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2Bernard and Shirlee Brown Glaucoma Research Laboratory, Department of Ophthalmology,
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States.
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Abstract

Purpose: To investigate the association of vision-related quality of life (VRQOL) with the
central visual field and macular ganglion cell complex (GCC) thickness in healthy participants,
and patients with preperimetric and perimetric glaucoma.

Design: Cross-sectional study.

Methods: A total of 39 healthy, 34 preperimetric glaucoma, and 145 perimetric glaucoma
patients completed the 25-item National Eye Institute Visual Function Questionnaire (NEI-VFQ).
A linear mixed effect models was used to investigate the association between the glaucoma stage
as measured by binocular 10-2 visual field mean sensitivity (VFMS) and GCC thickness with the
Rasch-calibrated NEI-VFQ score.

Results: A total of 436 eyes from 218 participants (mean age = 67.2 [95% Cl, 65.1 to 69.2]
years) were enrolled. VRQOL calculated by the NEI-VFQ Rasch-calibrated score was worst

for patients with perimetric glaucoma (50.7 [95%Cl, 47.2 to 54.2]), followed by patients with
preperimetric glaucoma (41.2 [95%Cl, 34.5 to 47.9]) and healthy controls (29.3 [95%(Cl, 24.0

to 34.7]. Worse VRQOL had a moderate association with a worse global binocular 10-2 VFMS
(-3.4 [95%Cl, -5.0 to —1.9] dB per 1 score; P=<.001; adjusted-R2 = 0.27), but not with a thinner
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global GCC in the better eye (-0.1 [95%Cl, —0.2 to 0.1] um per 1 score; P=.0485; adjusted-R? =
0.17).

Conclusions and relevance: These findings suggest that patients with perimetric and
preperimetric glaucoma have worse VRQOL than healthy eyes. As compared to macular thickness
measurements, the central visual field is more strongly associated with VRQOL and may better
help to identify patients in need of intervention.

Table of Contents Statement:
In this cross-sectional study of 218 participants (39 healthy controls, 34 preperimetric glaucoma,
and 145 perimetric glaucoma patients), vision-related quality of life was worse for patients with
perimetric glaucoma, followed by patients with preperimetric glaucoma and healthy controls.
Binocular 10-2 visual field mean sensitivities were more strongly associated with vision-related
quality of life than ganglion cell complex thickness.

Keywords
Glaucoma; Quality of life; National Eye Institute Visual Function Questionnaire

Introduction

Glaucoma is a progressive optic neuropathy and is a leading cause of blindness
worldwide.12 Glaucoma is characterized by loss of retinal ganglion cells (RGC) which

can affect a patient’s visual field (\VF) often leading to a progressive decline in functional
status.® VF testing is the gold standard method for evaluating functional vision changes in
patients with glaucoma; the manner in which these changes affect a person’s life is essential
for providers to understand and is an important area of current investigation.*:°

The National Eye Institute Visual Function Questionnaire (NEI-VFQ) was designed to
evaluate the effect of ocular disease on vision-related quality of life (VRQOL).5:7 In prior
studies evaluating the association between glaucomatous structural and functional changes
and the NEI-VFQ, lower questionnaire scores were significantly associated with the severity
of VF deteriorations.>8-11 Although approximately 40% of all RGCs are present in the
macula, only 12 test locations are available within the central 10° of the 24-2 VVF.12 A prior
study indicated that the 10-2 VF demonstrated a stronger association with the NEI-VFQ
score compared to the more peripheral 24-2 VVF, which emphasized the importance of
central VF evaluation in glaucoma.l2 In addition to the association of VVF defects and quality
of life, it has been shown that rates of change of retinal nerve fiber layer (RNFL) thinning,1°
defined by optical coherence tomography (OCT),1 were also significantly associated with
the lower NEI-VFQ scores and therefore quality of life.

Since it has been reported that the association between VF defects and NEI-VFQ follows

a linear relationship, even early glaucomatous damage could affect VRQOL.1* It is known
that by the time glaucomatous field loss presents, a large amount of RGCs have already
been lost. In these patients with early glaucoma, also known as preperimetric glaucoma, it
is important to know whether VRQOL is affected. Most studies compared the VRQOL only
between healthy and perimetric glaucoma, little is known about preperimetric glaucoma.
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Since macular RGCs loss usually precedes VF loss, which is the case in preperimetric
glaucoma, it is possible that the visual function of these patients is impacted and VRQOL
also is affected. Thus, the purpose of this study was to investigate the relationship between
the central VF and macular ganglion cell complex (GCC) measurement with VRQOL,
defined by the NEI-VFQ score, in healthy participants compared to those with patients
with preperimetric and perimetric glaucoma. As a secondary aim, we also investigated the
association of the number of glaucoma medications and VRQOL in these patients.

