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Abstract

Purpose To determine the influence of different lighting conditions on perceived visual function in patients of different age,
gender, race, and in various ophthalmic diseases.

Methods A prospective study. A survey given to patients seen in general ophthalmic and retina clinics. Patients were asked four
questions: Is your vision better, worse, or the same in (1) bright light vs dim light, (2) indoors or outdoors, (3) beginning or end of the
day, and (4) sunny or cloudy day? Parameters tested were age, race, gender, visual acuity, and a variety of ophthalmic conditions.
Multivariable models for each question were fit using multinomial regression. Association was considered significant if p < 0.05.
Results A total of 722 patients were enrolled in the study. Patients with lower vision (LogMAR > 0.3) were more likely to
indicate they either had better vision indoors or outdoors compared with better vision patients (LogMAR < 0.1). Patients with
pseudophakia were also more likely to indicate they had better vision on a cloudy day (OR = 1.9). White patients had double the
odds of selecting bright light compared with others. Males were less likely than females to indicate better vision indoors (OR =
0.62). There were no significant associations with age-related macular degeneration (AMD) in the multivariable model.
Conclusions Most patients did not note any difference in lighting conditions, and although there is explanatory rational for some
of the findings in this study, those questions concerning lighting conditions or time of day are not useful for screening of disease.
Gender and ethnicity were found to have associations with lighting preferences which needs to be further studied.
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Key Messages

What is known:
®  The relationship of visual acuity vs luminance has a higher slope in the patient with normal macula and
fixation; however, the slope is lower in patients with lower visual acuity or extramacular fixation.

What this study adds:

® In this prospective study, while patients with exudative AMD did not have a strong association in the
multivariable model with lighting preference pseudophakic patients were more likely to indicate they had
better vision on a cloudy day.

®  White patients had nearly double the odds of selecting bright light, compared with other ethnicity.

®  Males were less likely than females to indicate better vision indoors, but more likely to indicate better
vision on a cloudy day.
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Introduction

There is known effect of ocular disease on the visual
acuity and luminance tolerance. Data by Sloan et al
showed that the relationship of visual acuity vs lumi-
nance has a much higher slope in the normal patient
with normal macula and fixation; the greater the lumi-
nance, the sharper the visual acuity. When extramacular
fixation is tested, the slope is flatter, and those patients
need more light to achieve a better visual acuity [1].

When the slope of acuity with changing luminance is stud-
ied in patients with significant impairment of foveal vision,
the tests measure the function of some relatively normal
parafoveal area rather than that of the impaired fovea [2].
Eccentric vision is associated with a smaller rate of change
of acuity with increasing luminance. This change is similar to
the one observed in the normal para-central retina [2]. As a
result, these patients require very high light intensities to ob-
tain their best visual acuity [2].

Contrast sensitivity is also affected by luminance and is
important for visual function in various diseases [3—8]. The
contrast of the target quantifies its relative difference in lumi-
nance from the background. It may be specified as the Weber
contrast. The contrast sensitivity itself therefore is also a de-
rivative of luminance [9]. Reducing the luminance causes the
contrast sensitivity to decrease, although the visual acuity may
remain the same [10].

In clinic settings, many patients have extrafoveal fixation
and lower contrast sensitivity. We wondered if there was clin-
ical utility in asking patients how their vision was affected by
different lighting conditions and time of day. The purpose of
this study was to evaluate patients in real-life setting, with
regards to light preference using four questions.

Methods

This prospective observational study was conducted at the
University of Louisville after approval by the University of
Louisville Institutional Review Board. The study adhered to
the tenets of the Declaration of Helsinki and complied with
Health Insurance Portability and Accountability Act guide-
lines. Informed consent to participate in the study was obtain-
ed from all patients. Patients were recruited at the Kentucky
Lions Eye Retina clinic from December 20th, 2014 to
November 20th, 2015. The participants completed a voluntary
survey consisting of four principle questions: (1) Do you see
better in (a) bright light, (b) dim light, (c) no difference; (2) Do
you see better in (a) indoors, (b) outdoors, (c) no difference;
(3) Do you have better vision at the (a) beginning of day, (b)
end of day, (c) no difference; (4) Do you have better vision on
a (a) sunny day, (b) cloudy day, (¢) no difference.
Demographic parameters were collected in each survey
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including age, race and gender, visual acuity, and all applica-
ble ophthalmic diagnosis as (cataract, pseudophakia, primary
open angle glaucoma, dry age macular degeneration (AMD),
exudative AMD, branch retinal vein occlusion, central retinal
vein occlusion, choroidal neovascular membrane, macular
hole, diabetes without retinopathy, non-proliferative diabetic
retinopathy by stage, proliferative diabetic retinopathy, mac-
ular hole, epiretinal membrane, and refractive status) were
marked for each patient by the physician. Each demographic
parameter and ophthalmic disease was analyzed individually
against each other and each of the four questions. Patients
were excluded from the study if their visual acuity was lower
than Finger count vision.

