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Abstract

Background/Objectives: Optic neuropathies (ON) are a clinically heterogeneous group of
disorders that can cause profound and lasting visual disability, with wide-ranging effects
on patients” quality of life. Although the NEI-VFQ-25 is an instrument for assessing vision-
related quality of life (VRQoL), few studies have systematically compared patient-reported
outcomes across multiple ON subtypes, especially in underrepresented populations. We
aimed to delineate how etiological differences and longitudinal visual acuity trajectories
shape VRQoL in a diverse Portuguese cohort with ON. Methods: This retrospective,
cross-sectional study included 152 patients diagnosed with ON and followed at Sao Joao
University Hospital, Portugal. All participants completed the validated NEI-VFQ-25.
Diagnosis-specific differences in VRQoL were interrogated using ANCOVA and linear
mixed-effects models, controlling for age and sex. Visual acuity changes over time were
analyzed in relation to patient-reported outcomes. Results: Substantial heterogeneity
in VRQoL was observed across ON subtypes. Patients with MS-related ON (MS-RON)
and idiopathic ON reported significantly higher NEI-VFQ-25 scores in domains such as
general vision, mental health, and dependency (F = 3.30, p = 0.013; np2 = 0.08), while those
with ischemic or other inflammatory etiologies showed persistently lower scores. Notably,
both final visual acuity and diagnosis were independently associated with NEI-VFQ-25
composite scores, highlighting the correlation between objective and subjective measures of
visual function. Age and diagnosis independently predicted poorer VRQoL. Conclusions:
This study provides the first comprehensive evaluation of vision-related quality of life
(VRQoL) across a diverse cohort of optic neuropathy patients in a Portuguese tertiary center,
using the NEI-VFQ-25. Our results underscore the heterogeneity of functional impact
across ON subtypes, emphasizing the value of integrating sensitive, multidimensional
assessment tools into neuro-ophthalmic clinical care, especially in populations historically
underrepresented in research.

Keywords: optic neuropathy; vision-related quality of life; NEI-VFQ-25; patient-reported
outcomes
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1. Introduction

Optic neuropathies (ON) represent a clinically heterogeneous group of disorders that
result in varying degrees of visual impairment and disability, with etiologies ranging from
glaucomatous, ischemic, isolated inflammatory episodes to systemic neuroimmunology
diseases, such as multiple sclerosis (MS), neuromyelitis optica spectrum disorder (NMOSD),
and myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) [1-3].
While glaucoma is the most prevalent cause of optic neuropathy worldwide, particularly in
general ophthalmology practice, demyelinating and ischemic forms are more commonly
encountered in neuro-ophthalmology clinics and are the primary focus of this study. The
functional deficits in ON extend beyond central visual acuity to encompass color dis-
crimination, contrast sensitivity, and peripheral field loss, all of which profoundly affect
vision-related quality of life (VRQoL) [4-7].

In recent years, the VRQoL has emerged as a critical, patient-centered outcome
in neuro-ophthalmology. The National Eye Institute Visual Function Questionnaire-
25 (NEI-VFQ-25) is widely used for this purpose in both ophthalmological and neuro-
ophthalmological research [8,9]. Nonetheless, controversy remains regarding the best
methods to quantify visual disability in ON, as NEI-VFQ-25 scores often diverge from
traditional measures such as Snellen acuity or logMAR, underscoring the complex and
subjective nature of visual dysfunction [10-12]. Furthermore, the specific contributions
of non-acuity factors (e.g., contrast sensitivity, psychosocial burden) remain insufficiently
characterized in diverse populations.

Despite an expanding international literature, most data derive from trial-based or
registry cohorts with limited representation of certain ON subtypes and underrepresented
populations [11,13-18]. However, comparisons of VRQoL across etiological subgroups,
especially in Southern European and Portuguese-speaking cohorts, are scarce [19]. While a
validated Portuguese version of the NEI-VFQ-25 exists, its psychometric performance in
neuro-ophthalmological disease, and the patterns of VRQoL across ON subtypes, remain
poorly defined.