Methods

Participants

This is a cross-sectional study of patients enrolled in the Diagnostic Innovations in
Glaucoma Study (DIGS) and African Descent and Glaucoma Evaluation Study (ADAGES).
ADAGES and DIGS were designed with similar testing protocols, and details of the
procedures in DIGS and ADAGES have been previously published.1>-17 Data analysis

for the current study was undertaken in January 2022, and all participants from the study
who met the inclusion criteria described below were included. Written informed consent
was obtained from all study participants. The University of California, San Diego Human
Research Protection Program approved all protocols, and the methods described adhered to
tenets of the Declaration of Helsinki.

All study participants underwent annual comprehensive ophthalmologic evaluation including
best-corrected visual acuity, slit-lamp biomicroscopy, Goldmann applanation tonometry,
gonioscopy, and dilated fundus examination in both eyes. Semi-annual evaluations included
intraocular pressure (IOP) measurement, spectral-domain OCT (SDOCT; Spectralis,
Heidelberg Engineering, Germany) imaging, and standard automated perimetry testing

with Humphrey Field Analyzer (Carl Zeiss Meditec, Jena, Germany). This study included
participants diagnosed with perimetric glaucoma and preperimetric glaucoma, as well as
healthy controls. Preperimetric glaucoma was defined by glaucomatous-appearing optic
discs (i.e. the presence of focal thinning, notching of neuroretinal rim, or localized or

diffuse atrophy of the RNFL) without the presence of repeatable glaucomatous VF damage.
Perimetric glaucoma was defined by repeatable (at least two consecutive) abnormal 24-2 VF
test results with evidence of glaucomatous-appearing optic disc. An abnormal 24-2 VF test
was defined as a pattern standard deviation value at the 5% level or a Glaucoma Hemifield
Test result outside normal limits.

Inclusion criteria also included (1) older than 18 years of age, (2) open angles on
gonioscopy, (3) best-corrected visual acuity of 20/40 or better, (4) refraction less 5.0 diopters
sphere and 3.0 diopters cylinder at study entry, and (5) axial length of less than 27 mm for
both eyes. Exclusion criteria included (1) history of trauma or intraocular surgery (except
for uncomplicated cataract surgery or glaucoma surgery), (2) coexisting retinal disease,
uveitis, or non-glaucomatous optic neuropathy, (3) other systemic or ocular diseases known
to affect VF such as pituitary lesions or demyelinating diseases, and (4) significant cognitive
impairment (ex: Parkinson’s disease, Alzheimer’s disease, dementia, or a history of stroke).
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Spectral-Domain Optical Coherence Tomography

The Spectralis SDOCT native software (HEYEX, version 6.10) was used for computation
of the GCC thickness measurements from Posterior Pole (P.Pole) scans. The P.Pole scan
pattern of the Spectralis provides 61 horizontal B-scans (consisting of 768 A-scans per
B-scan) spanning a 30°x25° area centered in the macula and aligned to the fovea-Bruch’s
membrane opening axis. An 8x8 grid of thickness measurements centered on the fovea

was automatically generated, provided that 64 3°x3° superpixels were present in the central
24x24° of the scan. The GCC thickness measurements consisted of adding the thickness
measurement values of RNFL, ganglion cell layer, and inner plexiform layer. The central

24 superpixels were grouped into 3 concentric circles (3.4°, 5.6°, and 6.8° from the fovea)
and the averaged GCC thickness was calculated for each sector.18 The average thickness of
the GCC was also calculated in the superior and inferior hemiregions (each 12 superpixels),
and the global GCC was calculated using the average of superior and inferior hemiregions
as shown in Figure 1. Images showing non-centered scans, or quality scores of 15 dB or less
were excluded from the analysis. Inaccurate retinal layer segmentation was corrected when
possible. The closest SDOCT scan and VF tests acquired within 6 months before or after the
NEI-VFQ was included in the analysis.

Monocular and Binocular Visual Fields

For each patient, the better eye was defined by the better 24—2 \VVF MD.13 V/F tests with
good reliability indices (fixation losses and false negatives < 33% and < 33% false positives)
were included for both 24-2 and 10-2 VVF. An integrated binocular VVF was obtained using
the monocular VF for each eye according to the binocular summation technique described
by Nelson-Quigg et al. To calculate the mean sensitivity of the cluster of VVF locations,
averaging the antilogs of the threshold sensitivity of each location was calculated, and then
recalculating the logarithm for each of these regions. We grouped 44 10-2 VF locations into
3 concentric circles and mapped them to the SDOCT based on their topographic relationship
to the 8x8 macula posterior pole scan (Figure 1).

