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Patient-Reported Visual Function Outcomes Improve After
Ranibizumab Treatment in Patients With Vision Impairment
Due to Diabetic Macular Edema
Randomized Clinical Trial
Paul Mitchell, MD, PhD; Neil Bressler, MD; Keith Tolley, MPhil; Meghan Gallagher, MSc; Jennifer Petrillo, PhD; Alberto Ferreira, PhD, MBA;
Robert Wood, BSc; Francesco Bandello, MD; for the RESTORE Study Group

IMPORTANCE Few data are available on relative changes in vision-related function after
treatment for diabetic macular edema (DME).

OBJECTIVE To determine the impact of intravitreal ranibizumab, 0.5 mg, compared with laser
on patient-reported visual function.

DESIGN Phase 3, randomized, double-masked, 12-month study (RESTORE).

SETTING Outpatient retina practices in Australia, Canada, and Europe.

PARTICIPANTS Patients 18 years or older with type 1 or 2 diabetes mellitus and visual
impairment due to DME.

INTERVENTIONS Patients were randomized to ranibizumab plus sham laser (n = 116),
ranibizumab plus laser (n = 118), or sham injections plus laser (n = 111). Ranibizumab and sham
injections were given for 3 consecutive months then as needed; laser or sham laser
treatment was given at baseline then as needed.

MAIN OUTCOMES AND MEASURES National Eye Institute Visual Functioning Questionnaire 25
(NEI VFQ-25) scores at 0, 3, and 12 months for patients receiving 1 or more study treatments with 1
or more postbaseline NEI VFQ-25 assessments and last observation carried forward for missing data.

RESULTS Mean baseline NEI VFQ-25 composite scores were 72.8, 73.5, and 74.1 in the
ranibizumab, laser, and ranibizumab plus laser groups, respectively. At 12 months, the mean
composite scores (95% CIs) improved by 5.0 (ranibizumab vs laser, 2.6 to 7.4; P = .01 vs laser)
and 5.4 (ranibizumab plus laser vs laser alone, 3.3 to 7.4; P = .004 vs laser) from baseline in
the ranibizumab and ranibizumab plus laser groups, respectively, compared with 0.6 (−1.8 to
3.0) for the laser group. Near activities scores improved by 9.0 (ranibizumab vs laser, 5.0 to
13.0; P = .01) and 9.1 (ranibizumab plus laser vs laser, 5.6 to 12.6; P = .006) compared with 1.1
(−3.0 to 5.2) for the laser group, whereas distance activities scores improved by 5.3
(ranibizumab vs laser, 1.8 to 8.9; P = .04) and 5.6 (ranibizumab plus laser vs laser, 2.3 to 9.0;
P = .03) compared with 0.4 (−3.1 to 3.8) for the laser group. Patients with better baseline
visual acuity or lower central retinal thickness had greater improvements with ranibizumab
treatment compared with laser in composite and some subscale scores compared with
patients with worse visual acuity or higher central retinal thickness.

CONCLUSIONS AND RELEVANCE These data provide vision-related, patient-reported outcome
evidence that mirrors visual acuity outcomes and supports benefits from ranibizumab or
ranibizumab plus laser treatment for patients with DME and characteristics similar to those
enrolled in this randomized clinical trial.
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D iabetic macular edema (DME) is a major cause of visual
impairment in patients with diabetic retinopathy.1-3

Diabetic macular edema has been reported to nega-
tively affect patients' general health and self-reported visual
functioning.4-7 Effects of treatment on patient-reported vi-
sual functioning have been demonstrated for both ranibi-
zumab and pegaptanib in neovascular age-related macular de-
generation (AMD).8-10 However, similar evidence for treatment
of DME had been lacking before recent findings from the Ra-
nibizumab Monotherapy or Combined With Laser vs Laser
Monotherapy for Diabetic Macular Edema (RESTORE) trial.11