Given these gaps, the present study aims to systematically evaluate VRQoL in a
Portuguese tertiary referral hospital cohort with diverse ON etiologies, using the NEI-
VEFQ-25. We aimed to compare VRQoL scores across diagnostic groups and assess their
association with demographic and longitudinal clinical variables, including changes in
visual acuity over time during follow-up. By directly addressing the heterogeneity of
patient experiences and integrating patient-reported outcomes, our findings provide new
insights into the clinical evaluation and management of ON subtypes.

2. Materials and Methods
2.1. Study Design

This retrospective, cross-sectional study was conducted at Sao Joao University Hospi-
tal, a tertiary referral center in Porto, Portugal. Clinical records of all patients diagnosed
with optic neuropathy (ON) between January 2004 and July 2023 were reviewed. Eligible
patients were those still under active follow-up at the hospital, who were subsequently
invited to participate during scheduled neurology or ophthalmology visits. The validated
Portuguese version of the 25-Item National Eye Institute Visual Function Questionnaire
(NEI-VFQ-25) was administered cross-sectionally via in-person interviews between Septem-
ber 2023 and September 2024. The study was approved by the institutional Ethics Com-
mittee (approval no. 331/2020), and all participants provided written informed consent in
accordance with data protection regulations and the Declaration of Helsinki.
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2.2. Participants and Diagnostic Criteria

Eligible participants were adults (>18 years) at the time of ON diagnosis, confirmed
according to standardized international criteria, and with availability for NEI-VFQ-25
administration during follow-up visits. To establish the diagnosis of ON, we adhered to
the most up-to-date diagnostic criteria as follows: Multiple Sclerosis-related optic neuritis
(MS-RON) was determined based on the 2017 revision of the McDonald Criteria [20]. Neu-
romyelitis optica spectrum disorder-related optic neuritis (NMOSD-RON) followed the
“International consensus diagnostic criteria for Neuromyelitis Optica Spectrum Disorders”,
with or without the presence of Aquaporin-4 Immunoglobulin (AQP4-IgG) status [21].
Myelin Oligodendrocyte Glycoprotein Antibody Disease (MOGAD-ON) was established in
accordance with international criteria [2,3,22], requiring a clinical presentation compatible
with ON and confirmed positivity for serum MOG-IgG using a cell-based assay, in the
absence of alternative diagnoses. Chronic relapsing inflammatory ON (CRION) was diag-
nosed using the criteria proposed by Petzold and Plant through a systematic review [23],
whereas Ischemic ON was defined according to Hayreh et al. [24]. The diagnosis of Idio-
pathic ON determined by excluding all other possible causes of optic neuritis [1-3], using
the available methodology at the time of admission, and until the loss of follow-up. Our
primary aim was to evaluate acquired, predominantly acute or subacute ON etiologies typ-
ically seen in neuro-ophthalmology practice, for which patient-reported outcome measures
(PROMs) are most applicable. Exclusion criteria were defined to minimize heterogeneity
and confounding, including: (1) Ocular comorbidities interfering with visual function
assessment (e.g., dense cataract, corneal opacity, significant vitreous haze, or macular scar-
ring); (2) High refractive error (myopia > 6 D; hyperopia or astigmatism > 3 D); (3) History
or presence of glaucoma, or intraocular pressure > 30 mmHg; (4) Use of medications with
known optic nerve toxicity (e.g., ethambutol, plaquenil, phenothiazines); (4) Traumatic
optic neuropathy; (5) History of unrelated optic neuritis or optic disk pallor in the currently
affected eye; (6) Hereditary optic neuropathy (e.g., Leber Hereditary Optic Neuropathy
and Autosomal Dominant Optic Atrophy); owing to their distinct etiology, chronicity, and
typical bilateral or abrupt onset, which contrast with acquired, usually unilateral and acute
presentations; (7) History of unrelated optic neuritis or evidence of optic disk pallor in the
currently affected eye, to ensure inclusion of only acute, incident ON cases; (8) Compressive
optic neuropathies (e.g., meningioma, pituitary adenoma), as these conditions typically
have chronic, progressive courses and are managed surgically or oncologically, introducing
additional confounding factors for quality-of-life outcomes. These criteria were imple-
mented to minimize diagnostic heterogeneity and eliminate confounding factors, ensuring
the comparability and internal validity of patient-reported outcomes across groups.

