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ABSTRACT
Objectives  This study aimed to evaluate the suitability 
of the National Eye Institute Visual Function Questionnaire 
(NEI-VFQ-25) for measuring vision-related quality of life 
(VRQoL) in patients with Leber hereditary optic neuropathy 
receiving lenadogene nolparvovec gene therapy in three 
Phase III randomised controlled clinical trials.
Methods  VRQoL was assessed using the NEI-VFQ-25 at 
baseline (n=174) and 2 years after treatment (n=152). All 
participants received lenadogene nolparvovec in at least 
one eye. The scoring structure of the original NEI-VFQ-25 
was evaluated for fit to the Rasch model, and a post hoc 
revision was created and psychometrically reevaluated. 
Stacked analysis was conducted to compare Rasch-
revised scores at baseline and 2 years after treatment.
Results  The original NEI-VFQ-25 exhibited multiple 
issues including limitations in response functioning and 
scale dimensionality. These issues were rectified by 
revising the NEI-VFQ25 into two separate unidimensional 
scales measuring ‘Vision-related Activity Limitation’ (VAL) 
and ‘Socioemotional Functioning’ (SEF). Participants’ mean 
VAL score at baseline on a Rasch-transformed 0–100 scale 
was 46.1 (11.7), improving to 48.4 (13.7) after treatment 
(F(1, 324) = 2.67, p=0.103). On the SEF scale, there 
was a significant difference 2 years after treatment, with 
participants improving from a mean score of 40.1 (14.1) at 
baseline to 49.6 (17.6) (F(1, 324) = 29.1, p<0.001).
Conclusions  The scoring structure of the original NEI-
VFQ-25 has limitations that undermine its psychometric 
validity as a measure of VRQoL. Using the Rasch-revised 
NEI-VFQ-25, we determined that improvement in VRQoL 
after treatment with lenadogene nolparvovec was driven 
predominantly by an improvement in socioemotional 
functioning.

INTRODUCTION
Patient-reported vision-related quality of 
life (VRQoL) is an important outcome 
measure in studies of ophthalmic diseases.1 
In the absence of a disease-specific patient-
reported outcome measure (PROM), the 
25-item National Eye Institute Visual Func-
tion Questionnaire (NEI-VFQ-25) is widely 
used as a measure of VRQoL in clinical trials. 
It assesses 11 dimensions that contribute 

to vision-targeted health status, including 
emotional well-being, social functioning and 
tasks of daily visual functioning.2 Although 
the validity of the NEI-VFQ-25 has been estab-
lished,2 3 modern psychometric methods such 
as Rasch measurement theory have demon-
strated shortcomings in the scoring structure 
of the NEI-VFQ-25.4–7

The psychometric validity of the NEI-
VFQ-25 has not been established when used 
by individuals with Leber hereditary optic 

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒⇒ The National Eye Institute Visual Function 
Questionnaire (NEI-VFQ-25) is a patient-reported 
outcome measure developed to assess vision-
related quality of life (VRQoL) in people with chronic 
eye diseases or low vision but has never been vali-
dated for people with Leber hereditary optic neurop-
athy (LHON).

WHAT THIS STUDY ADDS
⇒⇒ Using the original scoring system of the NEI-VFQ-25, 
participants of three Phase III clinical trials experi-
enced a significant improvement in the Composite 
VFQ-25 score 2 years after receiving lenadogene 
nolparvovec gene therapy for the treatment of 
LHON. However, the scoring structure of the original 
NEI-VFQ-25 was found to have several psychomet-
ric shortcomings that could be rectified by revising 
the NEI-VFQ-25 into two separate unidimensional 
scales.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

⇒⇒ When completed by people with LHON, the NEI-
VFQ-25 functions better as two separate psycho-
metrically valid scales assessing vision-related 
activity limitation (VAL) and socioemotional function-
ing. The impact of new therapies on VRQoL, such as 
gene therapy, can be assessed on these scales. Due 
to the item content, small improvements in visual 
function may not lead to a significant improvement 
on the VAL scale.
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neuropathy (LHON). LHON is the most common 
cause of mitochondrial blindness, affecting ∼1 in 30 
000.8 Almost all patients experience bilateral vision loss, 
either simultaneously with the first eye (25%) or sequen-
tially (75%), with the second eye being affected weeks 
to months later. The characteristic visual field defect 
in LHON is a dense central or caecocentral scotoma. 
Visual acuity may be mildly reduced initially, but declines 
severely to 20/200 or less, reaching a nadir ∼4–6 weeks 
after onset of visual symptoms. Visual prognosis is poor. 
In most cases, visual acuity is worse than 3/60, fulfilling 
the criteria for legal blindness in most countries.9 Treat-
ment options in LHON are limited. However, the rapid 
pace of technological innovation within the field of gene 
therapy has accelerated the therapeutic delivery pipeline 
for this devastating condition.10

