analysis revealed that the 26 items designated as “worry/anxiety” loaded on two
unidimensional vision-related anxiety domains: 1) rod function related anxiety, and 2) cone
function related anxiety. Six items were eliminated due to poor factor loading on either
domain. In the rod domain, three items were removed due to low information and poor item
probability trace performance. In the cone domain, two items were removed due to poor
conceptual fit and one item was removed for poor item information curve and item
probability trace performance. No items were removed due to differential item functioning.
Supplementary Table 1 shows the removed items.

Domain Score Associations and Reliability—Domain scores for rod function and
cone function related anxiety were significantly correlated with visual acuity in the better
eye (p=0.0128, p=0.0006), in the worse eye (p=0.0166, p=0.0019), and IRD phenotype (p=
0.0001, p=0.0198). For the two visual acuity measures, the associations were characterized
by more anxiety with poorer visual acuity. Given the heterogeneity of IRD phenotypes,
either rods or cones can be predominantly affected, in which some IRD conditions may
correlate more strongly with either MVVAQ domain. Patients with rod-cone dystrophies had
more rod-predominant anxiety than patients with macular dystrophies (p<0.001, Figure 1).
Patients with cone/cone-rod dystrophies had more cone-predominant anxiety than patients
with rod-cone dystrophies (p=0.005, Figure 1). Age and sex showed no significant
correlation with either domain score (Table 2). Twenty-four (18.8%) participants self-
reported taking anti-depressant and/or anxiolytic medications. When comparing repeat
administrations of the MVAQ, participants exhibited minimal change in MVVAQ domain
scores between repeated administrations. Test-retest reliability and Pearson’s correlations are
shown in Table 2.

Michigan Vision-related Anxiety Questionnaire (MVAQ)—After item-reduction, the
complete MVVAQ is a 14-item instrument with two domains, rod (6 items) and cone (8 items)
function-related anxiety. The final MVAQ items are presented in Table 3 along with graded
response model parameter estimates. Figure 2 contains, for each domain, a person-item map,
which describes the distribution of participant scores and item difficulty. See supplementary
materials for domain information and standard error (Supplementary Figure 1) and
eliminated items (Supplementary Figure 1).

PHQ-4 and Self-Rated Health—A statistically significant relationship was observed
between domain anxiety and PHQ-4 screening score (Table 4). A positive linear association
was observed between PHQ-4 total score and both rod-function (p=0.0013) and cone-
function (p=0.0035) anxiety. This trend remains when analyzing rod and cone function
relative to the PHQ-2 depression (p<0.001, p=0.0054) and GAD-2 anxiety (p=0.0233,
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p=0.0113) subscales of the PHQ-4. Furthermore, an association was observed between rod
and cone function domain anxiety and patient self-reported feelings about heath (p=0.012,
p=0.0154) and quality of vision (p<0.001, p<0.001).

DISCUSSION

In the era of emerging IRD therapeutics, the development of standardized, validated, and
reliable outcome measures is critically important2%. Previously, patients with IRDs had
minimal treatment options, but recent scientific progress has led to numerous therapeutics
under development, including novel gene therapies29-22. Furthermore, as critical evaluation
of potential therapeutics are required, investigators and clinicians must consider how
treatment efficacy can be measured in a way that is meaningful to patients’ daily lives23.

The MVAQ will add a new dimension by which providers can follow a previously
unmeasured potential signal of treatment efficacy. While those who care for patients with
IRDs recognize the psychosocial impact of IRDs, little attention has been paid to sound
measurement of this impact. There is good evidence that mental health challenges
disproportionately affect patients with visual impairment. Patients face greater stress, report
more symptoms of depression, and increased risk of suicide?4-28, The literature has already
demonstrated that psychosocial health can affect patient performance on visual function
testing such as visual field testing2®-31. Depression and poor mental/emotional health have
repeatedly been correlated with worse visual function, and in fact may be predictive of
poorer physical health in an IRD population®:°:32-36_ Fyrthermore, self-rated health has been
more strongly associated with quality of life than traditional clinical tests?37, suggesting that
a patient’s perception of their quality of vision may be more impactful on quality of life.
Previous literature has focused more on the effects of depression; while the specific role of
anxiety in visually-impaired populations is less well understood38. Clinicians and
investigators should consider these patient perspectives when designing and evaluating
treatment options.

