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Purpose: To describe 2.5% low-contrast visual acuity (VA) among eyes with good vision
despite center-involved diabetic macular edema and compare changes after initial
management with aflibercept, laser, or observation.

Methods: This was an ancillary study within a multicenter randomized clinical trial
(DRCR Retina Network Protocol V). Participants had diabetes and 1 study eye with
center-involved diabetic macular edema and a VA of 20/25 or better randomly assigned
to aflibercept (n = 112), focal/grid laser (n = 146), or observation (n = 129). Eyes in
the laser and observation groups received aflibercept if VA met prespecified worsening
criteria.

Results: Participants had median age of 60 years, 37% were female and 70% were non-
Hispanic White. At baseline, the mean ± standard deviation (SD) high-contrast VA was
85.2± 3.6 letters (Snellen equivalent 20/20), mean± SD 2.5% low-contrast VA was 47.6
± 18.9 letters (Snellen equivalent 20/125), and low-contrast VA letter score was 2 SDs or
more below the age-specific normative values in 23%. At 2 years, themean change± SD
in low-contrast VA in the aflibercept, laser, and observation groups was 2.7 ± 20.1, –2.0
± 19.6, and –3.1 ± 20.8 letters (adjusted difference, aflibercept vs. laser, 5.3 [95% confi-
dence interval, –0.2 to 10.8], P= 0.06; aflibercept vs. observation, 5.5 [95% confidence
interval –0.2 to 11.2], P= 0.06; and laser vs. observation, 0.2 [95% confidence interval
–4.6 to 5.0], P= 0.94).

Conclusions: There was no significant difference between treatment groups in low-
contrast VA change from baseline to 2 years. Considering the range of the 95% confi-
dence intervals, however, the study may have been underpowered to detect a clinically
meaningful benefit between treatment groups.

Translational Relevance: Low-contrast VA, an important visual function, is decreased
in eyes with diabetic macular edema.

Introduction

The DRCR Retina Network Protocol V random-
ized clinical trial demonstrated no significant difference

in the rate of 2-year visual acuity (VA) loss among
eyes with center-involved diabetic macular edema (CI-
DME) and good VA (20/25 or better) when managed
initially with aflibercept (EYLEA, Regeneron, Tarry-
town, NY) vs. focal/grid laser vs. observation.1 Eyes in
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the initial laser and initial observation groups received
aflibercept during follow-up if the VA decreased from
baseline, which occurred in 25% and 34% of eyes,
respectively. However, VA is just one of several compo-
nents of visual function that is adversely affected by
diabetes.2

Contrast sensitivity is decreased among people
with diabetes, often before signs of diabetic retinopa-
thy develop, and the mean levels of contrast sensi-
tivity decrease with more severe levels of diabetic
retinopathy.3–7 Contrast sensitivity is important
for several aspects of visual function important in
daily life, including driving,8–10 recognizing faces,11,12
reading,12,13 identifying objects,14 and mobility.12
Although VA and contrast sensitivity are correlated
strongly within the eyes of people who do not have
systemic or ocular disease, the correlation is weaker
among people with diabetes.15

Low-contrast VA was assessed for study eyes in
Protocol V in a subset of centers that recruited partic-
ipants. To our knowledge, contrast sensitivity in eyes
with DME and good VA (i.e., 20/25 or better) has
been addressed in only 1 study with only 8 eyes having
DME.4 The goals of this report are to describe low-
contrast VA in eyes with CI-DME and good high-
contrast VA and to evaluate differences in low-contrast
VA between the management strategies tested in Proto-
col V over 2 years.

Methods

The full methods for Protocol V (ClinicalTri-
als.gov Identifier: NCT01909791) have been published
elsewhere.1 The study adhered to the tenets of the
Declaration of Helsinki. The ethics board associ-
ated with each site provided approval. Study partici-
pants provided written informed consent. An indepen-
dent data and safety monitoring committee provided
oversight. Briefly, 702 adult participants with type 1 or
type 2 diabetes mellitus were enrolled with one study
eye having VA 20/25 or better and DME confirmed
on optical coherence tomography (OCT) at 2 visits.
The sample size was chosen for the primary outcome
of at least a 5-letter loss of high-contrast VA at 2
years. Eyes were randomly assigned to initial afliber-
cept, laser, or observation stratified by clinical site and
recent or planned DME treatment in the nonstudy eye.
Eyes in the initial laser and initial observation groups
received aflibercept if VAdecreased frombaseline by 10
or more letters at any visit or 5 to 9 letters at 2 consecu-
tive visits. The aflibercept treatment regimen, once initi-
ated, was the same in each group.