Statistical methods

Bi-variable associations between responses to each question
(Q1-Q4) and patient covariates were assessed using Chi-
squared tests and Fisher’s exact test. To account for potential
confounding in bi-variable associations, multivariable models
for each question were fit using multinomial regression. Age,
gender, and race were included in each multivariable model,
along with variables having a bi-variable association of unad-
justed p < 0.05 with the corresponding question. Multiple
imputation with imputation-corrected standard errors was
used to account for missing values in multivariable models,
following recommended procedures and guidelines using the
areglmpute function in R package Hmisc [11, 12] and the
Micombine function in R package mitools [13]. Sensitivity
analysis was performed by removing subjects with missing
values prior to fitting multivariable models. Odds ratios
(OR), 95% confidence intervals (CI), and p values were re-
ported from the multinomial regression models. For each
question, response probabilities for choices A and B were
compared with choice C (no preference, baseline category).
P values for bi-variable associations were adjusted for multi-
ple comparisons using the false discovery rate (FDR) [14],
and an FDR value of 0.1 was used as the discovery threshold
(corresponding to an expected 10% of reported discoveries
being null). Analyses were conducted using R version 4.0.0.

Results

A total of 722 surveys were completed, consisting of 435
females and 285 males. A total of 594 of the patients complet-
ing the study were White, while 103 were African American
or other. Mean age of the sample was 71.6 years, with a stan-
dard deviation of 16.1, a median of 75, and an inter-quartile
range of 63 (25th percentile) to 84 (75th percentile). Four
hundred and forty-eight of the patients were pseudophakic
and 282 had age-related macular degeneration (AMD); of
those, 207 had exudative AMD and 75 patients had dry
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Table 1 Subject characteristics

Level N (%)
Total N 723
Age (%) 0, 75) 368 (50.9)
(75, 100) 353 (48.8)
Missing 2(0.3)
Race (%) White 594 (82.2)
African American/other 104 (14.4)
Missing 25@3.5)
Gender (%) Female 435 (60.2)
Male 285 (39.4)
Missing 3(0.4)
LogMAR (%) (0,0.1) 231 (32.0)
(0.1, 0.3) 189 (26.1)
[0.3, 4] 174 (24.1)
Missing 129 (17.8)
NS (%) No 541 (74.8)
Yes 182 (25.2)
Pseudophakia (%) No 275 (38.0)
Yes 448 (62.0)
Wet AMD (%) No 516 (71.4)
Yes 207 (28.6)
Dry AMD (%) No 648 (89.6)
Yes 75 (10.4)
POAG (%) No 685 (94.7)
Yes 38(5.3)
ERM (%) No 666 (92.1)
Yes 57(7.9)
RD (%) No 676 (93.5)
Yes 47 (6.5)
DR (%) No 639 (88.4)
Yes 84 (11.6)
Ql (%) A (bright light) 352 (48.7)
B (dim light) 128 (17.7)
C (no difference) 241 (33.3)
Missing 2(0.3)
Q2 (%) A (indoors) 175 (24.2)
B (outdoors) 160 (22.1)
C (no difference) 388 (53.7)
Q3 (%) A (beginning of day) 140 (19.4)
B (end of day) 72 (10.0)
C (no difference) 504 (69.7)
Missing 7 (1.0)
Q4 (%) A (sunny day) 219 (30.3)
B (cloudy day) 198 (27.4)
C (no difference) 303 (41.9)
Missing 3(04)

AMD. Two hundred and twenty-one patients had cataract. Of
those, 182 had nuclear sclerosis, 22 patients had cortical

cataracts, and 17 had posterior subcapsular cataracts. One
hundred and sixteen of the patients were diabetics; of them,
99 patients with diabetic retinopathy. Fifty-seven patients had
epiretinal membrane (ERM), and 38 patients had retinal vein
occlusions. Thirty-three patients had macular hole. Combined,
553 patients (76.5%) had at least one ophthalmic disease (cat-
aract NS, exudative AMD, dry AMD, POAG, ERM, RD, or
DR), while 165 (22.8%) had 2 and 37 (5.1%) had 3 co-
occurring ophthalmic diseases. The number and percent of
missing values for covariates were 2 (0.3%) for age, 25
(3.5%) for race, 3 (0.4%) for gender, and 129 (17.8%) for
vision (LogMAR). Full descriptive statistics for the sample
are provided in Table 1.

