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Introduction
Atrophy of the inner retinal layers, as observed with 
the use of optical coherence tomography (OCT), is  
a common observation in multiple sclerosis (MS) 
patients with a history of MS-associated optic neuri-
tis (MSON). However, even in patients without a his-
tory of MSON, substantial thinning of the inner 
retinal layers is also observed.1 This retinal atrophy is 
thought to be caused by retrograde trans-synaptic 
degeneration,2,3 although other mechanisms, such  
as local microinflammatory processes in the optic 
nerve,4 have also been suggested. Retinal atrophy has 
shown to be associated with clinical disability,1,5,6 
gray and white matter atrophy,7,8 and cognitive 

functioning.9 Although spectral domain (SD)-OCT 
has been suggested as a structural outcome measure 
for neuroaxonal degeneration,5 it should be noted 
that the clinical meaningfulness of this outcome is 
not always self-evident. A large proportion of patients 
with MS (up to 80%) will experience visual disability 
at some point during their course of disease, the most 
common being MSON, decreased high-contrast vis-
ual acuity (HCVA) and low-contrast visual acuity 
(LCVA), and eye movement disorders.10–12 This poor 
visual functioning has a major impact on quality of 
life (QoL) as good visual function is highly valued by 
patients. Importantly, Heesen et al.13 demonstrated 
that MS patients reported visual functioning as the 
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second most important body function affecting QoL, 
after lower limb function. Despite this, the visual sys-
tem is not generally included as outcome measure. 
Even the commonly used MS functional composite 
does not include an objective assessment of visual 
functioning.14

Previous studies have investigated the relationship 
between peripapillary retinal nerve fiber layer 
(pRNFL) thickness and visual dysfunction15–17 or gen-
eral measures of QoL18 in patients with MS. The 
assessment of general QoL in patients with MS is 
however strongly influenced by the mobility of the 
patient. The vision-related QoL measures the specific 
influence of visual disability and visual symptoms on 
different QoL domains and is therefore not biased by 
ambulation or other non-visual symptoms. These 
vision-specific measures may provide information on 
the clinical meaningfulness of retinal atrophy. 
Therefore, the objective of this study was to investi-
gate how inner retinal layer thickness relates to LCVA, 
HCVA, and vision-related QoL and to determine 
whether previous MSON affects this relationship.

Methods

Study design and patient population
For this observational cross-sectional study, patients 
were enrolled from the Amsterdam MS Cohort (MS 
Centre Amsterdam, VU University Medical Centre, 
The Netherlands). This study was approved by the 
Medical Ethical Committee on Human Research of 
the VU University Medical Center in Amsterdam, 
The Netherlands. Written informed consent was 
obtained from all subjects before study inclusion.

All included subjects were diagnosed with clinically 
definite MS following the revised McDonald crite-
ria19 and were part of an ongoing observational cohort 
study (the Amsterdam MS Cohort) of which previous 
assessments have been described.20–22 All subjects 
were required to be between 18 and 80 years of age 
and had a diagnosis of a relapsing-remitting multiple 
sclerosis (RRMS), secondary progressive multiple 
sclerosis (SPMS), or primary progressive multiple 
sclerosis (PPMS) disease course at the time of their 
assessment.23 Patients were excluded if they fulfilled 
any of the following criteria: pregnancy, received a 
course of steroids or had a relapse within 6 weeks 
prior to inclusion, HIV or other immunodeficiency 
syndrome, or history of substance abuse (drug or 
alcohol). Patients were also excluded if they had 
experienced symptomatic MSON within six months 
preceding the OCT assessment because thickening of 

the pRNFL during the acute stages of MSON may 
confound the OCT measurement. All assessments 
(clinical, OCT, and questionnaires) were performed 
on the same day.