The NEI-VFQ-25 has been used as an outcome 
measure in recent gene therapy clinical trials for the 
LHON-causing m.11778G>A mutation in the ND4 gene, 
including one Phase I clinical trial, three Phase III clin-
ical trials (RESCUE, REVERSE and REFLECT) and one 
long-term follow-up study (RESTORE).11–15 It is unclear if 
the NEI-VFQ-25 exhibits adequate psychometric proper-
ties that make it a valid measure of VRQoL in individuals 
affected by LHON.

The aims of this study were to assess the psychometric 
validity of the NEI-VFQ-25 in a LHON population using 
Rasch measurement theory, and to evaluate changes in 
VRQoL in patients receiving lenadogene nolparvovec 
gene therapy across three Phase III clinical trials.

METHODS
Participants
REVERSE, RESCUE and REFLECT were Phase III 
multicentre clinical trials of lenadogene nolparvovec 
(rAAV2/2-ND4), a modified adeno-associated virus 
gene therapy product specifically designed to comple-
ment the defective ND4 gene by allotopic expression of 
the wild-type ND4 subunit from the nucleus followed 
by mitochondrial import of the protein product.16 All 
studies were registered in the NIH Clinical Trials database 
(RESCUE, NCT02652767; REVERSE, NCT02652780; and 
REFLECT, NCT03293524).

The study design and results of REVERSE, RESCUE 
and REFLECT have been previously reported.12–14 
Briefly, all studies were randomised, double-masked, 
sham-controlled (REVERSE and RESCUE) or 
placebo-controlled (REFLECT) studies, that enrolled 
symptomatic participants with LHON aged ≥15 years with 
a confirmed m.11778G>A mutation in ND4. A total of 174 
patients participated (37 in REVERSE, 39 in RESCUE 
and 98 in REFLECT). The studies differed in the timing 
of onset of vision loss (from 180 to 365 days in both eyes 
in REVERSE; at most 180 days in the first affected eye 
in RESCUE; at most 365 days in the first affected eye in 
REFLECT) and allocation of treatment (REVERSE and 
RESCUE participants received an intravitreal injection of 
lenadogene nolparvovec in one eye and a sham injection 

in the other eye in a 1:1 allocation; REFLECT partici-
pants received either bilateral treatment or unilateral 
treatment in a 1:1 allocation).

National Eye Institute VFQ-25 Questionnaire
In its original format, the NEI-VFQ-25 has four response 
scales assessing quality (3 items), frequency (4 items), 
difficulty (13 items) and agreement (6 items). Each 
response format is scored on a 5-point Likert scale (or 
6-point Likert scale for the general vision item), ranging 
from (1) ‘none of the time’ to (5) ‘all of the time’ on 
the frequency scale, and (1) ‘no difficulty at all’ to (5) 
‘stopped doing this because of your eyesight’ on the 
difficulty scale. On the agreement scale, items are scored 
from (1) ‘definitely true’ to (5) ‘definitely false’, with 
(3) representing ‘not sure’. Responses for each item are 
converted to an integer score between 0 and 100, with 100 
representing the best possible score and 0 representing 
the worst. Integer scores of items belonging to the same 
subscale are averaged to generate a subscale score.17 
Eleven vision-related subscales and a general health 
subscale can be generated, representing general health, 
general vision, ocular pain, near vision, distance vision, 
driving, peripheral vision, colour vision, role limitations, 
dependency, social function and mental health. Finally, 
an overall Composite VFQ-25 score between 0 and 100 is 
calculated by averaging the subscale scores, excluding 
the general health subscale.

The NEI-VFQ-25 was administered in REVERSE, 
RESCUE and REFLECT 1–2 days prior to intravitreal 
injection of lenadogene nolparvovec (‘baseline’), and at 
predesignated time points in the follow-up period. Due 
to slight differences in the protocols of the three studies, 
the NEI-VFQ-25 was obtained at 24, 48, 72 and 96 weeks 
(‘2 years’) post-treatment in REVERSE and RESCUE, 
while in REFLECT the NEI-VFQ-25 was obtained at 24, 
52, 78, 104 (‘2 years’), 156, 208 and 260 weeks post-
treatment. The RESCUE and REVERSE studies have been 
completed with a follow-up until 2 years post-treatment. 
The REFLECT study is still on-going with follow-up until 5 
years post-treatment. We analysed the NEI-VFQ-25 scores 
of all 174 participants at baseline, and those of partici-
pants where data was available at ‘2 years’ or beyond, 
using the original scoring system of the NEI-VFQ-25 to 
generate subscale scores and an overall composite score 
at the two time points.

