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ABSTRACT.

Purpose: To determine the association between vision-related quality of life

(VRQOL) and levels of visual function loss in the Early Manifest Glaucoma

Trial (EMGT).

Methods: Two hundred and fifty-five patients were included in the EMGT

between 1993 and 1997 and followed regularly by ophthalmic examinations. A

Swedish translation of the National Eye Institute Visual Function Questionnaire

25 (NEI VFQ-25) was self-administered at several follow-up visits until 2014.

We analysed the association between Rasch-calibrated NEI VFQ-25 scores and

visual function in the best eye at the final follow-up visit.

Results: Ninety-one per cent (233/255) of all participants completed the NEI

VFQ-25 at least once. In univariate logistic regression analysis, NEI VFQ-25

scores were modestly associated with visual acuity (VA) (r2 = 0.330, p < 0.001),

visual field index (VFI) (r2 = 0.200, p < 0.001) and perimetric mean deviation

(MD) (r2 = 0.193, p < 0.001). In multivariate analysis, VA and VFI together

accounted for approximately 40% (r2 = 0.380) of the NEI VFQ-25 scores. NEI

VFQ-25 scores were significantly higher for patients with no visual impairment

(mean 73 � 22) than for visually impaired patients (mean 31 � 15, p < 0.001).

VFI worse than 50% or MD worse than �18 dB was significantly associated

with low VRQOL scores (p < 0.001).

Conclusions: Our results support the widespread, albeit arbitrary, use of a

better-eye visual field of <50% as an important threshold for a significant

reduction in VRQOL.
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Introduction

According to the current European
Glaucoma Society Guidelines, the goal
of glaucoma treatment is to preserve

the patient’s vision-related quality of
life (VRQOL). In clinical practice,
measurements of the visual field (VF)
are performed to evaluate the severity
and progression of glaucoma. How-
ever, it is not immediately clear how

glaucomatous VF loss and visual acu-
ity (VA) reflect the impact of the
disease or patients’ perceptions of dis-
ability due to glaucoma.

The relationship between visual func-
tion and self-reported quality of life in
patients with glaucoma has been
addressed in an increasing number of
papers, and the National Eye Institute
Visual Function Questionnaire 25 (NEI
VFQ-25) is the most widely used
VRQOL instrument (Mangione et al.
2001). However, many studies have
found only a modest correlation
between NEI VFQ-25 scores and VF
status in patients with glaucoma (Gu-
tierrez et al. 1997; Parrish et al. 1997;
Mills et al. 2001; Sumi et al. 2003;
Hyman et al. 2005; McKean-Cowdin
et al. 2008; van Gestel et al. 2010), and,
importantly, all of those investigations
used the original scoring system pub-
lished and recommended by the devel-
opers of the instrument, which has been
criticized by a number of researchers for
not producing interval-leveled estimates
of VRQOL. This problem can be
addressed by applying modern psycho-
metric methods such as Rasch analysis
(Massof 2007; Pesudovs et al. 2010).
Rasch analysis has been used to evaluate
NEI VFQ-25 data in low-vision popu-
lations with various ocular diseases
(Massof & Fletcher 2001; Marella et al.
2010; Pesudovs et al. 2010), but infor-
mation is limited regarding the useful-
ness of this instrument in populations
with a wider range of glaucoma damage
(Medeiros et al. 2015). Hence, further
studies are needed to determine at what
stages of functional damage the NEI
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VFQ-25 can reveal the impact of glau-
coma on VRQOL (Nassiri et al. 2013).

The Early Manifest Glaucoma Trial
(EMGT) is a prospective randomized
clinical trial in which patients with
newly detected early manifest glau-
coma were included from 1993 to
1997 and continued with prospective
standardized follow-up visits including
standard automated perimetry (SAP)
and VA measurements until the end of
December 2013. VRQOL was assessed
over time using a validated Swedish
translation of the NEI VFQ-25, which
was administered for the last time in
2013. The EMGT cohort comprised
only patients with early glaucoma at
the beginning of the trial but included
patients with all stages of the disease by
the end of the trial in 2013. Therefore,
we used data from the final follow-up
visit to analyse the association between
visual function and VRQOL in patients
with glaucoma that had been followed
prospectively for up to 20 years. More
precisely, we conducted this study
using data on a cohort of patients that
had initially been diagnosed with early
glaucoma and were followed for up to
20 years with these specific aims: (i) to
report the frequency of visual impair-
ment, (ii) to evaluate the VRQOL and
(iii) to analyse the association between
VRQOL and visual function.

