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Relationships Between Measures of the Ability to Perform
Vision-Related Activities, Vision-Related Quality of Life,
and Clinical Findings in Patients With Glaucoma
Feyzahan Ekici, MD; Rebecca Loh, BA; Michael Waisbourd, MD; Yi Sun, MD; Patricia Martinez, MD;
Natasha Nayak, MD; Sheryl S. Wizov, COA; Sarah Hegarty, MPhil; Lisa A. Hark, PhD, RD; George L. Spaeth, MD

IMPORTANCE To our knowledge, few studies have combined an objective measure of
vision-related performance (VRP) and subjective measures of vision-related quality of life
(VRQoL) with clinically related visual parameters, particularly in a large, prospective, cohort
study setting.

OBJECTIVE To examine the relationships between clinical visual assessments and both a VRP
and 2 self-reported VRQoL measurements.

DESIGN, SETTING, AND PARTICIPANTS Patients (N = 161) with moderate-stage glaucoma
recruited from the Glaucoma Service at Wills Eye Hospital, Philadelphia, Pennsylvania, were
enrolled from May 2012 to May 2014 in an ongoing prospective, 4-year longitudinal
observational study. This report includes cross-sectional results from the baseline visit.
Patients received a complete ocular examination, automated visual field (VF) test and Cirrus
optical coherence tomographic scan. Contrast sensitivity was measured with the Pelli-Robson
and the Spaeth-Richman Contrast Sensitivity (SPARCS) tests. Vision-related performance was
assessed by the Compressed Assessment of Ability Related to Vision (CAARV) test.
Vision-related QoL was assessed by the National Eye Institute Visual Function Questionnaire
25 (NEI-VFQ-25) and a modified Glaucoma Symptom Scale (MGSS).

MAIN OUTCOMES AND MEASURES Correlations between clinical measures and CAARV,
NEI-VFQ-25, and MGSS scores.

RESULTS A total of 161 patients were enrolled in the study. The strongest correlation was
found between SPARCS score in the better eye and total CAARV score (r = 0.398; 95% CI,
0.235-0.537; P < .001). The CAARV score also correlated with the Pelli-Robson score
(r = 0.353; 95% CI, 0.186-0.499; P = .001), VF mean deviation (r = 0.366; 95% CI,
0.200-0.510; P < .001), and VA (r = −0.326, 95% CI = −0.476 to −0.157; P = .003) in the
better eye. There were more statistically significant correlations between contrast sensitivity
tests and VF mean deviation with VRQoL measurements than with other clinical measures
(visual acuity, intraocular pressure, Disc Damage Likelihood Scale, and mean retinal nerve
fiber layer thickness). The MGSS scores were lower (worse) in women compared with men
(P = .03 for binocular, P = .01 for better eye, and P = .05 for the worse eye). Structural
measures (eg, Disc Damage Likelihood Scale, and retinal nerve fiber layer thickness) were
generally not informative with respect to VRP or VRQoL.

CONCLUSIONS AND RELEVANCE Contrast sensitivity tests and VF mean deviation were
associated with both objective measures of the ability to act and subjective measurements of
VRQoL. The strongest correlation was between SPARCS score (contrast sensitivity) in the
better eye and total CAARV score. Therefore, measurement of contrast sensitivity should be
considered when evaluating patients’ VRQoL. The results of this study were limited by the
patient population and apply only within the bounds of the tested cohort.
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G laucoma is a leading cause of irreversible blindness
worldwide. In 2010, about 60.5 million individuals in
the world had glaucoma; prevalence is expected to in-

crease to 79.6 million by 2020.1 Although most affected pa-
tients do not report any specific symptoms or vision loss ini-
tially, glaucoma can adversely affect patients’ quality of life
(QoL) and ability to perform visually related activities, even
when they are unaware of their diagnosis.2-5

The impact of glaucoma on individuals can be assessed in
3 different ways: (1) clinical measures (eg, visual acuity [VA],
contrast sensitivity, and visual field [VF]), (2) self-reported mea-
surements of subjective well-being and QoL, and (3) perfor-
mance-based assessments of daily activities.6,7 Self-reported
questionnaires, both specific to glaucoma and general visual
function, are widely used to assess how vision ability affects
QoL.8,9 However, to eliminate patients’ personal, emotional,
and psychological differences, objective performance-based
tools are also needed.10 Performance-based measures have the
advantage of allowing for an objective assessment of pa-
tients’ abilities using standardized criteria.11,12 Previous stud-
ies have used performance-based measures in a clinical set-
ting for assessing patients’ ability to perform activities of daily
living.12-15 Richman et al10 examined the relationship be-
tween clinical measures of vision, health-related QoL (HRQoL),
and the ability to perform vision-related activities. The per-
formance-based Assessment of Disability Related to Vision
(ADREV) correlated more strongly with clinical measures than
the self-reported National Eye Institute Visual Function Ques-
tionnaire 25 (NEI-VFQ-25).10 Although each approach pro-
vides a unique and important perspective in understanding the
lives of patients with glaucoma, research that integrates all 3
methods is limited.10,16