Rasch measurement theory
Rasch measurement theory is a modern psychometric 
method that is principally concerned with how data 
fits the unidimensional Rasch model.7 Rasch analysis 
is conducted by comparing the pattern of observed 
responses with the model expectation, and highlighting 
measurement anomalies within a set of items. When 
anomalies are found, this is an indication that the set 
of items is not delivering measurement in the way that 
was originally intended, with the anomalies highlighting 
the limitations within the item set. However, post hoc 
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adjustments can be made to items to account for certain 
issues, allowing them to be ‘re-engineered’ to fit the 
Rasch model. When the assumptions of the Rasch model 
are satisfied, this allows for the transformation of raw 
ordinal scores into interval-level measurement expressed 
as a log odds unit (logit) on a logit continuum, thereby 
permitting the use of parametric statistical techniques.5

To facilitate Rasch analysis across the two time points 
(baseline and follow-up), a random sample of partici-
pants was created. Participants with data available at only 
one time point (4 from RESCUE and 18 from REFLECT, 
all at baseline) were automatically included. For the 
remaining 152 participants who had data at both time 
points, a random number generator was used to assign 
either their baseline or follow-up data to the sample, 
ensuring that all participants were represented once that 
the final data set was evenly balanced across time points.18 
A breakdown of time point contributions by participant 
and trial is available in the online supplemental material.

Rasch analysis was performed using the Partial-Credit 
Model (RUMM2030 Plus, RUMM Laboratory, Perth, 
Australia). The raw scores of 17 items (items 1–17) were 
reversed for Rasch analysis, so that all measures would 
have the same polarity (ie, better and worse were consis-
tent across all items). Using the raw scores of participants 
in the random data set, the psychometric validity of the 
NEI-VFQ-25 was assessed against established criteria 
including: (1) overall fit of the observed data to the 
Rasch model was tested with a χ2 based goodness of fit 
test (a significant χ2 test indicating misfit to the Rasch 
model)19; (2) fit of individual items to the Rasch model 
was tested using standardised residuals (Z score) and 
χ2 test (Z values above ±2.50 and significant χ2 tests 
indicating misfit to the Rasch model)19; (3) scale unidi-
mensionality was tested by grouping items according to 
their loading with the first residual principal component 
analysis factor and pairwise t-tests calculated for each 
person (the number of significant t-tests (ie, the lower 
bound of the 95% CI) should be less than 5% to indicate 
unidimensionality)20; (4) the structure of the response 
scales was assessed by studying the ordering of thresh-
olds (boundaries between response category options) 
of each item (the location of thresholds should increase 
in an ordered progression, representing the move from 
low to high levels on the logit continuum)21; (5) local 
independency of items was assessed by analysing the 
Q

3
 fit statistic (if the correlation between the residuals 

of two items is >0.2 above the average correlation, this 
indicates that the pairwise items are locally dependent)22; 
(6) scale-to-sample targeting was assessed by checking the 
distribution of person and item threshold parameters 
across the logit continuum21 23; and (7) scale reliability 
was assessed using the Person Separation Index (PSI) (a 
PSI higher than 0.7 the minimum acceptable level).19 23

Iterative post hoc revisions of the NEI-VFQ-25 struc-
ture were then applied and psychometrically reevaluated. 
Next, the technique of stacked analysis was used to deter-
mine change in participants’ VRQoL between baseline 

and follow-up.18 NEI-VFQ-25 responses of participants at 
follow-up were stacked on the responses of participants at 
baseline and then analysed in the Rasch model, with the 
item difficulties and rating scale structure of the Rasch-
revised NEI-VFQ-25 anchored to the calibrations derived 
from the joint dataset of randomly allocated participants 
across both time points. Finally, interval logit scores were 
transformed into an interval score on a scale between 0 
and 100 to aid in interpretability of Rasch-revised NEI-
VFQ-25 scores.