SD-OCT
SD-OCT (Spectralis, Heidelberg Engineering, 
Heidelberg, Germany) was performed in all subjects, 
with eye-tracking function enabled. All OCT scans 
were obtained at the same site, by three different 
experienced technicians. Room light conditions were 
dimmed and pupil diameter was sufficient for obtain-
ing high-quality OCT images, such that pharmaco-
logical pupil dilation was not required in any of the 
cases. Data on global pRNFL thickness (µm) were 
obtained using a 12° ring scan, manually placed 
around the optic disc. Data on the mean ganglion cell 
inner plexiform layer (GCIPL) thickness (µm) in the 
macular area were acquired using a macular volume 
scan (20 × 20° field, 49 B-scans, vertical alignment) 
centered on the fovea, averaging thickness for all but 
the central sector of the 1-, 2.22-, and 3.4-mm grid. 
Automated segmentation of the pRNFL and GCIPL 
was performed (Heidelberg Engineering, software 
version 1.9.10.0). Scans were excluded from the anal-
yses if they did not fulfill the revised quality control 
criteria (OSCAR-IB).24

Clinical and ophthalmological outcome measures
Disease duration was defined as the time from the 
first MS symptom. The Expanded Disability Status 
Scale (EDSS)25 was obtained by a certified examiner.

The assessment of history of symptomatic MSON 
was based on medical history, according to a standard 
protocol.26 Visual acuity (VA) was tested using Sloan 
letter charts (100% for HCVA, 2.5% for LCVA),27 
placed on a retro-illuminated cabinet, at a 2-m dis-
tance. Each eye was tested individually on both con-
trast levels, with best possible correction for refractive 
errors. VA scores were quantified as the number of 
letters correctly read by the patient.

Vision-related QoL was assessed using the National 
Eye Institute Visual Function questionnaire (NEI-
VFQ-25), which is a validated tool to assess self-
reported visual disability and vision-targeted health 
status.28 The NEI-VFQ-25 is widely used in ophthal-
mological research and has shown to be sensitive 
and useful in patients with MS.29 The NEI-VFQ-25 
consists of 25 vision-targeted questions representing 
11 vision-related constructs (global vision rating, 
difficulty with near-vision activities, difficulty with 
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distance vision activities, limitations in social func-
tioning due to vision, role limitations due to vision, 
dependency on others due to vision, mental health 
symptoms due to vision, driving difficulties, limita-
tions with peripheral vision, limitations with color 
vision, and ocular pain). Next, all 11 subscores are 
converted to a 0–100 scale, and overall composite 
score is calculated by averaging the weighted sub-
scale scores. This overall score is therefore also on a 
scale from 0 (lowest possible score) to 100 (highest 
possible score).30

Statistical analyses
Linear regression analyses were used to analyze 
group differences and associations with clinical out-
come measures assessed on patient level. When data 
on VA were analyzed on patient level, the mean 
value of both eyes was used, in accordance with the 
advised protocol for OCT study terminology and 
elements (APOSTEL) guidelines.31 Vision-related 
QoL was compared between groups with the non-
parametric Mann–Whitney U-test. Generalized esti-
mating equations (GEE), with an exchangeable 
correlation matrix and adjustments for intra-subject 
inter-eye dependency, were used for analyses and 
comparisons when the outcome was assessed on eye 
level (retinal thickness, VA). All linear regression 
and GEE analyses were additionally adjusted for  
relevant confounders (age, sex, disease duration, 
history of MSON, use of disease-modifying treat-
ment (DMT), VA) as indicated.

In order to investigate the effect of binocular, monocu-
lar, and no retinal atrophy on vision-related QoL, 
patients were divided into three groups based on the 
level of atrophy in each eye (group 1: patients with 
binocular atrophy, group 2: patients with monocular 
atrophy, and group 3: patients with no retinal atrophy 
in either eye). The presence of retinal atrophy was 
defined as a pRNFL thickness ⩽75 µm, which was 
based on the findings of Costello et al.,32 who demon-
strated a threshold of pRNFL thickness of 75 µm as the 
“point of no return” for predicting visual recovery 
after optic neuritis. There is no published cut-off for 
the GCIPL. For this reason, we decided to use the 
same percentile corresponding to a pRNFL of less than 
75 µm, which corresponded to the 25th percentile, for 
the GCIPL. The 25th percentile for the GCIPL thick-
ness resulted in a cut-off of ⩽68 µm. Patients with 
missing data for at least one eye were excluded from 
these subanalyses. Groups were compared using linear 
regression analyses with dummy variables. Statistical 
analyses were performed using SPSS V.22.0, with a 
two-sided statistical significance level of 0.05.

