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Abstract

Purpose: Evaluate the differences between clinical visual acuity (VVA) as recorded in medical
records and electronic ETDRS (eETDRS) protocol VA measurements and factors affecting the size
of the differences.

Design: Retrospective chart review.

Participants: Study and fellow eyes of participants enrolled in DRCR Retina Network Protocols
AC and AE (diabetic macular edema), and W (non-proliferative diabetic retinopathy) with clinical
VA recorded within 3 months before the protocol visit.

Methods: Linear mixed models evaluated the differences and their association with patient and
ocular factors in univariable and multivariable models, with random effects for correlations within
sites and participants.
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Main Outcome Measure: Difference between VA letter scores measured by eETDRS during
a study protocol visit versus measured by Snellen during a regular clinical visit (Snellen fraction
converted to eETDRS).

Results: Data from 1016 eyes (511 participants) across 74 sites were analyzed. The mean VA
measurements were 68.6 letters (Snellen equivalent 20/50) at the clinical visit and 76.3 letters
(Snellen equivalent 20/32) at the protocol visit, with a mean (standard deviation, SD) of 26 (21)
days between visits. Mean (SD) protocol VA was better than clinical VA by 7.6 (9.6) letters
overall, 10.7 (12.6) letters in eyes with clinical VA <20/50 (n = 376) and 5.8 (6.6) letters in eyes
with clinical VA =20/40 (n = 640). On average, the difference between clinical and protocol VA
was 1.3 letters smaller for every 1-line (5 letters) increase in clinical VA (p < 0.001). Mean (SD)
differences by clinical correction of refractive error were 3.9 (9.0) letters with refraction, 6.9 (9.2)
letters with glasses/contact lenses, 7.9 (11.5) letters with pinhole and 9.8 (9.3) letters without
correction (p=0.06).

Conclusion—On average, clinical Snellen VA is likely to be 1-2 lines worse than eETDRS
protocol refraction and VA testing, which may partly explain why clinical practice does not always
replicate clinical trial results. Eyes with lower clinical measurements and eyes tested without
clinical refraction tended to have larger differences. Considering the potential discrepancies
between clinical and protocol VA measurements, refracting eyes in the clinic may benefit patients
when determining treatment plans and study referrals based on vision.

Précis:
Visual acuity measurements from ETDRS protocol testing tend to be better than Snellen
measurements recorded in clinical practice. Differences were greater when clinical measurements
were lower and when they were taken without refraction.

Introduction

Current clinical trials involving retinal disease usually quantify and report outcomes for
visual acuity (VA) with measurements made by certified technicians using modified ETDRS
protocols for refraction and testing. Testing with either ETDRS visual acuity charts or an
electronic ETDRS (eETDRY) is required for FDA registration trials. These tests provide
accurate, repeatable measurements on an interval scale (logarithm of minimum angle of
resolution [LogMAR]).1=3 In the opinion of the authors, most ophthalmologists are more
familiar with Snellen charts and use them to obtain VA measurements in their offices.
Often, measures of VA from clinical trials VA are reported in a Snellen equivalent for
better understanding by clinicians who do not use ETDRS measurements.4~8 However, the
direct conversion of ETDRS to Snellen VA does not completely account for the differences
between the standardized ETDRS VA measurement obtained in a clinical trial setting and
the routine Snellen VA obtained in clinical practice.”~® Differences in lighting, testing
distance, correction of refractive error, and testing technique may also affect the difference
in measurements.

Previous reports of discrepancies between ETDRS and routine Snellen VA measurements
have indicated that, on average, a better VA score is obtained with ETDRS testing.®-12 This
finding was maintained when a standardized “best-corrected” refraction was used prior to
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testing with both methods.® The disparity in VA measurements has been reported across
multiple retinal diseases and appears to be greater in eyes with lower visual acuity and

more macular edema.®~12 The DRCR Retina Network has published multi-center clinical
trial results that provide guidance for drug choice and management strategies for the
treatment of diabetic macular edema (DME).13.14 The guidance from some of these trials is
dependent upon the visual acuity measurements at the onset of treatment and throughout the
course of treatment.15:16 Application of this guidance to clinical practice requires a better
understanding of the differences between standardized ETDRS vision testing in clinical
trials and routine measurement of vision in clinical practice as recorded in the medical
record. 910.17

Both choice of treatment modality based on results from previous clinical trials and referral
for clinical trials may be influenced by the VA measurements made in routine clinical
practice, where many of the conditions of VA testing (charts, lighting, refractive correction,
and testing distance and technique) differ from those of ETDRS protocol testing. This

study assessed the variability in the routine techniques of obtaining clinical VA and the
differences between clinical Snellen and eETDRS protocol VA measurements performed
for three different DRCR Retina Network clinical trials across 74 clinical centers. The
centers followed varied practices to obtain routine clinical VA assessments before referring
patients for clinical trial eligibility in which the visual acuity was remeasured using standard
eETDRS protocols. Additionally, factors that might affect the size of the differences between
the two methods of VA assessment were analyzed.

