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Abstract
Objective—To determine the extent of difference between better-eye visual field (VF) mean
deviation (MD) and integrated VF (IVF) MD among Salisbury Eye Evaluation (SEE) subjects and
a larger group of glaucoma clinic subjects and to assess how those measures relate to objective
and subjective measures of ability/performance in SEE subjects.

Design—Retrospective analysis of population- and clinic-based samples of adults.

Participants—A total of 490 SEE and 7053 glaucoma clinic subjects with VF loss (MD ≤−3
decibels [dB] in at least 1 eye).

Methods—Visual field testing was performed in each eye, and IVF MD was calculated.
Differences between better-eye and IVF MD were calculated for SEE and clinic-based subjects. In
SEE subjects with VF loss, models were constructed to compare the relative impact of better-eye
and IVF MD on driving habits, mobility, self-reported vision-related function, and reading speed.

Main Outcome Measures—Difference between better-eye and IVF MD and relationship of
better-eye and IVF MD with performance measures.

Results—The median difference between better-eye and IVF MD was 0.41 dB (interquartile
range [IQR], −0.21 to 1.04 dB) and 0.72 dB (IQR, 0.04–1.45 dB) for SEE subjects and clinic-
based patients with glaucoma, respectively, with differences of ≥2 dB between the 2 MDs
observed in 9% and 18% of the groups, respectively. Among SEE subjects with VF loss, both
MDs demonstrated similar associations with multiple ability and performance metrics as judged
by the presence/absence of a statistically significant association between the MD and the metric,
the magnitude of observed associations (odds ratios, rate ratios, or regression coefficients
associated with 5-dB decrements in MD), and the extent of variability in the metric explained by
the model (R2). Similar associations of similar magnitude also were noted for the subgroup of
subjects with glaucoma and subjects in whom better-eye and IVF MD differed by ≥2 dB.

Conclusions—The IVF MD rarely differs from better-eye MD, and similar associations
between VF loss and visual disability are obtained using either MD. Unlike better-eye MD, IVF
measurements require extra software/ calculation. As such, information from studies using better-
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eye MD can be more easily integrated into clinical decision-making, making better-eye MD a
robust and meaningful method for reporting VF loss severity.

Visual field (VF) testing is central to the diagnosis and management of glaucoma and other
diseases affecting the visual system. Understanding the relationship between VF loss and the
disability resulting from glaucoma is important when assessing the impact of disease and
guiding an appropriate treatment program.

At present, there are 2 opposing approaches to measure VF loss when relating it to measures
of ability and performance. One common approach is to focus on VF loss in the better-
seeing eye. This approach is based on the idea that loss of vision in 1 eye alone is generally
not impactful because the fellow eye can compensate for the loss of visual function in 1
eye.1–7 An alternate approach considers that people largely function with binocular vision,
so that the degree of overlapping VF loss between the 2 eyes is the more appropriate
measure. Several systems have been developed to integrate monocular VFs to simulate this
binocular VF.8,9 The inherent assumption of such integration is that the integrated VF (IVF)
better reflects disability than parameters that can be judged by the individual right and left
eye VFs alone.

There currently are few data comparing how better-eye and IVF measures relate to
disability. Kulkarni et al10 recently found that of the 8 different VF staging systems they
studied, the better-eye and IVF scores were the most correlated to the single objective and
subjective measure of disability that they assessed. Furthermore, in their clinic-based
population of patients with glaucoma, they found no difference between how well the better-
eye and IVF scores correlated with these measures of disability. Data from the Salisbury Eye
Evaluation (SEE), a population-based sample of older adults, offer a unique opportunity to
address this question even more comprehensively, because standardized VFs were obtained
in a population-based cohort and ability and performance were measured using a variety of
subjective and objective criteria. In the current study, we examine whether individual
assessment of the right and left VFs or assessment of the IVF better relates to objective and
subjective ability and performance measures.