Bi-variable results are displayed in Tables 2, 3, 4, and 5
corresponding to questions 1—4. Question 1 (better vision in
(a) bright light, (b) dim light, (c) no difference) had a notable
association with race, with 50% of White patients preferring a
more lit environment vs a third of the African American pa-
tients (FDR p = 0.08). Patients with exudative AMD also
preferred a more lit environment than patients with non-
exudative AMD (57% vs. 46%, FDR p = 0.08). However,
patients with an epiretinal membrane preferred dimmer light
than patients with no ERM (28% vs. 17%, FDR p = 0.08).
There was no association of light strength and dry AMD,
primary open angle glaucoma (POAG), retinal detachment
(RD), diabetic retinopathy, age, gender, and lens status.

Question 2 asked whether vision was better (a) indoors, (b)
outdoors, (¢) no difference. Patients with cataract (NS) had
better vision outdoors (natural light, 27%) vs. indoors (artifi-
cial light, 17%), compared with those without cataracts (21%
and 27%, respectively, FDR p = 0.08). A greater percentage of
females preferred indoor lighting (28%) compared with males
(19%) (FDR p = 0.07). However, over 50% of both males and
females stated “no difference” when answering this question.
Fifty-nine percent of patients with good vision (better than 20/
40) stated no preference for indoor vs. outdoor lighting, while
patients with reduced vision had stronger opinions for prefer-
ring either indoor (30.5%) or outdoor (29.9%) lighting, com-
pared with no preference (39.7%) (FDR p = 0.009).

Question 3 asked whether the vision was better at the: (a)
beginning of day, (b) end of day, (c) no difference. No asso-
ciations with FDR p value < 0.1 were discovered. However,
some evidence of association between vision preference at
beginning vs. end of the day and retinal detachment surgery
(FDR p = 0.19) and primary open angle glaucoma (FDR p =
0.15). More patients with glaucoma had better vision at the
beginning of the day than patients with no glaucoma (38% vs.
19%, respectively). More patients with glaucoma had better
vision at the end of the day than patients with no glaucoma.
The same preference for end of the day was noted for patients
s/p retinal detachment surgery (34% vs. 19% for those without
surgery). However, 50% of the glaucoma patients and 59% of
the retinal detachment patients had no preference.
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Table 2  Bi-variable associations of patient characteristics with question 1 (bright light vs. dim light). Entries in each cell are counted (percentage). P

values based on complete observations (missing data removed)

Level A: bright light B: dim light C: no difference p value FDR p value

Total N 352 128 241

Age (%) (0, 75) 168 (45.8) 76 (20.7) 123 (33.5) 0.09 0.27
(75, 100) 182 (51.7) 52 (14.8) 118 (33.5)
Missing 2 (100) 0(0) 0(0)

Race (%) White 296 (50) 102 (17.2) 194 (32.8) 0.02 0.08
African American/other 36 (34.6) 24 (23.1) 44 (42.3)
Missing 20 (80) 2(8) 3(12)

Gender (%) Female 219 (50.6) 71 (16.4) 143 (33) 0.36 0.48
Male 131 (46) 57 (20) 97 (34)
Missing 2 (66.7) 0(0) 1(33.3)

LogMAR (%) 0,0.1) 108 (46.8) 41 (17.7) 82 (35.5) 0.21 041
(0.1, 0.3) 101 (53.4) 24 (12.7) 64 (33.9)
[0.3, 4] 90 (51.7) 35(20.1) 49 (28.2)
Missing 53 (41.7) 28 (22) 46 (36.2)

NS (%) No 254 (47) 99 (18.3) 187 (34.6) 0.25 0.41
Yes 98 (54.1) 29 (16) 54 (29.8)

Pseudophakia (%) No 128 (46.7) 49 (17.9) 97 (35.4) 0.63 0.69
Yes 224 (50.1) 79 (17.7) 144 (32.2)

Wet AMD (%) No 235 (45.6) 94 (18.3) 186 (36.1) 0.02 0.08
Yes 117 (56.8) 34 (16.5) 55 (26.7)