We stratified the follow-up current diagnosis in five ON categories [1-3,20-24]: Mul-
tiple sclerosis-related optic neuritis (MS-RON); Other demyelinating/inflammatory ON
(DON/ION)—includes Neuromyelitis Optica Spectrum Disorder (NMOSD), MOG Anti-
body Disease (MOGAD) and Chronic Relapsing Inflammatory Optic Neuritis (CRION);
Idiopathic ON; Ischemic ON, encompassing both Arteritic Anterior Ischemic Optic Neu-
ropathy (AAION)—including cases secondary to giant cell arteritis (GCA) and other sys-
temic vasculitis (e.g., lupus, polyarteritis nodosa), and Non-Arteritic Anterior Ischemic
Optic Neuropathy (NAION); and Other ON, that includes toxic, nutritional and infectious.
The rationale for these groupings follows recent international guidelines [1-3,20-24], but
we acknowledge the heterogeneity, particularly within the Other ON group, as a limitation.
Toxic optic neuropathies included in the Other ON group were limited to cases attributable
to chronic alcohol abuse or severe nutritional deficiency, where no medication or acute
toxin-induced ON was documented. Smoking-related ON was not present in our cohort.
Cases of ON related to active or historical use of medications with known toxicity to optic
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nerves were excluded. Due to the small sample sizes of individual subgroups within the
Ischemic ON and Other ON categories, further statistical comparisons between subtypes
were not performed. However, we provide a descriptive sample size (n) of these subgroups
in Supplementary Table S1.

Out of 173 screened patients, 21 were excluded based on the criteria listed above, result-
ing in a final cohort of 152 participants. These exclusions ensured diagnostic homogeneity
and minimized bias from confounding structural, pharmacological, or traumatic factors.

2.3. Clinical Variables and NEI-VFQ-25 Administration

Best-corrected visual acuity (BCVA) of the affected eye was extracted from medical
records at the following timepoints: admission, discharge, one year post-onset, and last
available follow-up. Snellen BCVA values were converted to logarithm of the minimum
angle of resolution (logMAR), including conversion of qualitative measures (“counting fin-
gers”, “hand motion”, “light perception”, “no light perception”) [25,26]. All patients
completed the Portuguese NEI-VFQ-25, which comprises 25 items distributed across
12 domains (one for general health, 11 vision-targeted subscales: general vision, ocular
pain, near and distance vision, social functioning, mental health, role difficulties, depen-
dency, driving, color vision, and peripheral vision). The scoring and conversion to a
0-100 scale were performed according to the validated scoring manual (RAND Manual).
The original questionnaire and scoring manual are available in Supplementary Materials.
Clinical variables such as BCVA, color vision, and peripheral vision were extracted from
medical records and are presented in their native formats. Responses were transformed to a
0-100 scale, with higher scores indicating better vision-related function, and the composite
score was calculated as the mean of vision-targeted subscales (excluding general health).
The time from ON diagnosis to NEI-VFQ-25 questionnaire administration was recorded
for all patients, and detailed statistics are provided in Section 3. Although a 10-item
neuro-ophthalmology supplement to the NEI-VFQ-25 exists [27], it was not administered
due to the absence of a validated Portuguese version. The inclusion of an unvalidated
translation would risk compromising the instrument’s psychometric integrity [28,29]. This
limitation highlights the need for future validation studies tailored to Portuguese-speaking
neuro-ophthalmology populations.

2.4. Statistical Analyses

Analyses were performed using R software (version 4.2.3) [30]. Descriptive statistics
are reported as means (standard deviation) for continuous variables and proportions for
categorical variables. ANCOVA was used to compare NEI-VFQ-25 subscale and composite
scores across ON diagnostic categories, adjusting for age and sex, with Bonferroni correction
for multiple testing. Effect sizes were reported as partial eta squared (np?). Longitudinal
changes in logMAR were modeled using linear mixed-effects models (LMMs) [31], includ-
ing fixed effects for timepoint, age, sex, diagnosis, and their interactions, with a random
intercept for patient ID to account for repeated measures. Model assumptions (linearity,
normality of residuals, homoscedasticity, multicollinearity) were systematically checked
and met. Statistical significance was set at p < 0.05.