One possible explanation for why better-eye and IVF measures of VF might similarly
predict disability is that the both measures rarely differ.11 Therefore, we also examine how
often, to what extent, and at what levels of VF loss better-eye and IVF measures differ in
SEE subjects and in a large database of VFs from a university glaucoma clinic. We
specifically examine how different the associations between better-eye or IVF measures and
visual disability are in the subgroup of individuals with differing levels of better-eye and
IVF loss.

Methods
Data for analysis were derived from (1) the SEE Project, a prospective cohort study of
community-dwelling adults begun in 1993 to study the impact of visual function on physical
function; and (2) a database of VFs measured in patients with glaucoma at the Wilmer Eye
Institute between 1996 and 2010.12,13 The data from SEE were from the fourth and final
study round (conducted 8 years after baseline), the only study round in which threshold VF
testing was performed. All SEE participants gave written informed consent, and study
procedures were approved by the Johns Hopkins Institutional Review Board.
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Measures of Ability and Performance
Driving habits were obtained using a previously described questionnaire.1 Subjects who
described having previously driven a car, but reported not having driven a car over the
previous 12 months, were considered to have stopped driving for this analysis.1

Mobility measures included stair-climbing speed, walking speed along a straight 4-m course,
and performance in a standardized mobility course.7,14 Subjects were asked to walk the
mobility course as quickly as possible while avoiding all obstacles. Mobility course
performance metrics included walking speed and number of bumps.

Self-reported vision-related function was measured using the Activities of Daily Vision
Scale15 instrument, as previously described.16 For this analysis, only the subscales that had
adequate content validity, internal consistency, and discriminability were used as previously
determined in this study population.17 Participants reported the extent to which they
experienced difficulty with each survey item, with scores of 1 reflecting an inability to
perform the task because of one’s vision and a score of 5 reflecting no difficulty with the
task. If a person did not perform a task for reasons other than vision, the item was not
scored.16 The overall and subscale scores were determined by averaging all relevant scored
items and rescaling them to a 0 to 100 scale, with 0 representing an inability to perform all
activities because of vision and 100 indicating no difficulty with any activity.17,18

Reading speed was evaluated by having subjects read short passages (6th–9th grade level) of
nonscrolling text displayed on a computer screen. Reading was done out loud, with subjects
asked to read as quickly as possible. The number of correctly read words over a 15-second
interval was used to calculate reading speed. Words read incorrectly or out of order were not
counted. Reading speed was evaluated for 4 text sizes ranging from 0.131° (pharmacy label
print) to 0.525° (small newspaper heading size), with reading speed of size 2 text 0.26°
(newspaper size print) analyzed.19 The commonly defined reading threshold of 90 words per
minute was used for analysis.

Visual Field Testing and Selection
The VF testing was performed in each eye using the Humphrey Field Analyzer II (Carl Zeiss
Meditec, Dublin, CA) with the SITA Fast algorithm and 30-2 pattern for the SEE Project
and the SITA Standard algorithm and 24-2 pattern for patients with glaucoma tested at the
Wilmer Eye Institute. Because many subjects completed more than 1 VF test in each eye, it
was necessary to choose a single VF for use in this analysis. For the SEE project, all VFs
with >30% false-positives were excluded, and the first VF meeting the false-positive criteria
and the Ocular Hypertension Treatment Study reliability criteria for false-negatives and
fixation losses (<33% for each) was selected for analysis.20 Only fields with excess false-
positives were excluded because recent studies suggest that of the 3 reliability indices, an
excess of false-positives is by far the major threat to the reliability of the test result (Ramulu
PY. Determinants of visual field reliability. Paper presented at: Association for Research in
Vision and Ophthalmology Annual Meeting, May 7, 2013, Seattle, WA).21 If none of the
fields met these false-negative and fixation loss criteria for a particular eye, the first field
performed on that eye was selected (true for 28% of better-seeing eyes). For the clinic-based
VFs, the last VF meeting the Ocular Hypertension Treatment Study reliability criteria was
selected. The earliest VF meeting reliability criteria was chosen for the SEE subjects, but the
latest VF meeting reliability criteria was chosen for the clinic patients, because the VFs in
the SEE subjects were performed only in round 4 and were therefore all performed over a
short time period, whereas the clinic-based patients with glaucoma had VFs performed over
several years. The last VF was chosen for the clinic subjects because later VFs are more
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likely to have more advanced levels of VF loss, where disagreement between better-eye and
IVF mean deviations (MDs) are theoretically more likely to occur.