Methods

This study was approved by both the
Ethical Review Board of Lund Univer-
sity, Lund, Sweden, and the Committee
on Research Involving Human Subjects
of the State University of New York,
Stony Brook, New York, and all
patients provided written informed con-
sent. The EMGT is registered as clini-
caltrials.gov Identifier: NCT00000132
(registration date: September 23, 1999).

The design of the EMGT has been
described in detail previously (Leske
et al. 1999; Heijl et al. 2002). Briefly,
the EMGT enrolled 255 patients with
newly diagnosed and untreated open-
angle glaucoma (including primary
open-angle and exfoliation glaucoma)
involving early to moderate VF loss.
Eligible patients had at least one eye
with repeatable glaucoma-related VF
defects demonstrated by the Hum-
phrey 30-2 full threshold test. Included
patients were randomized to treatment
or to no initial treatment and prospec-
tive follow-up according to a standard

protocol. Each follow-up visit
included evaluation of the VF by
SAP, measurement of the best-cor-
rected VA using Snellen decimal
charts and a general ophthalmic exam-
ination.

Vision-related quality of life over
time was also evaluated in the EMGT
using the NEI VFQ-25. The original
English version of this instrument was
translated into Swedish and validated
by the EMGT investigators (Hyman
et al. 2005). The NEI VFQ-25 was self-
administered for the first time at a
median of 3 years after randomization
and later on average every second year
until the end of the trial in 2013.

Only patients that had completed
the NEI VFQ-25 at least once in the
EMGT were eligible for this study, and
we analysed data consisting of
responses from the final NEI VFQ-25
and the last available VF and VA
measurements. The term ‘visual
impairment’ was used to include both
low vision and blindness based on the
best-corrected VA and/or VF status of
the better eye according to the World
Health Organization (WHO) criteria
(low vision VA < 0.3 and/or central
VF < 20°; blind VA < 0.05 and/or cen-
tral VF < 10°). As specified in the
WHO criteria, we classified patients as
follows: (i) blind in both eyes, (ii) low
vision in both eyes, (iii) one blind eye
or (iv) one eye with low vision.

NEI VFQ-25 scoring

The NEI VFQ-25 consists of 25 items
representing 11 subscales and one sin-
gle item rating general health (Table 1).
Twenty-three of the items have five or
six response options (the sixth stating
‘stopped doing for other reason/not
interested in doing’).

Response categories concern quality
of an item (questions 1, 2 and 4),
difficulty of an activity (questions 5–
16), frequency of a problem (questions 3
and 17–19) and agreement with a prob-
lem (questions 20–25). The questions
about general health and general vision,
and the two items concerning ocular
pain were excluded from our analysis,
because they are not related to visual
ability (Massof 2007; Marella et al.
2010). We also excluded all items
regarding driving due to extensive miss-
ing data (Table 1) (Pesudovs et al.
2007). Thereafter, we recoded the
numerical responses to the NEI VFQ-

25 and assigned each response a score
from 0 (most negative) to 4 (most
positive), with the sixth response cate-
gory coded asmissing data. If necessary,
category responses were reversed for
Rasch analysis so that the polarity
would be the same for all included items.

Rasch analysis of NEI VFQ-25 scores

Winsteps software version 3.81.0 (Win-
steps, Chicago, IL, USA) was used to
perform Rasch analysis using three
Andrich rating-scale models (Andrich
1978), one for each of the NEI VFQ-25
rating scales included in our analysis.
This approach has been described else-
where (Massof & Fletcher 2001). We
chose to use Rasch analysis, because it
enabled us to estimate interval-scaled
visual ability scores for glaucoma
patients from the ordinal ratings of
items in the NEI VFQ-25 (Massof
2002). Rasch analysis was performed
to calculate measures of the observed
visual ability of each participant (per-
son measure) and the visual ability
required for each item (item measure).
The unit of those estimated measures is
called a logit (log-odds unit), which is
calculated as the log-odds ratio of the
probability that a participant will select
a particular rating category in an item
over 1 minus the same probability. The
logit values place patients according to
their abilities and items according to
their difficulties on the same linear
interval scale (i.e. logit scale).