Rasch Analysis of National eye institute visual function questionnaire

The VRQOL was evaluated using the 25-item NEI-VFQ. This questionnaire was designed
to evaluate the dimensions of self-reported vision-related health status that are relevant

for patients with chronic eye diseases, including glaucoma.”-19 The NEI-VFQ consists

of 25 vision-related questions that represent 11 subscales, with an additional single-item
general health rating question. The 11 subscales are as follows; general vision, ocular

pain, difficulty with near-vision and distance activities, limitations with peripheral vision
and color vision, social functioning, driving difficulties, mental health symptoms related

to vision, role limitations, and dependency. Each subscale consists of 1-4 items. Rasch
analysis locates item difficulty and person ability on a logit scale. Personal disability scores
measured by the NEI-VFQ were linearly rescaled ranging from 0 to 100 (e.g., a score of 50
is equivalent to 50% of the highest disability score), with higher scores representing worse
visual functioning and well-being.29-22 Rasch analysis was conducted using Andrich rating-
scale models to acquire the estimates of the ability of each item, perceived ability of each
participant, and the category thresholds for each response category.23:24 Items belonging
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to mental health symptoms related to vision, role limitations, and dependency were
excluded, 2225 as a previous study showed non-direct relationship with visual functioning.26

Demographic and socioeconomic variables

Demographic data and socioeconomic and clinical questionnaires were collected at the

time of the NEI-VFQ. These questionnaires contained a survey about demographics,
educational level, income, marital status, and health insurance coverage. These variables
were categorized to include in the multivariable models as educational level (at least high
school degree [yes/na]), income (<$25000 per year [yes/no]), marital status (married [yes/
no]), and presence of health insurance (yes/no).2’ Co-morbid conditions that were accounted
for are as follows: arthritis, asthma, cancer, depression, diabetes mellitus, heart disease,
hypertension, and stroke. A simple summation score was calculated as the comorbidity
index score.28 Visual acuity was measured using an Early Treatment Diabetic Retinopathy
chart and logMAR measurements were used in the analyses.

Statistical analysis

Results

Patient and eye characteristics data were presented as mean (95% CI) for continuous
variables and count (%) for categorical variables. Statistically significant differences in
patient characteristics among the healthy controls, patients with preperimetric glaucoma and
patients with perimetric glaucoma were determined using analysis of covariance and post
hoc Tukey’s honestly significant difference test for continuous variables and Fisher’s exact
test for categorical variables. To determine the association between number of glaucoma
medications and NEI-VFQ Rasch-calibrated score, the score was stratified by number of
glaucoma medications and diagnosis (perimetric or preperimetric glaucoma). Multivariable
linear regression analysis was performed to ascertain the association between diagnosis
(perimetric glaucoma, preperimetric glaucoma, and healthy) and NEI-VFQ Rasch-calibrated
score, while adjusting for age, sex, self-reported race, LogMAR visual acuity, the interaction
term between glaucoma diagnosis and number of glaucoma medications, and socioeconomic
variables. Subsequently, similar models also adjusted for GCC thickness or binocular 10—

2 VVF mean sensitivity were constructed. Adjusted-R? values were obtained using linear
regression model to examine which of the OCT or VF sectors correlated with the NEI-VFQ
Rasch-calibrated score. An R? that ranged 0-0.25 was considered weak, and between 0.25—
0.50 was considered moderate.29 Statistical analyses were performed using Stata version
16.0 (StataCorp, College Station, TX). All P values were two-sided.

A total of 436 eyes of 218 participants (39 healthy controls, 34 preperimetric glaucoma,
and 145 perimetric glaucoma) were included in the analysis. Mean age was 67.2 (95%

Cl, 65.1 to 69.2) years. LogMAR visual acuity was 0.07 (95% CI, 0.06 to 0.09) for the
better eye and 0.10 (95% ClI, 0.07 to 0.13) for the worse eye. 24-2 VF MD was -2.5

(95% ClI, —-3.1 to —1.9) dB for the better eye and —6.8 (95% CI, —7.9 to -5.8) dB for

the worse eye. Binocular 10-2 VF mean sensitivity was 33.1 (95% Cl, 32.8 to 33.4)

dB. Demographics and clinical characteristics of the participants are presented in Table 1.
Binocular 10-2 mean sensitivity was worst for perimetric glaucoma (32.4 [95% ClI, 32.1 to

