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PURPOSE. The purpose of this study was to evaluate the validity of the Veterans Affairs Low
Vision Visual Functioning Questionnaire (VALVVFQ-48) functional vision scores (FVS) in
patients with USH2A-associated retinal degeneration. In addition, to correlate the change
in the VALVVFQ-48 FVS with the change in visual function (VF) measurements.

METHODS. The VALVVFQ-48 was administered verbally to participants ≥18 years of age
at baseline, and after 2 and 4 years. Associations among changes in FVS and changes in
VF measures were assessed using the Spearman correlation coefficients. Mixed effects
regression models with a random intercept were used to estimate annual rates of change
of FVS and their responsiveness to change in VF measurements.

RESULTS. All domain scores (except visual motor) showed significant decline over 4 years.
Changes in the VALVVFQ-48 domain scores were negligibly to strongly correlated with
changes in clinical measures of vision function over 4 years (|r| = 0.02 to 0.61). All
domains showed evidence of responsiveness to changes in some VF measures, particu-
larly the visual field. Participants with improvement and worsening in FVS beyond the
coefficient of repeatability (CoR) ranged between 17% and 46% across all domains. Ceil-
ing effects at baseline precluded accurate calculation of change over time in 19% to 36%
of participants in 3 domains.

CONCLUSIONS. The VALVVFQ-48 may not be a sensitive measure for evaluating longitudinal
outcomes in all persons with USH2A-associated retinal degeneration.

Keywords: USH2A, veterans affairs low vision visual functioning questionnaire
(VALVVFQ-48), patient-reported outcome (PRO) tool, functional vision (FV)

Copyright 2025 The Authors
iovs.arvojournals.org | ISSN: 1552-5783 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

mailto:ffbcorrespauth@jaeb.org
http://www.ern-eye.eu
https://doi.org/10.1167/iovs.66.5.39
http://creativecommons.org/licenses/by-nc-nd/4.0/


VALVVFQ-48 Assessed Vision Loss in USH2A IOVS | May 2025 | Vol. 66 | No. 5 | Article 39 | 2

According to the Global Retinal Inherited Disease dataset,
retinitis pigmentosa (RP) is the most common inher-

ited retinal disease (IRD), and USH2A is the most common
implicated gene in RP and the second most common
mutated gene in IRDs overall.1–3 Pathological variants of
the USH2A gene result in non-syndromic autosomal reces-
sive RP (ARRP), characterized by progressive irreversible
loss of visual function, or Usher syndrome type 2 (USH2),
characterized by loss of hearing in addition to loss of
visual function.4 Unfortunately, no treatments exist for
the loss of visual function in USH2A-associated ARRP or
USH2.5 A preliminary step toward development of thera-
peutics is to document and validate the characteristics of
measures that will quantify the efficacy of future treat-
ments. One category of measures that can fulfill this need
is questionnaire-based patient reported outcome measures
(PROMs).6

RUSH2A is a multicenter, longitudinal, natural history
study designed to characterize progression of USH2A-related
IRD using a variety of clinical functional tests, such as visual
acuity (VA); static, kinetic, and micro-perimetry; and full-field
stimulus testing, in addition to collecting PROMs.7 The aim
of RUSH2A is to identify measures most suitable for use as
outcome measures in future treatment trials. At the time
of RUSH2A initiation, no IRD-specific PROMs were avail-
able, and the Veteran Affairs Low-Vision Visual Function-
ing Questionnaire (VALVVFQ-48) was chosen as an exist-
ing patient reported outcome (PRO) potentially suitable for
use in patients with USH2A-related retinal degeneration with
some modifications.7,8

The VALVVFQ-48 was developed to measure functional
vision (FV) of veterans enrolled in low-vision programs
during rehabilitation.9 It quantifies function based on 48
questions split over 4 domains, each assessing a participant’s
self-reported difficulty performing vision-related tasks.10

The scores for each of the four domains – reading, mobility,
visual information processing (VIP), and visual motor – are
calculated independently. An overall score based on all 48
questions also is calculated.

FIGURE 1. Flowchart for participants.