Interventions that improve psychosocial outcomes are recognized and have been
documented in treatments for chronic pain3® and coronary artery disease?. In a meta-
analysis of psychosocial interventions for low-vision, a small effect was observed in
reducing depression, while no significant effect was observed in other psychosocial
symptoms*L. In studies of visual impairment in older populations, interventions such as
“self-management” techniques have shown efficacy in managing depressive symptoms?#2-44,
While improved vision through low-vision rehabilitation may relieve some psychosocial
symptoms, it is not clear if psychosocial changes in response to mental health interventions
or low-vision rehabilitation can be reliably measured**. Existing studies suggest that certain
patient-level factors such as positive coping strategies and social support are associated with
better psychosocial health while other factors such as age and negative life experiences are
associated with risk of “vision-related distress” 27:36:45-49 | addition to these
sociodemographic factors, understanding the underlying vision pathways that influence
vision-related anxiety can lead to further targeted psychosocial interventions.

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.
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The National Eye Institute Visual Function Questionnaire-25° (NEI VFQ-25), Vision
Quality of Life Index (VisQoL)7-%0, Impact of Vision Impairment (IV1)°1:52 and EuroQol
EQ-5D (EQ-5D)3:4 are widely used and validated PRO measures, that have been employed
to monitor and evaluate patients>>-60, While some have attempted to address different facets
of psychosocial well-being, they were not developed for the application to an IRD
population. As such, these existing PRO measures may not be sensitive to detect a change in
low-vision IRD populations undergoing therapeutic or rehabilitative interventions?3:44,
Furthermore, the NEI VFQ-25 and VisQoL include emotional well-being questions within
the overall questionnaire, but do not address the specific anxiety constructs identified in our
IRD population. While the IVI has an independent emotional well-being domain and has
been modified to become a sample-independent PRO measure®?, the VI domain addresses
emotions of daily life and does not inform the underlying retinal pathologic pathway leading
to the emotional distress.

PRO item banks developed by Prem-Senthil and colleagues are well constructed via both
qualitative and quantitative techniques, and targeted to the hereditary retinal disease
population82-64, However, to our knowledge, these Hereditary Retinal Disease Item Banks
do not specify the visual/retinal pathophysiological pathway relating to responses in
emotional well-being. Understanding and measuring anxiety of patients in cone-related and
rod-related anxiety axes enables better targeting of interventions and measurement of
efficacy of the interventions. While vision-related anxiety might be predominant in either the
rod or cone axes, all IRD patients should be evaluated for both rod and cone-related anxiety.

The MVAQ’s development followed U.S. Food and Drug Administration recommendations,
its patient-generated content, and its strong psychometric properties, are all encouraging
features that contribute to its applicability as an IRD psychosocial outcome instrument.
Despite the recent popularity of Rasch methodology in item response theory analysis, a
graded response model was determined to be a more appropriate item response theory model
given its flexibility to incorporate items without the need for uniform item
discimination85-68, When a polytomous Rasch model was compared to a graded response
model, the more restrictive Method of Successive Dichotomization model was rejected for
each domain. The graded response model is a recognized method by the PROMIS
initiative9 and has already been employed in ophthalmology PRO measures®:67.70,

An important new feature of the MVAQ is its ability to relate psychosocial reports to a
retinal physiologic pathway. Furthermore, the MVVAQ disability scores exhibit correlations
with VA, phenotype, and self-reported feelings. Other PRO measures ask about a patient’s
feelings or concerns, but their responses cannot be linked to the pathologic defect underlying
their visual impairment. In contrast, the MVAQ allows a clinician to map the concerns of the
patient into an actionable area for improvement. As opposed to knowing that a patient
experiences “fear” or “worry”, with the MVVAQ a clinician can identify whether a patient’s
rod dysfunction is the predominant cause of their anxiety, and recommend accommodations
to their living setting and vision-related activities to address these specific anxiety-provoking
situations. These findings serve to alert providers to other sources of anxiety that may have
previously been overlooked.
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The Patient Health Questionnaire (PHQ-4) is an established metric for assessing symptoms
of depression and anxiety which has been validated and in-use in low vision populations
19,48,71-76 The correlation of MVAQ with the PHQ-4 demonstrate the MVAQ’s convergent
validity and suggest that the latent traits measured in the MVAQ are related to symptoms of
clinical depression and generalized anxiety. As already documented, patients with low vision
and IRDs are at increased risk for poor mental health, quality of life, and suicide2425.26,
IRD specialists are often a patient’s consistent point of contact with the healthcare system;
yet in a survey of eye care providers, “absence of standard procedures”, “limited
knowledge”, and “lack of training” were the most commonly reported barriers to addressing

depression in patients with visual impairment’”.