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.
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32.7] dB), followed by preperimetric glaucoma (34.0 [95% ClI, 33.5 to 34.5] dB) and healthy
controls (35.0 [95% Cl, 34.7 to 35.3] dB) (/<.001) (Supplemental Figure 1). Similarly,
VRQOL calculated by the NEI-VFQ Rasch-calibrated score was worst for patients with
perimetric glaucoma (50.7 [95% Cl, 47.2 to 54.2]), followed by patients with preperimetric
glaucoma (41.2 [95% ClI, 34.5 to 47.9]) and healthy controls (29.3 [95% Cl, 24.0 to 34.7])
(P<.001, a higher NEI-VFQ score corresponding to a worse QoL) (Figure 2). In the patients
with preperimetric glaucoma, VRQOL calculated by Rasch-calibrated NEI-VFQ increased,
representing more disability with using a higher number of glaucoma medications in both
the better and worse eye from 31.9 and 35.5 in patients not using medications to 55.1

for participants using 3 medications, P=.023 and P=.118 respectively (Supplemental Table
1). A similar relationship was found between worse VRQOL and a higher number of
glaucoma medications in perimetric glaucoma patients with glaucoma medications using

2 or more. Although no linear relationship was found between the number of glaucoma
medications and VRQOL in both the better and worse eye (P=.582 and P=.438 respectively),
the proportion of individuals who had filtration surgery was higher in the patients using

0 or 1 glaucoma medications than in the patients using 2 glaucoma medications in the
better eye (26.9%, 20.0%, and 15.2%, respectively, Supplemental Table 2). In the patients
with preperimetric glaucoma and perimetric glaucoma, the higher number of glaucoma
medications was associated with worse VRQOL for the better eye, 5.7 (95% CI, 0.2 to
11.1) per 1 number of medications (P=.042) and 4.3 (95% CI, 2.1 to 6.5) per 1 number of
medications (A<.001), respectively (Supplemental Table 3).

Table 2 shows the results of the univariable and multivariable model which investigates
the association between diagnosis and the NEI-VFQ Rasch-calibrated score while
adjusting for potential confounding factors. In the multivariable model, patients with
preperimetric glaucoma demonstrated a greater disability with VRQOL (higher NEI-VFQ
Rasch-calibrated score) that was 11.0 (95% ClI, 0.7 to 21.3) points higher than healthy
controls (P=.037), while patients with perimetric glaucoma also demonstrated a greater
disability with VRQOL that was 8.2 (95% CI, 0.1 to 16.2) points higher than patients with
preperimetric glaucoma (P=.047). Higher number of glaucoma medications was associated
with a greater disability with VRQOL that was 4.5 (95% ClI, 2.3 to 6.8) points higher per 1
medication in univariable model (A<.001), but not in the multivariable model (2.3 [95% ClI,
-0.2 to 4.7] points higher per 1 medication, £=.070).

Table 3 summarizes the results of the multivariable association of binocular 10-2 VF mean
sensitivity or GCC thickness (exposure) with NEI-VFQ Rasch-calibrated score (outcome)
while adjusting for potential confounding factors. Worse global binocular 10-2 VF mean
sensitivity showed a moderate association with worse VRQOL (-3.4 [95% CI, -5.0 to
-1.9] dB per 1 score; P=<.001; adjusted-R?=0.27). When stratified by the distance from the
fovea, the binocular 10-2 VF MS of the 6.8° area had the strongest association with the
NEI-VFQ Rasch-calibrated score (-3.4 [95% CI, —4.9 to —1.8] dB per 1 score; P=<.001;
adjusted-R2=0.27), followed by the binocular 10-2 VF MS of the 5.6° (3.3 [95% CI, —4.9
to —1.7] dB per 1 score; P=<.001; adjusted-R2=0.26) and 3.4° (-2.9 [95% CI, —4.3 to —1.4]
dB per 1 score; P=<.001; adjusted-R?=0.26) areas. Worse VRQOL had a weak association
with thinner global GCC in the better eye which did not reach statistical significance (-0.1
[95% CI, —0.2 to 0.1] um per 1 score; P=.485; adjusted-R?=0.17).

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.
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Discussion

This study demonstrates that patients with both perimetric and preperimetric glaucoma
have worse vision-related quality of life compared to healthy participants. VRQOL was
most compromised for patients with perimetric glaucoma, followed by patients with pre-
perimetric glaucoma and then by healthy controls. Previous cross-sectional and longitudinal
studies have expectedly shown that patients with perimetric glaucoma have a lower
VRQOL as compared to healthy controls.2>30 However, this study shows that even prior
to glaucomatous visual field damage, patients report a lower VRQOL. These results are
different from an earlier study by Daga et al, which did not find a significant difference

in VRQOL between healthy participants and those with preperimetric glaucoma.3! This
discrepancy may be attributed to differences in clinical and demographic characteristics in
the study populations, and using evidence of RNFL loss on OCT to detect glaucomatous
optic neuropathy on their preperimetric glaucoma patients as opposed to our definition
which was based on clinical examination or photographs.