In this study, we report functional vision of the RUSH2A
cohort over 4 years as measured using the VALVVFQ-
48 and evaluate its validity by examining cross-sectional
and longitudinal associations between the VALVVFQ-48
scores and quantitative clinical measurements of visual func-
tion, including best-corrected visual acuity (BCVA), full-
field stimulus threshold (FST), optical coherence tomogra-
phy (OCT), microperimetry (MP), and static perimetry (SP).
Henceforth, “FVS” is used to refer to the functional vision
scores from VALVVFQ-48 questionnaire (overall and/or by
domain), “overall FV” is used to refer specifically to the
overall VALVVFQ-48 score, and “domain FV” is used to
refer to a specific VALVVFQ-48 domain score. “VF,” or
visual function, is used to refer to the clinical measure-
ments of various aspects of vision, such as VA or visual
field.

METHODS

RUSH2A Study Design

The RUSH2A study and methods have been described
previously.11 Briefly, the study is being conducted at
16 clinical sites and is registered on www.clinicaltrials.
gov (NCT03146078). The protocol and informed consent
adhered to the tenets of the Declaration of Helsinki and
were approved by the ethics boards of each participat-
ing institution. Informed consent was obtained from each
participant (or parent or other legally authorized repre-
sentative for minors) before study enrollment. Participants
were at least 8 years old and had disease-causing homozy-
gous or compound heterozygous USH2A variants inher-

TABLE 1. Participant Characteristics at Baseline for the Analysis
Cohort (N = 99)

N (%)

Clinical diagnosis
USH2 59 (60%)
ARRP 40 (40%)

Gender
Female 56 (57%)
Male 43 (43%)

Race/ethnicity
White 89 (90%)
Hispanic or Latino 7 (7%)
Asian 3 (3%)

Duration of disease at enrollment, y*

<10 33 (33%)
10−<20 39 (39%)
≥20 26 (26%)
Mean (SD) 15 (11)
Median (IQR) 13 (7 to 20)

Age at enrollment, y*

<35 37 (37%)
35−<45 36 (36%)
≥45 26 (26%)
Mean (SD) 39 (13)
Median (IQR) 38 (30 to 45)

Daily smoker ever
Yes 27 (27%)
No 72 (73%)

* One participant was missing the age of onset (a participant-
reported field based on their awareness of visual symptoms) and
duration of disease (computed based on age of onset and date of
enrollment).

http://www.clinicaltrials.gov
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FIGURE 2. FV score (FVS) for each participant by years from baseline. The range of scores in each plot includes the maximum and
minimum possible scores for that domain, highlighting the ceiling effects of the population. The blue line represents the regression line for
each domain FV from baseline to 4 years.

TABLE 2. Distribution of FV Score (FVS) Measures at Baseline, 2, and 4 Years

Outcomes Baseline N = 99 Year 2 N = 95 Year 4 N = 91

Overall FVS, logits
N 98† 94† 91
Mean ± SD 3.1 ± 1.7 2.8 ± 1.7 2.7 ± 1.6
Median (IQR) 2.9 (1.7 to 4.0) 3.0 (1.7 to 3.9) 2.7 (1.5 to 3.7)
Range −1.3 to 7.4 −3.0 to 7.4 −0.6 to 7.4

Mobility FVS, logits
N 98 94 91
Mean ± SD 3.0 ± 1.8 2.7 ± 1.8 2.7 ± 1.7
Median (IQR) 2.8 (1.8 to 4.2) 2.8 (1.4 to 3.9) 2.5 (1.7 to 3.9)
Range −1.4 to 7.0 −3.1 to 7.0 −1.6 to 7.0

Reading FVS, logits
N* 79 79 80
Mean ± SD 2.7 ± 1.4 2.5 ± 1.6 2.4 ± 1.6
Median (IQR) 2.6 (1.2 to 3.7) 2.8 (1.2 to 3.7) 2.5 (1.1 to 3.7)
Range −0.7 to 4.6 −1.7 to 4.6 −1.6 to 4.6

Visual information processing FVS, logits
N* 72 74 75
Mean ± SD 2.5 ± 1.4 2.4 ± 1.4 2.4 ± 1.3
Median (IQR) 2.6 (1.7 to 4.1) 2.6 (1.7 to 3.2) 2.6 (1.3 to 3.2)
Range −1.8 to 4.1 −2.6 to 4.1 −0.4 to 4.1

Visual motor FVS, logits
N* 63 66 64
Mean ± SD 2.1 ± 1.4 2.0 ± 1.5 2.1 ± 1.4
Median (IQR) 2.6 (1.0 to 3.5) 2.1 (1.2 to 3.5) 2.2 (1.2 to 3.5)
Range −1.9 to 3.5 −4.2 to 3.5 −1.3 to 3.5

* FVS are missing for all participants that answered using the highest rating category for all questions in a domain (reading, visual
information processing, and visual motor).