There were still several limitations in the validation of the MVAQ. The study was performed
at an academic institution and in a largely white, non-Hispanic population. This survey
should be validated in other more diverse populations with distinct cultures and languages in
order to establish its generalizability. The current PRO is limited to the adult population and
future efforts should be directed towards developing a similar tool for the pediatric
population. Even with 14 items and five response choices interrogating anxiety, there was a
bimodal distribution of rod and cone vision-related anxiety measured by theta scores. As
would be expected, patients with rod-cone dystrophy had more rod-related anxiety and
patients with cone/cone-rod dystrophy had more cone-related anxiety.

Proposed comprehensive care models have emphasized a multidisciplinary approach to
include genetic counseling and psychosocial resources’8-80, With additional training for eye
care providers, commonplace psychosocial screenings during ophthalmic visits can be an
opportunity for mental health outreach and a means to connect patients with resources for
care and support8. Furthermore, MVAQ allows for a new dimension of patient-partnered
care in which psychosocial concerns are better understood by IRD providers. This provides a
tool to bridge the understanding and provide a more holistic form of patient care. To solve
the unmet need in IRD care and research, the MVAQ is available as a screening tool, and
with further longitudinal evaluation, the MVVAQ can be used as a monitoring tool.

CONCLUSION

The current study demonstrates psychometric validation of items pertaining to vision related
anxiety in patients with IRDs and collectively form the MVAQ. The MVAQ measures
vision-related anxiety due to dysfunction in either a predominantly cone pathway or a rod
pathway. It can be used as a screening tool to direct the attention of a clinician to counseling
and psychosocial interventions, as well as to measure baseline and follow-up vision related
anxiety for targeted low vision rehabilitation and psychotherapy. Finally, the MVAQ may
also be incorporated in therapeutic clinical trials to understand the benefit of a novel
therapeutic intervention for reducing a patient’s vision-related anxiety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lacy et al.

Page 9

ACKNOWLEDGEMENTS

Michigan Vision-related Anxiety Questionnaire is copyrighted material of the University of Michigan. All rights
reserved. For licensing information, contact the University of Michigan Technology Transfer Office at

techtransfer@umich.edu. The authors would like to thank Lindsay Godsey, Adam R. Holmes, Milan K. Patel, and

Naheed W. Khan for their contributions to this work.

FUNDING SOURCES

This research was supported by the National Institute of Health grants TL1TR002242 (GDL), K23EY 027848

(JRE), K12EYY022299 (ATF), and K23EY026985 (KTJ).

REFERENCES

1. Daiger S, Rossiter B, Greenberg J, Christoffels A, Hide W. Data services and software for
identifying genes and mutations causing retinal degeneration 1998; 39:5295:https://sph.uth.edu/
RetNet/, 2020.

2. Zhang X, Bullard KM, Cotch MF, et al. Association between depression and functional vision loss
in persons 20 years of age or older in the United States, NHANES 2005-2008. JAMA Ophthalmol.
2013;131(5):573-581. [PubMed: 23471505]

3. Cumberland PM, Rahi JS. Visual Function, Social Position, and Health and Life Chances: The UK
Biobank Study. JAMA Ophthalmol. 2016;134(9):959-966. [PubMed: 27466983]

4. Chaumet-Riffaud AE, Chaumet-Riffaud P, Cariou A, et al. Impact of Retinitis Pigmentosa on
Quality of Life, Mental Health, and Employment Among Young Adults. Am J Ophthalmol.
2017;177:169-174. [PubMed: 28237413]

5. Hahm BJ, Shin YW, Shim EJ, et al. Depression and the vision-related quality of life in patients with
retinitis pigmentosa. The British Journal of Ophthalmology. 2008;92(5):650-654. [PubMed:
18356260]

6. Azoulay L, Chaumet-Riffaud P, Jaron S, et al. Threshold levels of visual field and acuity loss related
to significant decreases in the quality of life and emotional states of patients with retinitis
pigmentosa. Ophthalmic Res. 2015;54(2):78-84. [PubMed: 26228470]

7. Misajon R, Hawthorne G, Richardson J, et al. Vision and quality of life: the development of a utility
measure. Invest Ophthalmol Vis Sci. 2005;46(11):4007-4015. [PubMed: 16249474]

8. Weih LM, Hassell JB, Keeffe J. Assessment of the impact of vision impairment. Invest Ophthalmol
Vis Sci. 2002;43(4):927-935. [PubMed: 11923230]

9. Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD. Development of the 25-item
National Eye Institute Visual Function Questionnaire. Arch Ophthalmol. 2001;119(7):1050-1058.
[PubMed: 11448327]

10. U.S. Department of Health and Human Services FaDA, Center for Drug Evaluation and Research
(CDER), Center for Biologics Evaluation and Research (CBER), Center for Devices and
Radiological Health (CDRH). Guidance for Industry. Patient-reported outcome measures: Use in
medical product development to support labeling claims. 2009; http://www.fda.gov/downloads/
Drugs/Guidances/UCM193282.pdf. Accessed August 10, 2020.