In the current study, 67.7% of patients with preperimetric glaucoma used glaucoma
medications and VRQOL worsened as the number of glaucoma medications increased. This
relationship was significant in the univariable but not multivariable model. Previous report
showed that worse VRQOL was associated with the number of instilled drops per day and
the presence of ocular surface disease,32:33 therefore this was adjusted in the model. Our
findings suggest that, even if there is no objective evidence of glaucomatous VF defects,
patients with preperimetric glaucoma may already have a subjective experience of quality of
life impairment. Additionally, standalone structural change and glaucoma medications also
may be associated with self-reported disability in NEI-VFQ.

In addition, this study also examined the association of NEI-VFQ score with 10-2 VF

MS and GCC thickness, which has not been examined before. The stronger correlation of
10-2 VF MS with NEI-VFQ score, as compared to that of GCC, is consistent with the
more severe VRQOL impairment observed in the perimetric glaucoma patients than in the
preperimetric glaucoma patients. While GCC and VRQOL were weakly associated in this
study, we previously have found that a faster rate of GCC thinning was associated with
lower VRQOL in patients with glaucoma.

In contrast to the conventional notion that the fovea and macula are not affected until the late
stages of glaucoma, papillofoveal and papillomacular bundle defects have been found to be
common in early glaucoma, and these are associated with central \VF sensitivity loss at the
corresponding VF test locations.3# This study evaluated the association of different sectors
of the VF surrounding the fovea with VRQOL. The 5.6° and 6.8° circular areas showed a
significant association with NEI-VFQ Rasch-calibrated score. This finding is supported by
the study by Hood et al., in which the macula vulnerability zone was described to mainly
consist of measurement points within 5.6° and 6.8° areas.3> Another study by Blumberg et
al also found the association between VRQOL and central VF loss, although the sectoral
analysis was not performed.13

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.
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The strength of the study is the assessment of the relationship among GCC thickness, central
VF, and the QOL decline in a large cohort of preperimetric and early glaucoma patients.
While, there are several limitations of this study. First, as with all other questionnaires,
VRQOL is a subjective evaluation, which may not provide an objective, reliable, and
accurate representation of the level of disability. Second, although we adjusted for potential
confounding factors relevant to the VRQOL outcome in the analysis, there may be some
residual factors that were not considered due to the complicated nature of QOL. Third, the
Rasch score is a normalized score and is calculated based on the best and worst NEI-VFQ
scores reported in the population of each study. Therefore, our scores may not be similar

to those reported in other study populations, and one should be cautious when generalizing
the findings. Fourth, several subscales (mental health symptoms related to vision, role
limitations, and dependency) were excluded from the analysis in accordance with previous
studies. Although NEI-VFQ 25 is widely used to measure QOL, the multidimensionality and
poor fitness in subscales were also reported. The development of a new questionnaire or
revision of the NEI-VFQ could provide a more accurate assessment of a patient’s VRQOL,
including the socioemotional aspects. Last, the cross-sectional design of the current study
may be subject to some limitations when assessing QoL. For example, patients with slowly
progressing glaucoma may develop adaptation to the daily disability, causing variable results
of NEI-VFQ scores over time. Future longitudinal studies are needed to elucidate how
glaucoma progression is associated with the decline in VRQOL.

In conclusion, patients with both perimetric and preperimetric glaucoma are associated
with a worse VRQOL. With preperimetric glaucoma showing a decreased QOL, our results
highlight the importance of monitoring and managing preperimetric glaucoma, a clinical
entity often neglected in the clinic. As compared to macular thickness measurements, the
central VF is more strongly associated with VRQOL and, therefore, may better identify
patients in need of intervention. In addition, although glaucoma eye drops are essential for
IOP lowering treatment, clinicians should keep in mind that sometimes they may reduce
QOL and be a burden to the patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

Financial Support:

National Eye Institute (RO1EY 029058, RO1EY011008, RO1EY 019869, RO1EY027510, RO1EY 026574,
RO1EY018926, and P30EY022589); an unrestricted grant from Research to Prevent Blindness (New York, NY);
EyeSight Foundation of Alabama; UC Tobacco Related Disease Research Program (T311P1511); and grants for
participants’ glaucoma medications from Novartis/Alcon Laboratories Inc, Allergan, Akorn, Pfizer, Merck, and
Santen. The funders had no role in the design and conduct of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript
for publication.

Financial Disclosures:

T.N: none; S.M.: none; M.L.M.Y.: none; J.H.W.: none; V.M.: none; A.K.: none; G.M.: none; J.M.L.: nonfinancial
support from Bausch & Lomb, Carl Zeiss Meditec, Heidelberg Engineering, Novartis, Optovue, and Reichert
Technologies; and personal fees from Alcon, Allergan, Carl Zeiss Meditec, and Heidelberg Engineering; M.A.F.:

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nishida et al.