Results

Descriptives
A total of 267 patients with MS were included in this 
cross-sectional observational study. Demographic 
and clinical characteristics of all included MS patients 
and stratified by history of MSON are shown in Table 
1. In order to avoid the introduction of noise by pool-
ing MSON eyes and no history of MS-associated 
optic neuritis (MSNON) eyes within the same patient, 
only patients with the same history of both eyes (i.e. 
bilateral MSON and bilateral MSNON) were included 
in the right part of Table 1. Patients had a mean dis-
ease duration of 19.1 years (±7.4), but this differed 
between disease types, as SPMS and PPMS patients 
(22.6 ± 8.5 and 23.1 ± 7.7 years, respectively) had a 
considerable longer disease duration compared to the 
RRMS patients (17.7 ± 6.5). The majority of patients 
(68.9%) had a relapsing-remitting (RR) disease course. 
More than half of all patients (N = 156, 58.4%), of 
which 27 were PPMS, had never experienced a clini-
cally identified episode of MSON. Of all patients with 
a history of MSON (N = 97, 36.4%), 64 patients had a 
unilateral MSON and 33 a bilateral MSON. For 5% of 
patients, the MSON history was ambiguous. Nearly 
half of the patients never received DMT (45.7%). 
Among the patients who were treated at the time of 
their assessment, the majority used β-interferon or 
glatiramer acetate (73%).

Furthermore, mean visual function (both HCVA and 
LCVA) was decreased in patients with bilateral 
MSON (see Table 1). Patients with no MSON history 
showed a difference of 2.8 letters for HCVA and 2.9 
letters for LCVA compared with patients with bilat-
eral MSON (p = 0.108 and p = 0.322, respectively).

Retinal thickness and visual functioning in MS, 
with and without MSON
All OCT scans were checked for quality control crite-
ria by two independent raters (L.J.B. and D.C.), which 
led to a rejection rate of 14% (149/1068 scans).

Figure 1 shows the pRNFL and GCIPL thickness for 
all included eyes and also stratified by history of 
MSON. When all eyes of MS patients were included 
(N = 485 eyes), the pRNFL showed a mean thickness 
of 84.0 µm (±15.1) and the GCIPL a thickness of 
76.9 µm (±14.8). Previous episodes of MSON had a 
significant effect on both retinal layers, with signifi-
cant thinning in eyes with a history of MSON (pRNFL: 
75.1 µm (±15.6) vs 87.1 (±13.7), GCIPL: 67.7 (±14.6) 
vs 79.9 (±13.7), p < 0.001 for both comparisons; see 
Figure 1). After adjustments for disease duration, these 
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differences between MSON and MSNON remained 
significant (pRNFL difference 9.6 µm, p < 0.001, 
GCIPL difference 10.9 µm, p < 0.001).

Table 2 shows the associations between retinal layer 
thickness and VA. Independent of MSON, VA was 

significantly associated with pRNFL and GCIPL 
thickness. Although both LCVA and HCVA showed 
significant associations, stronger associations were 
observed for LCVA. Every 10 µm reduction in pRNFL 
thickness corresponded with a reduction in HCVA 
score of 2.0 letters (p < 0.001) and 2.9 letters for LCVA 

Table 1. Demographic and clinical characteristics of all included MS patients and stratified by history of MSON.