11. Lacy GD, Abalem MF, Popova LT, et al. Content generation for patient-reported outcome measures
for retinal degeneration therapeutic trials. Ophthalmic genetics. 2020:1-10.

12. Lacy GD, Abalem MF, Andrews CA, et al. The Michigan Retinal Degeneration Questionnaire: A
Patient Reported Outcomes Instrument for Inherited Retinal Degenerations. Am J Ophthalmol.
2020;In press.

13. Cai L High-dimensional Exploratory Item Factor Analysis by A Metropolis—Hastings Robbins—
Monro Algorithm. Psychometrika. 2010;75(1):33-57.

14. Chalmers RP. mirt: A Multidimensional Item Response Theory Package for the R Environment.
Journal of Statistical Software; Wo/1, /ssue6 (2012). 2012.

15. Monroe S, Cai L. Evaluating Structural Equation Models for Categorical Outcomes: A New Test
Statistic and a Practical Challenge of Interpretation. Multivariate Behav Res. 2015;50(6):569-583.
[PubMed: 26717119]

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.


https://sph.uth.edu/RetNet/
https://sph.uth.edu/RetNet/
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/Guidances/UCM193282.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lacy et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 10

Bradley C, Massof RW. Method of successive dichotomizations: An improved method for
estimating measures of latent variables from rating scale data. PloS one. 2018;13(10):0206106.
[PubMed: 30335832]

Holladay JT. Visual acuity measurements. J Cataract Refract Surg. 2004;30(2):287-290. [PubMed:
15030802]

Kroenke K, Spitzer RL, Williams JB, Lowe B. An ultra-brief screening scale for anxiety and
depression: the PHQ-4. Psychosomatics. 2009;50(6):613-621. [PubMed: 19996233]

Lowe B, Wahl I, Rose M, et al. A 4-item measure of depression and anxiety: validation and
standardization of the Patient Health Questionnaire-4 (PHQ-4) in the general population. J Affect
Disord. 2010;122(1-2):86-95. [PubMed: 19616305]

Thompson DA, Ali RR, Banin E, et al. Advancing therapeutic strategies for inherited retinal
degeneration: recommendations from the Monaciano Symposium. Invest Ophthalmol Vis Sci.
2015;56(2):918-931. [PubMed: 25667399]

Duncan JL, Pierce EA, Laster AM, et al. Inherited Retinal Degenerations: Current Landscape and
Knowledge Gaps. Translational vision science & technology. 2018;7(4):6.

Ziccardi L, Cordeddu V, Gaddini L, et al. Gene Therapy in Retinal Dystrophies. Int J Mol Sci.
2019;20(22).

Lacy GD, Abalem MF, Musch DC, Jayasundera KT. Patient-reported outcome measures in
inherited retinal degeneration gene therapy trials. Ophthalmic Genet. 2020;41(1):1-6. [PubMed:
32100594]

Kim S, Shin DW, An AR, et al. Mental health of people with retinitis pigmentosa. Optom Vis Sci.
2013;90(5):488-493. [PubMed: 23563443]

Lam BL, Christ SL, Lee DJ, Zheng DD, Arheart KL. Reported visual impairment and risk of
suicide: the 1986-1996 national health interview surveys. Arch Ophthalmol. 2008;126(7):975-980.
[PubMed: 18625946]

Johnson T, Rovner B, Haller J. Suicide and visual loss: a case report reflecting the need for
recognition and management in ophthalmological settings. Semin Ophthalmol. 2014;29(4):202—
204. [PubMed: 24702438]

Bittner AK, Edwards L, George M. Coping strategies to manage stress related to vision loss and
fluctuations in retinitis pigmentosa. Optometry. 2010;81(9):461-468. [PubMed: 20591747]
Bittner AK, Haythornthwaite JA, Diener-West M, Dagnelie G. Photopsias are related in part to
perceived stress and positive mood in retinitis pigmentosa. Eye (Lond). 2012;26(1):101-108.
[PubMed: 21997359]