Dry AMD (%) No 307 (47.5) 117 (18.1) 222 (34.4) 0.12 0.29
Yes 45 (60) 11 (14.7) 19 (25.3)

POAG (%) No 333 (48.7) 122 (17.8) 229 (33.5) 0.94 0.94
Yes 19 (51.4) 6(16.2) 12 (32.4)

ERM (%) No 334 (50.3) 112 (16.9) 218 (32.8) 0.02 0.08
Yes 18 (31.6) 16 (28.1) 23 (40.4)

RD (%) No 327 (48.5) 117 (17.4) 230 (34.1) 0.27 041
Yes 25 (53.2) 11 (23.4) 11 (23.4)

DR (%) No 316 (49.6) 112 (17.6) 209 (32.8) 0.50 0.60
Yes 36 (42.9) 16 (19) 32 (38.1)

Question 4 asked whether the vision was better on a (a)
sunny day, (b) cloudy day, or (c) no difference. Pseudophakic
patients preferred cloudy days compared with phakic patients
(31% vs. 22%, respectively), with phakic patients more likely
to choose no difference (50% vs. 37%, respectively, FDR p =
0.04). Patients with better vision (> 20/40) were less likely to
notice a difference in sunny and cloudy days (FDR p = 0.07).
Exudative AMD patients preferred a sunny day more than non
AMD patients (36% vs. 28%, FDR p = 0.08).

Results from the multivariable multinomial models are giv-
en in Table 6. Multiple imputation was used to fill-in missing
values, with 10 imputations and imputation-corrected stan-
dard errors. For question 1, White patients had nearly double
the odds of selecting bright light (option A), compared with
(c) no difference) compared with African American/other race
(OR =1.90, 95% CI 1.16-3.13). Patients’ age > 75 years had
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reduced odds of preferring dim light compared with no differ-
ence, relative to patients <75 years (OR = 0.55, 95% CI10.33—
0.91). Patients with ERM had reduced odds (OR = 0.54, 95%
CI 0.28-1.05) of selecting bright light compared with no dif-
ference. Patients with exudative AMD had increased odds of
selecting either bright light (OR = 1.5, 95% CI 0.97-2.32) or
dim light (OR = 1.82, 95% CI 1.00-3.32) compared with no
difference. For question 2, patients with lower vision
(LogMAR > 0.3) were more likely to indicate they either
had better vision indoors (OR =2.43,95% CI 1.41-4.19 com-
pared with LogMAR < 0.1) or outdoors (OR = 3.1, 95% CI
1.85-5.17 compared with LogMAR < 0.1) compared with
indicating no difference. Patients with cataracts were less like-
ly to indicate they had better vision indoors (OR = 0.53, 95%
CI 0.33-0.85). Patients age > 75 years were less likely to
indicate better vision indoors (OR = 0.63, 95% CI 0.42—
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Table 3
based on complete observations (missing data removed)

Bi-variable associations of patient characteristics with question 2 (indoors vs. outdoors). Entries in each cell are counted (percentage). P values

Level A: indoors B: outdoors C: no difference p value FDR p value

Total N 175 160 388

Age (%) 0,75) 89 (24.2) 93 (25.3) 186 (50.5) 0.07 0.19
(75, 100) 86 (24.4) 65 (18.4) 202 (57.2)
Missing 0(0) 2 (100) 0(0)

Race (%) White 141 (23.7) 135 (22.7) 318 (53.5) 0.47 0.51
African American/other 26 (25) 18 (17.3) 60 (57.7)
Missing 8(32) 7 (28) 10 (40)

Gender (%) Female 120 (27.6) 84 (19.3) 231 (53.1) 0.01 0.07
Male 54 (18.9) 74 (26) 157 (55.1)
Missing 1(33.3) 2 (66.7) 0(0)

LogMAR (%) (0,0.1) 48 (20.8) 43 (18.6) 140 (60.6) 0.001 0.009
(0.1, 0.3) 42 (22.2) 39 (20.6) 108 (57.1)
(0.3, 4] 53 (30.5) 52(29.9) 69 (39.7)
Missing 32 (24.8) 26 (20.2) 71 (55)

NS (%) No 144 (26.6) 111 (20.5) 286 (52.9) 0.02 0.08
Yes 31(17) 49 (26.9) 102 (56)