The 12-month, randomized, active-controlled RESTORE
trial reported superior visual acuity (VA) outcomes for ranibi-
zumab compared with laser treatment in patients with DME.11

Secondary efficacy end point measures included the Na-
tional Eye Institute Visual Functioning Questionnaire 25 (NEI
VFQ-25), a validated condition-specific instrument that pro-
vides a patient-reported measure of visual functioning.12-16 The
NEI VFQ-25 composite score demonstrated a substantial im-
provement from baseline to 12 months for ranibizumab alone
or when combined with laser treatment compared with laser
alone.11 This article provides in-depth analyses of the NEI
VFQ-25 subscale scores and subgroup analyses by better-
seeing eye (BSE) or worse-seeing eye (WSE), baseline VA, cen-
tral retinal (subfield) thickness (CRT) measures on optical co-
herence tomography, and baseline NEI VFQ-25 composite
scores.

Methods
Study Design
Methods for the RESTORE trial (clinicaltrials.gov Identifier:
NCT00687804) have been reported previously.11 In brief, the
trial enrolled 345 adult patients across 73 outpatient retina prac-
tices in Australia, Canada, and 11 European countries. Pa-
tients had type 1 or 2 diabetes mellitus and visual impairment
due to DME in one or both eyes, with an Early Treatment Dia-
betic Retinopathy Study best-corrected visual acuity (BCVA)
letter score between 78 and 39 (approximate Snellen equiva-
lent of 20/32 to 20/160). Patients were assigned randomly in a
1:1:1 ratio to treatment with intravitreal ranibizumab, 0.5 mg,
and sham laser (ranibizumab monotherapy; n = 116); com-
bined ranibizumab, 0.5 mg, and laser (ranibizumab plus la-
ser; n = 118); or laser treatment and a sham injection (laser
alone; n = 111). Ranibizumab or sham injections were admin-
istered monthly at baseline and months 1 and 2, with further
ranibizumab or sham injections according to protocol-
defined retreatment criteria (primarily VA stability) up to month
12.11 Laser treatment and sham were administered on day 1,
with subsequent treatments at intervals no shorter than 3
months, if deemed necessary by the investigator.

National Eye Institute Visual Functioning Questionnaire 25
The NEI VFQ-25 is a validated questionnaire that provides a
subjective assessment of visual functioning.12 It has been used
widely to assess visual functioning across a range of vision-
related conditions, including AMD and DME.13 The NEI VFQ-25

includes 25 questions across 11 vision-related constructs (gen-
eral vision, ocular pain, near activities, distance activities, so-
cial function, mental health, role difficulties, dependency, driv-
ing, color vision, and peripheral vision) plus a general health
rating and provides a composite score and scores for each sub-
scale. Patients completed the questionnaire at baseline and 3
and 12 months. In this article we focus on the results that re-
late to the composite score and 3 principal subscales (near ac-
tivities, distance activities, and general vision) previously re-
ported to correlate well with VA.12 The near and distance
activities subscales were prespecified analyses of ranibi-
zumab in vision-related patient-reported outcomes in
AMD.9,10,13 Higher scores represent better functioning on a 0-
to 100-point scale for the composite and each subscale.12

No published benchmark is available for a clinically mean-
ingful change in NEI VFQ-25 scores in patients with DME.
Analysis of AMD trial data suggests that a 4- to 6-point im-
provement in mean composite NEI VFQ-25 scores represents
a clinically meaningful change corresponding to at least a 15-
letter change in BCVA.13 However, some studies9 have used a
10-point difference as a marker for clinically meaningful change
in AMD. In this study, a 5-point or more gain or loss in NEI
VFQ-25 composite score was applied to delineate the propor-
tion of patients within each treatment group who achieved a
clinically relevant improvement or deterioration in overall vi-
sion-related functioning.