We evaluated the difference between protocol and clinical VA for participants in DRCR
Protocols AC, AE, and W, which were active studies in May of 2020 when the retrospective
data collection of clinical VA began. All participants were adults (= 18 years old) with

Type 1 or Type 2 diabetes. The analysis included both study and non-study (fellow) eyes.
Study eyes in Protocol AC had center-involved diabetic macular edema (CI-DME) and

VA from 20/320 to 20/50 eETDRS. Study eyes in Protocol AE had CI-DME and VA at
least 20/25 eETDRS. Study eyes in Protocol W had moderate to severe non-proliferative
diabetic retinopathy (NPDR), no CI-DME and VA at least 20/25 eETDRS. Eligibility criteria
for each clinical trial specified no treatment in study eyes within the 4-months before
baseline; therefore, there was no treatment between the clinical and protocol visits. Fellow
eyes needed to have an eETDRS protocol refraction at baseline and a clinical Snellen VA
measurement within the preceding 3 months (<93 days) but otherwise had no restrictions on
the level of VA, eye pathologies, or treatment history. All participants signed consent forms
that covered collection of ocular and medical history.

Clinical VA was collected retrospectively from site records of the last visit within 3 months
of the protocol visit and recorded as a Snellen fraction without plus or minus letters.
Protocol VA was collected on DRCR case report forms at the first study visit and was
measured using eETDRS charts after refraction. Clinical Snellen fractions were converted
to approximate ETDRS letter scores using the formula 85 + 50 x logyq (Snellen fraction),
rounded to the nearest letter.18 Snellen fractions <20/800 were converted to a letter score

Ophthalmology. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Baker et al.

Results

Page 4

of 0, the lowest testable letter score on the eETDRS testing system used in DRCR Retina
Network clinical trials. The difference in VA was evaluated as the protocol eETDRS letter
score minus clinical Snellen converted to a letter score (i.e., a positive difference indicates
greater VA with eETDRS testing). The protocol eETDRS letter score was aggregated to

a line-level letter score in a sensitivity analysis to assess the difference when clinical and
protocol VA measurements had similar increments.

The VA differences were analyzed using linear mixed models with nested random intercept
effects to model the potential correlation within sites and between the two eyes of a
participant. An intercept-only model was used to estimate Bland-Altman 95% limits of
agreement.1® Univariable models of candidate predictive factors were used to select factors
with p <0.10 for inclusion in an initial full multivariable model. A final multivariable model
was selected using a backward elimination procedure, iteratively dropping factors with the
largest p-value. The factors examined were clinical VA, clinical VA correction method,
protocol VA refractive error (spherical equivalent), days between the clinical and protocol
visit, age, hemoglobin Alc (HbALc), central subfield thickness (CST), lens status, diabetic
retinopathy (DR) severity level, clinical trial (Protocol W, AC, or AE), and an indicator of
whether the eye was a study eye. Unless specified as clinical, all factors were collected at
the protocol visit. All analyses were conducted in SAS/STAT 15.1 (SAS Institute, Inc, Cary,
NC).

We analyzed data from 1016 eyes (511 participants) collected between February 2016 and
February 2020 across 74 sites in the US and Canada. This included 70% (1016 of 1443) of
eyes from the original studies that had an eETDRS protocol refraction, with at least one eye
from 86% (74 of 86) of sites and 70% (511 of 733) of participants: 62% (84 of 135) from
Protocol AE, 78% (211 of 270) from Protocol AC, and 66% (216 of 328) from Protocol

W. The study excluded 269 (19%) of the 1443 eyes with protocol VA because clinical VA
was not collected, 118 (8%) of eyes with clinical VA collected were excluded because the
clinical VA was measured >3 months before the protocol visit (n = 98), or measured using
methods other than Snellen charts (n = 14 with ETDRS, n = 4 with Colenbrander charts, and
n = 2 with counting fingers), and the remaining 40 (3%) of eyes were excluded because the
participant was enrolled at a non-participating site. Tables 1 and 2 summarize participant and
eye characteristics for those included. The mean (standard deviation (SD)) age was 59 (10)
years, 283 (55%) were male, 296 (58%) were White, 118 (23%) were Hispanic or Latino,
and 73 (14%) were Black or African American. There were 582 (57%) study eyes and 434
(43%) fellow eyes. Sixteen percent of the eyes were of patients enrolled in Protocol AE,
with the remainder split approximately equally between Protocols AC and W.

