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Abstract

Purpose To compare quality of life (QoL) in
patients with primary open-angle glaucoma
(POAG) and dry-type age-related macular
degeneration (AMD) with similar best-
corrected visual acuity.
Methods Age-, sex-, and visual acuity-
matched POAG and dry AMD patients were
included in the study. Each patient performed
24-2 and 10-2 SITA standard visual field tests.
Contrast sensitivity was evaluated with
CSV-1000 HGT instrument. The 25 item
National Eye Institute Visual Function
Questionnaire (NEI-VFQ-25) was used to
analyze QoL. Overall and subscale scores
were converted to scores between 0 and 100,
the higher scores indicating better vision-
related QoL.
Results Overall NEI-VFQ-25 scores were
86.44 and 84.66 in glaucoma and AMD
groups, respectively (P= 0.244). The highest
scores were obtained in ‘vision-related
dependency’ subgroup in glaucoma and ‘color
and peripheral vision’ in AMD group,
whereas the lowest scores were noted ‘in
peripheral vision’ in both glaucoma and
AMD patients. Glaucoma patients had
significantly lower scores in ocular pain, color
vision, and peripheral vision subgroups
compared with the AMD group, whereas
AMD patients had lower scores in near and
distance vision activities, vision-related social
activity, and dependency subgroups. Contrast
sensitivity results and mean defect values
showed correlation with NEI-VFQ-25 scores
in both groups.
Conclusions Glaucoma and AMD patients
with similar visual acuity experienced similar
overall impairment in QoL. However,
glaucoma patients described more difficulty
with peripheral vision and ocular pain,

whereas AMD patients complained more
about near and distance vision and
dependency items.
Eye (2017) 31, 395–405; doi:10.1038/eye.2016.219;
published online 4 November 2016

Introduction

Glaucoma and age-related macular degeneration
(AMD) are the leading causes of poor vision-
specific functioning and irreversible blindness in
adults 40 years and older.1–4 It is expected that
the prevalence of glaucoma, AMD, and
blindness associated with them will increase
markedly as the population ages.5 Despite the
fact that glaucoma and AMD mainly affect
peripheral and central vision, respectively, these
patients share significant reduction in quality of
life (QoL), and have a higher likelihood of
suffering from anxiety-related disorders and
depression.4,6–8

To estimate the effect of a disease on patients’
life and measure the success of treatment
strategies, specific instruments apart from
ophthalmic examinations are needed. Over the
past two decades, a number of questionnaires
measuring the outcomes related to QoL have
been developed for patients with visual
impairment.9–13 The 25 item National Eye
Institute Visual Function Questionnaire
(NEI-VFQ-25) is an instrument that can be used
to assess vision-specific QoL.13 It is a shorter,
valid, and reliable version of the 51 item NEI-
VFQ, which has been translated into many
languages. Prior studies investigating vision-
specific QoL in AMD and glaucoma patients
indicated poor outcome. The QoL scores
obtained with NEI-VFQ-25 ranged between
69.8± 1.9 and 90.7± 8.1 for glaucoma patients
and between 51.8± 2.0 and 79.4 in AMD
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patients.4,14–21 These studies were mainly conducted in
advanced forms of these diseases.4,14–18 There is little
information about vision-specific QoL among patients
with early stages of glaucoma and AMD.19–21 There is
even less information about the QoL of comparable
groups of glaucoma and primary open-angle glaucoma
(POAG) patients, and the impact of involvement of
different sites, that is, peripheral visual field vs central
retina on QoL. The influence of visual disability to
perform activities of daily living was generally assessed
by tests that evaluated visual acuity and visual field
sensitivity.4,15,16,20,22 It is also likely that additional tools
such as contrast sensitivity (CS) examination could result
in better assessment of quality of vision.
The current study was conducted to determine the

relationship between QoL and clinical measures including
visual acuity, visual field sensitivity, and CS in patients
with POAG and AMD with similar best-corrected visual
acuity (BCVA) by using the NEI-VFQ-25.