All subjects Subjects with 
MSNON

Subjects with 
bilateral MSON

 N = 267 N = 156 N = 33

Gender (N, female, %) 184 (69%) 100 (64.1%) 25 (75.8%)

Age (years) 52.3 (±10.5) 53.1 (±10.7) 52.1 (±9.9)

Disease duration (years) 19.1 (±7.4) (range: 8.7–48.0) 18.5 (±7.2) 23.5 (±7.2)

EDSS (median (range)) 3.5 (0–8.5) 3.5 (0–8.5) 4.0 (1.0–8.0)

Disease type

 RRMS 184 99 24

 SPMS 53 31 9

 PPMS 27 24 0

 Unclassifiable 3 2 0

Disease-modifying treatment

 Current 90 (33.7%) 43 (27.6%) 11 (33.3%)

  β-interferon/glatiramer acetate 66 32 9

  Natalizumab 9 4 2

  Othera 15 7 0

 Past 55 (20.6%) 27 (17.3%) 11 (33.3%)

 Never 122 (45.7%) 86 (55.1%) 11 (33.3%)

HCVA (mean ODS) 52.6 (±8.8) 53.4 (±8.0) 50.5 (±9.5)
LCVA (mean ODS) 27.2 (±11.5) 26.9 (±10.5) 24.0 (±13.9)

MSNON: no history of MS-associated optic neuritis; MSON: MS-related optic neuritis; RR: relapsing-remitting; SP: secondary 
progressive; PP: primary progressive; HCVA: high-contrast visual acuity; LCVA: low-contrast visual acuity; ODS: right (OD) and 
left (OS) eye combined.
aFingolimod, dimethylfumarate, and teriflunomide.

Figure 1. Retinal layer thickness (with 95% CIs) in all (N = 485), MSNON (N = 343), and MSON (N = 119) eyes. Note 
that history of MSON was ambiguous in 23 eyes which were excluded from further analyses.
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(p < 0.001). Likewise, for the GCIPL, a 10-µm reduc-
tion corresponded to a lower HCVA score of 3.1 letters 
(p < 0.001) and 4.7 letters for LCVA (p < 0.001; for all 
GEE models accounting for age, history of MSON, 
use of DMT, and inter-eye dependency, see Table 2).

Retinal thickness and vision-related QoL in MS
The MS patients reported a median overall vision-
related QoL score of 90.4 (interquartile range (IQR): 
11.9). When the effect of MSON on overall vision-
related QoL was investigated, it was shown that bilat-
eral MSON patients had a lower vision-related QoL 
(median: 88.5, IQR: 15.3) compared to MSNON 

patients (median: 91.7 (IQR: 9.3), p = 0.111; see 
Figure 2).

The overall vision-related QoL score was positively 
associated with pRNFL and GCIPL thickness, show-
ing higher vision-related QoL scores in patients with 
less retinal atrophy (Figure 3(a) and (b)).

When this association was adjusted for age, sex, use 
of DMT, and history of MSON, the effect slightly 
decreased, but remained significant for GCIPL thick-
ness (see Table 3). The goodness of fit (based on scale 
parameter) of the adjusted models was 10% for 
pRNFL and 9% for GCIPL.

Table 2. Association between retinal layer thickness and visual acuity.

HCVA LCVA

pRNFL global (per 10 µm) 2.0 (1.0–3.0, p < 0.001)a 2.9 (1.3–4.5, p < 0.001)a

GCIPL (per 10 µm) 3.1 (2.1–4.2, p < 0.001)a 4.7 (3.4–6.1, p < 0.001)a

CI: confidence interval; GEE: generalized estimating equations; pRNFL: peripapillary retinal nerve fiber layer; GCIPL: ganglion 
cell inner plexiform layer; HCVA: high-contrast visual acuity; LCVA: low-contrast visual acuity; MSON: MS-related optic neuritis; 
DMT: disease-modifying treatment.
Data reported as β (95% CI, p value).
aGEE, adjusted for age, history of MSON, use of DMT, and inter-eye dependency.