Previous studies have investigated the associations be-
tween visual function and both vision-related QoL (VRQoL) and
general HRQoL.5,17-19 Vision-related QoL is a person’s satisfac-
tion with his or her visual function and how visual ability im-
pacts his or her life.20 Past research has focused primarily on
clinical measurements of VF and VA. Visual deficits, as deter-
mined by these factors, have been found to negatively influ-
ence patients’ self-reported VRQoL.2,19,21-23 Previous studies
have found that binocular VF loss is associated with lower self-
reported VRQoL scores than monocular loss.16,17 In people aged
65 years or older, the severity of self-reported visual impair-
ment strongly correlates with poor HRQoL.24 Other studies ex-
amining the relationship between clinical visual measure-
ments and performance-based assessments have found that
binocular VA scores, binocular VF scores, and VA in the better
eye are strongly associated with ADREV scores.12,14,16

A clinician’s ultimate goal is to address patients’ con-
cerns, which usually are centered on improving or at least main-
taining their QoL and their ability to function. With the help
of both objective and subjective measures of VRQoL, clini-
cians can obtain a good understanding of an individual’s ac-
tivity limitations and psychological changes and assess the im-
pact of glaucoma on patients’ QoL. Meanwhile, assessment of
the relationship between VRQoL and visual clinical charac-
teristics can help link subjective patient appraisals of their QoL
with objective assessments of vision function and glaucoma

severity.7,12,25 This ongoing prospective cohort study investi-
gates the relationship between the visual clinical characteris-
tics of patients with moderate glaucoma and their self-
reported QoL and vision-related performance (VRP) ability. The
current study described these relationships at baseline. The
ultimate goal was to study these relationships over 4 years,
making it one of the largest studies, to our knowledge, to in-
clude extended follow-up to assess QoL and VRP in patients
with glaucoma.

Methods
Study Design
This present report obtained cross-sectional data from the base-
line visit of an ongoing and ultimately prospective, longitudi-
nal, observational cohort being conducted at Wills Eye Hos-
pital in Philadelphia, Pennsylvania, in accordance with the
Declaration of Helsinki and with approval from the institu-
tional review board at Wills Eye Hospital. Informed consent
was obtained from all participants. Full details of the study de-
sign and methods have been described elsewhere.26

Participants
There were 161 study participants recruited from the Glau-
coma Service at Wills Eye Hospital, one of the largest tertiary
glaucoma referral centers in the United States, from May 2012
to May 2014. Inclusion criteria included a 2-year minimum di-
agnosis of open-angle glaucoma, chronic angle-closure glau-
coma, glaucomatous optic neuropathy with a Disc Damage
Likelihood Scale (DDLS) of stage 5 through 8 in at least 1 eye
and characteristic VF loss, age between 21 and 85 years, and
the ability to understand and speak English. Patients with DDLS
stages 1 through 4 often do not exhibit VF loss due to glau-
coma, while patients with DDLS stages 9 and 10 have exten-
sive disc and field damage, which makes detection of optic rim
deterioration difficult. Therefore, DDLS stages 1 through 4 and
9 and 10 have been excluded from this study. Other exclusion
criteria included neurological and musculoskeletal diseases
that would influence performances, cognitive impairment, low
availability for annual ocular examinations, incisional eye sur-
gery within the past 3 months, laser therapy within the pre-
vious month, causes for visual impairment other than glau-
coma, or any medical condition that would preclude the patient
from providing reliable and valid data.

At a Glance

• We aimed to explore the relationships between clinical visual
assessments, vision-related performances, and subjective
vision-related quality of life.

• The strongest correlation was found between contrast sensitivity
and an objective measure of the ability to perform vision-related
activities.

• Contrast sensitivity and visual field were associated with
both objective measures of ability to act and subjective
measurements of vision-related quality of life.
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After examining NextGen electronic medical health rec-
ords for eligibility criteria, patients were recruited through tele-
phone calls or contacted in the clinic. Demographic informa-
tion was collected, and baseline measurements were obtained
at the time of enrollment by the Wills Eye Glaucoma Research
Center.

Clinical Evaluation
Patients’ current symptoms, health problems, medications, and
ocular comorbidities were recorded during their visit. The com-
plete ocular examination consisted of the Early Treatment Dia-
betic Retinopathy Study best-corrected VA (BCVA) test, an in-
traocular pressure (IOP) measurement (Goldmann applanation
tonometry), a slitlamp examination of the anterior segment,
and evaluation of the ocular fundus. The DDLS was used to
evaluate the extent of optic disc damage caused by glaucoma
(a 10-point scale).27-31 Two VFs were obtained for each eye dur-
ing the baseline visit using a Humphrey 24-2 SITA Standard pe-
rimeter (Carl Zeiss Meditec Inc). The individual VF scores for
each eye were averaged to calculate a composite baseline VF
score. Cirrus HD-optical coherence tomography (Spectral
Domain Technology with Optic Disc Cube 200 × 200; Carl
Zeiss Meditec Inc) was used to evaluate the retinal nerve fiber
layer thickness (RNFLT). The Pelli-Robson and the Spaeth-
Richman Contrast Sensitivity (SPARCS, a novel, internet-
based test) tests were used to measure contrast sensitivity. The
SPARCS test features multiple answer choices and a bracket-
ing technique to determine the contrast threshold of pa-
tients’ central and peripheral vision. The results of SPARCS test-
ing have been shown to be highly reproducible and reliable.32

Measures of Quality of Life
Objective and subjective methods were used to assess 3 mea-
sures. The Compressed Assessment of Ability Related to
Vision (CAARV) test is an instrument that correlates strongly
with the more extensive ADREV task test, while only requir-
ing between 10 and 15 minutes to complete.25,26 The 4 CAARV
items include (1) computerized motion detection, (2) recog-
nizing facial expressions, (3) reading street signs, and (4) find-
ing objects in a room. Participants completed CAARV sub-
tests with both eyes open and used their own appropriate
refractive correction to simulate normal function. Partici-
pants completed 2 subtests in ambient lighting and 2 sub-
tests in a dark room. Each item was scored from 0 to 7, with 7
being perfect performance. The cumulative CAARV score was
calculated as an aggregate of the scores from the 4 subtests.