Materials and methods

The study included 92 consecutive patients who attended
Izmir Ataturk Training and Research Hospital with the
diagnosis of POAG and early AMD. Participants who had
BCVA of 0.1 or more, were either pseudophakic or had
less than or equal to grade 1 nuclear sclerosis, and were
able to read and answer the questionnaire were included
in the study. The patients with the following concomitant
conditions were excluded: patients with proliferative and
nonproliferative diabetic retinopathy, diabetic macular
edema, diseases of optic nerve other than glaucoma,
corneal opacity, keratoconus, uveitis, nuclear or cortical
cataract greater than grade 1, prior history of ophthalmic
surgery within 3 months, dry eye syndrome (Schirmer
test ≤ 5 mm), and neurological disorders such as dementia
or mental retardation. This study was completed in
accordance with the Declaration of Helsinki (2008).
Ethical approval was granted and informed consent was
obtained from all patients. POAG was diagnosed in
patients with high intraocular pressure (421 mmHg),
typical optic disc features, and visual field test results
along with open angles on gonioscopy. Glaucoma
patients were classified to have early, moderate, or severe
disease according to the European Glaucoma Society
classification guidelines (Hodapp–Anderson–Parish
classification scheme) based on mean defect (MD) value
of the eye with better BCVA.23,24 Early AMD was defined
as the presence of one or more large (463 μm) druse and
focal hyperpigmentation, and/or hypopigmentation of
the retinal pigment epithelium.25

The patients underwent complete ophthalmic
examination including evaluation of the anterior and
posterior segment, measurement of intraocular pressure,

gonioscopy, and assessment of visual acuity, visual field,
and CS. In a given patient, the eye with better BCVA was
included in the analysis. One of the eyes was randomly
chosen for the analysis when both eyes had same BCVA.
The 24-2 and 10-2 SITA visual field tests were performed
on the Humphrey Visual Field Analyzer (Model 750i,
Humphrey Instruments Inc., San Leandro, CA, USA).
Each subject viewed targets through his/her best
correction for the test distance. Visual field defect was
defined as a cluster of two abnormal points at Po0.5% or
three abnormal points at Po1% in 24-2 SITA test. The
number of visual field defects extending into central
10° was documented. Contrast sensitivities of the patients
were measured by CSV-1000 HGT (Vector, Vision,
Greenville, OH, USA) monocularly under photopic
conditions (85 cd/m2) at a distance of 2.5 m. The
CSV-1000 test provided CS at four spatial frequencies
(A= 3 c.p.d., B= 6 c.p.d., C= 12 c.p.d., and D= 18 c.p.d.).
The results were used to form CS curve and were
converted to the logarithmic scale.26

Vision-specific QoL was evaluated by the Turkish
version of the NEI-VFQ-25,27 which was designed to
measure the level of severity of particular visual
symptoms or difficulty of activities on 12 generic health
domains: general health, general vision, ocular pain, near
activities, distance activities, vision-specific social
functioning, vision-specific mental health, vision-specific
role difficulties, vision-specific dependency, driving, color
vision, and peripheral vision. The total score ranged from
0 to 100, with higher scores indicating better visual
functioning and well-being. The parameter regarding
driving difficulties was excluded from the questionnaire;
there was only one patient in the study group who had a
driving licence and was driving his car on a regular basis.
Hence, 11 of the 12 subgroup scores were averaged to
yield a composite score.
Statistical analysis was performed using SPSS

(Statistical Package for the Social Sciences for Windows
version 17.0, SPSS Inc., Chicago, IL, USA). Continuous
data were presented as mean± SD, whereas categorical
data were presented as number of patients. Independent
samples t-test was used for normally distributed
continuous variables and χ2-test was used for categorical
variables. Relative risks with 95% confidence intervals
(CIs) were calculated. A P-value o0.05 was considered to
indicate statistical significance.

Results

Forty-three patients with POAG and 49 patients with
AMD were included in the study. A flowchart is
presented to show the patient participation characteristics
(Figure 1). Clinical characteristics of the study population
were presented in Table 1. Mean ages of patients with
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POAG and AMD were 64.9± 10.5 (range; 50–88) and
67.5± 8.1 (range; 51–81) years, respectively (P= 0.183).
There was no statistically significant difference between

the BCVAs of the groups of POAG and AMD (Snellen
chart: 0.66± 0.12 and 0.60± 0.18, respectively; P= 0.053).
Majority of the POAG patients were in the early glaucoma

Figure 1 Flowchart illustrating the inclusion/exclusion of individuals in the study. AMD, age-related macular degeneration; POAG,
primary open-angle glaucoma.