Pseudophakia (%) No 55 (20) 61 (22.2) 159 (57.8) 0.10 0.19
Yes 120 (26.8) 99 (22.1) 229 (51.1)

Wet AMD (%) No 123 (23.8) 104 (20.2) 289 (56) 0.08 0.19
Yes 52 (25.1) 56 (27.1) 99 (47.8)

Dry AMD (%) No 159 (24.5) 142 (21.9) 347 (53.5) 0.81 0.81
Yes 16 (21.3) 18 (24) 41 (54.7)

POAG (%) No 165 (24.1) 149 (21.8) 371 (54.2) 0.47 0.51
Yes 10 (26.3) 11 (28.9) 17 (44.7)

ERM (%) No 155(23.3) 150 (22.5) 361 (54.2) 0.13 0.20
Yes 20 (35.1) 10 (17.5) 27 (47.4)

RD (%) No 166 (24.6) 144 (21.3) 3606 (54.1) 0.12 0.20
Yes 9 (19.1) 16 (34) 22 (46.8)

DR (%) No 151 (23.6) 140 (21.9) 348 (54.5) 0.47 0.51
Yes 24 (28.6) 20 (23.8) 40 (47.6)

0.95) or outdoors (OR = 0.48, 95% CI 0.32—0.74) compared
with patients age < 75 years. Males were less likely than
females to indicate better vision indoors (OR = 0.62, 95%
CI 0.42-0.92) compared with indicating no difference. For
question 3, patients with either POAG (OR = 3.04, 95% CI
1.45-6.35) or RD (OR = 1.89, 95% CI 0.97-3.7) were more
likely to indicate they had better vision at the beginning of the
day compared with no difference. Patients aged > 75 years
were somewhat less likely to indicate they had better vision
at the beginning of the day compared with no difference (OR
=0.66, 95% CI1 0.44-0.99). For question 4, patients with low-
er vision (LogMAR > 0.3) were more likely to indicate they
had better vision on a cloudy day vs. no difference (OR =
2.05, 95% CI 1.17-3.59), compared with patients with good
vision (LogMAR < 0.1). Patients with pseudophakia were
also more likely to indicate they had better vision on a cloudy

day (OR =1.91, 95% CI 1.24-2.9), as were males (OR = 1.46
relative to females, 95% CI 1.01-2.13). Exudative AMD did
not exhibit a strong association in the multivariable model.

Discussion

Studies of the acuity-luminance function are reported for pa-
tients with reduced acuity resulting from optic nerve lesions,
retinal lesions of various sorts, and suppression amblyopias [2].
The findings in all those groups can be attributed almost
completely to the use of parafoveal or paramacular regions of
the retina [2]. The eccentric viewing area is associated with a
reduced rate of change of visual acuity with increasing lumi-
nance similar to the finding observed in the normal paracentral
retina [2]. In patients with retinal pathology involving the
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Table 4  Bi-variable associations of patient characteristics with question 3 (beginning of the day vs. end of the day). Entries in each cell are count
(percentage). P values based on complete observations (missing data removed)

Level A: beginning of day B: end of the day C: no difference p value FDR p value

Total N 140 72 504

Age (%) (0,75] 82 (22.5) 40 (11) 243 (66.6) 0.08 0.27
(75,100] 58 (16.6) 329.2) 259 (74.2)
Missing 0(0) 0(0) 2 (100)

Race (%) White 119 (20.2) 60 (10.2) 410 (69.6) 0.92 0.99
African American/other 19 (18.6) 10 (9.8) 73 (71.6)
Missing 2(8) 2(8) 21 (84)

Gender (%) Female 81 (18.8) 44 (10.2) 307 (71.1) 0.76 091
Male 59 21 27 (9.6) 195 (69.4)
Missing 0 (0) 1(33.3) 2 (66.7)

LogMAR (%) 0,0.1) 33(14.3) 20 (8.7) 177 (77) 0.11 0.27
(0.1,0.3) 41 (21.9) 19 (10.2) 127 (67.9)
(0.3, 4] 40 (23.5) 12 (7.1) 118 (69.4)
Missing 26 (20.2) 21 (16.3) 82 (63.6)

NS (%) No 108 (20.2) 56 (10.5) 371 (69.3) 0.57 0.86
Yes 32(17.7) 16 (8.8) 133 (73.5)

Pseudophakia (%) No 46 (16.8) 22 (8.1) 205 (75.1) 0.09 0.27
Yes 94 (21.2) 50 (11.3) 299 (67.5)