Bittner AK, Haythornthwaite JA, Diener-West M, Dagnelie G. Worse-than-usual visual fields
measured in retinitis pigmentosa related to episodically decreased general health. The British
Journal of Ophthalmology. 2013;97(2):145-148. [PubMed: 23212205]

Bittner AK, Ibrahim MA, Haythornthwaite JA, Diener-West M, Dagnelie G. Vision test variability
in retinitis pigmentosa and psychosocial factors. Optom Vis Sci. 2011;88(12):1496-1506.
[PubMed: 21946786]

Bittner AK, Iftikhar MH, Dagnelie G. Test-retest, within-visit variability of Goldmann visual fields
in retinitis pigmentosa. Invest Ophthalmol Vis Sci.2011;52(11):8042—-8046. [PubMed: 21896857]
Burstedt MS, Monestam E, Sandgren O. Associations between specific measures of vision and
vision-related quality of life in patients with bothnia dystrophy, a defined type of retinitis
pigmentosa. Retina (Philadelphia, Pa). 2005;25(3):317-323.

Chacon-Lopez H, Pelayo FJ, Lopez-Justicia MD, et al. Visual training and emotional state of
people with retinitis pigmentosa. J Rehabil Res Dev. 2013;50(8):1157-1168. [PubMed: 24458902]
Papadopoulos K, Montgomery AJ, Chronopoulou E. The impact of visual impairments in self-
esteem and locus of control. Res Dev Disabil. 2013;34(12):4565-4570. [PubMed: 24176255]
Grant P, Seiple W, Szlyk JP. Effect of depression on actual and perceived effects of reading
rehabilitation for people with central vision loss. J Rehabil Res Dev. 2011;48(9):1101-1108.
[PubMed: 22234714]

Dean G, Orford A, Staines R, McGee A, Smith KJ. Psychosocial well-being and health-related
quality of life in a UK population with Usher syndrome. BMJ Open. 2017;7(1):e013261.

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lacy et al.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 11

Jampel HD, Frick KD, Janz NK, et al. Depression and mood indicators in newly diagnosed
glaucoma patients. Am J Ophthalmol. 2007;144(2):238-244. [PubMed: 17560843]

Kempen GIJM, Zijlstra GAR. Clinically Relevant Symptoms of Anxiety and Depression in Low-
Vision Community-Living Older Adults. The American Journal of Geriatric Psychiatry.
2014;22(3):309-313. [PubMed: 23567435]

Sturgeon JA. Psychological therapies for the management of chronic pain. Psychol Res Behav
Manag. 2014;7:115-124. [PubMed: 24748826]

Richards SH, Anderson L, Jenkinson CE, et al. Psychological interventions for coronary heart
disease. Cochrane Database Syst Rev. 2017;4(4):Cd002902. [PubMed: 28452408]

van der Aa HPA, Margrain TH, van Rens GHMB, Heymans MW, van Nispen RMA. Psychosocial
interventions to improve mental health in adults with vision impairment: systematic review and
meta-analysis. Ophthalmic Physiol Opt. 2016;36(5):584-606. [PubMed: 27580757]

Girdler SJ, Boldy DP, Dhaliwal SS, Crowley M, Packer TL. Vision self-management for older
adults: a randomised controlled trial. The British Journal of Ophthalmology. 2010;94(2):223-228.
[PubMed: 20139291]

Lee L, Packer TL, Tang SH, Girdler S. Self-management education programs for age-related
macular degeneration: a systematic review. Australas J Ageing. 2008;27(4):170-176. [PubMed:
19032617]

Binns AM, Bunce C, Dickinson C, et al. How Effective is Low Vision Service Provision? A
Systematic Review. Survey of ophthalmology. 2012;57(1):34-65. [PubMed: 22018676]

Anil K, Garip G. Coping strategies, vision-related quality of life, and emotional health in managing
retinitis pigmentosa: a survey study. BMC Ophthalmology. 2018;18(1):21. [PubMed: 29378559]
Papadopoulos K, Papakonstantinou D, Montgomery A, Solomou A. Social support and depression
of adults with visual impairments. Res Dev Disabil. 2014;35(7):1734-1741. [PubMed: 24679546]
Senra H, Barbosa F, Ferreira P, et al. Psychologic Adjustment to Irreversible Vision Loss in Adults:
A Systematic Review. Ophthalmology. 2015;122(4):851-861. [PubMed: 25573719]