Statistical Analysis
All analyses were performed using the full analysis set, includ-
ing patients who received at least one study treatment and had
at least one postbaseline assessment. The last observation car-
ried forward method was used for missing postbaseline data.
Analyses, based on the treated study eye only, were per-
formed for the composite and selected subscales for mean
change from baseline in NEI VFQ-25 outcomes. Multiple sub-
groups were defined.

The first subgroup was defined according to whether the
treated eye was the BSE (defined as such when the BCVA let-
ter score at baseline was higher than that for the nonstudy eye),
the WSE (defined as such when the BCVA letter score at base-
line was worse than that for the nonstudy eye), or neither a
BSE nor WSE.8

The second subgroup was defined by whether the BCVA
letter score at baseline was greater than 68 (approximate Snel-
len equivalent >20/50) or 68 or less (corresponding to a thresh-
old for mild or no visual impairment with no impairment of
daily activities, such as driving) on the Early Treatment Dia-
betic Retinopathy Study scale.

The third subgroup was defined by whether baseline CRT
measurements on optical coherence tomography were of 400
μm or less or greater than 400 μm. Finally, the fourth sub-
group was defined by whether the composite score was greater
than the median baseline NEI VFQ-25 composite score.

Multilevel mixed-effects linear regression analyses were
also performed to investigate the effect of patient character-
istics on the NEI VFQ-25 composite and subscale scores for near
activities, distance activities, and general vision. This method
accounts for intrapatient correlation arising from multiple ob-
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servations per patient.17 The NEI VFQ-25 analysis score in-
cluded time, treatment, and the interaction of time and treat-
ment to indicate whether changes in NEI VFQ-25 scores were
associated with ranibizumab treatment (with or without la-
ser) relative to laser alone. The regression analysis evaluated
the effect on NEI VFQ-25 outcomes of baseline BCVA; whether
the treated eye was the BSE, WSE, or neither; age; sex; glyco-
sylated hemoglobin levels; CRT; and baseline NEI VFQ-25 score.
P values were generated using Wald tests. The NEI VFQ-25 re-
gression analyses were exploratory and, therefore, include no
adjustments for multiplicity.

Results
Patient Demographics and Characteristics
Patient demographics and clinical characteristics were com-
parable across the 3 treatment groups (Table 1). Vision-
related baseline characteristics were also similar across the 3
groups, although slightly more patients in the ranibizumab
monotherapy group had the BSE as the study eye (Table 1). Pa-
tient disposition for the completion of NEI VFQ-25 is shown
in Figure 1.

NEI VFQ-25 Composite and Subscale Results
The mean NEI VFQ-25 composite and subscale scores were
comparable across the 3 treatment groups at baseline
(Table 1). The mean composite score change from baseline
was 5.0 points (95% CI, 2.6 to 7.4; P = .01 vs laser) and 5.4
points (95% CI, 3.3 to 7.4; P = .004 vs laser) for ranibizumab
monotherapy and ranibizumab plus laser, respectively, at
the 12-month follow-up visit, compared with 0.6 point (95%
CI, –1.8 to 3.0) for laser alone (eTable 1 in the Supplement
and Figure 2A). Greater increases for ranibizumab mono-
therapy compared with laser alone at the 12-month
follow-up visit also were found for the near activities, dis-
tance activities, and general vision subscale scores. Of the
other NEI VFQ-25 subscales, the score gain at the 12-month
follow-up visit was greater for ranibizumab monotherapy
compared with laser alone on the role difficulties (P = .05)
and social functioning (P = .03) subscales (eTable 1 in the
Supplement). As shown for the composite score and the
near activities, distance activities, and general vision sub-
scale scores in Figure 2B and C, the greater improvement in
the ranibizumab groups compared with laser alone at the
12-month follow-up visit was apparent by the 3-month
follow-up visit (eTable 1 in the Supplement). In the laser

Table 1. Demographic and Vision-Related Characteristics of Patients in the RESTORE Trial at Baseline

Characteristic

Ranibizumab,
0.5 mg

(n = 116)