Low-contrast VA was collected at all sites that
had testing capabilities (51 of 91 sites comprising
387 of 702 participants [55%]) and measured at 2.5%
contrast using an Electronic-Early Treatment Diabetic
Retinopathy Study VA tester by technicians masked to
treatment group. The contrast level of 2.5%was chosen
based on unpublished pilot data that suggested very
few eyes in this cohort would be unable to read any
letters at 2.5% contrast. The monitors used for testing
had luminance of 95 cd/m2 and were calibrated before
each test. Testing was performed in a room where the
only light source was the monitor (i.e., the door was
shut and overhead lights were off). Low-contrast VA
was assessed at baseline, 1 year, and 2 years using the
refraction obtained for high-contrast VA.

Statistical Analyses

A 10-letter change in low-contrast VA has been
shown to be associated with a 4-point change in the
National Eye Institute Visual Functioning Question-
naire and is considered a meaningful change on an
individual basis.16–18 Similarly, a 10-letter change in
high-contrast VA is considered to be a clinically
meaningful change for an individual and is beyond
measurement error.16,19,20 Mean changes of high-
contrast VA of 5 to 10 letters are considered clinically
significant for a group.20

Changes in low-contrast VA from baseline were
analyzed using a general linear model with the robust
sandwich covariance estimator. An increase in the
low-contrast VA letter score by 10 or more letters
was analyzed with Poisson regression and the robust
sandwich covariance estimator to estimate a relative
risk.21 Baseline low-contrast VA and recent or planned
DME treatment in the study eye were included as
covariates in all analyses. Missing follow-up data were
imputed via multiple imputation (100 imputations).
The imputation model included the treatment group,
recent or planned DME treatment in the nonstudy eye,
baseline low-contrast VA, and changes in low-contrast
VA frombaseline at 1 and 2 years, which is analogous to
how missing data were imputed in the primary analy-
sis of the trial.1 Low-contrast VA, high-contrast VA,
and OCT central subfield thickness (CST) at follow-up
and change from baseline were truncated at 3 standard
deviations (SDs) from themean based on available 104-
week data. The percentage of eyes with deficits in low-
contrast VA was calculated as at least 2 SDs below
age-specific normative values; the normal mean ± SD
values of low-contrast (2.5%) VA are approximately 62
± 8 letters (20/63) for ages 40 to 49 years, 59 ± 7 letters
(20/63) for ages 50 to 59 years, and 49 ± 10 letters
(20/100) for age 60 years and older.22
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Figure 1. Low-contrast VA and change from baseline through 2 years. Box and whisker plot of low-contrast VA letter score (A) and low-
contrast VA change from baseline (B). The top of the box is the third quartile (75th percentile); themiddle line in the box is themedian (50th
percentile); the bottom of the box is the first quartile (25th percentile). Whiskers extend from the nearest quartile to the most extreme data
point within 1.5 times the interquartile range; values beyond these limits are plotted as circles. Means are plotted as plus (“+”) symbols. The
number of eyes in each group completing each visit are given below the plot.

The Hochberg procedure was used to control the
familywise type I error rate at 5% by adjusting confi-
dence intervals andP values within each outcome.23 All
P values are 2-sided. Changes in low-contrast VA from
baseline at 1 and 2 years were prespecified outcomes.
Improvement of low-contrast VA by at least 10 letters
and correlation analyses are considered exploratory.
Correlations are described using the language of
Evans: 0 to 0.19= very weak, 0.20 to 0.39=weak, 0.40
to 0.59=moderate, 0.60 to 0.79= strong, and 0.80 to
0.99= very strong.24 Analyses were conducted using
SAS 9.4 with SAS/STAT 15.1 (SAS Institute, Cary,
NC).