Calculation of Binocular Summation Integrated Visual Field Mean Deviation
The IVFs were derived from the right and left VFs for each patient using the binocular
summation method described by Nelson-Quigg et al.8 The 2 blind spot points in each eye, as
well as points with threshold values <0, were assigned a threshold value of 0 for the
individual eye VF. For the 24-2 clinic-based VFs, the 2 nonoverlapping, nasal-most points
in the VF for each eye were excluded. Threshold values for all points in the selected left and
right eye VFs were converted from logarithmic decibel values to nonlogarithmic values. The
binocular sensitivity (SB) was then calculated for each point in the IVF using the quadratic

summation equation , where SR represents the sensitivity (non-
logarithmic threshold value) of a point in the right-eye VF and SL represents the sensitivity
of the corresponding point in the left-eye VF. The SB for each point was then reconverted to
its logarithmic decibel value to obtain the threshold value in the binocular summation IVF.
This method of right and left eye VF integration was chosen because it seemed to best
capture the true binocular VF in prior studies.8

The MD values were then calculated for the IVF. First, expected threshold (ET) values for
each point in the left and right eye VFs were calculated using the formula ET = measured
threshold – total deviation (TD). The ET values were then calculated from the monocular ET
values using the same formula described to calculate the SB. The MD values were calculated
by first subtracting the ET values from the measured threshold values at each point of the
IVF to obtain the TD, summing these TD values, and then dividing this sum by 76 or 52 (the
number of points in the 30-2 and 24-2 IVFs, respectively). Better-eye MD was obtained
from the VFs directly.

Measurement of Covariates Related to Disability
Standardized forms and questionnaires were used to collect demographic and health-related
information, including date of birth, race, sex, and total years of education in SEE subjects.
Additional covariates, including a comorbidity index, the presence of depressive symptoms,
and cognitive ability, were measured during the fourth round of the SEE study concurrent
with the functional testing and VF testing described earlier. The comorbidity index was
calculated by asking participants if they had been diagnosed with 1 of 15 different medical
conditions and summing all positive responses.22 A positive response to any question from
part D of the General Health Questionnaire23 was considered an indication of the presence
of depressive symptoms. The Mini Mental State Examination (MMSE),24 with scores
ranging from 0 to 30, was used to measure cognitive ability.

Definition of Glaucoma
All SEE subjects were formally evaluated for glaucoma as previously described on the basis
of results of VF testing and examination of the optic nerve.25–32 Subjects were classified as
having glaucoma if either eye was classified as having probable or definite glaucoma.

Analysis
Group differences in subjects with and without VF loss were compared using the t test (for
age) and in bivariate logistic, log-linear, or linear regression models including age and the
variable of interest.

Better-eye MD was visually compared with the IVF MD using Bland–Altman plots.33

Median and interquartile range (IQR) were used to describe the observed differences
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between better-eye and IVF MD. The difference was tested for statistical significance using
the Wilcoxon signed-rank test.

Logistic, log-linear, and linear regression models were used to look at the association of
each measure of VF loss with various ability and performance outcomes in participants with
VF loss. Associations were adjusted for age, race, sex, education, MMSE score, number of
comorbidities, and presence of depressive symptoms. In addition, driving habits and self-
reported vision-related function were adjusted for average grip strength; measures of
mobility were adjusted for average grip strength, height, body mass index, arthritis, use of a
mobility aid, and visual acuity; and measures of reading speed were adjusted for visual
acuity. When the analyses were limited to participants with VF loss and at least a 2-decibel
(dB) difference between better-eye and IVF MD, associations were adjusted for fewer
demographic and health variables because of the reduced sample size. Each association was
adjusted for age, race, and sex. In addition, driving habits and self-reported vision-related
function were adjusted for MMSE score and number of comorbidities; measures of mobility
were adjusted for number of comorbidities; and measures of reading speed were adjusted for
MMSE score.