Initially, we investigated the evi-
dence of disordered thresholds for each
type of rating scale. Disordered thresh-
olds indicate that participants had
difficulties in discriminating between
response levels for an item, but this
problem can often be solved by com-
bining adjacent response categories.
The initial fit of the 19 included NEI
VFQ-25 items to the Rasch model
revealed disordered thresholds for the
rating scale asking about agreement
with a problem ranging from completely
true to not true at all. The probability
of choosing the response categories 1
or 3 was not higher at any point on the
logit scale compared to selecting any of
the other categories. Accordingly, we
collapsed the response categories 0 and
3 with the adjacent categories 1 and 4,
respectively, and thereafter, response
category 2 was no longer the most
probable category at any point on the
logit scale. Category 2 represents a
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neutral response and thus cannot log-
ically be combined with an adjacent
response category, and therefore, we
coded response category 2 answers as
missing data. Hence, the final rating
scale was dichotomous, with two
response categories: 0 (true) and 1
(not true).

When response category perfor-
mance was deemed satisfactory, item
and person measures were calculated.
We determined the fit of the data to the
Rasch model (i.e. whether each item
measured a single underlying construct;
in the NEI VFQ-25 ‘visual ability’) by
calculating fit statistics and evaluating
unidimensionality. We chose to report
infit (information-weighted fit) statis-
tics, primarily because they are rela-
tively insensitive to distortion from
outliers (Pesudovs et al. 2010). Infit
mean square (MNSQ) values are
expected to be 1, and values between

0.7 and 1.3 are considered productive
for measurement (Wright & Linacre
1994). Items with infit values outside
this range were excluded from all anal-
yses. After combining response cate-
gories, four items had infit values >1.3
and thus did not fit the model, and we
removed those items iteratively as fol-
lows: less-control-over-what-is-done, do-
things-that-embarrass-self, stay-home-
most-of-time and worry-about-eyesight.

Unidimensionality was tested by
principal component analysis (PCA)
of the residuals (difference between
observed and expected responses). In
such assessment, data are considered
unidimensional if the variance
explained by the principal component
exceeds 60% (Smith 2002). In addition,
the contrast to the principal compo-
nent should not provide a significant
explanation for the remaining variance
(e.g. <2.0 Eigenvalue units) (Smith

2002). The PCA of the residuals of
the remaining 15 items revealed multi-
dimensionality, and the principal com-
ponent accounted for 67.8% of the
observed variance, which was very
close to the 68.8% expected by the
model. The first contrast accounted for
2.4 Eigenvalue units and the second
contrast for 1.8 Eigenvalue units. Five
items loaded positively onto the first
contrast and belonged to the role
difficulties (two items), mental health
(one item) and dependency (two items)
subscales. Ten items loaded positively
onto the second contrast: eight of those
belonged to the visual functioning
subscales (near vision, distance vision,
colour vision and peripheral vision),
and the other two belonged to the
social functioning subscale. Based on
the results of the PCA, we formed two
separate scales: in one, the visual func-
tioning items were combined with the

Table 1. National Eye Institute Visual Function Questionnaire 25 – items and subscales.

No. Item Subscale Response categories (n) Missing data (%) Floor effect (%) Ceiling effect (%)