The mean (SD) time between the protocol and clinical visit was 26 (21) days, with 79%
(806 of 1016) less than 6 weeks apart. The mean (SD) clinical VA (converted from Snellen
fraction) was 68.6 (17.1) letters and the mean (SD) protocol VA (eETDRS) was 76.3 (15.6)
letters. The differences in VA (protocol minus clinical) ranged from —35 to 76 letters.
Potential outliers (n = 17) were truncated to within the 3 SDs of the mean of the raw data
(—23.2 to 38.6) to prevent extreme values from disproportionately impacting the analysis.
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The differences in VA appeared to be approximately normally distributed with protocol VA
a mean (SD) of 7.6 (9.6) letters better than clinical VA, with 95% limits of agreement of
—11 to 26 letters (Table 3, Figure 1). In eyes with a clinical VA 20/50 or worse (n = 376),
the mean (SD) difference in protocol minus clinical VA was 10.7 (12.6), approximately
double the 5.8 (6.6) difference in eyes with a clinical VA 20/40 or better (n = 640). Protocol
and clinical measurements were <5 letters (1-line) of each other for slightly less than a
quarter (23%) of eyes in the 20/50 or worse group and slightly over a third (36%) of eyes
in the 20/40 or better group. It was more common for eyes with clinical VA < 20/50 to
have protocol VA =15 letters better (38%) than 10-14 (13%) or 5-9 (16%) letters better.

In contrast, more eyes with clinical VA = 20/40 had protocol VA better by only 5-9 letters
(31%) compared to 10-14 (19%) or =15 (9%) letters better. It was rare for protocol VA to
be 10-14 (2%) or =15 (1%) letters worse than clinical VA. Only 7% of the eyes overall had
protocol VA =5 letters worse than clinical VA (Table 3).

Among study eyes, 68% (396 of 582) of the clinical VA measurements were within the
protocol VA eligibility criteria (at least 20/25 in protocols AE and W; and 20/320 to 20/50 in
AC). This percentage was higher among clinical measurements tested with refraction [91%
(31 of 34)] compared to those tested with glasses or contacts [73% (210 of 286)], pinhole
[60% (39 of 65)], and uncorrected refractive error [53% (77 of 146)] or missing correction
methods [76% (39 of 51)].

The mean (SD) of protocol VA, clinical VA, and the difference (protocol minus clinical)

by each factor of interest are in Table 4 (continuous factors were dichotomized). The
differences in protocol and clinical VA were not associated with the time between visits (p =
0.73), protocol (p = 0.37), CST (p = 0.78), DR severity (p = 0.95) or lens status (p = 0.82)
based on the univariable models (eTable 5). However, clinical VA, clinical VA correction
method, HbA1c, eye enrollment, age, and protocol VA refractive error were associated (p

< 0.10) and were therefore selected for the initial multivariable model. Using backward
elimination, age (p = 0.88) and protocol VA refractive error (p = 0.13) were dropped, and the
other factors remained (eTable 6).

The final multivariable model included 901 eyes with non-missing HbA1c and clinical
correction method (Table 5). On average, the difference between protocol and clinical VA
was 1.3 letters smaller when the clinical VA letter score was 1 line (5 letters) better (p

< 0.001) and 0.3 letters smaller when HbAlc was greater by 1% (p = 0.05). The mean
(SD) differences between protocol and clinical VA measurements by the method of clinical
refractive error correction were 3.9 (9.0) letters with refraction, 6.9 (9.2) with glasses or
contacts, 7.9 (11.5) with pinhole, and 9.8 (9.3) without correction (Table 4). The adjusted
mean differences were 3.0 letters smaller for refracted vs. uncorrected eyes (p = 0.04), and
1.8 letters smaller for eyes tested wearing glasses or contacts vs. uncorrected eyes (p = 0.02).
Lasty, study eyes had an adjusted 1.9 letter smaller mean difference than fellow eyes (p <
0.001) (Table 5).

The distributions of VA differences were comparable across sites, with a 0.14 correlation
among differences within sites. The final multivariable model explained 52% of the variation
in the differences between protocol and clinical VA, meaning about half of the considerable
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variance (overall SD of differences = 9.6 letters ~ 2 lines) was still unexplained. Similar
estimates for the final model were obtained in three sensitivity analyses: (1) when clinical
VA was included as a categorical instead of a continuous variable; (2) when an unknown
category for the clinical correction method was included; and (3) when the protocol
eETDRS letter score was aggregated to a line-level letter score before taking the difference
with the clinical measurement (eTables 8-10).