Table 1 Demographic data, contrast sensitivity values, and visual field test results of the patients with POAG and AMD

POAG n= 43 AMD n= 49 P

Age (years) 64.88± 10.52 67.48± 8.10 0.183

Gender 0.747
Female 26 (60.5) 28 (57.1)

Male 17 (39.5) 21 (42.9)

BCVA (Snellen) 0.66± 0.12 0.60± 0.18 0.053

Contrast sensitivity values (c.p.d.)
A 1.40± 0.11 1.53± 0.95 0.001*
B 1.61± 0.11 1.74± 0.101 0.001*
C 1.31± 0.11 1.29± 0.168 0.775
D 0.71± 0.12 0.67± 0.13 0.201

Visual field parameters (dB)
24-2 MD − 4.94± 3.45 − 1.63± 1.20 0.001*
24-2 PSD 4.90± 2.34 1.87± 0.84 0.001*
10-2 MD − 0.74± 1.26 − 2.85± 1.44 0.001*
10-2 PSD 1.35± 0.72 2.51± 1.25 0.001*

Central scotomaa 4 (7.7%) 18 (36.7%) 0.002*

Abbreviations: AMD, age-related macular degeneration; BCVA, best-corrected visual acuity; MD, mean deviation; POAG, primary open-angle glaucoma;
PSD, pattern SD. aNumber of patients with scotoma extending into central 10° of 24-2 standard visual field.
Data are presented as n (%) or mean± SD; *Po0.05.
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group (n= 37, 86%), and few were in moderate (n= 3, 7%)
and advanced groups (n= 3, 7%). AMD group was
composed of only early-stage AMD. Comparison of CS of
the patients with POAG and AMD revealed similar
results except for two spatial frequencies (3 and 6 c.p.d.)
where POAG patients were found to have significantly
lower levels than those of AMD patients (P= 0.001;
Table 1). Average MD and PSD values of Humphrey 24-2
SITA and 10-2 SITA visual field tests were presented in
Table 1. Scotoma within central 10° of Humphrey 24-2
standard visual field was identified in 7.7% (n= 4) and
36.7% (n= 18) of POAG and AMD groups, respectively
(P= 0.002; Table 1).
Average subgroup and overall scores of NEI-VFQ-25

test of the POAG and AMD patients were presented in
Table 2 and Figure 2. Overall scores of NEI-VFQ-25 were
86.44± 6.96 and 84.66± 7.56 for POAG and AMD groups,
respectively (P= 0.244). Highest mean score of NEI-

VFQ-25 subgroups for patients with POAG was observed
in the subgroup of vision-specific dependency
(96.31± 6.58) and lowest mean score was observed in the
subgroup of general vision (60.47± 12.48). Highest mean
score for AMD group was observed in the subgroups of
color and peripheral vision (100.0± 0.0) and lowest score
was in general vision (60.71± 16.92). Statistically
significant difference was found between the groups of
POAG and AMD in subgroups of ocular pain, near
activities, distance activities, vision-specific social
functioning, vision-specific dependency, color vision, and
peripheral vision.
Correlation analysis showed significant association

between age and overall score of NEI-VFQ-25 in AMD
patients (r=− 0.475, P= 0.001), and not with POAG
patients (r=− 0.112, P= 0.437; Table 3). When the
subgroups were evaluated in patients with AMD,
significant correlation was detected between age and all

Table 2 Average subgroup and overall scores of NEI-VFQ-25 test of the POAG and AMD groups

POAG n= 43 AMD n= 49 P

General health 63.95± 12.56 65.82± 12.17 0.473
General vision 60.47± 12.48 60.71± 16.92 0.936
Ocular pain 84.89± 12.06 99.23± 3.02 0.001*
Near activities 89.35± 13.41 72.43± 16.03 0.001*
Distance activities 89.24± 10.40 79.90± 17.24 0.002*
Vision-specific social functioning 92.59± 8.76 84.82± 13.62 0.002*
Vision-specific mental health 92.44± 6.28 91.19± 5.40 0.312
Vision-specific role difficulties 93.90± 7.89 92.22± 4.86 0.217
Vision-specific dependency 96.31± 6.58 90.43± 7.21 0.001*
Color vision 95.93± 9.34 100.0± 0.0 0.007*
Peripheral vision 91.86± 13.05 100.0± 0.0 0.001*
Overall score 86.44± 6.96 84.66± 7.56 0.244

Abbreviations: AMD, age-related macular degeneration; POAG, primary open-angle glaucoma.
Data are expressed as mean± SD.
*Po0.05.