Wet AMD (%) No 106 (20.8) 50 (9.8) 354 (69.4) 042 0.72
Yes 34 (16.5) 22 (10.7) 150 (72.8)

Dry AMD (%) No 123 (19.2) 66 (10.3) 453 (70.6) 0.66 0.88
Yes 17 (23) 6(8.1) 51 (68.9)

POAG (%) No 126 (18.6) 68 (10) 485 (71.4) 0.01 0.15
Yes 14 (37.8) 4(10.8) 19 (51.4)

ERM (%) No 129 (19.6) 66 (10) 464 (70.4) 0.99 0.99
Yes 11(19.3) 6(10.5) 40 (70.2)

RD (%) No 124 (18.5) 69 (10.3) 476 (71.2) 0.03 0.19
Yes 16 (34) 3(64) 28 (59.6)

DR (%) No 119 (18.8) 62 (9.8) 453 (71.5) 0.22 0.44
Yes 21 (25.6) 10 (12.2) 51(62.2)

macular area, the acuity-luminance graph may be shifted to the
right, and as a result, these patients require very high lighting
intensities to obtain their best visual acuity [2].

Patients with AMD and macular scarring have varying re-
sponse to increasing luminance, and vision may improve sig-
nificantly in some [2]. This correlates with our finding that
patients with wet AMD preferred a more lit environment than
patients with dry AMD or no AMD, and also correlates with
our finding that patients with exudative AMD were more like-
ly to prefer sunnier days or cloudy days (compared with no
preference), relative to those without exudative AMD in bi-
variable analysis. In multivariable analysis, after adjusting for
covariates, there is stronger evidence of a meaningful associ-
ation between exudative AMD and question 1 (indoor vs.
outdoor lighting) compared with question 4 (sunny vs. cloudy
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days). This can partly be explained by strong associations
between question 4 and other covariates (gender, vision,
pseudophakia) and in turn the associations between those var-
iables and exudative AMD (all p < 0.001, except for gender
which had p = 0.26).

Patients with poorer visual acuity had a stronger preference
for indoor or outdoor lighting (question 1, compared with no
difference) and sunny or cloudy days (question 2, relative to
no difference), while patients with better visual function were
more likely to indicate no preference in the bi-variable analy-
sis across all four questions. This finding of some lower vision
patients preferring more cloudy days in the multivariable anal-
ysis is surprising, as one would expect those patients to use
more light to increase their best visual acuity. However, this
subgroup of patients was equally distributed between their
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Table 5 Bi-variable associations of patient characteristics with question 4 (sunny day vs. cloudy day). Entries in each cell are counted (percentage). P

values based on complete observations (missing data removed)

Level A: sunny day B: cloudy day C: no difference p value FDR p value

Total N 219 198 303

Age (%) (0, 75) 105 (28.6) 96 (26.2) 166 (45.2) 0.24 0.31
(75, 100) 112 (31.9) 102 (29.1) 137 (39)
Missing 2 (100) 0(0) 0 (0)

Race (%) White 176 (29.8) 167 (28.3) 248 (42) 0.67 0.73
African American/other 27 (26) 29 (27.9) 48 (46.2)
Missing 16 (64) 2(8) 7 (28)

Gender (%) Female 134 (30.9) 108 (24.9) 192 (44.2) 0.13 0.19
Male 83 (29.2) 90 (31.7) 111 (39.1)
Missing 2 (100) 0 (0) 0 (0)

LogMAR (%) 0,0.1) 67 (29) 49 (21.2) 115 (49.8) 0.01 0.07
(0.1,0.3) 58 (30.7) 52 (27.5) 79 (41.8)
(0.3, 4] 53 (31) 60 (35.1) 58 (33.9)
Missing 41 (31.8) 37 (28.7) 51 (39.5)

NS (%) No 159 (29.4) 161 (29.8) 220 (40.7) 0.06 0.13
Yes 60 (33.3) 37 (20.6) 83 (46.1)

Pseudophakia (%) No 77 (28.1) 61 (22.3) 136 (49.6) 0.004 0.04
Yes 142 (31.8) 137 (30.7) 167 (37.4)

Wet AMD (%) No 145 (28.2) 137 (26.6) 233 (45.2) 0.02 0.08
Yes 74 (36.1) 61 (29.8) 70 (34.1)

Dry AMD (%) No 193 (29.9) 171 (26.5) 281 (43.6) 0.05 0.13
Yes 26 (34.7) 27 (36) 22 (29.3)