Figure 2. Box-and-whisker plot showing that the median vision-related QoL is lower in patients with bilateral MSON 
(median: 88.5), compared to MSNON (median: 91.7) patients (p = 0.111).
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Additionally, the GEE analyses were performed for the 
VFQ subscales (Table 4). All analyses were adjusted 
for age, sex, use of DMT, and MSON. Of the 11 sub-
scales, the largest effects were observed for “distance 
activities” (pRNFL: β = 0.97, p = 0.004 and GCIPL: 
β = 0.87, p = 0.008), “social functioning” (pRNFL: 
β = 1.39, p = 0.002 and GCIPL: β = 1.31, p = 0.005), and 
colour vision (pRNFL: β = 1.05, p = 0.043).

Monocular versus binocular atrophy
In order to investigate the effect of monocular or bin-
ocular retinal thinning on vision-related QoL, patients 
were divided into three groups, based on the level of 
retinal atrophy (group 1: patients with binocular atro-
phy, group 2: patients with monocular atrophy, and 
group 3: patients with no retinal atrophy in either eye).

Patients with binocular atrophy of the pRNFL showed 
the lowest vision-related QoL score (82.7 ± 13.3) 

followed by patients with monocular pRNFL atrophy 
(85.1 ± 13.3) and patients with no pRNFL atrophy 
(90.0 ± 8.2). The difference in vision-related QoL 
between patients with monocular and binocular atro-
phy (2.4 points) was not statistically significant 
(p = 0.363; see Table 5).

Regarding the GCIPL, a similar situation was 
observed as patients with binocular GCIPL atrophy 
showed the lowest vision-related QoL score 
(84.0 ± 11.9), followed by patients with monocular 
atrophy (87.3 ± 11.4) and patients with no retinal atro-
phy (89.4 ± 8.5, see Table 5).

Discussion
This study showed that retinal atrophy has a signifi-
cant impact on visual functioning in patients with MS. 
Both VA and vision-related QoL were decreased in 

Figure 3. Scatter plot and fitted linear regression line (with 95% confidence curves) demonstrating the association 
between (a) pRNFL and (b) GCIPL thickness and the overall visual quality of life score (NEI-VFQ-25). Data are shown 
for patients without MSON (blue triangle), bilateral MSON (red circle), and unilateral MSON (gray cross).

Table 3. GEE analyses demonstrating the association between vision-related QoL (per 5 points) and pRNFL and GCIPL 
thickness.

pRNFL β (95% CI) p value GCIPL β (95% CI) p value

Vision-related QoL (unadjusted) 1.03 (0.01 to 2.01) 0.038 1.12 (0.26 to 1.99) 0.011

Vision-related QoL (adjusted for 
age, sex, and use of DMT)

0.96 (0.01 to 1.91) 0.048 1.08 (0.28 to 1.87) 0.008

Vision-related QoL (adjusted for 
age, sex, use of DMT, and MSON

0.92 (−0.04 to 1.87) 0.060 0.93 (0.15 to 1.71) 0.020

CI: confidence interval; GEE: generalized estimating equations; pRNFL: peripapillary retinal nerve fiber layer; GCIPL: ganglion cell 
inner plexiform layer; QoL: quality of life; MSON: MS-associated optic neuritis; DMT: disease-modifying treatment.
Adjustments for age, sex, use of DMT, and history of MSON had minimal effect. Data shown as β (95% CI, p value).
All analyses were corrected for inter-eye dependency.
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patients with atrophy of the inner retinal layers, inde-
pendent of previous MSON.

Consistent with current literature, the present data 
showed significant thinning of the pRNFL and GCIPL 
in eyes with a history of MSON compared to unaf-
fected eyes (difference of about 12 µm for both layers) 
as a result of retrograde degeneration.1 Furthermore, 
the presence of MSON also influenced the VA of the 
patient, showing lower HCVA and LCVA for patients 
with bilateral MSON. While the retinal thickness and 
VA were both affected by history of MSON, the asso-
ciation between the two was similar for MSON and 
MSNON eyes (no effect modification by MSON). 
The data suggest that VA reduces with decreasing 
pRNFL or GCIPL thickness. Every 10 µm reduction 
in pRNFL thickness corresponded with a reduction in 