Page 9

personal fees from Heidelberg Engineering; C.A.G.: personal fees from Heidelberg Engineering; L.M.Z: grants and
nonfinancial support from Heidelberg Engineering, and nonfinancial support from Carl Zeiss Meditec, Optovue,
and Topcon, and she also is a consultant for Abbvie.; R.N.W.: nonfinancial support from Heidelberg Engineering,

Cal

rl Zeiss Meditec, Konan Medical, Optovue, Centervue, and Topcon, and personal fees from Abbvie, Aerie

Pharmaceuticals, Allergan, Eyenovia, Nicox, and Topcon, and he also is a consultant for Toromedes, lantrek,
IOPtic, and Implandata.

References
1.

10

11.

Weinreb RN, Khaw PT. Primary open-angle glaucoma. Lancet. May 22 2004;363(9422):1711-20.
doi:10.1016/S0140-6736(04)16257-0 [PubMed: 15158634]

. Quigley HA. Proportion of those with open-angle glaucoma who become blind. Ophthalmology.

Nov 1999;106(11):2039-41. doi:10.1016/S0161-6420(99)90516-X [PubMed: 10571331]

. Weinreb RN, Aung T, Medeiros FA. The pathophysiology and treatment of glaucoma: a review.

JAMA. May 14 2014;311(18):1901-11. doi:10.1001/jama.2014.3192 [PubMed: 24825645]

. De Moraes CG, Liebmann JM, Levin LA. Detection and measurement of clinically meaningful

visual field progression in clinical trials for glaucoma. Prog Retin Eye Res. Jan 2017;56:107-147.
doi:10.1016/j.preteyeres.2016.10.001 [PubMed: 27773767]

. Abe RY, Diniz-Filho A, Costa VP, Gracitelli CP, Baig S, Medeiros FA. The Impact of Location

of Progressive Visual Field Loss on Longitudinal Changes in Quality of Life of Patients with
Glaucoma. Ophthalmology. Mar 2016;123(3):552-7. doi:10.1016/j.0phtha.2015.10.046 [PubMed:
26704883]

. Mangione CM, Lee PP, Gutierrez PR, et al. Development of the 25-item National Eye Institute

Visual Function Questionnaire. Arch Ophthalmol. Jul 2001;119(7):1050-8. [PubMed: 11448327]

. Mangione CM, Lee PP, Pitts J, Gutierrez P, Berry S, Hays RD. Psychometric properties

of the National Eye Institute Visual Function Questionnaire (NEI-VFQ). NEI-VFQ Field Test
Investigators. Arch Ophthalmol. Nov 1998;116(11):1496-504. doi:10.1001/archopht.116.11.1496
[PubMed: 9823352]

. Kim YS, Yi MY, Hong YJ, Park KH. The impact of visual symptoms on the quality of

life of patients with early to moderate glaucoma. Int Ophthalmol. Aug 2018;38(4):1531-1539.
d0i:10.1007/s10792-017-0616-1 [PubMed: 28660555]

. Medeiros FA, Gracitelli CP, Boer ER, Weinreb RN, Zangwill LM, Rosen PN. Longitudinal changes

in quality of life and rates of progressive visual field loss in glaucoma patients. Ophthalmology. Feb
2015;122(2):293-301. doi:10.1016/j.0phtha.2014.08.014 [PubMed: 25444345]

. Gracitelli CP, Abe RY, Tatham AJ, et al. Association between progressive retinal nerve fiber

layer loss and longitudinal change in quality of life in glaucoma. JAMA Ophthalmol. Apr
2015;133(4):384-90. doi:10.1001/jamaophthalmol.2014.5319 [PubMed: 25569808]

Garg A, Hood DC, Pensec N, Liebmann JM, Blumberg DM. Macular Damage, as Determined by
Structure-Function Staging, Is Associated With Worse Vision-related Quality of Life in Early
Glaucoma. Am J Ophthalmol. Oct 2018;194:88-94. doi:10.1016/j.a2j0.2018.07.011 [PubMed:
30053467]

12. Curcio CA, Allen KA. Topography of ganglion cells in human retina. J Comp Neurol. Oct 1

1990;300(1):5-25. doi:10.1002/cne.903000103 [PubMed: 2229487]

13. Blumberg DM, De Moraes CG, Prager AJ, et al. Association Between Undetected 10-2 Visual

Field Damage and Vision-Related Quality of Life in Patients With Glaucoma. JAMA Ophthalmol.
Jul 1 2017;135(7):742-747. doi:10.1001/jamaophthalmol.2017.1396 [PubMed: 28542692]

14. McKean-Cowdin R, Varma R, Wu J, Hays RD, Azen SP, Group LALES. Severity of visual field

loss and health-related quality of life. Am J Ophthalmol. Jun 2007;143(6):1013-23. doi:10.1016/
j.2j0.2007.02.022 [PubMed: 17399676]