For linear models, the R2 (proportion of variability in the metric explained by the model)
was calculated. All analyses were performed using SAS software version 9.2 (SAS Inc.,
Cary, NC).

Results
A total of 1250 subjects participated in SEE through round 4, and 1098 subjects (87.8%)
completed 30-2 VF tests in both eyes, had VF results meeting reliability criteria, and had
data for at least 1 ability and performance measure. A total of 490 of the 1098 SEE subjects
had MD ≤−3 dB in at least 1 eye. These 490 participants had worse visual acuity and
contrast sensitivity, were more likely to describe depressive symptoms, and were older, less
educated, more cognitively impaired, and more likely to be AfricanAmerican than the 608
participants without VF loss in either eye (Table 1). In addition, we had access to completed
VFs in both eyes for 13 955 clinic patients, 7053 of whom had MD ≤−3 dB in at least 1 eye.
However, the assessment of the association of each measure of VF loss with various ability
and performance outcomes was performed only in SEE participants.

Better-eye MD was highly similar to IVF MD in both SEE and clinic-based subjects, even
among those with MD ≤−3 in at least 1 eye (Fig 1). The median difference between the
better-eye MD and the IVF MD (defined as better-eye MD minus IVF MD) was 0.15 dB
(IQR, −0.15 to +0.53 dB) and 0.41 dB (IQR, −0.21 to 1.04 dB) for the full SEE study
sample and SEE participants with MD ≤−3 dB in at least 1 eye, respectively (P <0.0001
when comparing the better-eye and IVF MDs in both the full SEE sample and SEE
participants with VF loss, Wilcoxon signed-rank test). Absolute differences of ≥2 dB were
noted between the better-eye MD and the IVF MD in 3.9% and 8.9% of these 2 groups,
respectively. Differences of ≥2 dB between the better-eye VF MD and the IVF MD were
more common among the 123 subjects with glaucoma (13.0%), subjects with MD of ≤−3 dB
in both eyes (12.6%), and subjects with MD of ≤−6 dB in both eyes (24.2%). Examples of
the varying degrees of representative integrated and better-eye VF MDs are shown in Figure
2.

For the full clinic-based sample and clinic-based patients with MD ≤−3 dB in at least 1 eye
(N = 7053), the median differences between the better-eye MD and the IVF MD were 0.23
dB (IQR, −0.08 to +0.79 dB) and 0.72 dB (IQR, 0.04–1.45 dB), respectively (P <0.0001
when comparing the better-eye and IVF MDs in both the full clinic sample and clinic
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patients with VF loss, Wilcoxon signed-rank test). Absolute differences of ≥2 dB were noted
between the better-eye and the IVF MD in 8.9% and 17.6% of these 2 groups, respectively.
Figure 3 demonstrates that differences of ≥2 dB between the better-eye and the IVF MD
were more common when there were large differences in MD between the better eye and the
worse eye.

In SEE subjects with MD ≤−3 dB in at least 1 eye, the impact on ability and performance
measures of a 5-dB decrement in the better-eye and IVF MD was assessed in multivariate
regression models. A 5-dB decrement in each metric was associated with a similar increase
in the likelihood of driving cessation, a lower Activities of Daily Vision score, a reading
speed ≤90 words per minute, and a similar increase in the rate of bumps on the mobility
course (Fig 4). In addition, a 5-dB decrement in the better-eye or binocular summation MD
was associated with a similar decrease in walking speed through a mobility course, walking
speed along a straight 4-m course, stair-climbing speed, and reading speed. For all metrics
except mobility course walking speed, both better-eye MD and IVF MD resulted in similar
conclusions regarding whether there was a statistically significant association between the
VF loss and the ability and performance metric in question (based on P ≤0.05). A worse IVF
MD, but not a worse better-eye MD, was associated with a slower speed on the mobility
course (P = 0.04 vs. 0.15). However, the magnitude by which a 5-dB loss in IVF MD or
better-eye MD affected walking speed was small and similar on a percentage basis (−0.63
m/min, 2.5% of average walking speed, for IVF MD vs. −0.42 m/min, 1.7% of average
walking speed, for better-eye MD). For ability and performance metrics analyzed using
linear regression models, similar R2 values were observed for models using the better-eye
MD or IVF MD.