Figure 2 Distribution of mean subgroup and overall scores of NEI-VFQ-25 test in POAG and AMD patients. AMD, age-related
macular degeneration; POAG, primary open-angle glaucoma.
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subgroups apart from general vision, ocular pain, color
vision, and peripheral vision, whereas only social
function was correlated with age in patients with POAG.
NEI-VFQ-25 parameters in both groups were not

significantly different with respect to gender. Statistically
significant correlation was detected between all visual
field parameters and overall score of NEI-VFQ-25
questionnaire in both groups (Table 4). Statistically
significant correlation was found between the subgroups
of near activities, peripheral vision, and color vision, and
24-2 MD, 24-2 PSD, 10-2 MD, 10-2 PSD, and central field
defect for POAG group. In addition, statistically
significant correlation was found between subgroups of
distance activities and 24-2 MD, 24-2 PSD, 10-2 MD, and
10-2 PSD for POAG group. Statistically significant
correlation was found between the subgroups of general
health, near activities, distance activities, and mental
health, and 24-2 MD, 24-2 PSD, 10-2 MD, 10-2 PSD, and
central field defect for AMD group. Significant correlation
was identified between subgroups of general vision and
vision-specific social functioning, and 24-2 MD, 24-2 PSD,
10-2 MD and 10-2 PSD for AMD group (Table 4).
Strong positive correlation was determined between

BCVA and overall score of NEI-VFQ-25 questionnaire in
POAG (r= 0.604, P= 0.001) and AMD (r= 0.916, P= 0.001)
groups (Table 5). Statistically significant correlation was
found in all parameters except for general health and
ocular pain in POAG group. Strongest correlation in
AMD group was observed with the overall score
(r= 0.906, P= 0.001) and weakest correlation was with
ocular pain (r= 0.64, P= 0.01). Statistically significant
correlation was identified between CS and overall score of
NEI-VFQ-25 questionnaire in POAG and AMD groups, at
all spatial frequencies. Statistically significant correlation

was found between all subgroups except for general
health and vision-specific role difficulties, and CS at all
spatial frequencies in POAG group. In AMD group,
correlation was identified between CS values and all NEI-
VFQ-25 questionnaire subgroups except for ocular pain at
all spatial frequencies (Table 5).

Discussion

Various clinical parameters such as intraocular pressure,
visual field test results, fundus fluorescein angiography,
and optical coherence tomography images are important
for ophthalmologists in the surveillance of glaucomatous
optic neuropathy and AMD. The effects of these diseases
on daily activities and the risk of losing useful vision in
the future, however, constitute the major concerns for the
patients. Recent research is, therefore, directed to
investigate QoL in patients with glaucoma and AMD.
QoL in patients with glaucoma and AMD were shown to
be impaired, with multiple daily activities being more
difficult to perform compared with normal
individuals.4–8,18,28–30

Several studies have investigated vision-related QoL in
patients with glaucoma and AMD.7,14–21,31–36 They
revealed that total scores of general sighted population
was significantly higher compared with AMD or POAG
patients.13,14,17,21 Mangione et al13 observed that overall
scores were lower for the patients with various chronic
eye diseases including AMD (67.1± 13.4) and POAG
(80.2± 12.5) compared with a reference sample of
participants with no evidence of underlying eye disease
(88.1± 15.3). This suggests that NEI-VFQ-25 is sensitive to
different levels of visual function in the better eye of
patients with AMD and POAG.

Table 3 Correlation between age and NEI-VFQ-25 scores in patients with POAG and AMD

Age

POAG (n= 43) AMD (n= 49)

r P r P

General health − 0.240 0.121 − 0.513 o0.001*
General vision 0.237 0.127 − 0.233 0.108
Ocular pain 0.190 0.222 − 0.165 0.258
Near activities − 0.075 0.632 − 0.522 o0.001*
Distance activities − 0.291 0.059 − 0.487 o0.001*
Vision-specific social functioning − 0.372 0.014* − 0.344 0.016*
Vision-specific mental health − 0.071 0.650 − 0.396 0.005*
Vision-specific role difficulties − 0.282 0.067 − 0.321 0.025*
Vision-specific dependency − 0.152 0.331 − 0.429 0.002*
Color vision 0.129 0.411 1.000 1.000
Peripheral vision − 0.137 0.380 1.000 1.000
Overall score − 0.122 0.437 − 0.475 0.001*