Discussion

In this DRCR Retina Network assessment of differences between protocol eETDRS and
Snellen VA recorded at a clinical visit within the preceding 3 months, protocol eEETDRS
vision averaged 7.6 letters (~1.5 lines) better than clinical Snellen VVA. The variability of
VA differences was considerable, with 95% of differences expected to be within —11 to 26
letters (protocol VA approximately 2 lines worse to 5 lines better than clinical VA). It was
rare for protocol VA to be substantially worse than clinical VA, with only 7% of protocol
measurements lower than clinical measurements by 5 or more letters (1 line). As found in
previous studies, the discrepancy between protocol and non-protocol VA measurements was
greater among eyes with worse vision.6-2 Possible reasons for larger differences in eyes
with worse clinical VA measurements are that Snellen charts have larger gaps in letter size
between lines and fewer letters than the ETDRS charts at the lower VAs and test-retest
reliability is worse at the lower VAs.2:3 Furthermore, in eyes with good clinical VA, the
possible improvement by protocol assessment is limited by the upper limit of the letter score
scale (100 letters, 20/10).

In addition to the chart used for testing, several factors may be responsible for differences

in our observed VA measurements, including that not all clinical assessments tested the

best corrected vison. In this study, methods of correcting refractive error for the clinical

VA included no correction, habitual correction (current glasses or contact lenses), pin-hole
correction, and refraction. As expected, refraction before clinical VA measurements resulted
in less difference, reducing the average difference (7.6 letters) by about half (3 letters). Even
with refraction, clinical VA still measured approximately one line worse than the eETDRS
protocol VVA. As such, it may be beneficial to refract patients when determining treatment
plans and referrals to clinical trials based on VVA. Based solely only on the most recent
clinical Snellen VA recorded in site records prior to study entry, only about half (53%) of
the eyes with clinical measurements tested without any refractive correction would have met
study VA eligibility criteria, compared to 91% of those tested after refraction, even though
100% of the study eyes met the study VA eligibility criterion.

In the analysis of the relationship between VA differences and HbA1C, the decrease in mean
VA difference as HbA1C increased (p = 0.05) was unexpected; however, the magnitude of
the relationship was mild (—0.3 letters per 1% increase in HbAlc). The specific reasons

why the mean difference in fellow eyes was about 2 letters larger than in study eyes (p <
0.001) was unclear. The fact that fellow eyes had no restrictions on the level of protocol

VA, eye pathologies, or recent treatment may contribute to larger differences. Although we
allowed clinical visits to be up to 3 months before the protocol visit, nearly 80% were within
6 weeks, and there was no apparent association between the VA differences and the time
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between visits (p = 0.73).The level of DR severity, CST, lens status, age, refractive error,

and protocol also did not appear to influence the VA differences. We did not collect data on
the physical environment of the testing for the clinical measurement, or on whether patients
were required to provide reasons for uncertainty when attempting to identify a letter. Such
“pushing” of the patient is an important feature of the ETDRS testing procedure and may
contribute to better eETDRS letter scores. Also, the time of day for the measurements was
not assessed and because some patients with DME report worse vision after a night in a
recumbent position; differences in the time of testing may have contributed to the differences
between measurements.20

The differences analyzed in this study do not reflect the differences between eETDRS and
Snellen measurements tested under the same conditions (e.g., each tested after refraction).
Instead, they show the discrepancies between protocol eETDRS and recent Snellen VA
measured in routine practice at the retina clinic that recruited the participant for the protocol.
Differences at follow-up protocol visits, where VA may influence treatment decisions, were
not assessed. Still, the considerable variation in the recent clinical VA compared to the
baseline protocol VA highlights the potential for follow-up VA assessments of patients
outside of studies to have more variation than expected based on study results.

The findings of this study and previous reports on differences in VA measurements obtained
using routine clinic VA testing versus measurements obtained using refracted ETDRS
testing have implications for clinical decision making and setting patient expectations

for results after treatment.>-12.21 For example, vision outcomes varied by baseline VA
(ETDRS 20/40 or better vs. 20/50 or worse) in DRCR Protocol T for treatment of diabetic
macular edema. In another example, the results from DRCR Protocol V support the initial
observation of eyes with DME only to eyes with ETDRS 20/25. Using a routine clinical
measurement of VA, especially one without refraction, may misclassify the patient and form
a misdirected, potentially suboptimal treatment strategy. In addition, even when the optimal
approach is applied, the vision results from these clinical trials apply to refracted-ETDRS
measurements. An expected 2-year ETDRS VA of 20/20 may be measured in the clinic as 1
or 2 lines worse, disappointing both the patient and the ophthalmologist.