HCVA score of 2.0 letters and 2.9 letters for LCVA. 
Likewise, for the GCIPL, a 10-µm reduction corre-
sponded to a lower HCVA score of 3.1 letters and 4.7 
letters for LCVA. The clinical meaningfulness of 
these reductions in VA has previously been defined as 
>5 letters for HCVA, and >7 letters for LCVA at 
2.5%.33,34 Assuming a linear relationship, this would 
correspond to 24 µm (LCVA) or 25 µm (HCVA) for 
the pRNFL and 15 µm (LCVA) or 16 µm (HCVA) for 
GCIPL thickness. This suggests that although the 
observed effect was larger in LCVA, the clinical 
impact of retinal thinning on HCVA and LCVA seems 
to be quite similar. Our findings on the association 
between retinal atrophy and VA are consistent with 
previous studies although comparing outcomes is dif-
ficult due to methodological differences. Nevertheless, 
the majority of studies showed that thinning of both 

Table 4. GEE analyses demonstrating the association (β (95% CI)) between the overall vision-related QoL and all 11 
subscales (per 5 points) and pRNFL and GCIPL thickness.

pRNFLa p value GCIPLa p value

Overall vision-related QoL 0.92 (−0.04 to 1.87) 0.060 0.93 (0.15 to 1.71) 0.020

Subscales

 General vision 0.37 (−0.19 to 0.94) 0.196 0.47 (−0.07 to 1.00) 0.088

 Ocular pain −0.35 (−1.03 to 0.34) 0.326 −0.18 (−0.63 to 0.28) 0.445

 Near activities 0.76 (0.11 to 1.41) 0.022 0.79 (0.18 to 1.39) 0.011

 Distance activities 0.97 (0.31 to 1.63) 0.004 0.87 (0.23 to 1.52) 0.008

 Social functioning 1.39 (0.54 to 2.33) 0.002 1.31 (0.40 to 2.21) 0.005

 Mental health 0.33 (−0.16 to 0.81) 0.186 0.21 (−0.24 to 0.65) 0.361

 Role difficulties 0.19 (−0.30 to 0.67) 0.453 0.15 (−0.27 to 0.55) 0.494

 Dependency 0.33 (−0.13 to 0.78) 0.156 0.22 (−0.08 to 0.52) 0.141

 Driving 0.29 (−0.52 to 1.10) 0.484 0.37 (−0.29 to 1.04) 0.271

 Colour vision 1.05 (0.03 to 2.06) 0.043 0.93 (−0.12 to 1.98) 0.082
 Peripheral vision 0.43 (−0.09 to 0.94) 0.101 0.52 (0.03 to 1.00) 0.038

CI: confidence interval; GEE: generalized estimating equations; pRNFL: peripapillary retinal nerve fiber layer; GCIPL: ganglion cell 
inner plexiform layer; QoL: quality of life; MSON: MS-related optic neuritis; DMT: disease-modifying treatment.
aAll analyses were adjusted for age, sex, use of DMT, and MSON.

Table 5. Vision-related QoL in patients with binocular, monocular, or no inner retinal layer atrophy.

Binocular 
atrophy

Monocular 
atrophy

No retinal 
atrophy

p valuea

Binocular vs 
monocular

p valuea

Binocular vs 
no atrophy

p valuea

Monocular vs 
no atrophy

pRNFLb

 Vision-related QoL 82.7 (13.3) 85.1 (12.8) 90.0 (8.2) 0.363 0.001 0.013

GCIPLc

 Vision-related QoL 84.0 (11.9) 87.3 (11.4) 89.4 (8.5) 0.152 0.005 0.232

CI: confidence interval; pRNFL: peripapillary retinal nerve fiber layer; GCIPL: ganglion cell inner plexiform layer; QoL: quality of 
life; MSON: MS-related optic neuritis; DMT: disease-modifying treatment.
aLinear regression analyses. Adjustments for MSON did not change the results.
bpRNFL atrophy cut-off at 75 µm (binocular atrophy N = 30, monocular atrophy N = 35, no atrophy N = 129).
cGCIPL atrophy cut-off at 68 µm (binocular atrophy N = 35, monocular atrophy N = 44, no atrophy N = 148).
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pRNFL and GCIPL is associated with VA,15–17,34,35 
whereas some only found significant associations 
with LCVA.36