Abbreviations: AMD, age-related macular degeneration; POAG, primary open-angle glaucoma.
*Po0.05.
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None of the previous studies have compared QoL in
AMD and POAG simultaneously among patients with
similar visual acuity. The study by Evans et al4 reported
the results of a systematic literature search to identify
publications that investigated QoL in patients with
glaucoma and AMD. The patient groups were not age,
gender, or visual acuity matched. They used NEI-VFQ-25

test; general health and general vision subgroups were
more commonly affected in patients with glaucoma,
whereas driving, general health, general vision, and near
vision were more commonly affected in patients with
AMD. In contrast to our study, overall QoL was more
affected in glaucoma. Although valuable data were
presented in the study of Evans et al,4 nonuniform nature

Table 4 Correlation analysis of NEI-VFQ-25 scores and visual field parameters in cases with POAG and AMD

24-2 MD 24-2 PSD Central visual field defect 10-2 MD 10-2 PSD

POAG AMD POAG AMD POAG AMD POAG AMD POAG AMD

General health
r 0.201 0.432 − 0.151 − 0.489 0.060 − 0.385 − 0.022 0.308 0.005 − 0.397
P 0.197 0.002* 0.335 o0.001* 0.703 0.006* 0.888 0.031* 0.974 0.005*

General vision
r 0.155 0.382 − 0.263 − 0.419 0.138 − 0.235 − 0.093 0.385 0.094 − 0.479
P 0.320 0.007* 0.089 0.003* 0.379 0.105 0.552 0.006* 0.549 0.001*

Ocular pain
r 0.161 0.015 − 0.204 − 0.073 − 0.036 0.018 0.178 0.017 − 0.001 − 0.256
P 0.303 0.92 0.189 0.62 0.821 0.902 0.255 0.908 0.993 0.076

Near activities
r 0.615 0.529 − 0.417 − 0.552 − 0.813 − 0.344 0.578 0.476 − 0.771 − 0.502
P o0.001* o0.001* 0.004* o0.001* o0.001* 0.016* o0.001* o0.001* o0.001* o0.001*

Distance activities
r 0.339 0.401 − 0.127 − 0.428 − 0.232 − 0.303 0.302 0.286 − 0.386 − 0.361
P 0.026* 0.004* 0.048* 0.002* 0.135 0.035* 0.049* 0.047 0.011* 0.011*

Vision-specific social functioning
r 0.282 0.296 − 0.118 − 0.348 − 0.161 − 0.202 0.146 0.329 − 0.280 − 0.467
P 0.067 0.039* 0.452 0.014* 0.303 0.164 0.349 0.021* 0.069 0.001*

Vision-specific mental health
r 0.071 0.516 − 0.109 − 0.492 0.058 − 0.329 0.038 0.347 − 0.075 − 0.491
P 0.653 o0.001* 0.486 0.000* 0.712 0.021* 0.810 0.015* 0.631 o0.001*

Vision-specific role difficulties
r 0.062 0.218 0.027 − 0.221 0.068 − 0.142 0.039 0.12 − 0.066 − 0.170
P 0.691 0.133 0.863 0.127 0.665 0329 0.806 0.412 0.675 0.242

Vision-specific dependency
r 0.248 0.377 − 0.122 − 0.425 − 0.195 − 0.268 0.203 0.374 − 0.293 − 0.482
P 0.109 0.008* 0.434 0.002* 0.209 0.063 0.191 0.008* 0.056 o0.001*

Color vision
r 0.545 1.000 − 0.468 1.000 − 0.621 1.000 0.559 1.000 − 0.641 1.000
P o0.001* 1.000 0.002* 1.000 o0.001* 1.000 o0.001* 1.000 o0.001* 1.000

Peripheral vision
r 0.588 1.000 − 0.392 1.000 − 0.535 1.000 0.449 1.000 − 0.556 1.000
P o0.001* 1.000 0.009* 1.000 o0.001* 1.000 0.003* 1.000 o0.001* 1.000

Overall score
r 0.470 0.468 − 0.344 − 0.502 − 0.337 − 0.361 0.337 0.364 − 0.414 −0.468
P 0.001* 0.001* 0.024* 0.000* 0.027* 0.011* 0.027* 0.010* 0.006* 0.001*

Abbreviations: AMD, age-related macular degeneration; POAG, primary open-angle glaucoma.
*Po0.05.
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of study population should call for careful assessment of
those results. Suzukamo et al,17 who used NEI-VFQ-25
test in their study, found that QoL in patients with AMD
were affected more compared with those with glaucoma.
They reported that general health, general vision, and
mind health were substantially affected in 69 patients with
glaucoma, whereas all parameters other than peripheral

vision, color vision, and ocular pain were substantially
affected in patients with AMD. However, age and visual
acuity of patients in the mentioned study were not similar.
In the current study, QoL of 43 patients with POAG

and 49 age-, gender-, and visual acuity-matched patients
with early-stage AMD were analyzed. Overall QoL scores
of patients with POAG and AMD (86.44± 6.96 and