The ultimate purpose for VA measurements in a clinical setting can be different from

that of protocol VA measurements in a study. While clinical VA measurements may help
diagnose and assess treatment response, protocol VA measurements often determine a
study’s inclusion/exclusion criteria and primary outcome. Change in VVA over a study period
is a commonly used metric to compare the efficacy of study treatments. Therefore, study
VA measurements are standardized to maximize the precision of the VA measurement. As
observed in this study, there is no such standardization in clinical practice, as shown broadly
across these 74 clinical sites. This lack of standardization may contribute to imprecise or
fluctuating VA measurements in clinical practice and a tendency for clinicians to depend
less on VA measurements and more on anatomic measurements in decision-making for
retreatment.

The retrospective nature of data collection limited the observations of this study.
Participation in the collection of clinical VA on past medical records was not a part of
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the original protocol study designs, so there may be some ascertainment bias due to sites’
willingness to participate. This study did not include 14% (12 of 86) of sites from the
original studies and did not obtain clinical VA for 30% (427 of 1443) of eyes with protocol
VA. However, only 3% (40 of 1443) of eyes were excluded because they were at non-
participating sites, and the mean (SD) of protocol VA in excluded eyes [78.3 (14.1) letters]
resembled that of included eyes [76.3 (15.6) letters]. Additionally, the distributions of
baseline participant and ocular characteristics between excluded and included eyes appeared
mostly balanced, with the largest difference in time between the clinical and protocol visit,
which was limited to 3 months in the included group (Table 2). Finally, when clinical visual
acuity was reported as a Snellen acuity “+/- letters”, there was no accounting for this in the
conversion to ETDRS letters, which may affect the difference of observed measurements.

When applying clinical trial-based guidelines in managing DR and DME, clinicians should
be aware that Snellen VA, as measured in clinical care, is likely to be worse than that
achieved after eETDRS protocol refraction and VA testing. We expect clinical Snellen
measurements to be 1-2 lines lower than protocol eETDRS measurements on average.
However, the difference between measurements for an individual patient may be substantial,
particularly at poorer levels of vision. Selecting a treatment plan determined by baseline
ETDRS should use a VA testing procedure that includes detailed refraction and mimics

the ETDRS protocol testing approach whenever possible. The findings of this study may
explain, at least in part, why clinical study results are not always reproduced in clinical
practice. Lastly, these findings suggest that clinicians need better methods for accurate and
reliable vision testing in standard clinical practice.
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Scatter plots of (A) Protocol VA vs. Clinical VA; (B) VA Difference vs. VA Mean (Bland-
Altman plot); (C) VA Difference vs. Clinical VVA; D) VA Difference vs. Hemoglobin

Alc. Scatter plots for (A) Protocol VA vs. Clinical VA; (B) VA Difference vs. VA

Mean (Bland-Altman plot); (C) VA Difference vs. Clinical VA; and D) VA Difference vs.
Hemoglobin Alc. Clinical visual acuity measurements of Snellen fractions were converted
to approximate ETDRS letter scores using the formula: Converted letter score = 85 +

50 x log10(Snellen fraction), rounded to the nearest letter, or = 0 for Snellen fractions
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<20/800. VA differences were evaluated as protocol VA minus clinical VA, and outliers were
truncated at the overall mean £ 3 SD (7.7 + 3 x 10.3).
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Participant characteristics

Table 1.

Participant Characteristics Excluded Included
No. of participants

N 222 511
Protocol, N (%)

AC 59 (27%) 211 (41%)

AE 51 (23%) 84 (16%)

w 112 (50%) 216 (42%)
Age, years

Mean (SD) 59 (11) 59 (10)

Median (IQR) 59 (52, 67) 59 (53, 65)
Sex, N (%0)

Female 94 (42%) 228 (45%)

Male 128 (58%) 283 (55%)
Race/Ethnicity, N (%0)

White 109 (50%) 296 (58%)

Hispanic or Latino 64 (29%) 118 (23%)

Black/African American 39 (18%) 73 (14%)

Other 8 (4%) 20 (4%)
Diabetes type, N (%)

Type 1 20 (9%) 36 (7%)

Type 2 202 (91%) 475 (93%)
Duration of diabetes, years

Mean (SD) 17.4 (10.3) 16.7 (10.3)

Median (IQR) 16.6 (10.2,22.9) 15.8 (9.4, 22.6)
Insulin used, N (%)

No 81 (36%) 167 (33%)

Yes 141 (64%) 344 (67%)
Hemoglobin Alc, %

Mean (SD) 8.4 (1.8) 8.5 (2.0)

Median (IQR) 8.0 (7.2, 9.4) 8.1(7.1,9.5)

N missing: Race/Ethnicity (2 excluded and 4 included); Hemoglobin Alc (18 excluded and 17 included).
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Table 2.