† One participant answered using the highest rating category for all 48 questions in the VALVVFQ-48.
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FIGURE 3. Distribution of changes in FV score (FVS) from baseline
to 4 years by clinical diagnosis. The median is denoted by the line
diving each box into two parts. Each box represents the middle 50%
of scores for that group. The upper and lower whiskers represent
scores outside the middle 50%. Mean (inside the boxes) and outliers
(outside the boxes) are denoted by o and + markers for USH2 and
ARRP, respectively.

TABLE 3. Estimated Annual Rates of Change in FV Score (FVS)
Based on Random Intercept Models

Estimated Slopes

N = 98
Overall FVS, logits/y
Slope estimate* −0.09
95% CI (−0.15 to −0.04)
Standardized slope† −0.37

Mobility FVS, logits/y
Slope estimate* −0.09
95% CI (−0.15 to −0.02)
Standardized slope† −0.27

Reading FVS, logits/y
Slope estimate* −0.09
95% CI (−0.17 to −0.01)
Standardized slope† −0.24

Visual information processing FVS, logits/y
Slope estimate* −0.08
95% CI (−0.15 to −0.01)
Standardized slope† −0.21

Visual motor FVS, logits/y
Slope estimate* −0.02
95% CI (−0.10 to 0.07)
Standardized slope† −0.13

* P values for testing the slope estimates against zero were
<0.05 except for Visual Motor FVS.

† Standardized slopes were calculated by dividing the slope esti-
mate by both the standard error and square root of the number of
observations.

ited in trans. The hearing loss history and baseline audi-
ology examinations were reviewed by an audiologist to
assign a clinical diagnosis of either USH2 or ARRP to each
participant.11,12

Patient Cohorts

All participants from the RUSH2A cohort 1 (N = 105) were
considered for inclusion in the analysis cohort. Cohort 1
participants had at least one eye with baseline Early Treat-

ment of Diabetic Retinopathy Study (ETDRS) VA letter score
of 54 or more (20/80 or better), stable fixation, and a
clinically determined kinetic visual field III4e diameter 10
degrees or greater in every meridian of the central field. The
study eye was defined as the eye having better VA at base-
line. Ultimately, 3 cohort 1 participants aged ≤ 18 years were
excluded from analyses as they completed a different PRO,
as were 3 additional participants receiving investigational
treatment in the non-study eye in clinical trials.

Outcomes

At baseline, year 2, and year 4, participants scored their
perceived ability to perform each activity on the VALVVFQ-
48 on a scale from 0 (impossible to do) to 5 (no difficulty).
Hence, a higher FVS equates to higher self-reported func-
tional vision. As described in a previous publication,13 the
method of successive dichotomizations (a polytomous Rasch
model that allows for estimation of ordered response cate-
gory thresholds) was used to recalibrate the VALVVFQ-48
items and category thresholds, and to estimate FV measures
for each participant using the baseline data from the cohort.
This was necessary to account for the substitution of two
original questionnaire items with two alternative items and
allow for the possibility of differential item ordering between
the original low vision cohort and USH2A-associated RP
cohort.14

Statistical Methods

The distributions of overall and domain FVS at each visit
were summarized using means, standard deviations (SDs),
medians, interquartile ranges (IQRs), and ranges. Spaghetti
plots were used to visualize FVS of each individual study
participant from baseline to year 4. Boxplots were used to
display the distribution of domain FVS in the study cohort by
clinical diagnosis subgroups, and histograms were used to
visualize change in FVS from baseline to year 4. Duration of
disease was computed based on the age of onset (participant
reported) and date of enrollment in the study.