The NEI-VFQ-25 includes a series of 42 questions (25 pri-
mary questions) pertaining to vision or feelings about a vi-
sual condition. Answers are selected among a numbered list
of possible responses. Subscales include general health, gen-
eral vision, near vision, distance vision, driving, peripheral vi-
sion, color vision, ocular pain, role difficulties, dependency,
social functioning, and mental health. Composite scores range
from 0 to 100, with higher scores indicating better visual
functioning.33

The Glaucoma Symptom Scale (GSS) includes 10 ocular
symptoms (eg, burning/smarting/stinging, tearing, dryness,
itching, and hard to see in dark places) often experienced by

patients with glaucoma. This study implemented a modified
GSS (MGSS) questionnaire involving an initial 4-level score
(1 = very bothersome; 2 = somewhat bothersome, 3 = a little
bothersome, and 4 = no/not at all bothersome). This initial
score was then converted to a 0 to 100 scale where zero sig-
nifies the presence of a very bothersome problem and 100 sig-
nifies the absence of a problem. The final MGSS score was com-
puted as an unweighted average of the responses to all 10
symptoms, averaged between the 2 eyes.34

Statistical Analysis
Demographics, clinical information, VRQoL scores, and MGSS
values were summarized using means, medians, and ranges
or as frequencies and percentages when appropriate. For con-
tinuous variables, groups were compared using the nonpara-
metric Kruskal-Wallis test owing to skewed data. Compari-
sons were made for VRQoL measurements between sexes, age
groups, diagnoses, and race/ethnicity, as well as for clinical
measurements between sexes. Spearman correlation coeffi-
cients were calculated for all pairs of VRQoL outcome vari-
ables and clinical characteristics from each participant’s base-
line visit. For analysis of measures within individual eyes, better
eye vs worse eye was determined based on the mean devia-
tion (MD) of the VF.

Owing to the large number of clinical measures, P values
for the set of comparisons within each table were adjusted using
the false discovery rate where noted to control for multiple
comparisons.35 Outcome variables with P ≤ .05, 2-sided, were
considered to be statistically significant. Data were analyzed
using SAS system version 9.4 (SAS Institute).

Results
Demographics and Outcome Variables
This study examined 322 eyes of 161 enrolled participants (75
men and 86 women). Baseline demographics and clinical char-
acteristics of the study participants appear in Table 1 and
Table 2. When examining VRQoL scores, significant differ-
ences between sexes were found for the binocular MGSS

Table 1. Baseline Demographic Characteristics of the 161 Patients
Enrolled in the Study

Variable No. (%)
Age, mean (range), y 64.6 (30-83)

Female 86 (53.4)

Race/ethnicity

White 94 (58.4)

African American 52 (32.3)

Asian 13 (8.1)

Hispanic 2 (1.2)

Education, mean (range), y 15.1 (5-25)

Glaucoma diagnosis

Primary open angle 125 (77.6)

Normal tension 23 (14.3)

Pseudoexfoliation 7 (4.4)

Angle closure 6 (3.7)
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(P = .03), MGSS in the better eye (P = .01), and MGSS in the
worse eye (P = .05), as well as the driving subscore of the
NEI-VFQ-25 (P = .04), with men reporting better VRQoL (higher
score) compared with women for all of these measures.

CAARV and Clinical Measurements
The total CAARV score significantly correlated with SPARCS
score (r = 0.398; 95% CI, 0.235-0.537; P < .001), Pelli-Robson
score (r = 0.353; 95% CI, 0.186-0.499; P = .001), MD (r = 0.366;
95% CI, 0.200-0.510; P < .001), and VA (r = −0.326; 95% CI,
−0.476 to −0.157; P = .003) in the better eye (Table 3). All
CAARV subtests, except for reading street signs, were statis-
tically correlated with SPARCS score, Pelli-Robson score, and
MD. The CAARV motion detection subtest was the only score
to correlate significantly with RNFLT in the better eye (Table 3).
The CAARV scores were not found to be correlated with IOP
(r = −0.023; 95% CI, −0.200 to 0.156; P > .99). The total CAARV
and all CAARV subtests, except for reading street signs, cor-
related significantly with SPARCS score in the worse eye
(Table 4).

NEI-VFQ-25 and Clinical Measurements
The NEI-VFQ-25 composite scores were statistically corre-
lated with MD in both the better (r = 0.289; 95% CI, 0.116-
0.443; P = .008) and worse eye (r = 0.348; 95% CI, 0.180-
0.494; P = .001), as well as with VA, Pelli-Robson score, and
SPARCS score in the worse eye (Table 3 and Table 4). In addi-
tion to the NEI-VFQ-25 composite score, 9 of the 12
NEI-VFQ-25 subscales significantly correlated with the SPARCS
score and MD in the worse eye, and 8 of the subscales were sta-
tistically associated with the Pelli-Robson score in the worse
eye (Table 4). The NEI-VFQ-25 general vision and peripheral
vision subscales correlated significantly with the DDLS score
in the worse eye. The DDLS scores in the better eye did not cor-
relate significantly with any VFQ measures. Additionally,
NEI-VFQ-25 scores did not correlate with IOP or RNFLT mea-
surements of either eye. There were no statistically signifi-
cant correlations between MGSS score and any clinical
measure.