Ranibizumab,
0.5 mg, Plus Laser

(n = 118)
Laser

(n = 111)
Age, mean (SD) y 62.9 (9.29) 64.0 (8.15) 63.5 (8.81)

Sex, No. (%)

Female 43 (37.1) 48 (40.7) 53 (47.7)

HbA1c, mean (SD), %a 7.23 (1.08) 7.50 (1.10) 7.28 (1.11)

HbA1c >8%, No. (%)a 30 (26.3) 32 (27.4) 28 (25.9)

Vision-related characteristics, mean (SD)

BCVA letter scoreb 64.8 (10.11) 63.4 (9.99) 62.4 (11.11)

Approximate Snellen equivalent 20/50 20/50 20/63

CRT, μmc 426.6 (118.0) 416.4 (119.9) 412.4 (124.0)

NEI VFQ-25 composite score 72.8 (16.9) 74.1 (18.1) 73.5 (18.2)

NEI VFQ-25 subscale score, mean (SD)d

Near activities 60.5 (23.2) 63.9 (23.0) 64.8 (25.9)

Distance activities 72.1 (22.4) 72.2 (24.5) 71.5 (22.8)

General vision 58.8 (14.4) 59.5 (15.3) 58.9 (15.0)

Role difficulties 65.5 (27.1) 67.9 (28.1) 64.7 (30.6)

Dependency 81.9 (25.9) 79.9 (28.0) 78.5 (28.0)

Mental health 63.9 (23.1) 63.0 (25.2) 63.1 (26.4)

Social functioning 83.6 (20.7) 85.6 (20.2) 86.8 (21.0)

Drivinge 66.1 (34.7) 68.4 (35.0) 57.8 (36.5)

Color vision 90.2 (18.5) 90.3 (19.3) 93.7 (16.5)

Peripheral vision 76.3 (25.5) 80.0 (24.8) 80.8 (25.1)

Ocular pain 81.9 (19.5) 85.8 (19.1) 83.9 (20.4)

General health 43.6 (19.6) 45.4 (22.8) 44.4 (20.7)

Treated eye, No. (%)f

Better-seeing eye 30 (26.1) 23 (19.5) 20 (18.1)

Neither better- nor worse-seeing eye 22 (19.1) 26 (22.0) 26 (23.6)

Worse-seeing eye 62 (53.9) 66 (55.9) 62 (56.4)

Abbreviations: BCVA, best-corrected
visual acuity; CRT, central retinal
(subfield) thickness;
HbA1c, hemoglobin A1c;
NEI VFQ-25, National Eye Institute
Visual Functioning Questionnaire 25.
a n = 114, 117, and 108 for the

ranibizumab, ranibizumab plus laser,
and laser groups, respectively.

b n = 116, 118, and 111 for the
ranibizumab, ranibizumab plus laser,
and laser groups, respectively.

c n = 114, 116, and 109 for
ranibizumab, ranibizumab plus laser,
and laser groups, respectively.

d n = 114, 116, and 108 for
ranibizumab, ranibizumab plus laser,
and laser groups, respectively.

e As only motor drivers complete the
driving scale questions on the NEI
VFQ-25, the respective samples
sizes are 65, 75, and 68 for
ranibizumab, ranibizumab plus laser,
and laser groups alone.

f n = 115, 118, and 110 for ranibizumab,
ranibizumab plus laser, and laser
groups, respectively.
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alone group, short-term improvements in vision-related
function observed at 3 months were largely lost by the
12-month follow-up visit.