1 General health General health Quality (6) 2.2 (5/233) 17.1 (39/228) 7.0 (16/228)

2 General vision General vision Quality (6) 1.3 (3/233) 0.4 (1/230) 7.7 (18/230)

3 Worry about eyesight Mental health Frequency (5) 0.9 (2/233) 2.6 (6/231) 20.8 (48/231)

4 Pain around eyes Ocular pain Quality (5) 0.9 (2/233) 0 (0/231) 28.9 (136/231)

5 Reading normal print Near vision Difficulty (5) 2.6 (6/233)* 8.8 (20/227) 33.0 (75/227)

6 Seeing well up close Near vision Difficulty (5) 8.6 (20/233)* 8.9 (19/213) 28.6 (61/213)

7 Finding objects on crowded shelf Near vision Difficulty (5) 5.6 (13/233)* 2.7 (6/220) 45.0 (99/220)

8 Reading street signs Distance vision Difficulty (5) 5.6 (13/233)* 5.0 (11/220) 50.5 (111(220)

9 Going down stairs at night Distance vision Difficulty (5) 10.3 (24/233)* 4.3 (9/209) 23.0 (48/209)

10 Seeing objects off to side Peripheral vision Difficulty (5) 3.4 (8/233)* 1.8 (4/225) 38.2 (86/225)

11 Seeing how people react Social function Difficulty (5) 4.7 (11/233)* 2.3 (5/222) 55.0 (122/222)

12 Difficulty matching clothes Colour vision Difficulty (5) 8.2 (19/233)* 2.8 (6/214) 65.0 (139/214)

13 Visiting others Social function Difficulty (5) 12.0 (28/233)* 4.4 (9/205) 55.6 (114/205)

14 Going out to movies/plays Distance vision Difficulty (5) 29.6 (69/233)* 12.2 (20/164) 48.8 (80/164)

15 Driving in daylight Driving Difficulty (5) 77.3 (180/233) 0 (0/53) 90.6 (48/53)

16 Driving in difficult conditions Driving Difficulty (5) 79.4 (185/233)* 10.4 (5/48) 14.6 (7/48)

17 Accomplish less Role limitations Frequency (5) 3.0 (7/233) 12.0 (27/226) 45.1 (102/226)

18 Limited endurance Role limitations Frequency (5) 4.3 (10/233) 9.9 (22/223) 41.7 (93/223)

19 Amount of time in pain Ocular pain Frequency (5) 4.3 (10/233) 0.5 (1/223) 64.6 (144/223)

20 Stay home most of the time Dependency Agreement (5) 3.0 (7/233) 5.3 (12/226) 73.9 (167/226)

21 Frustrated Mental health Agreement (5) 2.6 (6/233) 7.1 (16/227) 64.3 (146/227)

22 No control Mental health Agreement (5) 2.6 (6/233) 8.8 (20/227) 59.0 (134/227)

23 Rely too much on others’ words Dependency Agreement (5) 2.6 (6/233) 7.5 (17/227) 70.9 (161/227)

24 Need much help from others Dependency Agreement (5) 2.6 (6/233) 8.8 (20/227) 70.5 (160/227)

25 Embarrassment Mental health Agreement (5) 3.0 (7/233) 2.2 (5/226) 76.1 (172/227)

Items in gray indicate excluded before Rasch analysis.

* A sixth option (stopped doing for other reasons/not interested in doing) was considered as missing data.

Table 2. Rasch analysis fit statistics of the two scales.

Scale

Items in

scale (n)

Misfitting

items (n)

Person

separation

index

Person

separation

reliability

Mean � SE

Person

measure (logits)

Mean � SD

Item measure

(logits)

Principal component

analysis (Eigenvalues)

Visual functioning 10 0 2.45 0.86 1.95 � 0.72 0.00 � 0.11 1.7

Socio-emotional 5 0 1.60 0.72 2.37 � 1.34 0.00 � 0.12 1.7
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two social functioning items; in the
other, the five items belonging to social
and emotional functioning were com-
bined (Table 2). All items in the two
separate scales showed acceptable fit to
the model, and PCA of the residuals of
both subscales revealed unidimension-
ality (Table 2).

We tested differential item function-
ing (DIF), which occurs when sub-
groups of individuals within the sample
respond differently to an item. Presence
of DIF leads to incorrect estimates of
the logit for an item (Massof 2011). We
defined DIF according to the scale
proposed by Pesudovs et al. (2010):
differences <0.5 logits = DIF-free or at
least DIF-trivial; differences between
0.5 and 1.0 logits = minimal DIF
(probably unimportant); and differ-
ences >1.0 logits = notable DIF. Dif-
ferential item functioning was tested
for age (≤83 versus ≥84 years), gender,
glaucoma stage (≤�6.75 versus
≥�6.76 dB in better eye) and general
health. Responses to the NEI VFQ-25
question about general health were
used to divide participants into those
rating their general health as at least
‘good’ and those indicating worse sub-
jective general health. Three items of
the visual functioning subscale showed
minimal DIF: going-down-steps-stairs-
at-night demonstrated by gender
(women 0.58, p = 0.0073), matching-
clothes by glaucoma stage (worse stage
0.53, p = 0.0355) and reading-print by
general health (worse general health
0.51, p = 0.0106). No item had to be
excluded due to large DIF (>1.0 log-
its).