Discussion
The ultimate goal of treating patients with glaucoma is to pre-
serve or even improve their VRQoL and their ability to per-
form visually related tasks. Clinical tests performed in the of-
fice are often useful in estimating the severity of the disease,
but provide limited information about VRQoL or VRP.

In the current study, several clinical measures of vision
showed statistically significant correlations with both an ob-
jective test of VRP and subjective tests assessing VRQoL. The
CAARV, an objective test used to determine aspects of vision
that influence the activities of daily living of patients with glau-
coma, was correlated with contrast sensitivity for both the bet-
ter and worse eyes. We used 2 distinct tests to measure con-
trast sensitivity: the Pelli-Robson chart and the SPARCS, a novel
computer-based test. While both tests significantly corre-
lated with the CAARV total score for both the better and worse
eyes, the SPARCS had stronger correlations for the better eye
subscores. Measuring contrast sensitivity by the SPARCS test
may provide useful information on the ability of patients to
perform daily activities. These findings are in line with previ-
ous studies, which highlighted the impact of contrast sensi-
tivity on the VRQoL and VRP of patients with glaucoma.14 The
correlations between clinical measures and the SPARCS test,
which separately tests 5 individual areas in the VF, were greater
than correlations of clinical measures with the Pelli-Robson
test, which only assesses the central field. The only positive
correlation between RNFLT and any of the subsets of CAARV,
NEI-VFQ-25, or MGSS was with motion detection in CAARV.

Measures of contrast sensitivity and VF MD had more sig-
nificant correlations with CAARV scores compared with other
clinical measures including VA, IOP, and structural measures
(DDLS and mean RNFLT) in the better eye. It is possible that even
patients with relatively good VA may have low CAARV scores
owing to profound VF defect or loss of contrast sensitivity.

Subjective VRQoL measures, as assessed with the
NEI-VFQ-25 questionnaire, showed significant correlations with
contrast sensitivity and VF MD compared with other clinical

Table 2. Baseline Clinical Characteristics of the Patients
Enrolled in the Study

Variable Mean (SD) Median (Range)
Visual acuity, LogMAR

Better 0.05 (0.14) 0.02 (−0.20 to 0.86)

Worse 0.24 (0.27) 0.14 (−0.18 to 1.64)

Difference 0.19 (0.24) 0.10 (−0.04 to 1.52)

IOP, mm Hg

Eye with higher IOP 15.55 (3.94) 15.00 (8.5 to 36.0)

Eye with lower IOP 13.32 (3.86) 13.00 (1.0 to 31.0)

Difference 2.23 (3.0) 1.00 (−3.0 to 14.0)

DDLS

Higher 6.65 (1.22) 7.00 (3.0 to 9.0)

Lower 5.30 (1.56) 5.00 (1.0 to 8.0)

Difference 1.35 (1.42) 1.00 (0.0 to 7.0)

MD

Better −6.80 (6.49) −4.44 (−30.36 to 1.51)

Worse −13.70 (8.84) −12.72 (−32.97 to −0.23)

Difference 6.92 (7.02) 4.66 (−30.5 to 0.0)

RNFLT, μm

Thicker 71.89 (13.28) 71.00 (23.0 to 110.0)

Thinner 60.62 (13.03) 59.00 (14.0 to 103.0)

Difference 11.20 (11.43) 7.00 (−67.0 to 0.0)

Pelli-Robson test
(log contrast sensitivity)

Better 1.27 (0.22) 1.35 (0.15 to 1.50)

Worse 1.10 (0.31) 1.20 (0.00 to 1.50)

Difference 0.17 (0.25) 0.15 (−1.20 to 1.05)

SPARCS test

Better 61.85 (13.95) 64.00 (0.0 to 87.0)

Worse 49.10 (19.4) 54.00 (0.0 to 86.0)

Difference 12.82 (13.88) 8.00 (−66.0 to 4.0)

Abbreviations: DDLS, Disc Damage Likelihood Scale; IOP, intraocular pressure;
MD, mean deviation; RNFLT, retinal nerve fiber layer thickness;
SPARCS, Spaeth-Richman Contrast Sensitivity.
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Table 3. Spearman Correlation Coefficients (P Valuesa) With Better Eye (N=161)

VRQoL Variable VA IOP DDLS MD RNFLT Pelli-Robson SPARCS
CAARV total

ρ (95% CI) −0.326
(−0.476 to −0.157)

−0.023
(−0.200 to 0.156)

−0.226
(−0.388 to −0.050)

0.366
(0.200 to 0.510)

0.201
(0.023 to 0.365)

0.353
(0.186 to 0.499)

0.398
(0.235 to 0.537)

P value .003 >.99 .07 <.001 .16 .001 <.001

Facial recognition

ρ (95% CI) −0.235
(−0.396 to −0.058)

−0.018
(−0.195 to 0.161)

−0.225
(−0.387 to −0.048)

0.284
(0.111 to 0.439)

0.223
(0.046 to 0.385)

0.241
(0.065 to 0.401)

0.298
(0.126 to 0.452)

P value .05 >.99 .07 .009 .08 .04 .007

Finding objects

ρ (95% CI) −0.191
(−0.356 to −0.013)