NEI VFQ-25 Results by Gains or Losses
Overall, 49.1% of patients receiving ranibizumab mono-
therapy achieved at least a 5-point improvement in NEI VFQ-25
composite score at the 12-month follow-up visit compared with
42.7% of patients assigned to ranibizumab plus laser and 30.6%
assigned to laser alone (eFigure 1A in the Supplement). Over
time, the proportion of patients in the laser alone group achiev-
ing a 5-point or greater gain in NEI VFQ-25 composite score de-
creased, whereas the proportion increased in the ranibi-
zumab monotherapy and ranibizumab plus laser groups. The
converse was seen for the proportion of patients with a 5-point
or greater loss (eFigure 1B in the Supplement). A similar pat-
tern was observed for those patients with a gain or loss of 10
points or more (eFigure 2A and B in the Supplement).

NEI VFQ-25 Results by Patient Subgroups
The differences in the change in NEI VFQ-25 composite score
from baseline to month 12 were greater for the subgroup of pa-
tients with a baseline BCVA score of 68 or higher (approxi-
mate Snellen equivalent >20/50) compared with less than 68
(worse than 20/50) among patients receiving ranibizumab with
or without laser (>6-point change at 12 months) compared with
laser alone (−1.6-point change at 12 months) (Table 2 and
Figure 3A). Results for the subscales investigated reveal a simi-
lar pattern, with greater improvements on the near activities
and general vision subscales for the subgroup with better base-
line VA (Table 2).

The treated eye was the WSE at baseline in more than 50%
of patients in all treatment groups, the BSE in approximately
20% of patients, and neither the BSE nor WSE in the remain-
ing patients (Table 1). Overall, the change from baseline in NEI
VFQ-25 results did not differ if the treated eye was the WSE or
BSE. Greatest improvements for ranibizumab and ranibi-
zumab plus laser compared with laser alone, however, were
for the near activities score when the BSE was the treated eye
and for the general vision score when the WSE was the treated
eye (eTable 2 in the Supplement). Multivariate regression analy-

ses confirmed this effect even after adjusting for potential con-
founders, although the reliability of findings for this level of
subgroup disaggregation is affected by small sample sizes
(eTables 2 through 5 in the Supplement). The subgroup analy-
ses revealed a greater mean change from baseline score for ra-
nibizumab and ranibizumab plus laser compared with laser
alone for those patients whose study eye was the BSE with a
baseline BCVA letter score of 68 or higher (approximate Snel-
len equivalent >20/50, eTable 3 in the Supplement and
Figure 3C). A smaller improvement in composite scores in the
ranibizumab treatment group compared with laser alone group
was found when the treated eye was the WSE with a baseline
BCVA letter score of 68 or higher (approximate Snellen equiva-
lent >20/50, eTable 3 in the Supplement and Figure 3C). No sub-
stantial differences among treatment groups for the BSE or WSE
and baseline BCVA letter score less than 68 (approximate Snel-
len equivalent <20/50) subgroups were identified. There was
also a greater likelihood of an improvement in the ranibi-
zumab and ranibizumab plus laser groups for the composite
score and for the near activities and general vision subscales
for the subgroup with a CRT of 400 μm or less compared with
a CRT greater than 400 μm (eTable 4 in the Supplement and
Figure 3D). An analysis of the change in composite score for
patients in subgroups by baseline composite NEI VFQ-25 score
revealed the greatest improvement for both the ranibizumab
and ranibizumab plus laser groups over laser alone in the sub-
group with a median baseline NEI VFQ-25 composite score of
78 or higher (P = .009 for ranibizumab vs laser and P = .005 for
ranibizumab plus laser) (eTable 5 in the Supplement and
Figure 3E).