Table 5 Correlation between NEI-VFQ-25 scores and visual acuity/contrast sensitivity in patients with POAG and AMD

Visual acuity Contrast A Contrast B Contrast C Contrast D

POAG AMD POAG AMD POAG AMD POAG AMD POAG AMD

General health
r 0.202 0.402 0.179 0.401 0.179 0.363 0.179 0.468 0.171 0.570
P 0.193 0.004* 0.250 0.004* 0.250 0.010* 0.250 0.001* 0.272 o0.001*

General vision
r 0.400 0.811 0.461 0.917 0.461 0.873 0.461 0.477 0.473 0.582
P 0.008* o0.001* 0.002* o0.001* 0.002* o0.001* 0.002* 0.001* 0.001* o0.001*

Ocular pain
r 0.206 0.364 0.338 0.264 0.338 0.243 0.338 0.335 0.339 0.391
P 0.185 0.010* 0.027* 0.067 0.027* 0.092 0.027* 0.019* 0.026* 0.005*

Near activities
r 0.415 0.879 0.589 0.813 0.589 0.761 0.589 0.553 0.589 0.588
P 0.006* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001*

Distance activities
r 0.624 0.888 0.571 0.847 0.571 0.792 0.571 0.602 0.574 0.675
P 0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001* o0.001*

Vision-specific social functioning
r 0.589 0.838 0.466 0.819 0.466 0.766 0.466 0.531 0.468 0.559
P 0.001* o0.001* 0.002* o0.001* 0.002* o0.001* 0.002* o0.001* 0.002* o0.001*

Vision-specific mental health
r 0.540 0.894 0.374 0.828 0.374 0.791 0.374 0.477 0.383 0.501
P 0.001* o0.001* 0.013* o0.001* 0.013* o0.001* 0.013* 0.001* 0.011* o0.001*

Vision-specific role difficulties
r 0.496 0.724 0.286 0.529 0.286 0.491 0.286 0.444 0.288 0.385
P 0.001* o0.001* 0.063 o0.001* 0.063 o0.001* 0.063 0.001* 0.061 0.006*

Vision-specific dependency
r 0.442 0.883 0.327 0.817 0.327 0.764 0.327 0.546 0.326 0.559
P 0.001* o0.001* 0.032* o0.001* 0.032* o0.001* 0.032* o0.001* 0.033* o0.001*

Color vision
r 0.281 1.000 0.443 1.000 0.443 1.000 0.443 1.000 0.437 1.000
P 0.044* 1.000 0.003* 1.000 0.003* 1.000 0.003* 1.000 0.003* 1.000

Peripheral vision
r 0.426 1.000 0,626 1.000 0.626 1.000 0.626 1.000 0.626 1.000
P 0.004* 1.000 o0.001* 1.000 o0.001* 1.000 o0.001* 1.000 o0.001* 1.000

Overall score
r 0.604 0.916 0.640 0.877 0.640 0.821 0.640 0.599 0.642 0.652
P 0.001* o0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 0.001*

Abbreviations: AMD, age-related macular degeneration; POAG, primary open-angle glaucoma.
*Po0.05.
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84.66± 7.56, respectively) were similar. Among 11 health
domains, general vision and general health parameters
were affected most both in patients with POAG and
AMD. Peripheral vision, color vision, and ocular pain
were affected more in patients with POAG compared
with patients with AMD, whereas near activity, distance
activity, social function, and dependency were affected
more in AMD patients. The study groups were composed
of mainly early POAG and early AMD patients with
average BCVA values (Snellen chart) of 0.66± 0.12 and
0.60± 0.18, respectively. All parameters other than
general health and ocular pain were significantly
correlated with BCVA in patients with POAG. Failure of
pain score to show correlation with visual acuity may be
attributed to the fact that all glaucoma patients used
topical anti-glaucomatous drops, whereas no topical
medication was used in the AMD group. Gutierrez et al37

reported a similar correlation between BCVA and NEI-
VFQ-25 parameters in patients with POAG. Significant
correlation was also found between BCVA and all
parameters of NEI-VFQ-25 other than color vision and
peripheral vision in our patients with AMD. Strongest
correlation was observed with overall score and worst
correlation was with ocular pain. Similar findings were
reported in the literature.30,38–40