To determine whether better-eye MD truly predicts disability and IVF MD, the relationship
between ability and performance measures and MD captured from the better-eye VF or the
IVF was also assessed in the group of SEE subjects for whom the better-eye and IVF MD
differed by ≥2 dB using multivariate models (N = 43) (Fig 5). A worse better-eye MD, but
not a worse binocular summation MD, significantly slowed subjects’ reading speed (P =
0.04 vs. P = 0.17), although the magnitude of the effect was similar. A 5-dB loss in better-
eye MD or IVF MD resulted in a decrease of 21.5 words per minute (22% of average
reading speed) for better-eye MD versus 20.8 words/minute (21% of average reading speed)
for IVF MD. No other ability and performance measure showed contradictory findings
between better-eye MD and IVF MD (as judged by P ≤ 0.05 for 1 method of MD calculation
only). For this group of subjects with discordant better-eye and IVF MDs, 5-dB decrements
in the better-eye VF MD and the IVF MD were again associated with similar odds ratios,
rate ratios, and linear regression coefficients describing vision-related disability. For all
measures of ability and performance assessed, the confidence intervals were narrower for
better-eye MD than for IVF MD models. In addition, for several metrics R2 values were
significantly higher for better-eye MD models compared with IVF MD models.

Among participants with glaucoma in at least 1 eye (N = 123), no ability and performance
measures showed contradictory findings (as judged by P ≤0.05 for 1 method of MD
calculation only) between better-eye MD and IVF MD in multivariate models (data not
shown). In this glaucoma subgroup, 5-dB decrements in the better-eye VF MD and the IVF
MD were again associated with similar odds ratios, rate ratios, linear regression coefficients
describing vision-related disability, and model R2 values.

We also compared better-eye MD and IVF MD derived using the best location method8 and
found that better-eye MD was even less likely to differ by ≥2 dB from the IVF MD when
IVF MD was calculated using the best location method as opposed to the binocular
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summation method. We also found similar associations between VF loss and visual
disability when using the better-eye MD or the best location IVF MD.

Discussion
In this population-based sample of older Americans, better-eye VF MD infrequently differed
by more than 2 dB from IVF MD, even among subjects with VF damage (defined as MD ≤
−3 dB in at least 1 eye). This finding held true even in a large clinic-based sample of 7053
patients with glaucoma with VF loss. Among subjects with VF damage, both better-eye and
IVF MD demonstrated similar associations with multiple metrics of ability and performance
as judged by the presence/absence of a statistically significant association between the MD
and the variable of interest, the magnitude of observed associations (odds ratios, rate ratios,
or regression coefficients associated with a 5-dB decrement in MD), and the extent of
variability in the ability and performance metric explained by the model (R2 values). Our
results indicate that similar associations between VF loss and visual disability are obtained
when VF loss is estimated through better-eye or IVF MD.

Our findings reinforce and extend the results from a recent study by Kulkarni et al,10 which
reported that better-eye and IVF scores demonstrated similar correlations to objective and
subjective measures of disability scores and that these 2 measures were the most correlated
with disability among the 8 VF scoring systems assessed. Our findings suggest that IVF and
better-eye MD not only account for a similar amount of the observed variability in ability
and performance measures but also lead to similar estimates relating the extent of VF loss to
disability, and they result in similar conclusions (based on P values) of whether the severity
of VF loss is associated with disability. In addition, we examined a broad range of ability
and performance measures within specific functional domains (i.e., reading, mobility,
driving), suggesting that IVF and better-eye MD are likely to similarly capture disability in
both domain-specific measures, as suggested in this article, and in composite measures of
ability and performance, as suggested both in this article and by Kulkarni et al.10