Statistical analysis
Statistical analyses of demographic data and subscale 
and composite scores (using the original scoring system 
of the NEI-VFQ-25) were performed with SPSS Statistics 
(V.28.0.1.1, IBM, Armonk, New York, USA). As NEI-
VFQ-25 subscale and composite scores are ordinate 
in nature, Mann-Whitney U tests were conducted to 
compare participants’ scores at baseline and follow-up.

For Rasch analysis, an adequate sample size is primarily 
concerned with the degree of precision of the item cali-
bration estimates for any given scale. A sample size of 
150 respondents for any given item set would provide 
at least 95% confidence that item estimates were stable 
to within ±0.5 logits.24 Rasch-revised NEI-VFQ-25 scores 
were assessed according to standard analysis of variance 
between participants at baseline and last follow-up using 
RUMM2030 Plus. Statistical significance was set at p<0.05.

Rasch analysis is robust to item-level missing data, as 
person measures can be estimated from the available 
responses without requiring complete data. Missing 
responses were not imputed and were simply treated as 
missing. In the original scoring system, missing responses 
were also treated as missing (not imputed), and scores 
are calculated by averaging available items.

Data from both time points for all participants was 
used to calculate a change in NEI-VFQ-25 score (original 
scoring system and the Rasch-revised score).

Patient and public involvement
The use of the NEI-VFQ-25 was guided by patient feed-
back from an earlier study.25 The design of the clinical 
trials did not involve patient or public involvement.

RESULTS
Demographic and clinical characteristics of study 
participants
The demographic characteristics of 174 participants at 
baseline are summarised in table  1. Most participants 
were men (79.9%), with mean (SD) age of 33.4 (14.5) 
years at onset of vision loss and mean duration of vision 
loss 7.9 (3.3) months. The follow-up cohort included a 
total of 152 participants. Within 2 days of the baseline 
assessment, 112 participants received a single intravitreal 
injection of lenadogene nolparvovec with either placebo 
or sham treatment in the fellow eye, and 41 participants 
had received bilateral intravitreal injection of lenadogene 
nolparvovec. 2-year study data was available for 142 
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participants (35 from RESCUE, 37 from REVERSE and 
70 from REFLECT). NEI-VFQ-25 responses from an 
additional 10 unique participants of REFLECT were also 
included: 7 participants at 156 weeks post-treatment and 
3 participants at 208 weeks post-treatment. The mean 
duration from baseline to follow-up was 104.7 (19.2) 
weeks, that is, 2.0 years.

Analysis of NEI-VFQ-25 using original scoring system
At baseline, the mean Composite VFQ-25 score was 44.5 
(15.8) out of 100; improving to 50.2 (18.7) at follow-up 
(p<0.01) (table  2). Significant improvements were also 
observed on the general vision, near activities, distance 
activities, mental health, role difficulties and dependency 
subscales at follow-up. Response rates for each item of 
the NEI-VFQ-25 at baseline and follow-up are available as 
online supplemental material.

Rasch analysis of the NEI-VFQ-25
Stage 1: initial analysis
Initial fit of the NEI-VFQ-25 to the Rasch model was poor 
(χ2(52) = 122.2, p<0.001). When examined for individual 
item fit, three items showed misfit to the Rasch model: 
two items (driving during the daytime and limited by pain) 
where the χ2 test was significant; and one item (need a lot of 
help from others) where the standardised residual exceeded 
the ±2.5 limit. For the 12 items which showed disordered 
response category thresholds, non-functioning of the 
middle response categories was observed. This included 
all six items scored using the agreement response scale. 
Testing for local item dependency identified 43/325 
pairwise dependencies.

Regarding scale-to-sample targeting, the mean location 
of person ability was −0.13 (1.07) logits, with the mean 
location of item difficulty centralised at 0 (1.01) logits, 
indicating excellent targeting of persons and items. 
There was no evidence of floor or ceiling effects. PSI was 
0.94, indicating excellent reliability. The NEI-VFQ-25 was 
not unidimensional, with 11.5% of paired t-tests signifi-
cant at p<0.05 (95% CI: 20.5% to 26.9%).

Stage 2: post hoc revision and psychometric reevaluation
Post hoc revisions to the structure of the NEI-VFQ-25 were 
made in response to the anomalies identified in Stage 1. 
A post hoc rescore was applied across the six items that 
included the ‘not sure’ response category, by rescoring 
‘not sure’ as missing data. The general health item and 
all three driving items were removed in response to low 
response rates. The two pain-related items (pain around 
eyes and limited by pain) were removed as they were not 
conceptually relevant to LHON. To address scale dimen-
sionality, the remaining items of the NEI-VFQ-25 were 
split into two scales; a scale related to limitations in 
vision-related activities (‘Vision-related Activity Limita-
tion’ scale or VAL), and a separate scale related to social, 
psychological and emotional functioning (‘Socioemo-
tional Functioning’ scale or SEF).