Finally, the overall performance of
the model was evaluated using person
separation indices (e.g. reliability coef-

ficient) and targeting. The reliability
coefficient can be used to determine the
number of statistically distinct levels of
person ability that an instrument can
discriminate. For results to be
included, we required a reliability coef-
ficient of ≥0.8, which means that the
instrument can distinguish at least
three different levels of person ability
(Massof 2011). Targeting evaluates the
suitability of the difficulty of the items
on the instrument in relation to the
person ability of the sample and is
considered good if the difference
between mean scores for items and
persons is <1 logits (Pesudovs et al.
2010). We did not specify a formal
criterion for minimal targeting, because
we did not intend to change the NEI
VFQ-25, but rather to analyse results
obtained with the instrument in its
existing form.

The difference between the mean
person measure and the mean item
measure was >1.0 logits for both sub-
scales (Table 2), indicating that the
items were not optimally matched to
the sample. Person separation indices
were acceptable for the visual function-
ing subscale but were not satisfactory
for the ‘socio-emotional’ subscale
(Table 2). Therefore, our final Rasch
model contained only the 10 items
belonging to the visual functioning
model (Table 3).

Statistical analysis

To facilitate comparison with other
studies, we used linear transformation
to rescale Rasch estimates of person
measures to positive values (hereafter
designated as Rasch-calibrated NEI
VFQ-25 scores), with 0 as the lowest

possible visual ability. Rasch-cali-
brated NEI VFQ-25 scores calculated
from the final model were used in all
analyses.

One-way ANOVA and Bonferroni tests
were performed to evaluate potential
differences in VRQOL between the
various levels of visual impairment.
Uni- and multivariate logistic regres-
sion analyses were performed to eval-
uate the association between the
Rasch-calibrated NEI VFQ-25 scores
and VF status at final follow-up visit
defined by the mean deviation (MD),
visual field index (VFI) and VA in the
better eye, and gender, age and pres-
ence of cataract. All factors showing a
statistically significant association in
univariate analysis were subsequently
included into the multivariate model.
The data were analysed using SPSS

version 22 (SPSS Inc., Chicago, IL,
USA). A significance level of p < 0.05
was used in all analyses.

Results

In all, 91.4% (233) of the 255 patients
with glaucoma originally included in
the EMGT completed at least one NEI
VFQ-25 questionnaire. Also, 109
patients (42.8%) were still under fol-
low-up in December 2013, and 89.9%
(98) of those 109 completed the ques-
tionnaire for the last time during 2013.
Mean time between the final NEI
VFQ-25 and the end of the trial (i.e.
December 31, 2013, or death) was
18.5 �22.7 months. The follow-up
time after randomization was 15 �
4 years on average and was more than
10 years for over 80% of patients.

At the final follow-up visit, the
patients were on average aged
83.3 � 5.5 years (median 84, range
62–95 years), and 68% (158/233) were
women. Mean MD values for the
better and worse eye were �8.0 �
6.7 dB (median �6.8, range �29.02 to
1.92) and �14.3 � 7.9 dB (median
�13.7, range �30.65 to 0.98), respec-
tively. Better-eye mean VFI was
79 � 21% (median 84%, range 4–
100%), and worse-eye mean VFI was
56 � 27% (median 58%, range 0–
100%). Visual acuity ranged from
0.03 to 1.58 in the better eye (mean
VA 0.72 � 0.28) and from no light
perception to 1.38 in the worse eye
(mean VA 0.54 � 0.28).

At the last visit, 3% (8/233) of the
patients were blind, 6% (13/233) had

Table 3. Fit statistics of the National Eye Institute Visual Function Questionnaire 25 items

included in the final model.