3. Results

The study included 152 patients aged 19 to 90 years, with a mean age of 48.24
(SD = 16.96), mostly males (n = 100, 65.8%). The distribution of the affected eyes showed
that 47.4% had right-eye involvement (n = 72), 38.2% had left-eye involvement (n = 55),
and 14.5% had bilateral involvement (n = 22). The median duration of the questionnaire
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application was 26.0 months (Q1 = 8.0, Q3 = 92), and the median duration of follow-up was
29.5 months (Q1 14.0, Q3 = 62.0).

The diagnostic profiles of the patients were diverse. MS-RON was the most prevalent
diagnosis, observed in 61 patients (40.1%), followed by Ischemic ON (n = 34; 22.3%),
Idiopathic ON (n = 30; 19.7%), other demyelinating or inflammatory ON (n = 20; 13.2%),
and other ON (n = 7; 4.6%).

3.1. NEI-VFQ-25 Scores by Diagnosis

Table 1 shows the results of ANCOVAs for NEI VFQ-25 score comparisons by diagnos-
tically adjusted age and sex. Regarding general health, the results indicated that there were
no statistically significant differences among the different ON subtypes (F = 0.65, p = 0.631,

2
np* = 0.02).

Table 1. ANCOVAs for Scores NEI VFQ-25 comparisons by diagnostic adjusted for age and gender.

F-Test
(n = 30) (n=34)
General Health 40.87 (3.41) 36.68 (4.19) 46.33 (5.08) 43.98 (5.18) (3;'9182) F= g;? =” 0: 32‘631' F= ;0’;32: 5;90,;001' F= f{f}?’ f J (?2'068'
General Vision 69.75(242)  68.16(298)  58.67 (3.61) 63.82 (3.68) é_f‘gg) F: ;2'3:0'0’_70; 9'8‘1)3’ F= 1211})'?2:’ 5;30’;001, F :T‘]l}'le’:%j]g‘?%’
Ocular Pain 69.49 (3.41) 59.55 (4.20) 75.03 (5.09) 68.51 (5.19) (686_6709) F= }122:’30: 004161' F= 11](;%3: 107_370;002' F= %g‘;" :” ; (%866'
Near Activities 7932(330)  6571(4.07)  71.48(4.92) 62.30 (5.02) (675 7545) F:;égfb’fioz 9'(082)1’ F= 131222 5;00;001’ F= S{;g’f N (%693’
Distance 83.66(330)  7889(405) 7719 (491) 72.72 (5.01) (579 7925) F= 3“3)?:”0: o6, E= 111%?(2 pep F= 111;%5 oo
gﬁi?tlioning 9578(3.05)  90.58(3.77)  85.23(4.55) 83.20 (4.64) (777 '1654) F= ]21';? s &076’ F :]16#723’:’6._})2'9 10, F= ?]'g(z)’f N &950’
Mental Health 7129(3.15)  6158(3.87) 5230 (4.69) 56.53 (4.78) (471_‘3872 F . ;2'536?1? 9'(%0)2’ F= E;?Z 3_720;001' k= ?{ffz”f N (%480’
Role Difficulties 82.77 (4.47) 71.54 (5.50) 60.63 (6.66) 65.85 (6.80) (?822) F:;ffb’.’(; 9'((:32’ F= 11]3})?2: 5390;001’ F= %g%’f J &913’
Dependency 80.16(3.87)  8028(476)  76.08(5.76) 7319(587)  60.67(9.6) F:}fifb’fo;?'?jl’ F= ;ifi 5_;10;001’ F= %gg’f o &832’
Driving 78.88(431)  63.60(545)  69.93(9.02) 68.28 (7.21) (593_'7%6) F= i'gg’ Y (?7'0%’ F= Tlé;% o 5_720;001' F= i’ﬁ?’f N 83'068’
Color vision 94.85(294)  9246(3.63) 9831 (4.43) 81.35 (4.48) &?;g F:péffbf’ 0 '((310)1’ F :119;)20’:%32'9 03, F= 31'}1;21’5 TR
Peripheral Vision ~ 80.78(395)  7028(482)  60.82(5.85) 65.30 (6.11) é7_'1375> F; 52'4:7’0’_’0; 9'(03)0’ F ZT?;S;%_:OE'? 02, F= ?{gg’f oopet
gf;gggtfs 8139(272)  7291(334) 7097 (4.05) 68.30 (4.13) é?% F;}f’z’?b’? o 9‘(036’ F= fé;% O p<DOOL  F= ?{fﬁ’f e