0.001
(−0.177 to 0.179)

−0.144
(−0.313 to 0.036)

0.270
(0.096 to 0.427)

0.073
(−0.107 to 0.247)

0.292
(0.120 to 0.446)

0.295
(0.122 to 0.449)

P value .22 >.99 .79 .02 >.99 .007 .007

Motion detection

ρ (95% CI) −0.232
(−0.393 to −0.055)

0.103
(−0.077 to 0.276)

−0.277
(−0.433 to −0.103)

0.298
(0.125 to 0.451)

0.248
(0.072 to 0.407)

0.320
(0.150 to 0.471)

0.345
(0.177 to 0.492)

P value .06 >.99 .01 .007 .04 .003 .001

Street signs

ρ (95% CI) −0.295
(−0.449 to −0.123)

−0.010
(−0.187 to 0.169)

−0.159
(−0.327 to 0.021)

0.205
(0.027 to 0.369)

0.129
(−0.050 to 0.300)

0.202
(0.024 to 0.366)

0.200
(0.022 to 0.364)

P value .007 >.99 .55 .14 >.99 .16 .17

NEI-VFQ-25 Total

ρ (95% CI) −0.180
(−0.347 to −0.002)

0.011
(−0.168 to 0.189)

−0.146
(−0.315 to 0.033)

0.289
(0.116 to 0.443)

0.186
(0.008 to 0.352)

0.192
(0.014 to 0.357)

0.151
(−0.028 to 0.320)

P value .30 >.99 .75 .008 .26 .22 .66

Color vision

ρ (95% CI) −0.139
(−0.309 to 0.040)

0.029
(−0.150 to 0.206)

−0.058
(−0.234 to 0.121)

0.258
(0.083 to 0.416)

0.137
(−0.043 to 0.307)

0.202
(0.024 to 0.366)

0.251
(0.076 to 0.410)

P value .89 >.99 >.99 .03 .95 .16 .03

Dependency

ρ (95% CI) −0.214
(−0.377 to −0.036)

0.038
(−0.141 to 0.214)

−0.215
(−0.378 to −0.037)

0.236
(0.060 to 0.397)

0.080
(−0.100 to 0.254)

0.217
(0.040 to 0.380)

0.143
(−0.037 to 0.313)

P value .11 >.99 .10 .05 >.99 .10 .81

Distance activities

ρ (95% CI) −0.228
(−0.390 to −0.052)

0.009
(−0.169 to 0.187)

−0.169
(−0.336 to 0.010)

0.304
(0.133 to 0.457)

0.192
(0.013 to 0.357)

0.187
(0.009 to 0.353)

0.157
(−0.022 to 0.326)

P value .07 >.99 .42 .005 .22 .25 .57

Driving

ρ (95% CI) −0.238
(−0.409 to −0.050)

−0.006
(−0.196 to 0.184)

−0.091
(−0.277 to 0.101)

0.314
(0.131 to 0.475)

0.111
(−0.082 to 0.294)

0.224
(0.034 to 0.397)

0.145
(−0.047 to 0.326)

P value .08 >.99 >.99 .007 >.99 .12 .97

General health

ρ (95% CI) −0.141
(−0.311 to 0.039)

−0.136
(−0.306 to 0.043)

−0.045
(−0.221 to 0.135)

0.111
(−0.069 to 0.283)

−0.005
(−0.183 to 0.174)

0.102
(−0.078 to 0.275)

0.061
(−0.119 to 0.236)

P value .85 .96 >.99 >.99 >.99 >.99 >.99

General vision

ρ (95% CI) −0.163
(−0.331 to 0.016)

0.002
(−0.176 to 0.180)

−0.201
(−0.366 to −0.024)

0.230
(0.053 to 0.391)

0.161
(−0.018 to 0.329)

0.247
(0.072 to 0.407)

0.146
(−0.033 to 0.316)

P value .50 1.00 .16 .06 .53 .04 .74

Mental health

ρ (95% CI) −0.126
(−0.297 to 0.054)

−.011
(−0.189 to 0.168)

−0.159
(−0.328 to 0.020)

0.169
(−0.010 to 0.337)

0.015
(−0.164 to 0.192)

0.133
(−0.046 to 0.304)

0.080
(−0.099 to 0.255)

P value >.99 >.99 .54 .42 >.99 >.99 >.99

Near activities

ρ (95% CI) −0.147
(−0.317 to 0.032)

−0.078
(−0.252 to 0.102)

−0.100
(−0.273 to 0.079)

0.198
(0.020 to 0.362)

0.152
(−0.028 to 0.321)

0.196
(0.018 to 0.361)

0.108
(−0.072 to 0.281)

P value .73 >.99 >.99 .18 .65 .18 >.99

Ocular pain

ρ (95% CI) 0.025
(−0.154 to 0.202)

0.040
(−0.139 to 0.217)

0.095
(−0.085 to 0.268)

−0.012
(−0.189 to 0.167)

0.008
(−0.171 to 0.186)

−0.089
(−0.263 to 0.091)

−0.052
(−0.228 to 0.127)