For the VAL scale, 10 items were initially included. 
Psychometric evaluation of the initial VAL scale showed 
poor fit to the Rasch model (χ2(20) = 41.8, p=0.003) and 
violated criteria for scale unidimensionality. Two items 
(reading ordinary print in newspapers and seeing how people 
react) showed disordered response category thresholds. 
Only one item was misfitting (going out to movies/plays/
sports) due to a significant χ2 test and appeared to be 
an undiscriminating item. In response to these anoma-
lies, a post hoc rescore was applied to the two items with 
disordered response category thresholds by merging the 
non-functioning response categories ‘moderate diffi-
culty’ and ‘a little difficulty’. The misfitting item was 
removed. After the post hoc adjustments, the final VAL 
scale (table  3A) was psychometrically reevaluated and 
demonstrated satisfactory fit to the Rasch model (χ2(18) 
=15.5, p=0.625), no misfitting items, no disordered 
response category thresholds, excellent scale-to-sample 
targeting and acceptable PSI (0.90). Testing for local 
item dependency revealed 2/36 conceptually unrelated 
pairwise dependencies (seeing how people react and going 
down steps in dim light; and visiting with people in their homes/
parties/restaurants and picking out and matching clothes). 
Importantly, the VAL scale was unidimensional with 4.6% 
of paired t-tests significant at p<0.05 (95% CI: 1.4% to 
7.8%).

For the SEF scale, nine items were initially included. 
Psychometric evaluation of the initial SEF scale showed 
poor fit to the Rasch model (χ2(18) = 31.6, p=.024). 
Testing for local item dependency revealed 2/36 pair-
wise dependencies. A super-item was created by merging 
rely too much on others and need a lot of help from others; 
both measuring the same concept of ‘Reliance’. The 

Table 1  Characteristics of study participants at baseline 
and follow-up

Baseline (n=174) Follow-up (n=152)

Sex

 � Male (%) 139 (79.9) 121 (79.6)

Age at time of assessment 
(years)

 � Mean (SD) 33.4 (14.5) 36.4 (14.8)

 � Median 29 31.8

 � Range 15.0–74.0 17.0–77.0

Duration of vision loss at 
assessment (months)

 � Mean (SD) 7.9 (3.3) 32.9 (6.8)

 � Median 8.3 32.3

 � Range 1.7–12.8 23.4–68.2

Duration of follow-up 
(years)

 � Mean N/A 2

 � Median 2

 � Range 1.8–3.0

N/A, not applicable.
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second pairwise dependency (feeling frustrated and time 
worrying about eyesight) was left as separate items as it was 
felt that they measured distinct concepts. The final SEF 
scale (table  3B) was psychometrically reevaluated and 

demonstrated satisfactory fit to the Rasch model (χ2(16) 
=20.2, p=.211), no misfitting items, no disordered 
response category thresholds, excellent scale-to-sample 
targeting, acceptable PSI (0.87) and was unidimensional 

Table 2  NEI-VFQ-25 subscale and composite scores at baseline and follow-up using original scoring system

Baseline
n=174

Follow-Up
n=152

Mann-Whitney U test
Z-score, p value

Composite VFQ-25

 � Mean (SD) 44.5 (15.8) 50.2 (18.7) Z=−2.92, p=0.003

 � Median (IQR) 41.6 (33.3–55.3) 50.2 (34.8–62.7)

General health

 � Mean (SD) 65.7 (26.0) 64.1 (25.1) Z=−0.63, p=0.530

 � Median (IQR) 75.0 (50.0–75.0) 75.0 (50.0–75.0)

General vision

 � Mean (SD) 33.8 (17.2) 41.2 (21.4) Z=−3.64, p<0.001

 � Median (IQR) 40.0 (20.0–40.0) 40.0 (20.0–60.0)

Ocular pain

 � Mean (SD) 86.5 (18.5) 85.8 (18.4) Z=−0.02, p=0.987

 � Median (IQR) 100 (75.0–100) 100 (75.0–100)

Near activities

 � Mean (SD) 28.7 (19.8) 34.3 (23.2) Z=−3.58, p<0.001

 � Median (IQR) 25 (16.7–41.7) 33.3 (16.7–50.0)