In the current study, results of 24-2 SITA and 10-2 SITA
visual field tests were used to provide an objective
measure to evaluate the impact of field changes on QoL.
MD values of Humphrey 24-2 SITA visual field tests were
found to be significantly lower in patients with POAG
than those with AMD. MD values of central 10-2 SITA
standard tests were significantly lower in patients with
AMD than those with POAG. These findings are to be
expected, given the nature of both diseases; glaucoma
typically results in peripheral visual field loss and AMD
causes visual loss owing to involvement of central retina.
Association between NEI-VFQ results and severity of

glaucoma was investigated in several studies using
different visual field tests (eg, Esterman binocular visual
field test) and grading systems (eg, Hodapp–Anderson–
Parrish score, the Collaborative Initial Glaucoma
Treatment Study score, and the Advanced Glaucoma
Intervention Study score). Parrish et al31 reported that the
following NEI-VFQ subscales were significantly
correlated with Esterman binocular visual field
impairment: general vision (r=− 0.47), near vision
(r=− 0.52), distance vision (r=− 0.56), social functioning
(r=− 0.53), mental health (r=− 0.47), role difficulties
(r=− 0.49), dependency (r=− 0.59), driving (r=− 0.52),
color vision (r=− 0.47), and peripheral vision (r=− 0.51).
Wren et al32 found significant correlations between MD
and most NEI-VFQ scores. Suzukamo et al17 identified
significant correlation between MD and NEI-VFQ
subscales including peripheral vision, distance vision,

driving, and dependency in both the better and worse
eyes of patients with glaucoma. Jampel et al33 noted weak
correlation between the overall NEI-VFQ-25 score and
MD in the better eye (r= 0.32, P-valueo0.001). Labiris
et al34 documented a significant correlation between
average MD (−3.2 dB) in the better eyes of the patients
with glaucoma and most NEI-VFQ subscales including
color vision, general vision, near vision, driving, social
functioning, and dependency. Peters et al20 found a
statistically significant correlation between vision-related
QoL measured by the NEI-VFQ-25 and visual field loss in
the better eye. In the present study, significant correlation
was found between MD values of 24-2 standard visual
field and near activity, distance activity, color vision, and
peripheral vision. Strongest correlation was with near
activity (r= 0.615) and weakest correlation was with
distance activity (r= 0.339) in the better eye.
In our study, 10-2 visual field test was performed for

detailed examination of central visual functions. The
results of 10-2 visual field test (both MD and PSD) were
correlated with QoL in POAG. Highest correlation was
observed with near activity (MD r= 0.578, PSD
r=− 0.771). The presence of high correlation with near
vision in patients with early glaucoma is intriguing as
central vision is expected to be affected less and at a later
stage. Sawada et al35 evaluated the correlation between
Japanese version of vision-specific QoL and visual
function in patients with glaucoma. In addition to visual
acuity, QoL was highly correlated with the central 10-2
MD in the better eye. Furthermore, they reported that
manifestation of early visual field defect simultaneously
led to decline in the vision-specific QoL.35

In the current study, central extension of field defects in
24-2 visual field test was used as another method for
assessment of central visual function. There was
statistically significant relationship between subgroups of
near activity, color vision, and peripheral vision and
defects extending to central 10° of the visual field in
POAG group. Highest correlation was observed for near
vision domain (r=− 0.813). Similarly, McKean-Cowdin
et al36 observed decreased NEI-VFQ scores of 230 patients
with POAG in the presence of damage extending to the
central visual field.
In patients with AMD, strongest and weakest

correlations were observed with near activity (r= 0.529
and r= 0.552) and social function (r= 0.296 and r= 0.348)
for MD and PSD values of 24-2 standard visual field,
respectively. 10-2 MD values and visual field defects
extending to central 10° had strongest and weakest
correlations with near activity (r= 0.476 and r=− 0.344)
and distance activity (r= 0.286 and r=− 0.303),
respectively. Correlation with visual field defects
extending to central 10°, however, was not as strong as the
correlation observed in POAG. The results of the current
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study pointed out to the possibility of using visual
field parameters as a tool for evaluation of QoL in patients
with early-stage AMD. Further, comprehensive studies
involving large study populations are needed to verify
these findings.
In the current study, CS values were found to be lower