The argument for using IVF in studies evaluating VF-related disability rests on 2 premises:
(1) Overlapping VF loss between the 2 eyes and VF loss in the better eye are sometimes
dissimilar, and (2) overlapping VF loss is more related to disability. A previous study by
Asaoka et al11 compared better-eye with IVF MD and found that IVF MD calculated
through the best location method tended to be on average 1.3 dB higher (less negative) in a
group of subjects with normal tension glaucoma, with 24% of patients having a best location
IVF MD that was at least 2 dB healthier than the MD in the better eye.11 We report the
difference between better-eye MD and IVF MD using primarily the binocular summation
method, which was shown by Nelson-Quigg et al8 to be the method of integrating left and
right eye VFs that provides the best prediction of actual measured binocular VF MD. By
using this method in subjects with VF damage, we found a statistically significant difference
between IVF and better-eye MD, although the magnitude of this difference was small (0.41
and 0.72 dB healthier median better-eye MD in SEE and clinic-based subjects, respectively).
However, similar results were found when the best location method was used to derive the
IVF. A possible reason for the discrepancy between our findings and those of Asaoka et al11

is that they analyzed a group of subjects with normal tension glaucoma, whereas our
analyses included broader groups of individuals. In addition, the severity of VF loss assessed
from their referral hospital was greater than in our SEE population sample and may have a
different distribution of VF loss severity compared with our population of clinic-based
patients with glaucoma. Regardless of the interstudy differences, the results from both
studies suggest that even among participants with VF loss, IVF and better-eye MD do not
frequently differ.
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As Figure 3 demonstrates, there are subgroups of patients in whom better-eye and IVF MD
differ. For example, individuals in whom 1 eye has significantly more VF loss than the other
eye always differ by at least 2 dB, although differences are never >4 dB (Fig 2C). The
largest discrepancies between IVF and better-eye MD are found in patients with moderate/
severe VF loss in which the VF loss in the 2 eyes is spatially disparate (Fig 2A). Of note,
such differences are relatively uncommon in the population, with the greatest difference
between IVF and better-eye MD noted to be −5.6 dB in our sample of > 1000 older adults
(Fig 2B).

To determine whether better-eye and IVF MD are similarly associated with visual disability
in the subset of individuals in whom the 2 measures differ, we performed additional
subanalyses in the SEE subjects in whom the better-eye and IVF MD differed by ≥2 dB.
Although the number of individuals assessed in these subanalyses was relatively small (N <
50 for all analyses), the observed results suggest that the actual effects of binocular VF loss,
as measured via IVF MD, and better-eye VF loss are similar and that IVF MD is unlikely to
predict disability substantially better than better-eye MD even in cases in which they differ.
In fact, for all measures of ability and performance assessed in this subgroup, the confidence
intervals were narrower for better-eye MD than for IVF MD models and R2 values tended to
be greater for better-eye MD than for IVF MD models, suggesting that IVF MD may not
even predict disability as well as better-eye MD.

Several plausible explanations exist for why the degree of binocular VF loss (estimated
through integration of right and left eye VFs) and better-eye VF loss have a similar effect on
ability and performance measures. First, large differences are relatively uncommon. As
mentioned earlier, large (>4 dB) differences in the better-eye and IVF MDs are only
observed in cases in which the location of the right and left eye VF loss is highly spatially
dissimilar, such as bitemporal defects (Fig 2) or discordant horizontal hemifield defects.
Discordant horizontal hemifield defects affect an individual as a result of vision loss outside
the area measured by static perimetry (in the case of bitemporal defects) or because a lack of
overlapping regions of the VF impairs image fusion and depth perception.34,35 Second, IVFs
as derived in the current study only capture the amount of overlapping VF loss when looking
straight ahead at a focal distance of 33 cm. The real world is more complicated, with
frequent changing of focal distance and gaze direction. Such differences may mitigate the
extent to which the IVF captures the binocular VF, thus missing a truly greater relative
impact of binocular VF loss over better-eye VF loss. Finally, it is possible that binocular VF
loss (as approximated by IVF MD) is indeed a better predictor of disability than VF loss
determined through better-eye MD, but the current study was not sufficient to test this
hypothesis given that fewer than 50 subjects had better-eye and IVF MDs discordant by ≥2
dB.