Annual rates of change of the FVS with 95% confi-
dence intervals (95% CIs) were estimated using mixed effects
models with a random intercept. Baseline factors were
assessed for their effect on rate of change by including an
interaction term between each baseline factor and time from
baseline visit in the models. A coefficient of repeatability
(CoR) for each domain was calculated using the within-
participant variance from a mixed model with random slope
and intercept.15 This approach assumes a linear change over
time on a person-level and provides a conservative estimate
of CoR as deviations from the linear model are assumed to
be solely from measurement error.

Associations among change in FVS and change in other
measures (BCVA, FST, OCT, SP, and MP) from baseline to 4
years were assessed with Spearman correlation coefficients
and longitudinal mixed models. The latter contained terms
to estimate both the cross-sectional association between the
baseline clinical vision measurements and baseline PRO
scores, and the longitudinal association between changes in
the clinical vision measurements and changes in the PRO
scores over time.16 As there was no correction of P values
for multiple testing, it is possible some significant findings
are due to chance.

Correlation coefficients were interpreted as suggested by
Evans: 0.80 to 1.0 = very strong; 0.60 to 0.79 = strong; 0.40
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to 0.59 = moderate; 0.20 to 0.39 = weak; and 0 to 0.19
= negligible to very weak.17 Mixed models and correlation
analyses were conducted using SAS/STAT software version
9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Study Population

The flowchart showing the numbers of participants included
in the analysis cohort and completing the VALVVFQ-48 at
baseline, year 2, and year 4 are shown in Figure 1. Of the
105 participants in the vision cohort 1, there were 99 that
were included in the analysis cohort, 99 of whom completed
the VALVVFQ-48 at baseline, 95 completed the VALVVFQ-48
at year 2, and 91 completed the VALVVFQ-48 at year 4. Mean
(SD) of BCVA at baseline was 81 (7) and mean (SD) of BCVA
at year 4 was 77 (8).

As shown in Table 1, among the analysis cohort, the
clinical diagnosis was USH2 for 59 (60%) participants and

ARRP for 40 (40%) participants. Fifty-six participants (57%)
were women and 89 (90%) were White. The median age
was 38 years (IQR = 30 to 45 years) and the median dura-
tion of disease at enrollment was 13 years (IQR = 7 to
20 years).

Distribution of FV Measures

FVS from baseline through year 4 and by disease duration
are reported in Figure 2 and Supplementary Figure S1. There
is a notable ceiling effect on reading, visual motor, and
visual information domains. The distributions of FVS (with-
out imputation of missing values) at each visit are reported
in Table 2. The mean FVS across all domains at study base-
line ranged from 2.1 to 3.1 logits, at year 2 from 2.0 to
2.8 logits, and at year 4 from 2.1 to 2.7 logits. There were
no notable differences in FVS change by clinical diagnosis
(Fig. 3, Supplementary Table S1).

When imputing missing values in sensitivity analy-
ses, domain FVS were higher in the reading, VIP, and

TABLE 4. Spearman Correlations Among Changes in FV Scores (FVS) and Changes in Clinical Vision Measures from Baseline to 4 Years
(Preserved Cohort)

FVS*

Clinical
Vision Measure Overall Mobility Reading

Visual
Information Processing Visual Motor

BCVA (n = 87) −0.04 −0.17 0.04 0.33 0.26
(−0.25 to 0.17) (−0.36 to 0.04) (−0.21 to 0.28) (0.08 to 0.54) (−0.03 to 0.51)

FST White (n = 61) −0.24 −0.17 −0.06 −0.58 −0.04
(−0.46 to 0.01) (−0.40 to 0.09) (−0.35 to 0.23) (−0.75 to −0.32) (−0.37 to 0.30)

FST Blue (n = 61) −0.24 −0.22 −0.02 −0.61 −0.17
(−0.46 to 0.01) (−0.44 to 0.04) (−0.31 to 0.27) (−0.77 to −0.36) (−0.48 to 0.18)

FST Red (n = 61) −0.27 −0.31 −0.34 −0.31 −0.06
(−0.49 to −0.02) (−0.52 to −0.06) (−0.57 to −0.05) (−0.56 to 0.01) (−0.39 to 0.29)