The regression analysis suggests that after controlling for
confounding factors, treatment with ranibizumab or ranibi-
zumab plus laser at 12 months appeared to be a greater pre-
dictor of higher composite, near activities, distance activi-
ties, and general vision NEI VFQ-25 scores compared with laser
alone (eTable 6 in the Supplement). For the composite score
and selected subscales scores, baseline scores were posi-
tively associated with scores at 12 months (P < .001), and for
the near activities, distance activities, and general vision sub-
scales, baseline VA was a positive predictor of NEI VFQ-25 out-
comes (eTable 6 in the Supplement). After adjusting for the con-

Figure 1. Patient Disposition for Completion of the National Eye Institute Visual Functioning Questionnaire 25
(NEI VFQ-25) in the Ranibizumab Monotherapy or Combined With Laser vs Laser Monotherapy for Diabetic
Macular Edema Trial

115 Ranibizumab 118 Ranibizumab plus laser 110 Laser alone

115 (100%) Baseline NEI-VFQ 
completed

117 (99%) Baseline NEI-VFQ 
completed

110 (100%) Baseline NEI-VFQ 
completed

99 (86%) NEI-VFQ completed 
at 12 months

104 (88%) NEI-VFQ completed 
at 12 months

96 (87%) NEI-VFQ completed 
at 12 months

343 Total randomized patients

Data are provided for the full analysis
set. One patient in the ranibizumab
plus laser group had no baseline NEI
VFQ-25 data. The 12-month data are
reported without last observation
carried forward; with the last
observation carried forward only 4
patients were lost after baseline.
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founders in the regression analyses, treating the WSE appeared
to predict better scores relative to the BSE for the near activi-
ties and general vision subscales but not for the composite or
distance activities subscale (eTable 6 in the Supplement). In
addition, ranibizumab monotherapy vs laser alone or ranibi-
zumab plus laser vs laser alone at 12 months appeared to have
a greater effect on the composite score in patients with a base-
line BCVA letter score of 68 or higher (approximate Snellen
equivalent >20/50; P = .006) in contrast with the unadjusted
univariate results and in patients with a CRT of 400 μm or less
(P = .25) in agreement with unadjusted univariate results, but
this was not the case in patients in subgroups with relatively
worse BCVA or greater CRT (eTable 7 in the Supplement). Base-
line NEI VFQ-25 score was a predictor of the composite score
at 12 months in all subgroups. However, baseline VA also ap-
peared to be a predictor of the composite score in the sub-
group with a CRT greater than 400 μm (P = .03). Whether the
treated eye was BSE, WSE, or neither did not predict out-
comes for the subgroups defined by BCVA or CRT (eTable 7 in
the Supplement).

Discussion

A primary finding from the RESTORE trial was a statistically
significant improvement in BCVA for patients with DME treated
with ranibizumab either as monotherapy or in combination
with laser therapy compared with laser therapy alone, as re-
ported previously.11 The trial also included the NEI VFQ-25
questionnaire, one of the most frequently used tools to mea-
sure patient-reported, vision-related function in DME and other
retinal diseases.13-16 Detailed analysis of the patient-reported
visual functioning data reveals that improvements in the NEI
VFQ-25 composite score and in the near activities, distance ac-
tivities, and general vision subscales were more likely for ra-
nibizumab alone or combined with laser than with laser alone.
These outcomes were similar, but of greater magnitude, to an
analysis of randomized controlled trial data for pegaptanib
treatment.18

In the RESTORE trial, approximately half of the patients
achieved at least a 5-point improvement in the NEI VFQ-25

Figure 2. Mean Change From Baseline to 12 Months in National Eye Institute Visual Functioning Questionnaire 25 (NEI VFQ-25)
Composite and Subscale Scores
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composite score with ranibizumab monotherapy and 43% with
ranibizumab plus laser at the 12-month follow-up visit com-
pared with 31% with laser alone. Greater improvements from
baseline for ranibizumab monotherapy compared with laser
alone were also noted on the subscales for near activities (vi-
sual activities, including reading ordinary print in a newspa-
per and close-up work or hobbies, such as cooking or using
hand tools) and general vision (perception of how good their
eyesight is). The pattern of relative improvement on the dis-
tance activities subscale (visual activities, such as seeing mov-
ies or a sports event and reading street signs) was similar to
that for the composite score, with a 5-point or greater gain for
ranibizumab monotherapy and only a small benefit com-
pared with 12 months for laser alone (0.4 point). Overall, the
improvements in vision-related outcomes with ranibizumab
monotherapy generally increased from the 3-month to the 12-
month follow-up visit. The improvement in the laser alone
group at the 3-month follow-up visit was not sustained at the

12-month follow-up visit. The results for a 5-point or greater
loss indicate that approximately one-quarter of the patients
treated with laser alone experience this outcome at 12 months,
whereas the rate is approximately half this for patients receiv-
ing ranabizumab plus laser treatment and lower also for those
receiving ranibizumab monotherapy.