15. Sample PA, Medeiros FA, Racette L, et al. Identifying glaucomatous vision loss with visual-

function-specific perimetry in the diagnostic innovations in glaucoma study. Invest Ophthalmol Vis
Sci. Aug 2006;47(8):3381-9. doi:10.1167/iovs.05-1546 [PubMed: 16877406]

16. Sample PA, Girkin CA, Zangwill LM, et al. The African Descent and Glaucoma Evaluation Study

(ADAGES): design and baseline data. Arch Ophthalmol. Sep 2009;127(9):1136-45. doi:10.1001/
archophthalmol.2009.187 [PubMed: 19752422]

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nishida et al.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 10

Girkin CA, Sample PA, Liebmann JM, et al. African Descent and Glaucoma Evaluation

Study (ADAGES): Il. Ancestry differences in optic disc, retinal nerve fiber layer, and

macular structure in healthy subjects. Arch Ophthalmol. May 2010;128(5):541-50. doi:10.1001/
archophthalmol.2010.49 [PubMed: 20457974]

Mohammadzadeh V, Rabiolo A, Fu Q, et al. Longitudinal Macular Structure-

Function Relationships in Glaucoma. Ophthalmology. Jul 2020;127(7):888-900. d0i:10.1016/
j.ophtha.2020.01.023 [PubMed: 32173112]

Mangione CM, Lee PP, Gutierrez PR, et al. Development of the 25-item National Eye

Institute Visual Function Questionnaire. Arch Ophthalmol. Jul 2001;119(7):1050-8. doi:10.1001/
archopht.119.7.1050 [PubMed: 11448327]

Boone WJ, Staver JR, Yale MS. Rasch analysis in the human sciences. Springer; 2013.

Bond TG, Fox CM. Applying the Rasch model: fundamental measurement in the human sciences.
Psychology Press; 2013.

Nishida T, Moghimi S, Mohammadzadeh V, et al. Association Between Ganglion Cell

Complex Thinning and Vision-Related Quality of Life in Glaucoma. JAMA Ophthalmol. Aug

1 2022;140(8):800-806. doi:10.1001/jamaophthalmol.2022.2140 [PubMed: 35771529]
Goldstein JE, Bradley C, Gross AL, Jackson M, Bressler N, Massof RW. The NEI VFQ-25C:
Calibrating Items in the National Eye Institute Visual Function Questionnaire-25 to Enable
Comparison of Outcome Measures. Transl Vis Sci Technol. May 2 2022;11(5):10. doi:10.1167/
tvst.11.5.10

Bond T Applying the Rasch Model: Fundamental Measurement in the Human Sciences, Third
Edition. Taylor & Francis; 2015.

Abe RY, Gracitelli CP, Diniz-Filho A, Zangwill LM, Weinreb RN, Medeiros FA.

Frequency Doubling Technology Perimetry and Changes in Quality of Life of Glaucoma
Patients: A Longitudinal Study. Am J Ophthalmol. Jul 2015;160(1):114-122 el. doi:10.1016/
j.2j0.2015.04.007 [PubMed: 25868760]

Marella M, Pesudovs K, Keeffe JE, O’Connor PM, Rees G, Lamoureux EL. The psychometric
validity of the NEI VFQ-25 for use in a low-vision population. Invest Ophthalmol Vis Sci. Jun
2010;51(6):2878-84. doi:10.1167/iovs.09-4494 [PubMed: 20089878]

Lisboa R, Chun YS, Zangwill LM, et al. Association between rates of binocular visual field
loss and vision-related quality of life in patients with glaucoma. JAMA Ophthalmol. Apr
2013;131(4):486-94. doi:10.1001/jamaophthalmol.2013.2602 [PubMed: 23450425]

Globe DR, Varma R, Torres M, et al. Self-reported comorbidities and visual function

in a population-based study: the Los Angeles Latino Eye Study. Arch Ophthalmol. Jun
2005;123(6):815-21. doi:10.1001/archopht.123.6.815 [PubMed: 15955983]

Henseler J, Ringle CM, Sinkovics RR. The use of partial least squares path modeling in
international marketing. Advances in International Marketing. 2009;20:277-319.
McKean-Cowdin R, Varma R, Wu J, Hays RD, Azen SP, Los Angeles Latino Eye Study

G. Severity of visual field loss and health-related quality of life. Am J Ophthalmol. Jun
2007;143(6):1013-23. doi:10.1016/j.2j0.2007.02.022 [PubMed: 17399676]

Daga FB, Gracitelli CPB, Diniz-Filho A, Medeiros FA. Is vision-related quality of life impaired
in patients with preperimetric glaucoma? Br J Ophthalmol. Jul 2019;103(7):955-959. d0i:10.1136/
bjophthalmol-2018-312357 [PubMed: 30049801]

Leila K, Gatfaoui F, Mahjoub A, et al. [Impact of glaucoma medications and ocular surface disease
on the quality of life of glaucoma patients in the district of Sousse (Tunisia)]. J Fr Ophtalmol.