OCT EZ area (n = 27) 0.13 0.18 0.31 0.27 0.26
(−0.27 to 0.48) (−0.22 to 0.52) (−0.23 to 0.69) (−0.27 to 0.67) (−0.38 to 0.72)

OCT CST (n = 45) −0.08 −0.05 −0.15 0.05 0.06
(−0.36 to 0.22) (−0.34 to 0.24) (−0.47 to 0.20) (−0.30 to 0.39) (−0.35 to 0.46)

MP MS (n = 63) 0.33 0.23 0.41 0.38 0.19
(0.09 to 0.53) (−0.02 to 0.45) (0.13 to 0.63) (0.07 to 0.62) (−0.17 to 0.50)

VTOT (n = 72) 0.16 0.16 0.14 0.02 0.07
(−0.08 to 0.37) (−0.08 to 0.37) (−0.14 to 0.40) (−0.27 to 0.31) (−0.26 to 0.39)

V30 (n = 73) 0.16 0.18 0.23 0.09 −0.07
(−0.08 to 0.37) (−0.05 to 0.40) (−0.05 to 0.47) (−0.20 to 0.36) (−0.38 to 0.26)

VPERIPH (n = 61) 0.17 0.20 0.18 0.08 0.18
(−0.09 to 0.40) (−0.06 to 0.43) (−0.12 to 0.46) (−0.25 to 0.39) (−0.19 to 0.50)

SP MSCW (n = 72) 0.20 0.18 0.26 0.15 0.04
(−0.03 to 0.41) (−0.06 to 0.39) (−0.02 to 0.50) (−0.14 to 0.42) (−0.29 to 0.36)

SP PSD (n = 83) 0.28 0.25 0.26 0.26 0.13
(0.06 to 0.46) (0.03 to 0.44) (0.004 to 0.48) (−0.004 to 0.49) (−0.17 to 0.41)

Functional vision measures

FV overall (n = 87) 1.0 0.73 0.63 0.67 0.56
(0.61 to 0.81) (0.45 to 0.75) (0.50 to 0.78) (0.32 to 0.72)

FV mobility (n = 87) 1.0 0.33 0.22 0.36
(0.10 to 0.53) (−0.03 to 0.44) (0.09 to 0.58)

FV reading (n = 66) 1.0 0.40 0.08
(0.15 to 0.60) (−0.21 to 0.36)

FV visual information (n = 62) 1.0 0.49
(0.19 to 0.66)

* Correlation coefficients with P value < 0.05 are bolded.
CST, central subfield thickness; EZ, ellipsoid zone; FST, full field stimulus threshold; MP, microperimetry; MS, mean sensitivity; OCT,

optical coherence tomography; PSD, pattern standard deviation; V30, central 30 degrees hill of vision; VPERIPH, peripheral hill of vision (full
field minus central 30 degrees); VTOT, total hill of vision/full field hill of vision.
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TABLE 5. Estimated Change in VALVVFQ-48 Scores in Logits Per Unit Change in Functional Vision Measure

Estimated Change in Score (Logits) Per Unit Change in Clinical Vision Measure

Overall Mobility Reading
Visual Information

Processing Visual MotorClinical
Vision Measure β (95% CI) R2 β (95% CI) R2 β (95% CI) R2 β (95% CI) R2 β (95% CI) R2

BCVA, letters 0.012
(−0.019 to 0.042)

78% −0.026
(−0.061 to 0.008)

75% 0.028
(−0.013 to 0.069)

57% 0.070***

(0.034 to 0.11)
63% 0.065**

(0.020 to 0.11)
63%

FST White, log cd/m2 −0.33
(−0.69 to 0.020)

80% −0.34
(−0.73 to 0.056)

78% −0.20
(−0.76 to 0.36)

55% −0.37
(−0.80 to 0.066)

65% 0.019
(−0.51 to 0.55)

55%

FST Blue, log cd/m2 −0.27
(−0.59 to 0.042)

80% −0.27
(−0.62 to −0.077)

78% 0.018
(−0.56 to 0.59)

54% −0.39*

(−0.77 to −0.024)
66% −0.55

(−1.11 to 0.011)
57%

FST Red, log cd/m2 −0.33
(−0.79 to 0.13)