Eye characteristics

Eye Characteristics Excluded Included

Included by Clinical VA

20/40 or better

20/50 or worse

No. of eyes
427
N (118 with Clinical VA) 1016

Time between clinical and protocol visitZ, days
Mean (SD) 204 (191) 26 (21)
Median (IQR) 145 (104, 240) 21 (8, 38)

Clinical VA testina method?. N (%)

Colenbrander 4 (3%)

Counting Fingers 2 (2%)

ETDRS 14 (12%)

Snellen 98 (83%) 1016 (100%)
Clinical VA correction method, N (%)

Refracted 32 (29%) 63 (7%)

Glasses or contacts 37 (34%) 497 (53%)

Pinhole only 10 (9%) 117 (13%)

Uncorrected 31 (28%) 254 (27%)

Clinical VA, Snellen ¢

Mean 20/32 20/50
Protocol VA, Snellen (converted from eETDRS) ¢

Mean 20/32 20/32
Protocol, N (%)

AC 120 (28%) 419 (41%)

AE 102 (24%) 168 (17%)

w 205 (48%) 429 (42%)
Eye enrollment, N (%6)

Fellow Eye 177 (41%) 434 (43%)

Study Eye 250 (59%) 582 (57%)

Protocol VA refractive error (spherical equivalent)dN (%)

> +1.50 46 (11%) 94 (9%)

+1.50 to +.625 92 (22%) 193 (19%)
+50 to -.50 152 (36%) 371 (37%)
~625 t0 ~1.50 70 (16%) 148 (15%)
<-150 67 (16%) 210 (21%)

OCT Central subfield thickness (Spectralis)€, um
Mean (SD) 358 (126) 377 (131)

Median (IQR) 314 (279, 377) 329 (287, 429)

640

29 (22)
25 (12, 42)

640 (100%)

46 (8%)
305 (52%)
72 (12%)
167 (28%)

20/32

20/20

127 (20%)
149 (23%)
364 (57%)

302 (47%)
338 (53%)

53 (8%)
115 (18%)
254 (40%)
98 (15%)
120 (19%)

312 (65)

297 (273, 335)

376

20 (18)
14.(7, 28)

376 (100%)

17 (5%)
192 (56%)
45 (13%)
87 (26%)

20/100

20/63

292 (78%)
19 (5%)
65 (17%)

132 (35%)
244 (65%)

41 (11%)
78 (21%)
117 (31%)
50 (13%)
90 (24%)

485 (141)
457 (373, 574)

Ophthalmology. Author manuscript; available in PMC 2024 May 01.

Page 14



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Baker et al. Page 15

Included by Clinical VA

Eye Characteristics Excluded Included
20/40 or better  20/50 or worse

c1-DME’ N (9%)
Yes 142 (46%) 368 (54%) 140 (33%) 228 (89%)
No 168 (54%) 317 (46%) 289 (67%) 28 (11%)

OCT Retinal volume (Stratus) 9, mm?3

Mean (SD) 8.0 (1.6) 8.3 (1.8) 7.6 (1.0) 9.7 (2.2)

Median (IQR) 7.6 (7.1,8.3) 78(7.2,87)  75(7.0,80)  9.3(8.0,10.9)
Lens status, N (%)

Aphakic 1 (<1%)

oL 94 (22%) 192 (19%) 125 (20%) 67 (18%)

Phakic 332 (78%) 824 (81%) 515 (80%) 309 (82%)

Diabetic retinopathy severity, N (%)

No DR to moderate

NPDR (2 lovl 19 47 (23%) 121 (24%) 51 (18%) 70 (30%)
NP"I"D‘;S‘Z{ :\t/‘;'lyg;"’e’e 84 (41%) 225 (44%) 164 (58%) 61 (27%)

Severe NPDR (level 53) 58 (28%) 117 (23%) 57 (20%) 60 (26%)
PRITDDR (> level 53) or prior 18 (9%) 48 (9%) 9 (3%) 39 (17%)

aThe time between the clinical and protocol visit was limited to 3 months (<93 days) for included eyes.
bThe clinical VA testing method was limited to Snellen charts for included eyes because the other methods had <20 eyes each.

cLetter score conversion to Snellen: 0-3 = <20/800; 4-8 = 20/800; 9-13 = 20/640; 14-18 = 20/500;19-23 = 20/400; 24-28 = 20/320; 29-33 =
20/250; 34-38 = 20/200; 39-43; 20/160; 44-48 = 20/125; 49-53 = 20/100;54-58 = 20/80; 59-63 = 20/63; 64—68 = 20/50; 69-73 = 20/40; 74-78 =
20/32; 79-83 = 20/25; 84-88 = 20/20; 89-93 = 20/16;94-98 = 20/12; 99-100 = 20/10.