No. Item* Measure (logits) SE Infit MNSQ Outfit MNSQ

9 Going down stairs at night 1.10 0.11 1.08 1.19

6 Seeing well up close 0.80 0.10 0.92 0.95

5 Reading normal print 0.57 0.10 0.93 0.91

10 Seeing objects off to side 0.32 0.10 1.04 1.11

14 Going out to movies/plays 0.30 0.13 1.12 0.94

8 Reading street signs �0.13 0.12 1.16 1.05

7 Finding objects on crowded shelf �0.18 0.11 0.85 0.79

13 Visiting others �0.70 0.12 0.89 0.74

11 Seeing how people react �0.74 0.11 0.90 0.84

12 Difficulty matching clothes �1.33 0.14 1.12 1.08

MNSQ = mean square.

* The most difficult item is at the top and the least difficult item at the bottom of the table.
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low vision, 9% (22/233) had one blind
eye, and 10% (24/233) had one eye
with low vision. Glaucoma was the
major cause of blindness and low
vision in 88% (7/8) and 62% (8/13),
respectively. Age-related macular
degeneration was the other main cause
of visual impairment [occurring in 29%
(5/21) of visually impaired patients: in
one of eight blind patients and in four
of 13 reduced-vision patients].

Rasch-calibrated NEI VFQ-25
scores could be calculated for 231
(99.1%) of 233 patients using the visual
functioning model; calculation was not
possible for the remaining 2, because
those patients answered stopped doing
this for other reason/not interested in
doing on all items included in the final
model. The mean linear transformed
person measure was 66 � 22 (median
67, range 0–104).

Rasch-calibrated NEI VFQ-25
scores were moderately correlated with
patients’ visual function at the last
visit, showing the highest correlation
with VA (r2 = 0.330, p < 0.001). Cor-
relation with Rasch-calibrated NEI
VFQ-25 scores was slightly stronger
for better-eye VFI (r2 = 0.200,
p < 0.001) than for better-eye MD
(r2 = 0.193 p < 0.001) and was weak
for both age (r2 = 0.039, p = 0.003)
and gender (r2 = 0.033, p = 0.006).
No significant correlation was found
between Rasch-calibrated NEI VFQ-
25 scores and cataract status
(r2 = 0.001, p = 0.609). We chose to
include VFI in the multivariate model,
because, compared to MD, it was
better correlated with the person mea-
sures in univariate analysis. In multi-
variate regression analysis, only VA
and VFI were significantly associated
with Rasch-calibrated NEI VFQ-25
scores (Table 4). Better-eye VA and
better-eye VFI accounted for nearly
40% (r2 = 0.380) of the Rasch-cali-
brated NEI VFQ-25 scores.

Rasch-calibrated NEI VFQ-25
scores for patients with and those
without visual impairment were
31 � 15 and 69 � 20, respectively
(p < 0.001). Figure 1 shows the
Rasch-calibrated NEI VFQ-25 scores
for patients with reduced vision or
blindness in one or both eyes. In Bon-
ferroni tests, differences in VRQOL
between directly adjacent visual impair-
ment groups did not reach statistical
significance (all p > 0.05), but the dif-
ference between patients with one blind

eye and those with reduced vision in the
better eye did reach borderline signifi-
cance (p = 0.076).

Rasch-calibrated NEI VFQ-25
scores included maximum values (i.e.
good VRQOL) for patients with a VFI
of ≥50% (or MD ≥ �18 dB) in the
better eye, but the maximum Rasch-
calibrated NEI VFQ-25 scores never
exceeded 70 in patients with a
VFI < 50% (or MD < �18 dB) in the
better eye (Fig. 2). Scores differed sig-
nificantly between patients with better-
eye VFI values of <50% compared to
those with VFI ≥ 50% (mean scores
39 � 21 versus 68 � 21, p < 0.001), or
with better-eye MD values of <�18 dB
compared to those with ≥�18 dB
(mean scores 39 � 21 versus 68 � 21,
p < 0.001).