Study Limitations
There are several challenges in comparing the ability of 2 VF loss metrics with regard to
their ability to adequately capture vision-related disability. First, there is neither a gold
standard regarding how VF loss severity should be represented nor a single measure to
capture vision-related disability. As such, numerous metrics of ability and performance were
evaluated as part of the SEE, including objective measures of reading and mobility and self-
reported vision-related function. Indeed, we found that IVF but not better-eye MD loss
predicted a statistically significant decrease in walking speed among subjects with VF loss,
whereas better-eye but not IVF MD predicted a statistically significant decrease in reading
speed in subjects in whom the 2 MDs differed by ≥2 dB. However, the magnitude by which
IVF and better-eye VF loss affected even these 2 measures was similar. Nonetheless, it
remains possible that IVF MD may differ in the ability to capture other measures of ability
and performance previously demonstrated to increase with severity of VF loss but that were
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not evaluated in the current study.36–43 Second, a significant limitation is that even a large
study such as ours cannot fully assess all patterns of VF damage, and there may be specific
patterns of VF loss in which IVF MD captures disability better than better-eye MD. Finally,
there is no clear method for arguing that 1 VF loss metric/ability and performance measure
relationship is more “correct” than another. However, the associations between IVF MD and
better-eye MD with ability and performance were similar across numerous metrics of ability
and performance as judged by the presence/absence of a statistically significant P value in
multivariable regression models, similar regression coefficients or odds/rate ratios reflecting
vision-related disability, and similar R2 values for linear regression models of continuous
ability and performance measures, thus providing the strongest possible suggestion that
these 2 measures of VF loss do indeed capture vision-related disability to a similar extent.
Additional limitations of the SEE data are that they focused on older patients who had VF
testing; results may differ in younger subjects or in those with extensive experience with VF
testing.

In conclusion, in addition to the findings presented, there is a strong clinical rationale for
supporting the use of better-eye MD in studies aiming to capture disability related to VF
loss, particularly given the accumulating evidence that better-eye and IVF MD are similarly
associated with visual disability. Methods for estimating IVF loss are obtained only with
extra software or calculation, unlike better-eye VF MD, which can be obtained easily from
standard VF reports. As such, information from studies using better-eye VF MD can be
more easily integrated into clinical decision-making, making better-eye MD a robust and
meaningful method for reporting VF loss severity. Evidence supporting the use of IVF MD
preferentially to better-eye VF MD is lacking.
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Figure 1.
Bland–Altman plots comparing better-eye and integrated visual field (IVF) mean deviation
(MD). Better-eye and IVF MD are compared among (A) Salisbury Eye Evaluation Study
participants with an MD of ≤−3 decibels (dB) in at least 1 eye (N = 490) and (B) glaucoma
clinic–based patients with an MD of ≤−3 dB in at least 1 eye (N = 7053).
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Figure 2.
Examples of better-eye visual field (VF) and integrated VF (IVF) mean deviation (MDs) in
representative VFs. Hypothetically, the largest difference between the better-eye and IVF
MD is observed when the pattern of VF loss is in highly dissimilar locations in the 2 eyes, as
in the case of bitemporal defects (A). The greatest difference between better-eye and IVF
MD in the Salisbury Eye Evaluation (SEE) cohort observed in the negative direction
(implying a better-eye MD worse than the IVF MD) was −5.6 decibels (dB), with
corresponding VFs demonstrating a predominantly bitemporal defect, as shown in (B). The
greatest difference between better-eye and IVF MD in the SEE cohort observed in the
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positive direction (implying a better-eye MD better than the IVF MD) was +3.7 dB, as was
observed with highly asymmetric right and left eye VFs, as shown in (C). Visual field pairs
representing the median difference between better-eye MD and IVF MD among subjects
with an MD ≤−3 dB in both eyes and ≤−6 dB in both eyes are shown in (D) and (E),
respectively. Better-eye VF MD is defined as higher (less negative or more positive) MD of
right and left eyes, and IVF MD is derived from point-wise integration of right and left eye
VFs.
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Figure 3.
Differences between better-eye visual field (VF) and integrated VF (IVF) mean deviation
(MD) with varying degrees of better-eye and worse-eye VF damage. Data are shown for
clinic-based patients with MD of ≤−3 decibels (dB) (N = 7053) in at least 1 eye. Within each
box, the percentage of patients with a ≥2 dB difference between better eye and IVF MD is
shown, along with the median and interquartile range of better-eye and IVF MD difference.
P5 = 5th percentile; P95 = 95th percentile.
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Figure 4.
Comparison of visual disability associated with better-eye visual field (VF) and integrated
VF (IVF) loss, multivariable models, among Salisbury Eye Evaluation (SEE) participants
with VF damage. Results show estimate and 95% confidence interval, P value, model R2 for
association of (A) categoric and count outcomes, (B) continuous mobility outcomes, and (C)
reading speed with better-eye and IVF mean deviation (MD) among SEE Study participants
with MD of ≤−3 decibels (dB) in at least 1 eye (N = 490). Each association is adjusted for
relevant covariables (described in “Methods”). *Rate ratio (all other estimates are odds
ratios). ADV = Activities of Daily Vision; wpm = words per minute.
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Figure 5.
Comparison of visual disability associated with better-eye visual field (VF) and integrated
VF (IVF) loss, multivariable models, among Salisbury Eye Evaluation (SEE) participants in
whom there was at least 2-decibel (dB) difference between the better-eye and the integrated
mean deviations (MDs). Results show estimate and 95% confidence interval, P value, and
model R2 for association of (A) categoric and count outcomes, (B) continuous mobility
outcomes, and (C) reading speed with better-eye and IVF MDs among SEE Study
participants with MD of ≤−3 dB in at least 1 eye and at least a 2-dB difference between the
better-eye and the integrated MDs (N = 43). Each association is adjusted for relevant
covariables (described in “Methods”). *Rate ratio (all other estimates are odds ratios). ADV
= Activities of Daily Vision; wpm = words per minute.
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Table 1