Overall vision-related QoL was positively associated 
with inner retinal layer thickness. Patients with a 
higher vision-related QoL score showed less atrophy 
of both the pRNFL and GCIPL. Adjustment for con-
founding factors, such as age, sex, use of DMT, and 
MSON, only resulted in minor changes of the effect. 
Importantly, the association between QoL and inner 
retinal layer atrophy is mediated by VA. This was sup-
ported by the strong reduction of the effect when 
LCVA was added to the model (pRNFL: β = 0.07 (95% 
CI: −1.6 to 1.85, p = 0.941) and GCIPL: β = 0.15 (95% 
CI: −0.95 to 1.25, p = 0.791)). Our findings build upon 
a previous study by Walter et al.,17 reporting similar 
associations between vision-related QoL and GCIPL 
thickness of 0.9 µm and 1.0 µm on pRNFL thickness 
per 5 points on the NEI-VFQ-25 scale (using GEE 
models accounting for age and within-patient inter-
eye correlations). Furthermore, a study by Longbrake 
et al. showed that vision-related QoL correlated with 
average pRNFL thickness, but only below a critical 
threshold of 75 µm. Above 75 µm, no relationship 
between pRNFL thickness and vision-related QoL 
was observed.37 In contrast, the cohort  study (N = 54) 
by Garcia-Martin et al.18 did not show any relationship 
between pRNFL (Spectralis) and overall MSQOL-54 
score (r = 0.08), but they did report significant corre-
lations with the physical health composite (r = 0.23, 
p < 0.05) and fatigue (r = 0.30, p < 0.05). It should 
however be noted that in this study, a non-specific 
QoL measure was used (MSQOL-54), which may 
explain the lack of correlation with other items than 
the physical health composite and fatigue.

Retinal atrophy is undoubtedly assessed on eye level, 
as both eyes are scanned individually. Although some 
relevant outcomes are also eye-specific (history of 
MSON and VA), many relevant research questions 
include clinical outcome measures assessed on a 
patient level (EDSS score, cognition, and QoL). 
Besides the fact that this discrepancy in level of 
assessment results in methodological challenges, as 
the suggested approach (GEE with adjustments for 
inter-eye dependency) is methodologically not correct 
in such situations, it also raises the question whether 
inter-eye differences are clinically relevant to a 
patients visual functioning. In this study, we have 
investigated the effect of monocular or binocular reti-
nal atrophy on vision-related QoL and demonstrated 
that having atrophy of the pRNFL in only one eye 
resulted in a significantly lower vision-related QoL 
score compared to having two unaffected eyes. When 

both eyes showed atrophy of the pRNFL, this only 
further decreased the vision-related QoL score mini-
mally (difference 2.4 points, p = 0.363). Regarding the 
GCIPL, a more stepwise situation was observed, with 
binocular GCIPL atrophy showing the lowest vision-
related QoL score, followed by patients with monocu-
lar atrophy and finally patients with no retinal atrophy. 
These findings suggest that monocular atrophy of the 
inner retinal layers already has significant impact on 
the vision-related QoL of a patient. This phenomenon 
may be a result of binocular inhibition (when the best 
eye has better acuity than both eyes together), which 
is present in patients with MSON,38 but this was not 
further investigated as it was beyond the scope of this 
study and no data on binocular vision were available.

One limitation of this study is its cross-sectional 
design, which does not permit to hint on causality. We 
are therefore in the process of re-investigating all 
patients after two more years of follow-up.

In conclusion, this study showed that retinal atrophy 
has a significant impact on visual functioning in 
patients with MS. Both VA and vision-related QoL 
were decreased in patients with atrophy of the macu-
lar ganglion cells. Retinal OCT gives useful insight to 
patients with visual dysfunction, and our findings 
support including OCT and visual functioning meas-
ures into optic neuritis treatment trials.
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