POAG (%) No 204 (29.9) 185 (27.1) 293 (43) 0.13 0.19
Yes 15 (39.5) 13 (34.2) 10 (26.3)

ERM (%) No 207 31.2) 179 (27) 277 (41.8) 0.26 0.31
Yes 12 (21.1) 19 (33.3) 26 (45.6)

RD (%) No 205 (30.5) 185 (27.5) 283 (42.1) 1.00 1.00
Yes 14 (29.8) 13 (27.7) 20 (42.6)

DR (%) No 197 (30.9) 167 (26.2) 273 (42.9) 0.10 0.19
Yes 22 (26.5) 31(37.3) 30 (36.1)

preference to sunny, cloudy, or no preference. Therefore, this
finding should be read with caution.

Although glaucoma is an asymptomatic disease in an early
stage, it appears that glaucoma patients do report complaints
related to visual performance under extreme luminance con-
ditions [15]. However, in this study, we did not find that those
patients needed more light than other patients tested at the
retina clinic. The luminance needed in glaucoma patients is
secondary to the involvement of the macula, and patients with
no involvement of the macula need less luminance than pa-
tients with involvement of the macula [16]. Therefore, it well
may be that the glaucoma in this study was not severe, or
macula involving in this study, and did not affect luminance
needs. Also, 25/38 (66%) of the patients in this study with
glaucoma had a co-occurring ophthalmic disease. A greater
percentage of patients with retinal detachment and glaucoma

reported having better vision towards the end of the day com-
pared with those without those conditions. However, 50% of
the glaucoma patients and 59% of the retinal detachment pa-
tients noted no difference.

Our finding that women preferring indoor lighting and men
preferring outdoor lighting in the bi-variable analysis is in agree-
ment with the study by Chellappa et al which observed a signif-
icant sex difference for light preference, such that men preferred
brighter light, while the opposite was observed for women [17].
Interestingly, for blue light, the stimulus-response curve in men is
different than in women, suggesting a higher sensitivity to the
blue spectrum of light [18]. The underlying factors for a sex-
related differential sensitivity to light remain to be fully
established [17]. In the multivariable analysis, males had 40%
reduced odds of preferring indoor lighting compared with no
preference, relative to females. However, over 50% of both sexes
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Table 6 Multivariable analysis based on multiple imputation

Question 1

A (bright light) vs C (no difference) B (dim light) vs C (no difference)
Variable Ratio OR 95% CI1 p value OR 95% CI p value
Age > 75 years vs. < 75 years 0.87 (0.59, 1.27) 0.47 0.55 (0.33,0.91) 0.02
Race African American/other vs White ~ 0.54 (0.32,0.9) 0.02 1.03 (0.57, 1.86) 0.93
Gender Male vs female 091 (0.65, 1.28) 0.59 1.14 (0.74, 1.77) 0.56
Wet AMD Yes vs No 1.5 (0.97,2.32) 0.07 1.82 (1,3.32) 0.05
ERM Yes vs No 0.54 (0.28, 1.05) 0.07 1.68 (0.82, 3.47) 0.16
Question 2

A (indoors) vs C (no difference) B (outdoors) vs C (no difference)
Variable Ratio OR 95% CI1 p value OR 95% CI p value
Age > 75 years vs. < 75 years 0.63 (0.42,0.95) 0.03 0.48 (0.32,0.74) 0.001
Race African American/other vs White  0.86 (0.51, 1.47) 0.59 0.57 (0.31, 1.05) 0.07
Gender Male vs female 0.62 (0.42, 0.92) 0.02 1.22 (0.83,1.8) 0.31
Vision (logMAR) (0.1, 0.3) vs < 0.1 1.2 (0.71,2.02) 0.49 1.42 (0.85,2.39) 0.18

[0.3,4] vs < 0.1 243 (141,4.19) 0.001 3.1 (1.85,5.17) <0.001

NS Yes vs No 0.53 (0.33, 0.85) 0.008 1.07 (0.7, 1.64) 0.75
Question 3

A (beginning of day) vs C (no difference) B (end of day) vs C (no difference)
Variable Ratio OR 95% CI p value OR 95% CI p-value
Age > 75 years vs. <75 years 0.66 (0.44,0.99) 0.05 0.74 (0.44,1.23) 0.24
Race African American/other vs White ~ 0.75 (0.42, 1.33) 0.33 0.89 (0.44, 1.81) 0.75
Gender Male vs female 1.05 (0.71, 1.54) 0.83 1.04 (0.63, 1.71) 0.89
POAG Yes vs No 3.04 (1.45, 6.35) 0.003 1.48 (0.48, 4.62) 0.50
RD Yes vs No 1.89 0.97,3.7) 0.06 0.61 (0.18,2.11) 0.44
Question 4