Characteristics of Salisbury Eye Evaluation Round 4 Participants with Data on Visual Fields (VFs) and
Function/Quality of Life by VF Loss

Characteristics

Round 4 Participants

Age-Adjusted P Value*
MD ≤ −3 dB in at Least 1 Eye (n =

490)
MD > − 3 dB in Both Eyes (n =

608)

Age (yrs), mean ± SD 80.7±4.7 78.7±4.0 <0.0001

Male, n (%) 183 (37) 264 (43) 0.13

African American, n (%) 166 (34) 81 (13) <0.0001

Last grade completed, mean ± SD 11.0±3.6 12.3±3.1 <0.0001

MMSE score, mean ± SD 25.0±3.7 26.9±2.4 <0.0001

Depressed, n (%) 43 (9) 32 (5) 0.01

No. comorbid conditions, mean ± SD 3.6±2.0 3.3±1.8 0.03

logMAR acuity, mean ± SD 0.13±0.25 0.00±0.11 <0.0001

Contrast sensitivity, mean ± SD† 31.5±4.7 34.7±2.4 <0.0001

Better-eye VF MD, median (P5, P95) −3.6 (−16.8 to −0.5) −0.4 (−2.1 to +1.3) <0.0001

Worse-eye VF MD, median (P5, P95) −6.2 (−23.8 to −3.2) −1.2 (−2.8 to +0.4) <0.0001

logMAR = logarithm of minimal angle of resolution; MD = mean deviation; MMSE = Mini Mental State Examination; P5 = 5th percentile; P95 =
95th percentile; SD = standard deviation.

*
Age difference was evaluated using the Student t test; all other P values were taken from bivariate logistic, log-linear, or linear regression models

with age and the given characteristic included as covariates. All age-adjusted differences between the 2 groups were in the same direction as the
unadjusted statistics shown.

†
Contrast sensitivity expressed as the number of letters correctly read on the Pelli-Robson chart in the better eye with best correction.
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