Rees G, Tee HW, Marella M, Fenwick E, Dirani M, Lamoureux EL. Vision-Specific Distress and
Depressive Symptoms in People with Vision Impairment. Investigative Ophthalmology & Visual
Science. 2010;51(6):2891-2896. [PubMed: 20164466]

Rees G, Xie J, Holloway EE, et al. Identifying distinct risk factors for vision-specific distress and
depressive symptoms in people with vision impairment. Invest Ophthalmol Vis Sci.
2013;54(12):7431-7438. [PubMed: 24150757]

Peacock S, Misajon R, lezzi A, Richardson J, Hawthorne G, Keeffe J. Vision and quality of life:
development of methods for the VisQoL vision-related utility instrument. Ophthalmic Epidemiol.
2008;15(4):218-223. [PubMed: 18780254]

Keeffe JE, Lam D, Cheung A, Dinh T, McCarty CA. Impact of vision impairment on functioning.
Australian and New Zealand journal of ophthalmology. 1998;26 Suppl 1:516-18. [PubMed:
9685012]

Lamoureux EL, Pallant JF, Pesudovs K, Hassell JB, Keeffe JE. The Impact of Vision Impairment
Questionnaire: an evaluation of its measurement properties using Rasch analysis. Invest
Ophthalmol Vis Sci. 2006;47(11):4732-4741. [PubMed: 17065481]

EuroQol--a new facility for the measurement of health-related quality of life. Health Policy.
1990;16(3):199-208. [PubMed: 10109801]

Devlin NJ, Brooks R. EQ-5D and the EuroQol Group: Past, Present and Future. Appl Health Econ
Health Policy. 2017;15(2):127-137. [PubMed: 28194657]

Wang BZ, Pesudovs K, Keane MC, Daly A, Chen CS. Evaluating the effectiveness of
multidisciplinary low-vision rehabilitation. Optom Vis Sci. 2012;89(9):1399-1408. [PubMed:
22902419]

Gothwal VK, Bharani S. Outcomes of Multidisciplinary Low Vision Rehabilitation in Adults.
Invest Ophthalmol Vis Sci. 2015;56(12):7451-7461. [PubMed: 26595605]

Stelmack JA, Tang XC, Reda DJ, Rinne S, Mancil RM, Massof RW. Outcomes of the Veterans
Affairs Low Vision Intervention Trial (LOVIT). Arch Ophthalmol. 2008; 126(5):608-617.
[PubMed: 18474769]

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lacy et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Page 12

Stelmack JA, Tang XC, Wei Y, et al. Outcomes of the Veterans Affairs Low Vision Intervention
Trial 11 (LOVIT II): A Randomized Clinical Trial. JAMA Ophthalmol. 2017;135(2):96-104.
[PubMed: 27978569]

O'Connor PM, Lamoureux EL, Keeffe JE. Predicting the need for low vision rehabilitation
services. The British Journal of Ophthalmology. 2008;92(2):252—-255. [PubMed: 18227205]

Malkin AG, Goldstein JE, Perlmutter MS, Massof RW. Responsiveness of the EQ-5D to the effects
of low vision rehabilitation. Optom Vis Sci. 2013;90(8):799-805. [PubMed: 23851303]

Goldstein JE, Fenwick E, Finger RP, et al. Calibrating the Impact of Vision Impairment (IVI):
Creation of a Sample-Independent Visual Function Measure for Patient-Centered Outcomes
Research. Translational vision science & technology. 2018;7(6):38. [PubMed: 30619658]

Prem Senthil M, Khadka J, De Roach J, et al. Development and Psychometric Assessment of
Novel Item Banks for Hereditary Retinal Diseases. Optom Vis Sci. 2019;96(1):27-34. [PubMed:
30570601]

Prem Senthil M, Khadka J, De Roach J, et al. Developing an item bank to measure the coping
strategies of people with hereditary retinal diseases. Graef Arch Clin Exp. 2018;256(7):1291—
1298.