79% −0.34
(−0.85 to 0.17)

78% −0.51
(−1.33 to 0.31)

56% −0.45
(−1.03 to 0.13)

65% −0.35
(−1.12 to 0.43)

56%

OCT EZ Area, mm2 0.093*

(0.014 to 0.17)
75% 0.036

(−0.052 to 0.12)
74% 0.13*

(0.017 to 0.25)
55% 0.055

(−0.039 to 0.15)
58% 0.12

(−0.0059 to 0.24)
62%

OCT CST, μm 0.0018
(−0.013 to 0.017)

75% 0.0020
(−0.013 to 0.016)

77% −0.010
(−0.029 to 0.0089)

53% 0.0050
(−0.013 to 0.023)

61% −0.00054
(−0.023 to 0.022)

61%

MP MS, dB 0.12***

(0.057 to 0.19)
81% 0.11**

(0.034 to 0.18)
78% 0.15**

(0.050 to 0.25)
59% 0.010*

(0.0093 to 0.19)
64% 0.026

(−0.093 to 0.14)
59%

VTOT, dB-sr 0.025**

(0.0092 to 0.041)
80% 0.025**

(0.0071 to 0.044)
77% 0.018

(−0.0038 to 0.040)
59% 0.026**

(0.0067 to 0.046)
62% 0.017

(−0.0085 to 0.043)
62%

V30, dB-sr 0.11***

(0.060 to 0.17)
79% 0.064*

(0.0019 to 0.13)
77% 0.086*

(0.013 to 0.16)
60% 0.13***

(0.063 to 0.20)
63% 0.068

(−0.013 to 0.15)
61%

VPERIPH, dB-sr 0.029**

(0.0091 to 0.048)
80% 0.030**

(0.0075 to 0.052)
77% 0.019

(−0.0075 to 0.046)
59% 0.028*

(0.0041 to 0.052)
61% 0.02

(−0.010 to 0.051)
62%

SP MS, dB-srcw 0.12***

(0.060 to 0.19)
80% 0.12**

(0.047 to 0.19)
77% 0.10*

(0.013 to 0.19)
60% 0.13**

(0.055 to 0.21)
63% 0.059

(−0.044 to 0.16)
62%

SP PSD, dB 0.13***

(0.076 to 0.18)
80% 0.08**

(0.02 to 0.14)
77% 0.09*

(0.018 to 0.16)
60% 0.14***

(0.07 to 0.20)
63% 0.09*

(0.005 to 0.17)
62%

* Correlation coefficients with P value < 0.05 are bolded.
CST, central subfield thickness; EZ, ellipsoid zone; FST, full field stimulus threshold; MP, microperimetry; MS, mean sensitivity; OCT,

optical coherence tomography; PSD, pattern standard deviation; VPERIPH, peripheral hill of vision (full field minus central 30 degrees); VTOT,
total hill of vision/full field hill of vision; V30, central 30 degrees hill of vision.

R2, Conditional R2 of the mixed effect models.20
* P < 0.05.
** P < 0.01.
*** P < 0.001.

visual motor domains, suggesting less impairment in those
domains than indicated by the original scores (Supplemen-
tary Tables S2A–S2C).

Estimated Annual Change From Models

Overall and individual domain FVS showed a significant
decline over 4 years, except for the visual motor domain. The
overall FVS declined by −0.09 (95% CI = −0.15 to −0.04)
logits/year, mobility FVS decline was −0.09 (95% CI = −0.15
to −0.02) logits/year, reading FVS decline was −0.09 (95%
CI = −0.17 to −0.01) logits/year, VIP FVS decline was −0.08
(95% CI = −0.15 to −0.01) logits/year, and visual motor
FVS decline was −0.02 (95% CI = −0.10 to 0.07) logits/year
(Table 3, see Fig. 2).