Results

Analysis Cohort

Among 387 participants included in this ancillary
study, baseline characteristics were similar to the full
cohort.1 The median age was 60 years, 37% were
female, 70% were non-Hispanic White, 91% had type
2 diabetes, and the median hemoglobin A1c was 7.6%.
Baseline characteristics by treatment group are shown
in Table 1. Most eyes had mild to moderate nonpro-
liferative diabetic retinopathy (58%). The mean ± SD
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high-contrast VA letter score was 85.2 ± 3.6 (Snellen
equivalent 20/20). Excluding deaths, 2-year data were
available for 83% of eyes (314/380) with low-contrast
VA baseline testing.

Within the subgroup of eyes with low-contrast VA,
key outcomes were similar to those of the full cohort:1
Aflibercept was initiated in 28% (41/146) and 33%
(42/129) of eyes in the initial laser and initial obser-
vation groups, respectively. At 2 years, the percentage
of eyes with at least a 5-letter VA decrease was 13%
(13/103), 19% (25/131), and 18% (21/120) in the afliber-
cept, laser, and observation groups, respectively. The
mean ± SD change in VA letter score from baseline
at 2 years was 1.6 ± 5.9, –0.5 ± 6.9, and –0.4 ± 6.2.
The mean ± SD change in OCT CST from baseline at
2 years was –60 ± 61 μm, –39 ± 79 μm, and –37 ± 81
μm.

Low-Contrast VA at Baseline

At baseline, the mean ± SD low-contrast VA letter
score was 47.6 ± 18.9 (Snellen equivalent 20/125) (Fig.
1A); 25 eyes (6%) were unable to read any low-contrast
VA letters and 89 (23%) were at least 2 SDs below
the age-specific normative values.22 The correlation
between low-contrast VA and high-contrast VA was
weak at 0.34 (95% confidence interval, 0.25–0.42) and
the correlation between low-contrast VA and OCT
CST was weak at –0.20 (95% confidence interval, –0.29
to –0.10).

Change in Low-Contrast VA from Baseline by
Treatment Group

The mean ± SD change in low-contrast VA in the
aflibercept, laser, and observation groups at 1 year was
6.0 ± 20.1, 0.7 ± 20.1, and 0.3 ± 19.8 (adjusted differ-
ences: aflibercept vs. laser, 3.2 [95% confidence interval,
–2.0 to 8.4], P = 0.34; aflibercept vs. observation, 4.0
[95% confidence interval, –1.8 to 9.7], P = 0.29; laser
vs. observation, 0.8 [95% confidence interval, –3.7 to
5.3], P = 0.74). At 2 years, the mean changes were 2.7
± 20.1, –2.0 ± 19.6, and –3.1 ± 20.8 (adjusted differ-
ences: aflibercept vs. laser, 5.3 [95% confidence interval,
–0.2 to 10.8], P = 0.06; aflibercept vs. observation, 5.5
[95% confidence interval, –0.2 to 11.2], P = 0.06; laser
vs. observation, 0.2 [95% confidence interval, –4.6 to
5.0], P = 0.94) (Fig. 1 and Table 2).

At 1 year, improvement in low-contrast VA by at
least 10 letters occurred in 39% (38/97), 27% (33/123),
and 20% (22/108) of eyes in the aflibercept, laser,
and observation groups, respectively (adjusted relative
risk: aflibercept vs. laser, 1.34 [95% confidence interval,

0.91–1.98], P = 0.18; aflibercept vs. observation, 1.53
[95% confidence interval, 0.96–2.45],P = 0.09; laser vs.
observation, 1.14 [95% confidence interval, 0.77–1.70],
P = 0.51); worsening by at least 10 letters (among eyes
with baseline low-contrast VA of ≥10 letters) occurred
in 17% (15/87), 23% (26/112), and 23% (23/98) of eyes
(Table 2). At 2 years, improvement of low-contrast VA
by at least 10 letters occurred in 34% (32/93), 23%
(27/117), and 24% (25/104) of eyes (adjusted relative
risk: aflibercept vs. laser, 1.46 [95% confidence interval,
0.91–2.35], P = 0.17; aflibercept vs. observation, 1.31
[95% confidence interval, 0.84–2.05],P = 0.35; laser vs.
observation, 0.90 [95% confidence interval, 0.58–1.39],
P = 0.63); worsening by at least 10 letters (among
eyes with a baseline low-contrast VA of ≥10 letters)
occurred in 24% (21/87), 28% (30/107), and 32% (30/94)
of eyes.