* Statistically significant at p < 0.05; results presented as adjusted means and standard errors; Bonferroni multiple
comparisons tests found significant differences at p < 0.05: (a) other ON vs. Idiopathic ON and MS-RON;
(b) MS-RON vs. ischemic ON and other ON; (c) MS-RON vs. other ON; (d) other ON vs. Idiopathic ON, MS-
RON and Ischemic ON (e) no differences after Bonferroni correction; np?, partial eta squared. Abbreviation:
2 DON = Demyelinating Optic neuropathy; b JON = Inflammatory Optic Neuropathy.

The general vision score was significantly higher in patients with Idiopathic ON
or MS than in those with other diagnoses (F = 3.30, p = 0.013, np? = 0.08). The mental
health score was significantly higher in patients with MS-RON than in those with Ischemic
and Other ON diagnoses (F = 4.53, p = 0.002, np? = 0.11). The dependency score was
significantly higher in patients with MS than in those with other diagnoses (F = 2.74,
p = 0.031, np? = 0.07). The color vision score was significantly lower for other diagnostics
than for idiopathic ON, MS, and ischemic ON diagnostics (F = 6.23, p < 0.001, np? = 0.15).
Peripheral vision score was significantly higher in patients with MS than in those with
other diagnoses (F = 3.47, p = 0.010, np? = 0.09). The total score was significantly higher for
patients with MS than for those with other diagnoses (F = 3.73, p = 0.006, npz =0.09). Age
was significantly associated with lower scores on all measures. Males scored significantly
higher on general vision than females (F = 4.41, p = 0.038, an =0.03).
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3.2. Longitudinal Visual Acuity

Figure 1 displays the adjusted mean LogMAR values with standard deviations (£SD)
over four clinical timepoints (admission, discharge, 1 year, and last consult) for different
ON subtypes. A decrease in LogMAR reflects visual improvement. Among the subgroups,
MS-related ON (MS-RON) demonstrated the most pronounced and consistent recovery
in visual acuity, showing significantly greater improvement compared to all timepoints of
Ischemic ON and to the final follow-up of other demyelinating/inflammatory conditions,
as detailed in Table 2, and represented in Figure 1.

Visual Acuity Evolution (LogMAR) by ON Subtype

Diagnosis
=4 MS-RON

Idiopathic ON
=4#= Ischemic ON
=4 Other DON/ION
=4 Other ON

LogMAR (mean + SD)

0
Admission Discharge 1 year Last consult
Clinical timepoint

Figure 1. Adjusted means and 95% CI of VA (LogMAR) across time by diagnostic.

Table 2. Longitudinal changes in Mean (SD) LogMAR visual acuity across ON Subtypes at four
clinical timepoints.

Diagnostic Admission Discharge 1 Year Last Consult
MS-RON 0.94 (0.97) 0.40 (1.40) 0.12 (0.33) 0.10 (0.31)
Idiopathic ON 0.85 (0.94) 0.54 (0.80) 0.43 (0.87) 0.38 (0.76)
Ischemic ON 1.06 (0.99) 0.87 (0.98) 0.86 (1.02) 0.86 (1.05)
Other DON/ION 1.02 (0.95) 0.75 (0.90) 0.53 (0.75) 0.91 (1.11)
Other ON 1.21 (1.04) 0.59 (0.95) 0.54 (0.9) 0.60 (0.97)