Discussion

The current study is the first investiga-
tion to analyse VRQOL in patients

with glaucoma who had been followed
an average of 15 years after diagnosis,
which represents a period that is longer
than the average number of years that
patients with glaucoma live following
diagnosis (Quigley & Vitale 1997; Bro-
man et al. 2008; Peters et al. 2013). At
the last follow-up visit, 9% of the
patients were visually impaired, and
these subjects rated their VRQOL sig-
nificantly lower than those with main-
tained visual function. Significantly
worse VRQOL was also reported by
patients with impaired vision in one eye
compared to those with no impairment
in either eye. However, the relationship
between VF loss and VRQOL was
weak. Correlation with VRQOL was
marginally higher for better-eye VFI
than for better-eye MD, but was
stronger for better-eye VA than for
VF status. In multivariate analysis,
better-eye VA and better-eye VFI
together explained nearly 40% of the
Rasch-calibrated NEI VFQ-25 scores.

Table 4. Correlation coefficients from multivariate regression analysis with Rasch-estimated

person measures.

Reference Adjusted r2 p-value

Model summary 0.388 <0.001
Age Per year 0.903

Gender Male 0.115

VFI* in eye with better VF Per % <0.001
VA in eye with better VA Per 0.1 unit on Snellen scale <0.001

VA = visual acuity, VF = visual field.

* Mean deviation value was not included in the multivariate model, because the visual field index

(VFI) showed higher correlation with Rasch person measures in univariate analysis.
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Fig. 1. Rasch-calibrated NEI VFQ-25 scores in relation to visual function at final visit. Patients

with low vision or blindness in one eye had significantly lower NEI VFQ-25 scores compared to

patients without impaired vision in either eye. NEI VFQ-25, National Eye Institute Visual

Function Questionnaire 25.
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Interestingly, age was only weakly
correlated with VRQOL, and the effect
of age was no longer significant in
multivariate analysis. Cataract in the
better eye had no impact on VRQOL.
Our results indicate that a better-eye
VFI of 50% or a better-eye MD of
18 dB is an important threshold for
VRQOL in patients with glaucoma.

The strengths of this study include
its prospective design, which ensured
very little missing data. In addition, the
long follow-up time gave information
on patients with the entire range of
glaucoma severity, even though the
patients initially enrolled in the EMGT
had relatively early disease. Another
advantage of our analysis is that we
used a Rasch model to analyse the
results of the NEI VFQ-25 in order to
limit the shortcomings of the original
published scoring system.

Our investigation also had some
limitations. The study population
included only prospectively followed
patients, and hence, it was not possible
to determine if and to what extent
patient satisfaction with the care set-
ting might have impacted the results.
The NEI VFQ-25 was never adminis-
tered to 22 (8.6%) of the 255 patients
enrolled into the EMGT. However, we
believe it is unlikely that VRQOL
would have been rated differently by
this subgroup compared to the patients
that were included in our analysis,
because there were no statistically sig-

nificant differences in baseline charac-
teristics between these subgroups
(Hyman et al. 2005).

Similar to previously published
results, we found a significant, albeit
moderate, relationship between VF loss
in the better eye and VRQOL (Gutier-
rez et al. 1997; Parrish et al. 1997;
Mills et al. 2001; Sumi et al. 2003;
Hyman et al. 2005; McKean-Cowdin
et al. 2008; van Gestel et al. 2010). Our
finding that correlation with the NEI
VFQ-25 scores was stronger for VFI
than for MD agrees with results
reported by Sawada et al. (2011). The
association with VRQOL was weaker
for VF loss in the worse eye than for
VF loss in the better eye (results not
shown), which also concurs with other
studies (van Gestel et al. 2010; Sawada
et al. 2011; Okamoto et al. 2014). Bet-
ter-eye VA showed the strongest cor-
relation with VRQOL, and better-eye
VA and better-eye VFI together
explained nearly 40% of the Rasch-
calibrated NEI VFQ-25 scores. Never-
theless, there was still 60% unexplained
variation in the outcomes, indicating
that there are additional factors that
influence the perception of VRQOL in
patients with glaucoma. One such fac-
tor might be that the various locations
or types of VF defects have different
effects on VRQOL (van Gestel et al.
2010; Tabrett & Latham 2012; Murata
et al. 2013). The rate of progression of
the disease could be another factor

influencing VRQOL (Lisboa et al.
2013; Medeiros et al. 2015), allowing
patients with slower progression to
develop compensatory mechanisms
that enable them to cope better with
visual function losses.