Associations Among Changes in Visual Function
Measures and PRO Scores

Changes in VALVVFQ-48 overall and domain scores were
negligibly to strongly correlated with changes in clinical
measures of VF over 4 years (|r| = 0.02 to 0.61). There
was a weak statistically significant (P < 0.05) correlation
between changes in FST Red with changes in overall FVS
(r = −0.27), changes in mobility FVS (r = −0.31), and
changes in reading FVS (r = −0.34). MP mean sensitivity
(MS) was weakly correlated with changes in reading FVS (r
= 0.38) and changes in VIP FVS (r = 0.34), whereas changes
in the SP pattern SD were very weakly or weakly corre-
lated with all domains (r = 0.13 to 0.28). Changes in VIP
scores were weakly correlated with changes in BCVA (r =

0.33), moderately correlated with changes in FST White (r
= −0.58), and strongly correlated with changes in FST Blue
(r = −0.61) (Table 4).

Estimated changes in VALVVFQ-48 overall and domain
FVS (logits/year) per unit change in the measures from the
longitudinal mixed model analysis are shown in Table 5.
Decline in any of the visual field measures was associated
with increased difficulty in the overall, mobility, and VIP
domains, whereas decline in central macula structure (OCT
ellipsoid zone [EZ] area) and visual function measures (MP
MS, V30, and center-weighted SP MS), although not BCVA,
was associated with increased reading difficulty. Finally, a
decline in BCVA was associated with increased difficulty in
VIP and visual motor tasks.

Coefficient of Repeatability

The CoR for each domain was used to calculate the percent
of participants with improvement and worsening beyond
CoR. Participants with improvement or worsening beyond
CoR ranged from 17% to 46% across all domains (Fig. 4,
Supplementary Table S3).

Association of Changes in FVS With Baseline
Characteristics

Table 6 shows the effect of baseline characteristics on the
change in FVS over time as characterized by the difference
in slope. The baseline score was found to have a significant
association with change in FVS in all domains and in the
overall FVS. Individuals with higher baseline FVS (better FV)
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FIGURE 4. Histograms of change in FV and percent of participants with changes beyond CoR at 4 years. Dotted lines show coefficient
of repeatability (CoR) for each domain, and the percent of participants with improvement or worsening beyond CoR.

experienced a greater decline in score over 4 years. Visual
motor scores of individuals with a clinical diagnosis of USH2
declined more over 4 years than those with ARRP (difference
= 0.22 logits, P = 0.009), possibly due to disease duration.
The estimated difference by clinical diagnosis was smaller
(0.14 logits) after removal of two high outliers in the ARRP
group (see Fig. 3) but remained statistically significant (P =
0.048).

DISCUSSION

All the VALVVFQ domains, except visual motor, significantly
declined over 4 years, although standardized rates of decline
per year (−0.37 to −0.13) were generally lower than those
seen for the clinical measures as reported in a previous
paper (−1.58 to −1.01).18 Moderate to strong correlations
were found in change values over 4 years between the VIP
domain score and FST White, the Reading domain score and
MP MS, and the VIP domain score and FST Blue. The correla-

tion between FVS and other clinical measures were generally
negligible to weak.

Using baseline FST data from RUSH2A, we previously
found that FST White threshold below −30 decibel (dB)
and a difference < −20 dB between blue and red thresh-
olds was indicative of remaining rod function, with the
converse indicative of thresholds that were cone-mediated.19

It is possible that the VIP scale is detecting differences in VIP
associated with rod- versus cone-mediation of retinal sensi-
tivity.

Regression analysis using mixed model methods to esti-
mate the change in FVS per unit change in the clinical
VF measures suggested that the VALVVFQ-48 scores were
responsive to changes in clinical measures of VF. The associ-
ations found, for example, the mobility score changes asso-
ciated with change in visual field measures and the read-
ing score changes associated with changes in central vision
measures, lend support to the criterion validity of these
domains in the study population.
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TABLE 6. Results for Differences in Slope for FV Score (FVS) Over Time by Baseline Characteristics

Slope Estimate for FVS (Logits/Y)*

Baseline Characteristic
Overall FVS
(N = 98)†

Mobility FVS
(N = 98)†

Reading FVS
(N = 79)†

Visual Information
Processing FVS

(N = 72)†
Visual Motor
FVS (N = 63)†

Overall FVS, logits
<2.0 vs. ≥3.81 0.3 0.4 0.4 0.4 0.4
2.0−<3.8 vs. ≥3.81 0.2 0.2 0.4 0.3 0.1
P value for interaction <0.001 <0.001 <0.001 <0.001 0.001