Table 3 presents the results of a linear mixed model (LMM) with visual acuity (Log-
MAR) as the outcome variable, incorporating fixed effects for time, eye, sex, age, and the
interaction of time with diagnosis, along with a random intercept term for the ID variable
to account for the correlation between repeated measurements of the LogMAR outcome
within the same individual (ID). The model was adjusted in accordance with the recom-
mendations of Bates et al. [20]. Time negatively impacted comparisons between admission
and discharge ( = —0.53, p < 0.001), one year after discharge (3 = —0.83, p < 0.001), and
the last consultation (f = —0.86, p < 0.001). Age positively influenced LogMAR (3 = 0.01,
p =0.010). Compared with MS, the interaction between time and diagnosis was statisti-
cally significant for one year x ischemic (3 = 0.65, p < 0.001), last consultation x ischemic
(B =0.67, p <0.001), and last consultation x NMOSD (3 =0.71, p < 0.001).
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Table 3. LMM for LogMAR across time adjusted for time, eye, sex, age, and interaction of time
with diagnostic.

Variable Estimate  Std. Error t Value 95% CI p-Value
(Intercept) 0.65 0.21 3.12 (0.25; 1.05) <0.001 ***
Time (reference = admission)

Discharge —0.53 0.13 —3.98 (—0.78;, —0.27)  <0.001 ***

1 year —0.83 0.13 —6.30 (—1.09; —0.58)  <0.001 ***

Last appointment —0.86 0.13 —6.53 (-1.12; —-0.61)  <0.001 ***
Diagnostic (reference = MS)

Idiopathic ON —0.24 0.21 —1.18 (—0.64; 0.15) 0.240

Ischemic ON —0.25 0.24 —1.04 (—0.72;0.21) 0.300

Other DON/ION —-0.17 0.25 —0.68 (—0.65; 0.31) 0.500

Other ON 0.20 0.32 0.63 (—0.41; 0.81) 0.530
Eye (reference = Left)

Right —0.13 0.08 —1.61 (—0.29; 0.03) 0.110
Gender (reference = female)

Male —0.06 0.12 —0.51 (—0.30; 0.17) 0.610
Age 0.01 0.00 2.47 (0.00; 0.02) 0.010 **
Time x Diagnostic (reference= time x MS)

Discharge x Idiopathic ON 0.21 0.21 1.00 (—0.20; 0.62) 0.320
1 year x Idiopathic ON 0.39 0.22 1.84 (—0.02; 0.81) 0.070
Last consult x Idiopathic ON 0.38 0.21 1.78 (—0.03; 0.79) 0.080
Discharge x Ischemic ON 0.34 0.21 1.62 (—0.07; 0.75) 0.110
1 year x Ischemic ON 0.65 0.21 3.06 (0.24; 1.06) <0.001 ***
Last consult x Ischemic 0.67 0.21 3.15 (0.26; 1.08) <0.001 ***
Discharge x Other DON/ION 0.26 0.25 1.01 (—0.23; 0.74) 0.310
1 year x Other DON/ION 0.37 0.25 1.46 (—0.12;0.85) 0.140
Last consult x Other DON/ION 0.71 0.25 2.88 (0.24; 1.19) <0.001 ***
Discharge x Other —0.09 0.31 —0.30 (—0.70; 0.51) 0.760
1 year x Other 0.16 0.31 0.52 (—0.44;0.77) 0.610
Last consult x Other 0.26 0.33 0.78 (—0.38; 0.89) 0.440

“p < 0.01; ** p < 0.001.

Although visual acuity means and standard deviations between diagnostic groups
showed some overlap, the longitudinal analysis using linear mixed-effects models revealed
statistically significant differences in recovery trajectories. Specifically, compared with
the MS-RON group, both the ischemic ON and other demyelinating/inflammatory ON
subgroups exhibited less improvement in visual acuity at one year and at last follow-up
(1 year x ischemic ON: 3 = 0.65, p < 0.001; last consult x ischemic ON: 3 = 0.67, p < 0.001;
last consult x other DON/ION: 3 = 0.71, p < 0.001), as shown above in Table 3. These
results indicate that, despite some overlap in standard deviations, the recovery pattern
observed in the MS-RON group is statistically robust and not merely a descriptive trend.