P value >.99 >.99 >.99 >.99 >.99 >.99 >.99
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visual measures, especially in the worse eye. These findings dif-
fer from those of previous studies, which typically found stron-
ger correlations between VRQoL scores and measurements in
the better eye.2,16,23 This disparity in findings may be attrib-
uted, at least partially, to individual bias. Patients may be more
aware or bothered by the loss of vision in their worse eye, which
could result in higher correlations between worse eye measure-
ments and subjective (self-report) VRQoL. On the other hand,
the better eye may compensate for some degree of vision loss
in the worse eye, thereby being the ultimate factor in affecting
function in daily activities (objective VRP). However, other re-
search has also suggested that the worse eye may have a stron-
ger influence on VRQoL than has been previously assumed, es-
pecially if peripheral vision is the primary impairment (as
opposed to central vision).36,37 In addition, patients may also
have different VF defect patterns between the worse and bet-
ter eyes. These variations in VF defect patterns can have largely
different effects on visual abilities and VRQoL.22,36,38

It is difficult to determine whether objective or subjec-
tive measures can be accurately applied to a particular indi-
vidual. Previous studies have shown good reproducibility and
stability over time of the CAARV test.25 However, long-term
studies have not been reported with any of the performance-
based or QoL-based measures. Patients may have low scores
when performing objective tasks but may also think and re-
port that their VRQoL is relatively good and vice versa. We be-
lieve the clinician should take both types of measures into con-
sideration. One of the strengths of this study was that it

evaluated the relationship between clinical measures and both
objective and subjective tests, which both provide valuable in-
formation regarding patients’ VRQoL and their visually re-
lated ability to function.

Women had significantly worse (lower) MGSS scores com-
pared with men. The MGSS score included a number of symp-
toms that can be attributed to dry eye and blepharitis (eg,
blurry/dim vision, itching, feeling of something in the eye, and
dryness), and these results are in line with others who showed
higher rates of dry eye and blepharitis in women.39-41 Surpris-
ingly, the clinical measures used in this study were not sig-
nificantly correlated with any of the MGSS scores. This is in con-
trast to other studies, which reported significant correlations
between the severity of glaucoma on VF MD and the degree
of dry eye symptoms.42 Because this study had a homoge-
neous population of patients with moderate-stage glaucoma,
differences in the severity of dry eye syndrome may be smaller
and more difficult to detect and, therefore, the correlations be-
tween clinical measures and MGSS were less significant.

Finally, although many correlations between clinical mea-
sures and VRQoL tests were significant, they were not strongly
correlated (Spearman correlation coefficient were typically be-
tween 0.2-0.4). This result may be owing to the inevitable vari-
ability that characterizes individuals even within a relatively
homogeneous population, as different individuals consider
their vision and its impact on activities of daily life differ-
ently. It is also plausible, even likely, that the precision of
CAARV, NEI-VFQ-25, and MGSS is limited.

Table 3. Spearman Correlation Coefficients (P Valuesa) With Better Eye (N=161) (continued)

VRQoL Variable VA IOP DDLS MD RNFLT Pelli-Robson SPARCS
Peripheral vision

ρ (95% CI) −0.100
(−0.273 to 0.079)

−0.048
(−0.224 to 0.132)

−0.117
(−0.288 to 0.063)

0.309
(0.137 to 0.461)

0.177
(−0.002 to 0.344)

0.073
(−0.107 to 0.248)

0.118
(−0.062 to 0.290)

P value >.99 >.99 >.99 .005 .34 >.99 >.99

Role difficulties

ρ (95% CI) −0.124
(−0.295 to 0.055)

0.018
(−0.161 to 0.195)

−0.055
(−0.231 to 0.125)

0.144
(−0.035 to 0.314)

0.129
(−0.050 to 0.300)

0.186
(0.008 to 0.352)

0.083
(−0.097 to 0.257)

P value >.99 >.99 >.99 .78 >.99 .25 >.99

Social functioning

ρ (95% CI) −0.181
(−0.348 to −0.003)

−0.004
(−0.182 to 0.174)

−0.113
(−0.285 to 0.067)

0.289
(0.116 to 0.443)

0.160
(−0.019 to 0.329)

0.147
(−0.032 to 0.317)

0.290
(0.117 to 0.445)

P value .29 >.99 >.99 .008 .53 .73 .008

MGSS: binocular

ρ (95% CI) −0.094
(−0.268 to 0.085)

0.100
(−0.080 to 0.273)

0.064
(−0.116 to 0.239)

0.045
(−0.135 to 0.221)

0.121
(−0.058 to 0.293)

0.098
(−0.082 to 0.271)

−0.067
(−0.242 to 0.113)

P value >.99 >.99 >.99 >.99 >.99 >.99 >.99

Better eye

ρ (95% CI) −0.176
(−0.343 to 0.002)

0.104
(−0.075 to 0.277)

−0.013
(−0.191 to 0.165)

0.056
(−0.124 to 0.231)

0.130
(−0.050 to 0.300)

0.137
(−0.043 to 0.307)

−0.055
(−0.231 to 0.124)

P value .34 >.99 >.99 >.99 >.99 .95 >.99

Worse eye

ρ (95% CI) −0.036
(−0.213 to 0.143)

0.102
(−0.077 to 0.275)

0.100
(−0.080 to 0.273)

0.044
(−0.135 to 0.220)

0.110
(−0.070 to 0.282)

0.073
(−0.106 to 0.248)

−0.063
(−0.238 to 0.117)