Distance activities

 � Mean (SD) 39.0 (20.7) 43.8 (22.4) Z=−2.90, p=0.004

 � Median (IQR) 37.5 (25.0–50.0) 41.7 (25.0–58.3)

Social functioning

 � Mean (SD) 48.6 (25.2) 49.7 (25.5) Z=−1.38, p=0.167

 � Median (IQR) 50.0 (25.0–62.5) 50.0 (25.0–65.6)

Mental health

 � Mean (SD) 33.9 (22.3) 49.5 (26.3) Z=−6.01, p<0.001

 � Median (IQR) 31.3 (18.8–50.0) 50.0 (31.3–68.8)

Role difficulties

 � Mean (SD) 34.1 (26.9) 47.9 (28.5) Z=−4.91, p<0.001

 � Median (IQR) 25.0 (12.5–50.0) 50.0 (25.0–75.0)

Dependency

 � Mean (SD) 37.3 (24.6) 49.1 (28.8) Z=−4.21, p<0.001

 � Median (IQR) 33.3 (16.7–50.0) 41.7 (25.0–75.0)

Driving

 � Mean (SD) 5.2 (18.0) 6.2 (21.2) Z=−0.04, p=0.970

 � Median (IQR) 0 (0–0) 0 (0–0)

Colour vision

 � Mean (SD) 71.4 (27.5) 72.5 (28.1) Z=−0.48, p=0.628

 � Median (IQR) 75.0 (50.0–100) 75.0 (50.0–100)

Peripheral vision

 � Mean (SD) 61.6 (26.0) 63.2 (25.4) Z=−0.54, p=0.592

 � Median (IQR) 50 (50.0–75.0) 62.5 (50.0–75.0)

NEI-VFQ-25, 25-item National Eye Institute Visual Function Questionnaire.
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with 4.1% of paired t-tests significant at p<.05 (95% CI: 
0.9% to 7.4%).

Finally, participants’ scores were analysed on the 
separate psychometrically valid scales. At baseline, partic-
ipants’ mean VAL score on a Rasch-transformed 0–100 
scale was 46.1 (11.7), improving to 48.4 (13.7) 2 years 
post-treatment (F(1, 324) = 2.67, p=0.103) (figure 1). On 
the SEF scale, there was a significant difference 2 years 
post-treatment, with participants improving from a mean 
score of 40.1 (14.1) at baseline to 49.6 (17.6) (F(1, 324) = 
29.1, p<0.001) (figure 2).

DISCUSSION
Despite its popularity as a PROM in ophthalmology 
clinical trials, the NEI-VFQ-25 has been criticised for its 
violations of modern psychometrics, in particular the 
principle of unidimensionality and its use as a measure 
of a single ‘vision-targeted health-related quality of life’ 
construct, that is, the items that are used to calculate the 
single Composite VFQ-25 score do not actually measure a 
single construct.4–6 The results of our study are consis-
tent with those of earlier studies involving patients with 
cataracts, low vision and retinal disorders.4–6 Across 
all studies, the NEI-VFQ-25 offered improved psycho-
metric performance when split into separate scales 
measuring conceptually distinct visual functioning and 

socioemotional constructs. Within each scale, individual 
items can be positioned along a continuum of difficulty, 
which allows changes in visual ability over time to be 
interpreted in terms of a person’s movement along that 
continuum. While the original scoring system indicated 
significant improvement in some subscales at follow-up, 
these scores combined items with different levels of diffi-
culty and conceptual focus, making it difficult to draw 
clear conclusions about actual changes in visual function. 
For example, the near activities subscale improved using 
the original scoring, while the Rasch-based VAL score 
did not. Improvements were likely driven by easier tasks 
(finding objects on a crowded shelf), while more challenging 
ones (reading ordinary print in newspapers) remained 
unchanged, giving a potentially misleading impression of 
improvement.