3.3. Association Between Final Visual Acuity and VRQoL

A linear mixed-effects model (LMM) was performed to examine the association be-
tween final best-corrected visual acuity (logMAR at last follow-up; lower values indicate
better vision) and the NEI-VFQ-25 composite score, adjusted for age and diagnostic group
(MS group as reference). Sex was not a significant predictor and was omitted for clarity.
The coefficients and full results of the LMM are presented in Table 4.

The analysis demonstrated a statistically significant negative association between log-
MAR and the composite score [( = —13.2, 95% CIL: [-18.7 to —7.7], p < 0.001)], demonstrat-
ing that poorer visual acuity (Higher logMAR values indicate worse vision) is significantly
associated with lower VRQoL scores (p < 0.001). This relationship remained significant
after adjusting for diagnosis category, with MS-ON patients exhibiting both the best visual
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outcomes and the highest VRQoL scores among all groups and less pronounced among
ischemic and NMOSD/MOGAD subgroups.

Table 4. LMM for the association between logMAR and NEI-VFQ-25 composite scores.

Variable Estimate (3) Std. Error t-Value 95% CI p-Value
(Intercept, MS group) 90.1 3.0 30.1 84.2-96.0 <0.001 *
logMAR (final, continuous) —13.2 2.8 —4.71 —18.7--7.7 <0.001 *
Age (per year) —-0.23 0.07 -3.29 —-0.37-—0.09  0.001 *
Idiopathic ON —7.6 3.4 —2.24 —14.3--09 0.027 *
Ischemic ON —21.1 41 -5.15 —29.2-—-130 <0.001*
Other Demyelinating /ION -19.3 5.0 —3.86 —29.2--94 <0.001 *
Other ON -19.8 8.1 —2.45 —36.0-—3.6 0.016 *

* Statistically significant at p < 0.05.

4. Discussion

Optic neuropathies (ON) represent a broad spectrum of etiologies with variable clinical
courses and functional outcomes, often resulting in profound impact on vision and quality
of life. The growing recognition that the lived experience of visual impairment extends far
beyond Snellen acuity or structural measures has propelled vision-related quality of life
(VRQoL) to the forefront of neuro-ophthalmological research [4,11,12]. The NEI-VFQ-25
questionnaire has become the standard for assessing patient-reported visual function, yet
its application in ON populations, particularly in Portuguese-speaking contexts, remains
limited [11].

The findings revealed several noteworthy results that have important implications
for clinical management and understanding of vision-related quality of life in patients
with different ON diagnoses. In this study, we comprehensively assessed VRQoL among
patients with diverse ON etiologies, confirming and extending several findings from previ-
ous cohorts. Our data demonstrate that MS-related optic neuritis (MS-RON) is associated
with more favorable VRQoL scores across multiple domains when compared to other
demyelinating, ischemic, or idiopathic ON, consistent with reports from international
studies [11,15-17,32] and the Optic Neuritis Treatment Trial (ONTT) [33]. In particular,
MS-RON patients reported superior function in general vision, near activities, and mental
health, reflecting not only better visual recovery, but also greater adaptation and autonomy
in daily life over time. Similarly, the idiopathic ON group, though less extensively charac-
terized in the literature, showed an intermediate profile, frequently paralleling MS-RON in
subjective scores, which may reflect a milder phenotype or underrecognized MOG-antibody
disease [1,3,11].

In contrast, patients with NMOSD, MOGAD, and CRION consistently reported lower
VRQoL, especially in mental health, role difficulty, and dependency domains, highlighting
substantial psychosocial and functional burdens. These results are supported by recent
multicenter analyses which underscore age-related decline and the unpredictable, relapsing
nature of these conditions [17,18,34,35]. Ischemic ON, meanwhile, was associated with
persistently low scores in near vision and social functioning, consistent with the ischemic
damage, irreversible axonal loss and poor recovery reported in prior studies [36-39].