May 2019;42(5):464-470. Impact du traitement antiglaucomateux et de la pathologie de la surface
oculaire sur la qualite de vie des patients glaucomateux dans la region de Sousse (Tunisie).
doi:10.1016/j.jf0.2018.06.007 [PubMed: 30928241]

Skalicky SE, Goldberg I, McCluskey P. Ocular surface disease and quality of life in patients with
glaucoma. Am J Ophthalmol. Jan 2012;153(1):1-9 e2. doi:10.1016/j.aj0.2011.05.033 [PubMed:
21872203]

Leung CKS, Guo PY, Lam AKN. Retinal Nerve Fiber Layer Optical Texture Analysis:
Involvement of the Papillomacular Bundle and Papillofoveal Bundle in Early Glaucoma.

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nishida et al.

Page 11

Ophthalmology. Sep 2022;129(9):1043-1055. doi:10.1016/j.ophtha.2022.04.012 [PubMed:
35469924]

35. Hood DC, Raza AS, de Moraes CG, Liebmann JM, Ritch R. Glaucomatous damage of the
macula. Prog Retin Eye Res. Jan 2013;32:1-21. doi:10.1016/j.preteyeres.2012.08.003 [PubMed:
22995953]

Am J Ophthalmol. Author manuscript; available in PMC 2023 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nishida et al.

w
co
»
S
Q\
I

24 25

Figure 1.

€6

5\@

ar

Page 12

A schematic of 3 defined circular areas representing various distances from the fovea: circle
1 (pink), 3.4°; circle 2 (orange), 5.6°; and circle 3 (yellow), 6.8° mapped to how they are
topographically related to the SDOCT posterior pole scan. Average macular thickness and

10-2 visual field sensitivity were calculated for each circle, hemifield, and globally.
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Healthy Preperimetric Glaucoma

Figure 2.
Violin plots showing the distribution of National Eye Institute Visual Function Questionnaire

(NEI-VFQ) scores among healthy controls, preperimetric glaucoma, and perimetric
glaucoma groups. A higher NEI-VFQ Rasch-calibrated score represents higher disability.
The box indicates the interquartile range, overlaid with the density estimated by kdensity. P-
values were calculated using analysis of variance and post hoc Tukey’s honestly significant
difference test.
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Univariable and Multivariable Linear Regression Model Assessing the Association between NEI-VFQ Rasch-

calibrated Score and Diagnosis while Adjusting for Potentially Confounding Factors

Variables

Univariable Model

Multivariable Model

Coefficient, 95% ClI

P value

Coefficient, 95% ClI

P value

Diagnosis, preperimetric glaucoma vs healthy
Diagnosis, perimetric glaucoma vs preperimetric glaucoma

Diagnosis, perimetric glaucoma vs healthy

Age, per 10 years

Sex: female

Race: African Descent
LogMAR visual acuity of better eye

Education level with at least high school degree

Income >$25,000

Marital status (married)
Presence of healthcare insurance

Comorbidity index score

11.9 (3.5 t0 20.3)
95 (161t017.3)
21.3 (14.1t0 28.6)
2.9 (L0t04.7)
5.2 (-0.7 to 11.1)
5.4 (-0.4 10 11.2)
37.3 (15.4 10 59.3)
-5.8 (~16.9 10 5.4)
-6.8 (-13.310-0.2)
-3.8(-9.6 0 2.0)
-0.9 (-12.110 10.3)
11.9 (3.5 10 20.3)

.006
.019
<.001
.003
.083
.069
.001
310
.044
201
878
.004

11.0 (0.7 to 21.3)
8.2(0.11016.2)
19.2 (9.3 t0 29.0)
-1.4(-3.810 1.0)
45 (-1.510 10.5)
3.7 (-1.8109.3)
241 (0.1t048.2)

-6.9 (-19.4105.7)

-5.8(-12.7101.2)
-3.0(-9.1103.2)

4.0 (-10.4 to 18.4)
0.6 (-1.3102.4)

.037
.047
<.001
.264
.143
.189
.049
.281
.102
.345
.584
.559

Glaucoma diagnosis (perimetric and preperimetric vs healthy) x number
of glaucoma medications

45(2.3106.8)

<.001

2.3(-0.2104.7)

.070

Abbreviations: GCC, ganglion cell complex; NEI-VFQ, National Eye Institute Visual Function Questionnaire. Values are shown in mean (95% ClI).
Positive coefficient demonstrates that person disability scores measured by the NEI-VFQ increased (reflecting more disability) with increasing the
values of the putative factor. Statistically significant P values are shown in bold.
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