than the normative data values at all spatial frequencies in
both glaucoma and AMD patients. It is known that
changes in CS occur early in the course of glaucoma,
however, visual acuity remains unaffected until the
advanced stages of the disease.41,42 Although there is a
significant correlation between CS and visual acuity in
patients with AMD, they do not always progress at a
similar rate.43 The correlation between CS values at all
spatial frequencies in POAG patients and NEI-VFQ-25
parameters was highest with the general score (r= 0.640)
and lowest with ocular pain (r= 0.338). Hawkins et al44

described statistically significant correlation between CS
values, visual acuity and MD values of 24-2 visual field
(r=− 0.370 and r= 0.57, respectively). Richman et al45

found that CS and binocular visual acuity were the best
predictors of the ability of patients with glaucoma to
perform daily activities. They suggested that CS should
be included in the NEI-VFQ to allow a more accurate
reflection of function. Furthermore, Richman et al45

concluded that CS could be a better tool compared
with visual acuity in understanding the functional
ability of patients with glaucoma. Our results
support their findings. CS may be an important way
to evaluate QoL in patients with early glaucomatous
changes.
CS provides valuable additional information in patients

with AMD.46–48 CS scores were found to be significantly
lower in patients with both early and late AMD compared
with controls. Bansback et al47 studied CS in a large group
of both dry and wet AMD patients, and utilized visual
function index-14, health utilities mark 3, and time trade-
off questionnaires for the evaluation of QoL. They found
high correlation (r= 0.73) between VF-14 and CS.47 They
reported that CS remained a statistically significant
predictor of all outcome measures even when visual
acuity was included, and concluded that the
measurement of CS appeared to be better related to a
person’s QoL and health utility.47 Rubin et al48 found an
independent contribution of CS to several domains of the
Activities of Daily Vision Scale, a separate measure of
visual function. In our AMD group, moderate to high
correlation was found between CS values and all
parameters other than ocular pain, color vision, and
peripheral vision at spatial frequencies of 3 and 6 c.p.d.
For spatial frequencies of 12 and 18 c.p.d., statistically
significant correlation was found between CS values and
all parameters other than color vision and peripheral
vision. In contrast to our AMD group, the patients

in the study by Bansback et al47 had worse average
BCVA, and both Bansback47 and Rubin et al48 used
different measures for the evaluation of both QoL and
CS. Despite all these differences, the results of both their
studies and the current study indicate that CS can be a
significant tool to evaluate patients in early and late
stages of AMD.
Unlike most of the previous reports, our sample

contained patients with early stages of glaucoma and AMD.
In patients with advanced POAG and AMD, the reported
range of overall NEI-VFQ-25 scores (from 69.8± 1.9 to
78.3± 14.9 and from 51±2 to 67.8± 18, respectively) were
lower than the present study (86.44±6.96 and 84.66±7.56,
respectively).4,14,17,18,21,49 Wolfram et al14 demonstrated that
advanced POAG (71.5± 19.3) was significantly associated
with low NEI-VFQ-25 scores compared with early
(90.7±8.1) and moderate POAG (86.1±8.7). Similarly,
patients with advanced or late-stage AMD experience a
major reduction in QoL.40 A recent population-based study
conducted in adult Latino population revealed overall NEI-
VFQ-25 scores of 59.5 (95% CI, 50.8–68.1) for those with late-
stage AMD and 79.4 (95% CI, 72.5–86.1) for those with
early-stage AMD.21

The current study showed that patients with similar
visual acuity experience similar overall impairment in
QoL whether they had early-stage glaucoma or AMD,
despite the fact that they essentially affect visual function
through different mechanisms. They both experience loss
of QoL mainly in subgroups of general health and general
vision. Glaucoma patients describe more difficulty with
peripheral vision and ocular pain, whereas AMD patients
complain more about near and distance vision, and
dependency items. CS loss and perimetric defects are
noted in early stages of both diseases. Hence, analysis of
CS and visual field defects might provide efficient means
of evaluation of QoL, along with regular vision-specific
QoL analysis questionnaires, in POAG and AMD
patients.

Summary

What was known before
K Impairment of quality of life in patients with glaucoma

and age-related macular degeneration was reported by
previous studies, in which patient groups were not age,
gender, or visual acuity matched.

K National Eye Institute Visual Function Questionnaire is an
instrument that can be used to assess vision-specific
quality of life.

What this study adds
K This study demonstrated that patients with similar visual

acuity who had early-stage glaucoma or age-related
macular degeneration experience similar overall
impairment in quality of life.
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