The scales constructed in our study and order of 
items along the logit scale are similar to those of earlier 
studies.4–6 We excluded three driving items, two ocular 
pain items and the general health and general vision 
items to construct separate VAL and SEF scales, both 
consisting of nine items. In contrast to Marella et al,4 who 
constructed similar scales using NEI-VFQ-25 responses 
from people with low vision and dichotomised items 
due to disordered thresholds, we retained the polyto-
mous response structure. The segregation of items into 

Table 3  Item fit statistics and parameter values for items of Rasch-revised Vision-Related Activity Limitation (VAL) and 
Socioemotional Functioning (SEF) scales

Item Description Location (Logits) SE Fit residual χ2 prob

A. Rasch-revised Vision-Related Activity Limitation scale

1 Picking out and matching clothes −1.388 0.097 1.213 0.787

2 Noticing objects off to the side −1.171 0.104 −0.172 0.161

3 Going down steps in dim lit −1.060 0.100 1.944 0.765

4 Visiting with people in their homes/
parties/restaurants

−0.906 0.095 1.181 0.556

5 Finding objects on a crowded shelf −0.050 0.108 −1.592 0.060

6 Seeing how people react 0.144 0.114 0.889 0.789

7 Seeing well up close 0.661 0.099 −1.502 0.909

8 Street signs 1.655 0.112 0.169 0.720

9 Reading ordinary print in newspapers 2.114 0.142 0.520 0.255

B. Rasch-revised Socioemotional Functioning scale

1 Stay home most of the time −0.948 0.113 0.327 0.781

2 Doing embarrassing things −0.615 0.107 1.148 0.364

3 Limited in how long you can work 
because of vision

−0.111 0.088 1.089 0.670

4 Feel frustrated 0.185 0.119 0.214 0.333

5 ‘Reliance’ super-item:
Rely too much on what others tell me 
and need a lot of help from others

0.229 0.084 −0.910 0.705

6 Accomplish less because of vision 0.365 0.096 −1.711 0.119

7 Much less control 0.373 0.125 −1.246 0.033

8 Time worrying about eyesight 0.523 0.101 1.845 0.224
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Figure 1  Person-item threshold distribution map for the Rasch-revised Vision-Related Activity Limitation (VAL) scale. The 
blocks in the upper part of the chart (above the x-axis) represent groups of study participants across a continuum of vision-
related activity limitation, represented by the x-axis (‘Location’ in logits), at baseline (in blue) and at 2 years post-treatment 
(in red). The underlying scale represents higher levels of vision-related activity limitation (or lower levels of visual functioning) 
toward the left of the plot, and lower levels of vision-related activity limitation (or higher levels of visual functioning) toward the 
right of the plot. The blocks in the lower part of the chart (below the x-axis) represent the location of item thresholds and their 
distribution.

Figure 2  Person-item threshold distribution map for the Rasch-revised Socioemotional Functioning (SEF) scale. The blocks 
in the upper part of the chart (above the x-axis) represent groups of study participants across a continuum of socioemotional 
functioning, represented by the x-axis (‘Location’ in logits), at baseline (in blue) and at 2 years post-treatment (in red). The 
underlying scale represents lower levels of socioemotional functioning toward the left of the plot, and higher levels of 
socioemotional functioning toward the right of the plot. The blocks in the lower part of the chart (below the x-axis) represent the 
location of item thresholds and their distribution.
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separate visual functioning and socioemotional scales 
was also broadly similar to studies using NEI-VFQ-25 
responses from people with cataracts5 and retinal disor-
ders.6

Our study raises an important question regarding 
the impact of gene therapy on visual functioning and 
socioemotional function in patients affected by LHON. 
Most studies exploring the quality of life of individuals 
affected by LHON rely on pre-existing or novel PROMs 
designed to assess vision-related activity limitation.26 
Using PROMs such as the Visual Function Index (VF-14), 
a measure of vision-related activity limitation, patients 
with LHON have the lowest score compared with other 
ophthalmological disorders.27 A longitudinal study of 
Chinese patients with the m.11778G>A mutation found 
that the VF-14 score improved over time, especially in 
younger patients.28 Although the psychometric validity 
of the VF-14 has been questioned previously,29 the study 
found significant improvement in easier items such as 
seeing steps, curbs or stairs; doing handiwork; playing sports, 
cooking; and watching television.28 In contrast, responses to 
more difficult items like reading small print; reading a news-
paper or a book; reading signs; and writing cheques or filling 
out forms were unchanged. In our study, the VAL scale 
was constructed with similar items representing higher 
visual function ability, with reading ordinary print in news-
papers the most difficult item for participants to endorse. 
Although participants’ visual function improved after 
treatment in our study, the magnitude of the improve-
ment was not large enough to reach significance on the 
VAL scale. This is not surprising. Long-term follow-up of 
patients receiving unilateral intravitreal gene therapy for 
LHON showed mean best corrected visual acuity (BCVA) 
steadily improving from 1.57 logMAR at 12 months to 
1.26 logMAR at 48 months after onset.15