Other studies (not in DME) have reported a moderate cor-
relation between baseline BCVA and NEI VFQ-25 outcomes.12,19

Patients in the RESTORE trial typically had a baseline BCVA that
corresponds to moderate visual impairment, which could affect
daily functioning and ability to perform usual activities (eg, the
mean BCVA letter score in the trial was 63.5, and as a bench-
mark the legal limit to drive in the United Kingdom and other
European countries is approximately a BCVA letter score of 68).
In subgroup analyses, patients with baseline BCVA letter scores
of 68 or higher (approximate Snellen equivalent >20/50) had
the best NEI VFQ-25 outcomes with ranibizumab therapy, dem-
onstrating a greater than 6-point gain at 12 months on the com-

Table 2. Mean Change from Baseline to 12 Months in Composite and Selected NEI VFQ-25 Scores
by Baseline Visual Acuity

Subgroup
Ranibizumab,

0.5 mg
Ranibizumab,

0.5 mg, and Laser Laser P Valuea P Valueb

BCVA letter score ≥68,
No. (%)

59 (51.8) 47 (40.5) 46 (42.6)

BCVA letter score <68,
No. (%)

55 (48.2) 69 (59.5) 62 (57.4)

Composite

Baseline score, mean

BCVA letter score ≥68 77.0 78.7 81.9

BCVA letter score <68 67.4 70.9 67.3

Mean change from baseline
(95% CI)

BCVA letter score ≥68 6.2 (3.1 to 9.3) 6.1 (2.9 to 9.4) −1.6 (−4.7 to 1.6) .003 .002

BCVA letter score <68 3.7 (0.1 to 7.4) 4.9 (2.2 to 7.6) 2.2 (−1.3 to 5.7) .62 .27

Near activities

Baseline score, mean

BCVA letter score ≥68 75.1 79.2 75.6

BCVA letter score <68 57.3 60.4 56.2

Mean change from baseline
(95% CI)

BCVA letter score ≥68 11.6 (6.6 to 16.6) 10.2 (4.0 to 16.0) −0.9 (−6.7 to 4.9) .005 .01

BCVA letter score <68 6.2 (−0.1 to 12.5) 8.3 (4.1 to 12.5) 2.6 (−3.3 to 8.4) .44 .14

Distance activities

Baseline score, mean

BCVA letter score ≥68 78.3 77.2 80.7

BCVA letter score <68 65.5 68.7 65.2

Mean change from baseline
(95% CI)

BCVA letter score ≥68 5.6 (0.7 to 10.5) 7.1 (2.3 to 11.9) 0.5 (−4.1 to 5.0) .21 .06

BCVA letter score <68 5.1 (−0.3 to 10.4) 4.7 (0.0 to 9.3) 0.3 (−4.7 to 5.4) .21 .22

General visionc

Baseline score, mean

BCVA letter score ≥68 70.2 71.5 64.8

BCVA letter score <68 55.6 58.2 54.1

Mean change from baseline
(95% CI)

BCVA letter score ≥68 8.5 (4.3 to 12.6) 10.2 (6.2 to 14.3) −0.4 (−4.7 to 3.8) .001 <.001

BCVA letter score <68 9.5 (4.8 to 14.1) 6.5 (2.4 to 10.5) 2.3 (−1.7 to 6.3) .03 .20