dSphericaI equivalent refractive error = sphere power + 0.5 x cylinder power.

e . . . . . . .
CST measurements on Cirrus were converted to Spectralis equivalents using the following formula: Spectralis = 40.78 + 0.95 x Cirrus.22

fCI-DME was defined by CST on Cirrus = 290 (females) or = 305 (males); and CST on Spectralis = 305 (females) or = 320 (males).

gAII retinal volume measurements were converted to Stratus equivalents using the following formulas: Stratus = -1.21 + 1.01 x Cirrus; Stratus =
-2.05 + 1.06 x Spectralis.23

N missing: Clinical VA (309 excluded); Time between protocol and clinical visit (309 excluded); Clinical VA testing method (309 excluded);
Clinical VA correction method (317 excluded and 85 included); OCT Central subfield thickness (117 excluded and 331 included); CI-DME (117
excluded and 331); OCT Retinal volume (136 excluded and 381 included); Diabetic retinopathy severity (220 excluded and 505 included).
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Visual acuity by each testing method and by clinical visual acuity subgroups

Table 3.

Clinical VA
Visual Acuity
Overall 20/40 or better  20/50 or worse

No. of eyes

N 1016 640 376
Clinical VA, letter score (converted from Snellen fraction) 4

Mean (SD) 68.6 (17.1) 78.7 (5.8) 51.3 (16.1)

Median (IQR) 75(60,80) 80 (75, 85) 58 (45, 65)
Protocol VA, letter score (eETDRS)

Mean (SD) 76.3 (15.6) 84.5 (7.0) 62.3 (16.3)

Median (IQR) 82(67,87) 86 (82, 89) 64 (55, 71)
VA difference (protocol - clinical), letter score b

Mean (SD) 7.6 (9.6) 5.8 (6.6) 10.7 (12.6)

Median (IQR) 7(2,13) 5 (2, 10) 10 (2, 20)
VA difference (protocol - clinical), N (%)

Protocol 215 letters better 204 (20%) 60 (9%) 144 (38%)

Protocol 10-14 letters better 169 (17%) 121 (19%) 48 (13%)

Protocol 5-9 letters better 256 (25%) 197 (31%) 59 (16%)

Same + 4 letters 316 (31%) 229 (36%) 87 (23%)

Protocol 5-9 letters worse 40 (4%) 19 (3%) 21 (6%)

Protocol 10-14 letters worse 17 (2%) 11 (2%) 6 (2%)

Protocol 215 letters worse 14 (1%) 3 (<1%) 11 (3%)

aConverted letter score = 85 + 50 x log10(Snellen fraction), rounded to the nearest letter, or = 0 for Snellen fractions <20/800.

bVA difference outliers were truncated at the raw overall mean + 3 SD (7.7 + 3 x 10.3).
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Table 4.

Visual acuity by each testing method and factors that may affect the difference in results between methods

Visual Acuity Letter Score Mean (SD)

Factor No. of eyes
Clinical (Snellen conversion)  Protacol ((ETDRS)  Difference (Protocol - Clinical)®

Hemoglobin Alc

<7.5% 348 68.1 (16.3) 76.5 (14.4) 8.3(9.5)

>7.5% 668 68.9 (17.5) 76.2 (16.2) 7.2 (9.6)
Age

<60 years 541 70.9 (16.8) 77.9 (15.7) 6.9 (9.7)

>60 years 475 65.9 (17.1) 745 (15.3) 8.4 (9.4)
OCT Central subfield thickness (Spectralis)

<330 um 344 78.2 (7.6) 86.4 (6.1) 8.2 (6.8)

>330 ym 672 63.7 (18.5) 71.1 (16.5) 7.3(10.7)
Time between protocol and clinical visit

<6 weeks 806 67.4 (17.6) 75.0 (15.9) 7.5(9.9)

>6 weeks 210 73.3(14.1) 81.3(13.5) 7.9 (8.0)
Clinical VA correction method

Refracted 63 73.9 (18.9) 78.0 (17.5) 3.9(9.0)

Glasses or contacts 497 68.5 (16.9) 75.5(15.2) 6.9(9.2)

Pinhole only 117 66.1 (18.0) 74.4 (16.9) 7.9 (11.5)

Uncorrected 254 68.6 (17.3) 78.5(15.1) 9.8(9.3)
Protocol VA refractive error (spherical equivalent)

>+1.50 94 65.9 (16.7) 74.4 (15.9) 8.6 (8.8)

+1.50 to +.625 193 66.2 (18.5) 76.0 (15.3) 9.5 (9.7)

+.50 to —.50 371 70.4 (16.1) 77.7 (15.8) 7.3(8.7)