In our study, the SEF scale included items that assessed 
participants’ ability to work/fulfil their roles, reliance on 
others, and feelings of embarrassment, frustration and 
worry. We found that study participants experienced a 
significant improvement in socioemotional function after 
receiving gene therapy. These results must be interpreted 
with caution in the absence of a control group. However, 
from natural history studies, it is understood that LHON 
is characterised by chronic psychosocial losses, including 
loss of social/communication skills, loss of indepen-
dence and freedom and loss of autonomy.25 30 Symptoms 
of anxiety and depression are common in affected 
individuals.25 31–33 Nearly 50% of participants in one 
study had at least five of the nine symptoms of major 
depressive disorder.32 Another study found that 8% of 
men affected by LHON had mild to moderate depres-
sion using the Beck’s Depression Inventory.33 Although 
personal factors/attitudes and external/environmental 
factors, including access to emotional support and low 
vision aids, are important in determining the extent 
and duration of sadness after vision loss,31 the negative 
impact of LHON on social well-being is persistent and 
pervasive.25 32 Approximately 71% of affected individuals 

report that LHON had a negative impact on both inter-
personal relationships and career goals.32 Indeed, loss of 
autonomy and inability to independently perform tasks 
or fulfil previous roles is frequently reported by affected 
individuals, even with access to low vision aids and assis-
tive technology.25

This study has several limitations. One limitation is 
the uneven distribution of participants across the three 
contributing trials, with a larger proportion drawn from 
REFLECT. However, REFLECT had comparable inclu-
sion criteria to RESCUE and REVERSE, encompassing 
the same disease duration window (up to 365 days from 
onset of vision loss), and the follow-up interval differed by 
only 8 weeks. We believe these differences are unlikely to 
have introduced meaningful bias into the pooled results. 
In the absence of a control group, the change in scores 
on the Rasch-revised NEI-VFQ-25 scales cannot be solely 
attributed to the effect of gene therapy. However, the 
three clinical trials prohibited participants from taking 
idebenone for the duration of the trial and, other than 
the intravitreal injection of lenadogene nolparvovec, no 
other treatments were offered to all study participants. 
The change in scores on the Rasch-revised SEF scale 
may also be due to response shift, reflecting a change in 
participants’ perception of the concepts being measured. 
It is recognised that patients might give different answers 
to questionnaires over time, not only because their 
health has changed, but also because their perception of 
health or what QoL means to them has changed.34 This is 
especially important in LHON, where the psychological 
impact of the condition has been described as occurring 
in different phases.25 By conducting Rasch analysis using 
anchor values from a random sample of participants with 
both time points equally represented, a possible source 
of time-series dependency is eliminated.18 While this 
approach strengthens the internal validity of the findings, 
the interpretation of change remains limited without an 
established threshold for clinically meaningful improve-
ment. Future work correlating Rasch-derived scores with 
other person-level measures, such as visual acuity, will 
be important for defining such thresholds, but this was 
beyond the scope of the present study.

Lastly, Rasch informed post hoc revisions can improve 
the psychometric validity of the NEI-VFQ-25, but they 
do not address underlying issues with the content of the 
PROM itself. While items contributing to the SEF scale 
appear to reflect socioemotional challenges experienced 
by individuals with LHON, important aspects such as 
symptoms of anxiety, depression or the economic burden 
of vision loss are not directly addressed.25 26 31 32 35–37 Simi-
larly, it remains uncertain whether the items contributing 
to the VAL scale are conceptually relevant or sufficiently 
comprehensive to capture meaningful change in visual 
function. Regulatory guidance, such as the Food and 
Drug Administration’s Patient-Focused Drug Develop-
ment framework,38–41 recommends direct engagement 
with patients to ensure that PROMs measure concepts 
that are most important to those living with the condition. 
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Future research should focus on identifying core domains 
to guide the development or refinement of PROMs for 
use in LHON.

In conclusion, the NEI-VFQ-25 in its original struc-
ture does not possess valid psychometric properties as 
a single measure of VRQoL in people with LHON. The 
NEI-VFQ-25 functions better as two psychometrically 
valid scales measuring separate visual functioning and 
socioemotional constructs. Participants of three Phase III 
clinical trials experienced improvements in visual func-
tioning and socioemotional traits 2 years after receiving 
intravitreal injection of lenadogene nolparvovec for 
the treatment of LHON. Gene therapy appears to have 
a significant impact on the social, psychological and 
emotional impact of LHON, enabling affected individ-
uals to become more independent and self-reliant, feel 
less embarrassed and frustrated, and accomplish more.
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