Prem Senthil M, Khadka J, Pesudovs K. Seeing through their eyes: lived experiences of people
with retinitis pigmentosa. Eye (Lond). 2017;31(5):741-748. [PubMed: 28085147]

Elsman EBM, van Nispen RMA, van Rens G. Psychometric evaluation of a new proxy-instrument
to assess participation in children aged 3-6 years with visual impairment: PAI-CY 3-6. Ophthalmic
Physiol Opt. 2019;39(5):378-391. [PubMed: 31468574]

Edelen MO, Reeve BB. Applying item response theory (IRT) modeling to questionnaire
development, evaluation, and refinement. Qual Life Res. 2007;16 Suppl 1:5-18. [PubMed:
17375372]

Reeve BB, Hays RD, Bjorner JB, et al. Psychometric Evaluation and Calibration of Health-Related
Quality of Life Item Banks: Plans for the Patient-Reported Outcomes Measurement Information
System (PROMIS). Med Care. 2007;45(5):S22-S31. [PubMed: 17443115]

Baker J, Rounds J, Zevon M. A Comparison of Graded Response and Rasch Partial Credit Models
with Subjective Well-Being. Journal of Educational and Behavioral Statistics - J EDUC BEHAV
STAT. 2000;25.

Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes Measurement Information
System (PROMIS) developed and tested its first wave of adult self-reported health outcome item
banks: 2005-2008. J Clin Epidemiol. 2010;63(11):1179-1194. [PubMed: 20685078]

Elsman EBM, van Nispen RMA, van Rens G. Psychometric evaluation of the Participation and
Activity Inventory for Children and Youth (PAI-CY) 0-2 years with visual impairment. Qual Life
Res. 2020;29(3):775-781. [PubMed: 31673921]

Kroenke K, Spitzer RL, Williams JB, Léwe B. An ultra-brief screening scale for anxiety and
depression: the PHQ-4. Psychosomatics. 2009;50(6):613-621. [PubMed: 19996233]

Kocalevent RD, Hinz A, Brahler E. Standardization of the depression screener patient health
questionnaire (PHQ-9) in the general population. Gen Hosp Psychiatry. 2013;35(5):551-555.
[PubMed: 23664569]

Lamoureux EL, Tee HW, Pesudovs K, Pallant JF, Keeffe JE, Rees G. Can clinicians use the PHQ-9
to assess depression in people with vision loss? Optom Vis Sci. 2009;86(2):139-145. [PubMed:
19156007]

Brunes A, Heir T. Social interactions, experiences with adverse life events and depressive
symptoms in individuals with visual impairment: a cross-sectional study. BMC Psychiatry.
2020;20(1):224. [PubMed: 32398122]

Moschos M, Chatzirallis A, Chatziralli I. Psychological aspects and depression in patients with
retinitis pigmentosa. Eur J Ophthalmol. 2015;25(5):459-462. [PubMed: 25743781]

Yioti G, Stefaniotou M, Ziavrou I, Kotsis K, Hyphantis T. lllness Perceptions, Psychiatric
Manifestations, and Quality of Life in Patients with Inherited Retinal Dystrophies. Semin
Ophthalmol. 2017;32(4):428-437. [PubMed: 27082703]

Rees G, Fenwick EK, Keeffe JE, Mellor D, Lamoureux EL. Detection of depression in patients
with low vision. Optom Vis Sci. 2009;86(12):1328-1336. [PubMed: 19844188]

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Lacy et al.

78.

79.

80.

81.

Page 13

Branham K, Yashar BM. Providing comprehensive genetic-based ophthalmic care. Clin Genet.
2013;84(2):183-189. [PubMed: 23662791]

Rees G, Mellor D, Holloway EE, et al. Integrated depression management: a proposed trial of a
new model of care in a low vision rehabilitation setting. Ophthalmic Epidemiol. 2013;20(5):321~
329. [PubMed: 24070104]

Garip G, Kamal A. Systematic review and meta-synthesis of coping with retinitis pigmentosa:
implications for improving quality of life. BMC Ophthalmology. 2019;19(1):181. [PubMed:
31409325]

Rees G, Holloway EE, Craig G, et al. Screening for depression: integrating training into the
professional development programme for low vision rehabilitation staff. Clin Exp Ophthalmol.
2012;40(9):840-848. [PubMed: 22394378]

Am J Ophthalmol. Author manuscript; available in PMC 2022 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Lacy et al.

Page 14

HIGHLIGHTS
. Patient-reported outcomes measure specific to inherited retinal degenerations
. Development of the Michigan Vision-related Anxiety Questionnaire (MVAQ)

. Screening and monitoring tool for psychosocial health in the context of visual
function
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Figure 1: Domain Score and Phenotype Associations
Associations between Domain Scores () and IRD Phenotype compared using Kruskal-

Wallis test, followed by pairwise comparisons were undertaken using Mann-Whitney test
with Bonferroni corrections.
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Figure 2: Person-item Maps for Rod and Cone Function Anxiety
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Table 1:

Participant Characteristics and Demographics

Total sample size, n
Female, n (%)
Age (yr), Median (Range)