-.6251t0 -1.50 148 70.1 (15.9) 78.5 (13.9) 8.2 (10.1)

<-1.50 210 67.8 (18.1) 73.5(16.2) 5.5 (10.6)
Protocol

AC 419 57.7 (17.9) 64.6 (15.5) 6.8 (11.7)

AE 168 77.2 (9.8) 83.9 (8.2) 6.8 (6.9)

w 429 75.8 (12.1) 84.7 (9.4) 8.7 (8.0)
Eye enroliment

Fellow Eye 434 70.5 (16.1) 78.8 (14.8) 8.1(9.4)

Study Eye 582 67.2 (17.7) 74.5 (16.0) 7.2(9.7)
Lens status

1oL 192 69.8 (15.5) 76.9 (14.2) 7.0 (8.0)

Phakic 824 68.3 (17.4) 76.2 (15.9) 7.7 (9.9)
Diabetic retinopathy severity

No DR to moderate 121 63.1 (16.3) 70.1 (14.6) 6.9 (10.1)

NPDR (< level 47)
Moderately Severe 225 72.6 (14.6) 80.2 (14.0) 7.7(8.1)

NPDR (level 47)
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Visual Acuity Letter Score Mean (SD)
Factor No. of eyes
Clinical (Snellen conversion)®  Protocol €ETDRS)  Difference (Protocol - Clinical)?
Severe NPDR (level 53) 117 63.9 (20.0) 71.8 (18.0) 7.8 (11.2)
PDR (> level 53) or prior 48 522 (19.6) 59.0 (13.6) 6.4 (12.5)

PRP

aConverted letter score = 85 + 50 x log10(Snellen fraction), rounded to the nearest letter, or = 0 for Snellen fractions <20/800.

bVA difference outliers were truncated at the raw overall mean + 3 SD (7.7 + 3 x 10.3).

Ophthalmology. Author manuscript; available in PMC 2024 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Baker et al.

Table 5.

Final multivariable model estimates for VA difference (protocol — clinical)

Final Multivariable Model Effects® Estimate  (95% CI)  P-value
Clinical VA, 1-line (5 letters converted from Snellen fraction) b -1.3 (-15,-11) <0.001
Hemoglobin Alc, % -0.3 (-0.6, -0.0) 0.05
Eye enroliment <0.001
Fellow Eye 1.9 (1.0, 2.8) <0.001
Study Eye (reference) 0.0
Clinical VA correction method 0.06
Refracted -3.0 (-5.9, -0.1) 0.04
Glasses or contacts -1.8 (-3.3,-0.3) 0.02
Pinhole only -15 (-3.5,0.5) 0.14
Uncorrected (reference) 0.0

Page 19

a ) - . . . .. . - .
The final multivariable model for VA difference (protocol - clinical) included N = 901 eyes with no missing covariate values in a linear mixed
model with nested random effects on the intercept for correlation within sites and participants; VA difference outliers were truncated at the raw

overall mean + 3 SD (7.7 + 3 x 10.3).

bConverted letter score = 85 + 50 x log10(Snellen fraction), rounded to the nearest letter, or = 0 for Snellen fractions <20/800.

The intraclass correlation was 0.14 within sites and 0.38 within participants within sites. The conditional R2 (variance explained by fixed and

random factors) was 0.52.
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Table 7.

Final multivariable model estimates for VA difference (protocol — clinical)

Final Multivariable Model Effects® Estimate  (95% CI)  P-value
Clinical VA, 1-line (5 letters converted from Snellen fraction) b -1.3 (-15,-11) <0.001
Hemoglobin Alc, % -0.3 (-0.6, -0.0) 0.05
Eye enroliment <0.001
Fellow Eye 1.9 (1.0, 2.8) <0.001
Study Eye (reference) 0.0
Clinical VA correction method 0.06
Refracted -3.0 (-5.9, -0.1) 0.04
Glasses or contacts -1.8 (-3.3,-0.3) 0.02
Pinhole only -15 (-3.5,0.5) 0.14
Uncorrected (reference) 0.0

Page 20

a ) - . . . .. . - .
The final multivariable model for VA difference (protocol - clinical) included N = 901 eyes with no missing covariate values in a linear mixed
model with nested random effects on the intercept for correlation within sites and participants; VA difference outliers were truncated at the raw

overall mean + 3 SD (7.7 + 3 x 10.3).

bConverted letter score = 85 + 50 x log10(Snellen fraction), rounded to the nearest letter, or = 0 for Snellen fractions <20/800.

The intraclass correlation was 0.14 within sites and 0.38 within participants within sites. The conditional R2 (variance explained by fixed and

random factors) was 0.52.
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