Some authors advocate using binoc-
ular VF results to evaluate VRQOL,
because monocular measures might
overestimate VF loss (Asaoka et al.
2011), and patients with overlapping
VF loss might experience more
difficulties in everyday life (Coleman
2007). However, the results of other
cross-sectional studies indicate that
evaluating the VF of the better eye
provides information similar to data
obtained by binocular assessment
(Kulkarni et al. 2012; Saunders et al.
2012) and that the association between
VRQOL and better-eye MD is similar
to the association between VRQOL
and binocular VF (McKean-Cowdin
et al. 2008; Ramulu 2009; van Gestel
et al. 2010; Arora et al. 2013; Okamoto
et al. 2014). In the Collaborative Initial
Glaucoma Treatment Study, Musch
et al. (2006) found that patients with
glaucoma had better VRQOL after
cataract surgery. In our sample, catar-
act in the better eye was not correlated
with VRQOL. However, we did not
evaluate differences in VRQOL before
and after surgery.

Our results confirm the earlier obser-
vation that the NEI VFQ-25 is a
multidimensional instrument measur-
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ing two aspects of visual ability (Mas-
sof & Fletcher 2001; Marella et al.
2010; Pesudovs et al. 2010). The first
scale, which has been designated the
visual functioning scale by Marella
et al. (2010), contains all items from
the near vision, distance vision, colour
vision, peripheral vision and social
functioning subscales. The second scale
has been called a socio-emotional scale
(Marella et al. 2010), and it includes
the mental health, dependency and role
difficulty subscales of the NEI VFQ-25.
The reliability of the socio-emotional
subscale was not acceptable in our
study, and hence, we chose not to
include data from this subscale in our
analyses. There are two explanations
for the unsatisfactory reliability: first,
we found distorted response category
thresholds in the rating scale associated
with most of the socio-emotional items;
second, we had to eliminate four items
from the socio-emotional subscale due
to misfit to the model. Both these
aspects decreased the possibility to
distinguish different ability groups by
their responses to the socio-emotional
subscale.

In our sample, patients’ ability was
not optimally matched to the item
difficulty of the NEI VFQ-25. This
might be explained by the relatively
high number of EMGT patients that
still had good visual function at the last
follow-up visit, even if the cohort
included patients with a wide range of
glaucoma severity stages. Similar tar-
geting problems have previously been
observed in an evaluation of VRQOL
in a cataract population (Pesudovs
et al. 2010). Other studies have
reported much better targeting when
the NEI VFQ-25 was administered to
low-vision populations (Massof &
Fletcher 2001; Dougherty & Bullimore
2010; Marella et al. 2010).

Varma et al. (2006) demonstrated
lower VRQOL in Los Angeles Latino
Eye Study participants with visual
impairment (defined by VA alone),
and Gutierrez et al. (1997) found a
significant relationship between
Advanced Glaucoma Intervention
Study scores and NEI VFQ-25 out-
comes. In our investigation, Rasch-
calibrated NEI VFQ-25 scores were
significantly lower for visually impaired
glaucoma patients than for those with
better visual function. Poor visual
function in one eye only also substan-
tially reduced the reported VRQOL,

and, not surprisingly, the negative
impact on VRQOL was greater when
both eyes were impaired.

Many patients with VF loss of <50%
(e.g. VFI 50% or MD �18 dB) in the
better eye rated their VRQOL at a level
similar to that reported by patients
with no VF loss in the better eye.
However, in patients with VF loss of
>50% in the better eye, the Rasch-
calibrated NEI VFQ-25 score never
exceeded 70 (Fig. 2). Also, the patients
with VF loss of >50% had significantly
lower VRQOL that was comparable to
that noted in patients with low vision in
the better eye.

In conclusion, we found a statisti-
cally significant, although modest,
correlation between VRQOL measured
by the NEI VFQ-25 and better-eye VF
loss. Our results support the arbitrary,
but widely used, limit of a better-eye
VF loss of <50% as an important
threshold for severe functional impair-
ment.
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