Corrected visual acuity, Median (Range)

Better Eye
Worse Eye
Conclusive Genetic
Test Result, n (%)
IRD phenotype, n (%)
Rod-cone

Cone/cone-rod
Macular

Race/Ethnicity, n (%)
White, non-Hispanic
Black/African-American
Asian
Hispanic

Unknown

128
65 (50.8)
49 (18-88)

20/42 (20/16 — NLP)
20/60 (20/18 — NLP)

77 (60.2)

69 (53.9)
30 (23.4)
29 (22.7)

107 (83.6)
10 (7.8)
3(2.3)
5(3.9)
3(2.3)

IRD=Inherited retinal dystrophies; NLP=No light perception
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Table 2:

Reliability, Trait Associations, and Model Fit Statistics for 128 participants

Rod-function Cone-function
anxiety anxiety
No. of Questions 6 8
Marginal Reliability 0.81 0.83
Test-Retest, (95% CI)
(n=25)

p Correlation 0.81 (0.64, 0.91) 0.83 (0.68, 0.92)
Mean Change  -0.14 (-0.37,0.09) —0.05 (-0.24, 0.14)
SD ME 0.43(0.31, 0.55) 0.36 (0.22, 0.50)

Trait Associations, R? (p-value)

VA Better Eye 4.9 (0.013) 8.9 (<0.001)
VA Worse Eye 45 (0.017) 7.4 (0.002)
Date of MVAQ 0.1 (0.716) 0.3 (0.555)
Age 0.0 (0.845) 0.4 (0.470)
Sex 2.7 (0.068) 1.4 (0.184)
IRD Phenotype 15.4 (<0.001) 7.6 (0.020)
Model Fit Statistics

SRMSR 0.09 0.14

RMSEA 0.4 0.18

CFI 0.85 0.88

TLI 0.75 0.83

M2 182 32.6

df 9 20
p-value <0.001 <0.001

Marginal reliability estimated from original 128 participants. Three test-retest statistics (Pearson correlation, mean difference, and standard
deviation of measurement error) and their 95% confidence intervals were computed from 25 pairs of tests taken approximately two weeks apart.

Associations between Domain Scores (6) and Participant Characteristics measured by adjusted R2 of linear model and by p-value of the F-test of
no association. Corrected logMAR visual acuity (VVA) taken closest to questionnaire administration.

Model fit statistics provided include the Standardized Root Mean Square Residual (SRMSR), root mean square error of approximation (RMSEA),
Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and the hybrid C2 of Cai and Monro (2014) with its degrees of freedom (df) and p-value.
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Graded Response Model parameter estimates for 14 questions of MVRAQ.

Table 3:

Item  Question a Bl B2 B3
Rod-function anxiety
Q01  Worry bumping into people/objects during the night 3.64 -0.15 048 0.97
Q02  Worry bumping into people/objects in poorly litareas  3.74  -0.19 0.47 1.02
Q03  Worry about seeing during the night 9.12 -0.17 026 0.78
Q04  Worry about seeing in poorly lit areas 10.34 -0.23 0.24 0.67
Q05  Worry about uneven ground during the night 748 -032 014 051
Q06  Worry about uneven ground in poorly lit areas 7.28 -0.34 015 052
Cone-function anxiety
Q01  Worry when reading up close 173 030 121 169
Q02  Worry when reading at a distance 152 -065 070 1.69
Q03  Worry when distinguishing colors 3.50 0.39 115 1.78
Q04  Worry when seeing against similar backdrops 390 0.06 097 153
Q05  Worry about recognizing faces 2.44 0.32 094 150
Q06  Worry when going to unfamiliar places during the day  1.94 -0.24 066 1.19
Q07  Worry about bright fluorescent lights 191 042 126 181
Q08  Worry about going out on bright sunny days 1.52 0.81 171 240
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Table 4:
Associations between Domain Scores (8), PHQ-4, and self-rated health

Rod-function  Cone-function

anxiety anxiety
Feelings about health 7.0 (0.012) 6.5 (0.015)
Feelings about vision 14.7 (<0.001) 17.6 (<0.001)
PHQ Categorized Total Score  15.9 (<0.001) 4.6 (0.031)
PHQA4 Total Score 18.9 (<0.001) 14.6 (0.002)
Depression subscale 11.7 (0.002) 7.2 (0.020)
Anxiety subscale 10.3 (0.003) 5.7 (0.032)

Measured by adjusted R2 of linear model and by p-value of the F-test of no association.
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