Abbreviations: BCVA, best-corrected
visual acuity; NEI VFQ-25, National
Eye Institute Visual Functioning
Questionnaire 25.
a P value for difference in mean

change from baseline score for
ranibizumab vs laser alone.

b P value for difference in mean
change from baseline score for
ranibizumab plus laser vs laser
alone.

c For general vision, only for fewer
than 68 letters subgroup; n = 68 for
ranibizumab plus laser and n = 61
for laser alone.
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posite score (compared with a loss of 1.6 points with laser
alone), and a greater than 10-point gain on the near activities
subscale (compared with −0.9 for laser alone). In contrast, those
with worse baseline letter scores did not demonstrate such sub-
stantial gains for ranibizumab monotherapy compared with
laser alone at 12 months. These subgroup findings suggest that
patients with relatively less severe vision impairment at base-
line may experience greater treatment benefit on their qual-
ity of life, the rationale being that it is possible for these pa-
tients to move from a level of BCVA impairment that disrupts

daily functioning to a level of BCVA that restores the ability to
perform activities, such as reading, cooking, and driving. Al-
ternatively, because eyes with better baseline VA were more
likely to be the BSEs, this would lead to eyes with better base-
line VA showing greater improvements in patient-reported vi-
sion outcomes. Although the separation into the BSE or WSE
subgroups for assessment may seem artificial, Rubin et al20 re-
ported that it is the BCVA in the BSE that best predicts binocu-
lar BCVA. The association of smaller improvements in patient-
reported vision function outcomes in patients with greater CRT

Figure 3. Mean Change From Baseline to 12 Months in Composite National Eye Institute Visual Functioning
Questionnaire 25 (NEI VFQ-25) Scores by Subgroups
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thickness (>400 μm vs ≤400 μm) could also potentially be re-
lated to the correlation of thicker edema with worse VA at
baseline.

Exploratory regression analysis demonstrated that treat-
ment with ranibizumab alone or in combination with laser at
12 months had a substantial effect on NEI VFQ-25 composite
and selected subscale outcomes vs laser alone, even after con-
trolling for confounding factors.

A key strength of this analysis is that NEI VFQ-25 data for
patients with DME were available from a large, well-designed
randomized controlled trial with an active comparator (laser
therapy alone) that reflects standard clinical practice in most
countries. The NEI VFQ-25 measures improvement in vision-
related functioning and, therefore, provides a useful proxy for
improvements in health-related quality of life.

A general limitation of the study is that the patient-
reported outcomes data were derived from a controlled clini-
cal trial, in which the study population may not be represen-
tative of patients with DME in the real-world setting. There were
apparent differences in favor of ranibizumab therapy with or
without laser across several NEI VFQ-25 subscales, although
differences over laser alone were not found for all subscales,

partly owing to lack of statistical power. Notably, the depen-
dency subscale, which was previously used for analyses in AMD
studies, did not find substantial differences between ranibi-
zumab and laser therapy.9,10 Finally, assessment of changes in
visual functioning outcomes over time was restricted to analy-
ses at 3 and 12 months, unlike BCVA outcomes, which were re-
corded on a monthly basis. Long-term follow-up data from the
RESTORE trial are required to assess whether the 12-month vi-
sual-functioning benefits found with ranibizumab are sus-
tained during the 3-year period of the trial.

In conclusion, this study provides some of the first evi-
dence, to our knowledge, that ranibizumab therapy increases
the likelihood of clinically relevant improvements in patient-
reported visual functioning, compared with laser alone, for eyes
with vision impairment due to DME during a 12-month fol-
low-up period using NEI VFQ-25 composite scores. Subscale
analyses suggest that these benefits are most pronounced for
the near and general vision subscales. Additional analyses are
ongoing regarding patient responses to individual questions
from the NEI VFQ-25. Such analyses may be useful for explor-
ing key aspects of everyday living that are more likely to be im-
proved with ranibizumab therapy than laser.
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