A (sunny day) vs C (no difference) B (cloudy day) vs C (no difference)
Variable Ratio OR 95% CI1 p value OR 95% CI1 p value
Age > 75 years vs. < 75 years 0.86 (0.55, 1.35) 0.52 0.83 (0.52, 1.31) 0.43
Race African American/other vs White ~ 0.94 (0.54, 1.62) 0.82 1.13 (0.66, 1.95) 0.66
Gender Male vs female 1.08 (0.75, 1.55) 0.70 1.46 (1.01,2.13) 0.05
Vision (logMAR) (0.1, 0.3) vs < 0.1 1.22 (0.77,1.92) 0.39 1.37 (0.82,2.28) 0.23

[0.3,4] vs < 0.1 1.51 (0.91,2.51) 0.11 2.05 (1.17, 3.59) 0.01

Pseudophakia Yes vs No 1.42 (0.94,2.13) 0.10 1.91 (1.24,2.93) 0.003
Wet AMD Yes vs No 1.46 (0.91,2.33) 0.11 1.18 (0.72, 1.93) 0.51

actually mentioned no difference regarding this question. Fifty
percent of White patients preferring a more lit environment vs a
third of the African American patients. We did not find any
literature regarding racial preferences in light settings. These find-
ings are yet to be studied.

Many retinal diseases including epiretinal membranes, diabet-
ic retinopathy, AMD, glaucoma and cataracts cause a reduced
contrast sensitivity [3—8]. It has been shown that a decrease in
luminance causes a decrease in contrast sensitivity. Reducing the
luminance by 100 lumens caused the contrast sensitivity to de-
crease by 8-fold although the visual acuity remained the same
[10]. Although patients with epiretinal membranes were found to
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be more likely to prefer dim environment (relative to no prefer-
ence) compared with those without ERM, most patients with
epiretinal membranes still preferred a lit environment. It may
be that some patients with epiretinal membrane preferred low
luminance settings to decrease the contrast sensitivity in the eye
with the epiretinal membrane and avoid the distortion it causes.
Or that the contrast sensitivity in eyes with epiretinal membrane
is low to begin with; therefore, the increased lighting conditions
do not help.

The finding that some patients with cataract prefer outdoor
lighting, and patients with pseudophakia prefer cloudy days
may be related to an increased amount of light perceived by
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the pseudophakic patients. Lens extraction may reverse the
increase in stray light, which is considered an independent
source of symptoms [19]. Stray light is a possible source of
unwanted visual phenomena related to patients with implanted
intraocular lenses (IOLs). Recent studies reported little differ-
ence in retinal stray light between patients with monofocal
IOLs and patients with multifocal IOLs [20]. Stray light is
an independent source of symptoms, and it should be
measured clinically independently from visual acuity-
associated symptoms [21].

Although there were some significant differences between
the groups, a large number of patients did not feel that differ-
ent lighting conditions affected their vision. Although there is
an explanatory rational for some of the findings in this study,
as pseudophakic patients preferring more cloudy days, some
differences such as those seen in ethnicity and gender need to
be further studied. None of the questions about lighting con-
ditions could be strongly connected with one specific disease
or condition. This study is not free of limitations, as many
patients (22.8%) had more than one condition. Also, this is
subjective data, and patients can perceive light differently.
Moreover, as mentioned, one third of the patients or more
were not sure of the effect of the different lighting conditions.
Missing values were present, especially for visual acuity
(17.8%). Our multivariable analysis accounted for missing
values using recommended multiple imputation techniques
[11]. Sensitivity analysis using case-wise deletion of patients
with missing information (Supplemental Table 1) indicates no
substantive differences from the multiple imputation results.

In conclusion, there were differences noted in various oc-
ular conditions and perceiving light; as expected, the differ-
ence was mostly noted in relation to lens status. Exudative
AMD did not exhibit a strong association in the multivariable
model. However, differences in light preference were noted in
gender and ethnicity, and those are to be further explored. Of
note, many patients were unsure of their light preference and
further studies, such as longitudinal studies, are needed to
further define the relationship of lighting condition in ophthal-
mic disease.
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