At 1 year, the percentage of eyes with low-contrast
VA at least 2 SDs below age-specific normative values
was 18% (17/97), 20% (25/123), and 22% (24/108) in
the aflibercept, laser, and observation groups, respec-
tively. At 2 years, the percentages were 17% (16/93),
27% (32/117), and 24% (25/104).

Correlations of Low-Contrast VA with
High-Contrast VA and CST During Follow-up

At 1 year, the correlation between low-contrast VA
and high-contrast VAwasmoderate at 0.53 (95% confi-
dence interval, 0.45–0.61); at 2 years, the correlation
was moderate at 0.58 (95% confidence interval, 0.51–
0.65) (Fig. 2). The correlation between change in low-
contrast VA and change in high-contrast VA at 1 year
was moderate at 0.44 (95% confidence interval, 0.35–
0.53); at 2 years, the correlation was moderate at 0.47
(95% confidence interval, 0.38–0.55) (Fig. 3).

At 1 year, the correlation between low-contrast VA
and OCT CST was weak at –0.23 (95% confidence
interval, –0.33 to –0.13); at 2 years, there was no signif-
icant correlation (r = –0.07 [95% confidence interval,
–0.18 to 0.04]) (Fig. 2). The correlation between change
in low-contrast VA and change in OCT CST at 1 year
was moderate at –0.40 (95% confidence interval, –0.48
to –0.30); at 2 years, the correlation was weak at –0.20
(95% confidence interval, –0.30 to –0.09) (Fig. 3).

Discussion

In this ancillary study from Protocol V, a random-
ized clinical trial of initial management with afliber-
cept, laser, or observation for CI-DME in eyes with
good high-contrast VA, there was no statistically
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Figure 2. Correlations of low-contrast VAwith high-contrast VA andOCT CST at 1 and 2 years. Scatterplot of low-contrast VA letter score vs.
high-contrast VA letter score (A, C) andOCTCST (B,D) at 1 year (A, B) and2years (C,D). ThePearson correlation coefficient and95%confidence
interval are shown on each plot. VA was measured on a scale from 100 (Snellen equivalent 20/10) to 0 (Snellen equivalent<20/800).

significant difference in the mean change in low-
contrast VA between any of the groups at 1 or 2 years.
This finding is congruent with the primary result of
Protocol V, which did not identify a statistically signif-
icant difference in the proportion with 1-line high-
contrast VA loss at 2 years.

We found that 23% of eyes had deficits in low-
contrast VA at baseline despite having a high-contrast
VA of 20/25 or better. Consistent with prior research
on eyes without DME, we found weak to moderate
correlations of low-contrast VA with high-contrast VA
at both baseline and follow-up.15 We found mostly
weak negative correlations between low-contrast VA
and OCT CST at both baseline and follow-up and

between changes in these measures during follow-up,
a finding that has not been documented in other publi-
cations.

There has been limited research of contrast sensitiv-
ity in eyes with CI-DME and VA impairment. A small
randomized trial (41 eyes) of bevacizumab vs. sham
for CI-DME with VA impairment (20/40 to 20/200)
showed a strong correlation of contrast sensitivity with
VA at baseline (r= 0.7) and suggested greater improve-
ment in contrast sensitivity with bevacizumab.25 In
the RIDE/RISE trials of ranibizumab vs. sham injec-
tion for CI-DME with VA impairment (20/40 to
20/320), eyes treated with ranibizumab had improved
contrast sensitivity at 2 years and those with a greater
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Figure 3. Correlations of change in low-contrast VA with change in high-contrast VA and change in OCT CST at 1 and 2 years. Scatterplot
of low-contrast VA change from baseline vs. high-contrast visual change from baseline (A, C) and OCT CST change from baseline (B, D) at 1
year (A, B) and 2 years (C, D). The Pearson correlation coefficient and 95% confidence interval are shown on each plot. A change of 10 letters
is equal to approximately 2 lines on an Early Treatment Diabetic Retinopathy Study (ETDRS) eye chart.