Clinical diagnosis
ARRP vs. USH2 0.004 −0.05 −0.09 0.03 0.22
P value for interaction 0.95 0.39 0.28 0.70 0.009

Enrollment age
<35 vs. ≥45 0.02 0.04 0.19 −0.01 −0.10
35−<45 vs. ≥45 0.05 0.03 0.07 0.10 0.05
P value for interaction 0.79 0.85 0.16 0.35 0.32

Disease duration
<10 vs. ≥20 0.02 −0.01 0.03 −0.07 0.11
10−<20 vs. ≥20 −0.09 −0.11 −0.10 −0.16 −0.05
P value for interaction 0.21 0.26 0.36 0.17 0.25

Sex
F vs. M 0.02 0.04 −0.07 −0.04 −0.07
P value for interaction 0.78 0.50 0.38 0.58 0.41

Smoker ever
No vs. yes −0.07 −0.02 0.02 0.001 −0.19
P value for interaction 0.30 0.67 0.83 0.99 0.06

Dietary supplement use
No vs. yes −0.02 −0.03 0.14 −0.02 −0.10
P value for interaction 0.79 0.57 0.08 0.80 0.27

* Slope from random intercept model of FVS over time by level of baseline covariate with P value for interaction between baseline
covariate and time, adjusted for baseline outcome variable, and interaction of baseline outcome variable with baseline characteristic.

† FVS are missing for all participants that answered using the highest rating category for all questions in a domain (reading, visual
information processing, and visual motor).

The regression analysis included both year 2 and 4
data, whereas the correlations used only year 4 data, likely
improving the regression analysis power for detecting asso-
ciations, and possibly explaining some of the differences
between the correlation and regression analysis results. Both
analyses found associations among change in MP MS and
the overall and reading scales, and between several of the
clinical measures (BCVA, FST Blue, and MP MS) and the VIP
scale, suggesting that the VIP scale might be of use for moni-
toring changes in difficulty of visual tasks due to progression
of USH2A-associated RP.

To aid in clinical interpretation of the observed changes
in functional vision, as measured by the VALVVFQ-48, we
used 0.6 logits as a benchmark of change in greater than
that expected by chance.18 This value corresponds to an
estimated probability of 37.5% of responding an average
of 1 category higher (or lower) on the item-level difficulty
(none, moderate, extreme, and impossible) across all items
in any VALVVFQ-48 scale between any two time points. We
found that substantial proportions of participants (30–35%)
had worsening of this magnitude at years 2 and 4 (35–46%),
whereas 15% to 25% and 17% to 27% had improvement at
years 2 and 4, respectively. Use of assistive devices and other
adaptations to declining vision may have resulted in partic-
ipants reporting improvement in visual task difficulty over
time; unfortunately, this study did not collect data on device
usage.

We also found that, other than baseline FVS, other base-
line characteristics largely had no detectable impact on

change in FVS over the 4-year study, aside from a greater
decline in visual motor scores in those with an USH2 diag-
nosis as compared to ARRP; this was partly attributable to
two individuals who reported an unusually large gain in
visual motor function in the ARRP group. In all domains,
individuals having greater functional vision at baseline had
greater decline, possibly as they have a greater ability
for change, or “more function to lose,” when compared
with individuals who started with poorer functional
vision.

One limitation of this study is the presence of a ceil-
ing effect; multiple participants could not be assigned a
score for 1 or more VALVVFQ-48 subscales because they
answered “no difficulty” to all subscale questions. These
participants accounted for most of the missing data for
the affected subscales. This precluded obtaining accurate
measurements of change for 19% to 27% of individu-
als for those subscales, decreasing precision, and intro-
ducing bias into estimated rates of change in the study
cohort.

CONCLUSIONS

The VALVVFQ-48 demonstrated the ability to measure
changes in functional vision in many, but not all, individ-
uals in our cohort due to ceiling effects in some subscales at
baseline. All domains showed evidence of responsiveness to
change in some visual function measures, particularly visual
field. Given ceiling effects and weak to moderate correlation
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between functional vision measures and the VALVVFQ-48,
it may not be a sensitive measure for evaluating longitudi-
nal outcomes for all patients with USH2A-associated retinal
degeneration.
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