P value >.99 >.99 >.99 >.99 >.99 >.99 >.99

Abbreviations: CAARV, Compressed Assessment of Ability Related to Vision; DDLS, Disc Damage Likelihood Scale; IOP, intraocular pressure; MD, mean deviation;
MGSS, Modified Glaucoma Symptom Scale; NEI-VFQ-25, National Eye Institute Visual Function Questionnaire 25; RNFLT, retinal nerve fiber layer thickness;
SPARCS, Spaeth-Richman Contrast Sensitivity; VA, visual acuity; VRQoL, vision-related quality of life.
a P values adjusted for multiple comparisons (false discovery rate).
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Table 4. Spearman Correlation Coefficients (P Valuesa) With Worse Eye (N=161)

VRQoL Variable VA IOP DDLS MD RNFLT Pelli-Robson SPARCS
CAARV total

ρ (95% CI) −0.388
(−0.529 to −0.224)

−0.059
(−0.235 to 0.120)

−0.243
(−0.403 to −0.067)

0.315
(0.144 to 0.466)

0.115
(−0.065 to 0.287)

0.330
(0.160 to 0.479)

0.326
(0.156 to 0.475)

P value <.001 >.99 .04 .004 >.99 .003 .003

Facial recognition

ρ (95% CI) −0.324
(−0.474 to −0.154)

0.016
(−0.163 to 0.193)

−0.156
(−0.324 to 0.023)

0.198
(0.020 to 0.363)

0.121
(−0.059 to 0.293)

0.202
(0.024 to 0.367)

0.245
(0.069 to 0.404)

P value .003 >.99 .58 .18 >.99 .15 .04

Finding objects

ρ (95% CI) −0.226
(−0.388 to −0.049)

−0.095
(−0.269 to 0.084)

−0.255
(−0.413 to −0.080)

0.287
(0.114 to 0.442)

0.086
(−0.094 to 0.260)

0.279
(0.105 to 0.435)

0.286
(0.112 to 0.440)

P value .07 >.99 .03 .009 >.99 .01 .009

Motion detection

ρ (95% CI) −0.229
(−0.391 to −0.053)

0.011
(−0.168 to 0.189)

−0.156
(−0.324 to 0.024)

0.264
(0.089 to 0.421)

0.158
(−0.022 to 0.327)

0.213
(0.035 to 0.376)

0.277
(0.103 to 0.433)

P value .06 >.99 .58 .02 .57 .11 .01

Street signs

ρ (95% CI) −0.304
(−0.457 to −0.133)

−0.001
(−0.179 to 0.177)

−0.156
(−0.325 to 0.023)

0.207
(0.029 to 0.370)

0.018
(−0.161 to 0.196)

0.189
(0.011 to 0.355)

0.159
(−0.021 to 0.327)

P value .005 >.99 .58 .14 >.99 .23 .55

NEI-VFQ-25 total

ρ (95% CI) −0.314
(−0.465 to −0.143)

0.094
(−0.085 to 0.268)

−0.162
(−0.330 to 0.017)

0.348
(0.180 to 0.494)

0.071
(−0.110 to 0.246)

0.321
(0.150 to 0.471)

0.353
(0.186 to 0.499)

P value .004 >.99 .51 .001 >.99 .003 .001

Color vision

ρ (95% CI) −0.161
(−0.329 to 0.018)

0.089
(−0.091 to 0.263)

−0.035
(−0.212 to 0.144)

0.259
(0.084 to 0.417)

0.021
(−0.158 to 0.199)

0.291
(0.118 to 0.445)

0.288
(0.115 to 0.443)

P value .53 >.99 >.99 .03 >.99 .008 .008

Dependency

ρ (95% CI) −0.255
(−0.414 to −0.080)

0.094
(−0.085 to 0.268)

−0.101
(−0.274 to 0.079)

0.246
(0.070 to 0.405)

−0.021
(−0.199 to 0.158)

0.254
(0.079 to 0.413)

0.268
(0.094 to 0.425)

P value .03 >.99 >.99 .04 >.99 .03 .02

Distance
activities

ρ (95% CI) −0.296
(−0.450 to −0.123)

0.076
(−0.103 to 0.251)

−0.111
(−0.284 to 0.068)

0.313
(0.142 to 0.465)

0.049
(−0.131 to 0.225)

0.286
(0.112 to 0.441)

0.341
(0.172 to 0.488)

P value .007 >.99 >.99 .004 >.99 .009 .001

Driving

ρ (95% CI) −0.239
(−0.410 to −0.051)

0.099
(−0.093 to 0.284)

0.019
(−0.172 to 0.209)

0.240
(0.051 to 0.411)

0.076
(−0.116 to 0.262)

0.185
(−0.006 to 0.362)

0.220
(0.031 to 0.394)

P value .08 >.99 >.99 .08 >.99 .37 .14

General health

ρ (95% CI) −0.084
(−0.258 to 0.096)

−0.069
(−0.244 to 0.111)

−0.086
(−0.260 to 0.094)

0.113
(−0.067 to 0.285)

0.017
(−0.162 to 0.195)

0.083
(−0.096 to 0.257)

0.100
(−0.080 to 0.273)

P value >.99 >.99 >.99 >.99 >.99 >.99 >.99

General vision

ρ (95% CI) −0.356
(−0.502 to −0.189)

0.027
(−0.152 to 0.204)

−0.265
(−0.422 to −0.090)

0.283
(0.109 to 0.438)

0.070
(−0.111 to 0.245)

0.329
(0.160 to 0.478)

0.303
(0.131 to 0.456)

P value .001 >.99 .02 .01 >.99 .003 .005

Mental health

ρ (95% CI) −0.231
(−0.392 to −0.054)

0.100
(−0.079 to 0.273)