An important observation in our cohort is that, while MS-ON patients exhibited
both superior final visual acuity and higher VRQoL composite scores compared to other
diagnostic groups, our regression analysis (LMM, adjusted for age) revealed a statistically
significant association between final logMAR and NEI-VFQ-25 composite scores for all
groups. In addition, all non-MS diagnostic categories showed significantly lower VRQoL
composite scores compared to the MS group (all p < 0.05).
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These finding highlights that, although patient-reported outcomes such as VRQoL cap-
ture a broader and more nuanced spectrum of disability, including psychosocial adaptation,
mental health, and functional independence; objective measures of visual function remain
closely linked to subjective perceptions of quality of life, particularly in those with more
favorable visual recovery, such as MS patients. These results underscore the importance of
integrating both objective and subjective outcome measures in the clinical evaluation and
management of optic neuropathies.

Importantly, our results also reinforce previous evidence [8,9,27,40,41] that diagnosis-
specific factors, psychosocial domains, and functional adaptation significantly contribute
to overall VRQoL, especially in those with persistent symptoms despite relatively good
visual acuity. Thus, although the association between visual acuity and quality of life is
significant, it does not fully account for the heterogeneity in patient-reported outcomes
across ON subtypes, supporting the use of multidimensional assessment tools such as the
NEI-VFQ-25 to guide rehabilitation and patient-centered care.

Our results are consistent with recent studies that have compared QoL in various ON
subtypes. Notably, the work of Nicolescu et al. [35] in NMOSD and MOGAD, and Gassan
et al. [17], reinforce the impact of disease etiology and aging on VRQoL. Song et al. [18]
demonstrated the high burden of depression and functional impairment in AQP4-IgG
seropositive ON, which aligns with our findings of diminished mental health in other
inflammatory ON groups. In non-arteritic ischemic ON, Su et al. [36] found significant
VRQoL compromise, paralleling our results in this group. Furthermore, the integration of
our findings with other studies on visual function and quality of life in different ocular
and systemic contexts—such as the impact of ocular syphilis [14], atypical ON [16], and
broader reviews of vision-targeted PROMs [4,11,12], underscores the universal importance
of a multidimensional, patient-centered approach in both clinical care and research.

This study has certain limitations inherent to its retrospective, single-center design,
as well as the long inclusion period from 2004 to 2023, during which time, significant
advancements occurred in neuro-ophthalmological diagnostics and data management. The
incorporation of structural correlates, particularly optical coherence tomography (OCT)
derived retinal nerve fiber layer (RNFL) thickness, was inherently limited by the retrospec-
tive design and the broad temporal period of this study. Much of the cohort pre-dated
the widespread adoption of electronic health records and routine OCT imaging, result-
ing in substantial variability and frequent absence of historical structural data, especially
among patients seen in earlier years. Although previous studies have highlighted ro-
bust correlations between RNFL thinning and VRQoL in MS and NMOSD [17,41,42], our
findings reaffirm that patient-reported outcome measures (PROMs) capture unique and
clinically meaningful aspects of disability that are complementary, but not redundant, to
objective imaging [40,41]. Similarly, the lack of consistent visual field and low-contrast
sensitivity assessments reflects both the constraints of retrospective clinical research and
the evolution of neuro-ophthalmic practice. The established prognostic and functional
value of low-contrast acuity in ON and MS should be integrated into future prospective
studies [43,44]. Additionally, the lack of a validated Portuguese version of the NEI-VFQ-25
neuro-ophthalmic supplement prevented its inclusion, reflecting broader challenges in
cross-cultural instrument validation, but also highlights the need for future prospective
and multicenter research.

Notwithstanding these limitations, this study represents the most comprehensive as-
sessment to date of vision-related quality of life across a diverse cohort of optic neuropathy
patients in a Portuguese tertiary center. By systematically comparing subdomain scores
among distinct etiological subgroups, we demonstrated that patient-reported outcomes
capture clinically meaningful differences often missed by traditional visual acuity metrics.
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Our results underscore the heterogeneity of functional impact across ON subtypes, empha-
sizing the value of integrating sensitive, multidimensional assessment tools into routine
clinical care. Importantly, these findings advocate for a broader, patient-centered approach
to management and highlight subgroups at risk for disproportionate functional burden.
This work offers a framework for future prospective and multicenter studies, aiming to
refine outcome measurement and advance personalized care in neuro-ophthalmology.
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