improvement in retinopathy severity had a greater
improvement in contrast sensitivity.26 Contrast sensi-
tivity data from eyes treated with sham were not
reported for the RIDE/RISE trials, preventing a
comparison of the effect of anti-vascular endothelial
growth factor treatment vs. sham on contrast sensitiv-
ity. In the current study, only the aflibercept group had
an increase in average low-contrast VA from baseline
to 2 years. These results are consistent with a possible
beneficial effect of intravitreous anti-vascular endothe-
lial growth factor treatment on contrast sensitivity in
eyes with CI-DME, which this study was not powered
to detect.

There are limitations to this analysis. First, this
study was conducted at a subset of Protocol V sites,
which limited the sample size. Second, this study
was not specifically powered to detect differences in
low-contrast VA. Although our data show that the
mean change in low-contrast acuity over 2 years was
not significantly different between the 3 treatment
approaches, the confidence intervals for comparisons
involving aflibercept range from a less than 1-letter
difference favoring laser or observation to greater than
a 10-letter difference favoring aflibercept over each
of the other 2 initial management strategies. Thus,
the confidence intervals do not rule out clinically
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meaningful differences in favor of aflibercept. Third,
17% of the 2-year data were missing and had to
be imputed with methods that are described in the
Methods section. Despite these limitations, the data
were collected in the context of a large randomized
clinical trial by masked technicians, which should limit
bias in treatment-group comparisons.

Based on the primary results fromProtocol V, which
showed no difference in 1-line loss of high-contrast VA,
many clinicians may choose observation with deferred
aflibercept for eyes with DME and good high-contrast
VA.27 However, further work is needed to determine
whether there is any benefit to initial anti-vascular
endothelial growth factor treatment in eyes with good
high-contrast VA.

Selecting the contrast level is a balance between
making the test challenging enough to discriminate
between participants on the basis of contrast sensitivity
andmaking the test so challenging that participants are
not testable. In this study, only 6% of participants had
a baseline 2.5% low-contrast VA of 0 letters and were,
therefore, untestable. A higher contrast level (e.g., 5%)
would likely have decreased the proportion of partic-
ipants who were untestable and the SDs, which were
large.28

Data from this ancillary study can be used to
develop future studies of low-contrast VA in eyes with
CI-DME. We observed a high degree of variability in
the change in low-contrast VA between baseline and
year 1 or year 2, with a SD of approximately 20 letters
for the distribution of change (Table 2). In a recent
study of 49 participants (65% with a high-contrast VA
≥20/25; 35% with 20/30 to 20/100), the SD for the
difference in low-contrast (2.5%) measurements taken
1 week apart was 6 letters.29 Although the eyes of
Protocol V participants measured 1 and 2 years after
baseline may have had true changes in function over
these longer time spans, the much larger SD of change
in letter score (approximately 20 letters vs. 6 letters)
suggests that the measurement error was higher than in
the recent study. Greater effort in training examiners on
the testing procedure may be necessary to decrease the
measurement error, such as continuing to prompt the
participant to guess when they are unsure of the letter
displayed on the screen. In addition, a newer technol-
ogy, the AST Platform, which uses the quick contrast
sensitivity function method, allows an estimation of
the area under the contrast sensitivity function curve
across a broad range of spatial frequencies.3,30 This
approach provides amore complete characterization of
the contrast sensitivity function andmay provide lower
test-retest variability than the contrast acuity method
used in this study, which measures acuity at a single
fixed contrast level, or testingwith Pelli–Robson charts,

which measures contrast sensitivity at fixed spatial
frequencies. The DRCRRetina Network is planning to
use the AST Platform with a detailed training program
in an upcoming study.

In conclusion, among eyes with CI-DME and a
high-contrast VA of 20/25 or better, approximately 1 in
4 eyes had low-contrast VA letter scores below normal
limits at baseline. There were no significant differences
between initial management with aflibercept, laser, or
observation with respect to change in low-contrast VA
from baseline to 2 years. Considering the range of the
95% confidence intervals, however, the study may have
been underpowered to detect a clinically meaningful
difference between treatment groups.
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