−0.156
(−0.325 to 0.023)

0.239
(0.063 to 0.399)

0.020
(−0.159 to 0.198)

0.235
(0.059 to 0.396)

0.259
(0.085 to 0.418)

P value .06 >.99 .58 .047 >.99 .05 .03

Near activities

ρ (95% CI) −0.277
(−0.433 to −0.103)

−0.056
(−0.232 to 0.124)

−0.135
(−0.306 to 0.044)

0.248
(0.072 to 0.407)

0.014
(−0.165 to 0.192)

0.318
(0.147 to 0.469)

0.294
(0.122 to 0.448)

P value .01 >.99 .97 .04 >.99 .003 .007

Ocular pain

ρ (95% CI) −0.027
(−0.204 to 0.152)

0.157
(−0.022 to 0.326)

−0.022
(−0.200 to 0.156)

0.124
(−0.056 to 0.295)

0.011
(−0.168 to 0.189)

0.035
(−0.144 to 0.212)

0.088
(−0.091 to 0.262)

P value >.99 .57 >.99 >.99 >.99 >.99 >.99
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There were several limitations of this current report. First,
the data reported here are cross-sectional in nature. Second,
this study focused only on patients with moderate glaucoma,
and the population was primarily white and African Ameri-
can (Table 1). Therefore, any associations and results from this
study apply only to the cohort population examined and may
not correlate with advanced glaucoma or other demograph-
ics. Future directions of this ongoing study are to evaluate pro-
spectively a VRP-based measure and 2 VRQoL assessments in
a cohort of patients with glaucoma over a 4-year period to
search for factors that may influence the progression of clini-
cal measures of glaucoma and to establish how clinical mea-
sures longitudinally relate to patients’ VRQoL and VRP.

Conclusions

Although MD and VA affect VRQoL, the present study sug-
gests that contrast sensitivity may also play an important
role in its effects on the daily functioning and activities of
patients with glaucoma. Therefore, measurement of con-
trast sensitivity, particularly using the SPARCS test, should
be considered when investigating patients’ VRQoL. In addi-
tion, owing to the influence of worse eye VF and contrast
sensitivity, clinicians should also aim to improve visual
abilities in the worse eye rather than focusing all efforts
solely on the better eye.
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Table 4. Spearman Correlation Coefficients (P Valuesa) With Worse Eye (N=161) (continued)

VRQoL Variable VA IOP DDLS MD RNFLT Pelli-Robson SPARCS
Peripheral vision

ρ (95% CI) −0.297
(−0.450 to −0.124)

0.067
(−0.113 to 0.242)

−0.247
(−0.406 to −.071)

0.375
(0.210 to 0.517)

0.062
(−0.119 to 0.237)

0.306
(0.134 to 0.458)

0.372
(0.207 to 0.515)

P value .007 >.99 .04 <.001 >.99 .005 <.001

Role difficulties

ρ (95% CI) −0.324
(−0.474 to −0.154)

0.078
(−0.102 to 0.252)

−0.134
(−0.305 to 0.045)

0.299
(0.127 to 0.452)

0.024
(−0.156 to 0.201)

0.295
(0.122 to 0.449)

0.293
(0.120 to 0.447)

P value .003 >.99 .99 .007 >.99 .007 .007

Social
functioning

ρ (95% CI) −0.294
(−0.448 to −0.121)

0.037
(−0.142 to 0.214)

−0.189
(−0.355 to −0.011)

0.346
(0.178 to 0.493)

−0.057
(−0.234 to 0.123)

0.306
(0.134 to 0.458)

0.347
(0.179 to 0.493)

P value .007 >.99 .23 .001 >.99 .005 .001

MGSS: binocular

ρ (95% CI) −0.093
(−0.266 to 0.087)

0.182
(0.003 to 0.348)

−0.018
(−0.196 to 0.160)

0.148
(−0.032 to 0.317)

0.096
(−0.084 to 0.270)

0.161
(−0.018 to 0.329)

0.086
(−0.094 to 0.260)

P value >.99 .29 >.99 .72 >.99 .53 >.99

Better eye

ρ (95% CI) −.036
(−0.212 to 0.143)

0.162
(−0.017 to 0.330)

0.052
(−0.127 to 0.228)

0.051
(−0.129 to 0.226)

0.081
(−0.099 to 0.256)

0.114
(−0.066 to 0.286)

0.006
(−0.172 to 0.184)

P value >.99 .51 >.99 >.99 >.99 >.99 >.99

Worse eye

ρ (95% CI) −0.108
(−0.280 to 0.072)

0.192
(0.014 to 0.357)

−0.056
(−0.232 to 0.123)

0.196
(0.018 to 0.361)

0.101
(−0.079 to 0.274)

0.173
(−0.006 to 0.340)

0.123
(−0.057 to 0.294)

P value >.99 .22 >.99 .19 >.99 .37 >.99

Abbreviations: CAARV, Compressed Assessment of Ability Related to Vision; DDLS, Disc Damage Likelihood Scale; IOP, intraocular pressure; MD, mean deviation;
MGSS, Modified Glaucoma Symptom Scale; NEI-VFQ-25, National Eye Institute Visual Function Questionnaire 25; RNFLT, retinal nerve fiber layer thickness;
SPARCS, Spaeth-Richman Contrast Sensitivity; VA, visual acuity; VRQoL, vision-related quality of life.
a P values adjusted for multiple comparisons (false discovery rate).
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