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Abstract

Purpose—To compare the effects of uncorrected refractive error (URE) and non-refractive
visual impairment (V1) on performance and disability measures.

Design—Cross-sectional population-based study.

Participants—2469 individuals with binocular presenting visual acuity (PVA) of 20/80 or better
who participated in the first round of the Salisbury Eye Evaluation study.

Methods—URE was defined as binocular PVA of 20/30 or worse, improving to better than 20/30
with subjective refraction. VI was defined as post-refraction binocular best corrected visual acuity
(BCVA) of 20/30 or worse. The visual acuity decrement attributable to VI was calculated as the
difference between BCVA and 20/30 while that due to URE was taken as the difference between
PVA and BCVA. Multivariable regression analyses were used to assess the disability impact of 1)
vision status (VI, URE, or normal vision) using the group with normal vision as reference, and 2)
a one-line decrement in acuity due to VI or URE.

Main Outcome Measures—Objective measures of visual function were obtained from timed
performance of mobility and near vision tasks, self-reported driving cessation, and self-reported
visual difficulty measured by the Activities of Daily Vision (ADV) scale. ADV responses were

analyzed using Rasch analysis to determine visual ability.

Results—Compared to individuals with normal vision, subjects with VI (n=191) had
significantly poorer objective and subjective visual functioning in all metrics examined (p<0.05)
while subjects with URE (n=132) demonstrated slower walking speeds, slower near task
performance, more frequent driving cessation and lower ADV scores (p<0.05), but did not
demonstrate slower stair climbing or descent speed. For all functional metrics evaluated, the
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impact of VI was greater than the impact of URE. The impact of a one-line VA decrement due to
VI was associated with greater deficits in mobility measures and driving cessation when compared
to a one-line VA decrement due to URE.

Conclusions—VI is associated with greater disability than URE across a wide variety of
functional measures, even in analyses adjusting for the severity of vision loss. Refractive and non-
refractive vision loss should be distinguished in studies evaluating visual disability, and should be
understood to have differing consequences.

Introduction

Globally, 285 million individuals are estimated to have decreased vision, with
approximately half due to uncorrected refractive error (URE).! In the United States (US)
alone, the annual cost of correcting refractive error (RE) has been estimated at between $3.9
and $7.2 billion,2 with much higher costs likely associated with treatment and prevention of
non-refractive causes of vision loss.3 While it is clear that both types of vision loss are
frequent, the relative effort that should be devoted to addressing each depends on the extent
to which they confer disability and the relative costs of treatment.

In analyzing disability due to vision loss, previous studies have used a wide range of
definitions for what represents vision loss. Several studies have focused purely on
individuals with URE, and have reported associations of URE with subjective measures of
disability. These groups have shown decreased self-reported visual function in all types of
RE,* including uncorrected myopia, uncorrected hyperopia, and astigmatism.® Correction
of RE has also been shown to lead to improved self-reported function in children’ and
adults.®

Other groups have examined the association between visual functioning and quality of life
and decreased vision specifically due to non-refractive causes. These studies have
documented lower self-reported visual function, © decreased health-related quality of

life, 10. 11 diminished independence,* 12 slower gait speed,3 and increased likelihood of
falls, 4 13. 14 fractures, 13 14 and institutional placement.1# Several other groups have
evaluated visual functioning and quality of life associated with decreased vision from any
cause (refractive or non-refractive) as determined by a person’s presenting visual acuity
(PVA). Decreased PVA has been associated with impaired task performance,® more falls,16
greater subjective difficulty with visual tasks,17-20 and lower quality of life.18: 19. 21

The variety of approaches taken in these studies suggests a lack of consensus on the relative
implications of vision-related disability conferred by refractive and non-refractive vision
loss. Surprisingly, only a few studies have compared the impact of both refractive and non-
refractive vision loss on function and/or quality of life.4 11.17. 19, 21,22 5ome population
studies have demonstrated minimal functional impairment in URE, 4 11, 17.19.22 thoygh one
Mexican-American population demonstrated similar functional impairment in both URE-
related and non-refractive vision loss.2 The limitations of these few studies include: (1)
failure to account for visual acuity (VA) differences in the groups with URE-related and
non-refractive vision loss, (2) use of subjective measures of ability and quality of life with
limited examination of objective measures of functional ability, and (3) an overemphasis on
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aggregate measures of disability instead of separate assessment of disability within specific
functional domains.

The Salisbury Eye Evaluation (SEE) is a population-based study of older Americans that
offers a unique opportunity to compare disability from URE and non-refractive vision loss
such that the limitations stated above are addressed. The SEE study evaluated a broad range
of subjective and objective measures of vision-related ability within several functional
domains. Here we compared the affect of URE and non-refractive visual impairment (1),
defined as decreased vision not due to URE, on these metrics of disability in order to
understand the relative impact of these two types of vision loss.

The analyzed population was derived from the SEE project, a population-based study
relating visual impairment and eye disease to functional status in community dwelling
adults.15 23 Characteristics of this population have been described elsewhere.24 Data was
obtained from the first round of this longitudinal study, which examined subjects aged 65 to
84 years between 1993 and 1995. The study protocol was approved by the Johns Hopkins
University Institutional Review Board and written informed consent was obtained from all
study participants.

Evaluation of Vision

Distance VA was measured with backlit Early Treatment Diabetic Retinopathy Study
(ETDRS) charts using a standard forced choice procedure. Binocular VA was first measured
with the subjects' presenting correction, if any, to obtain PVA. Right and left eye presenting
acuities were also assessed and subjective refraction performed to obtain BCVA in the
eye(s) with 20/30 or worse vision. This was followed by measurement of binocular BCVA.
All scores were converted to a logarithm of the minimum angle of resolution (logMAR)
scale, as previously described.?>

For this study, individuals whose binocular PVVA was better than 20/30 were considered to
have normal vision, reflecting the fact that SEE participants were refracted in eyes seeing
worse than 20/30. Subjects were considered to have URE if their binocular PVA was worse
than or equal to 20/30 but improved to better than 20/30 after subjective refraction.
Individuals with binocular PVA and BCVA worse than or equal to 20/30 were considered to
have VI. The degree of vision loss (defined by PVA) was sub-classified as: (1) worse than or
equal to 20/30 but better than or equal to 20/80 and (2) worse than 20/80. To minimize the
potential effect of group differences in visual acuity on outcome measures and since all
individuals with VA worse than 20/80 belonged to the VI group, all analyses were restricted
to individuals with PVA better than or equal to 20/80. As a result, 51 individuals with PVA
worse than 20/80 were omitted.

In order to compare the impact of one line of URE-associated or VI-associated vision loss,
the degree of VA decrement attributable to each was calculated for all subjects. Decrease in
vision attributable to VI was taken as the difference between BCVA and 20/30 (logMAR
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0.176), and subjects with BCVA better than 20/30 were assigned value of 0. Decreased
vision attributable to URE was calculated as the difference between PVA and BCVA. If
BCVA and/or PVA were better than 20/30, a value of 0 logMAR units was assigned for the
respective value(s). Fifty-one individuals with decreased vision attributable to both URE and
VI were excluded from these analyses.

Outcome Measures

Driving cessation, self-reported visual function, and objective measurement of task speed or
performance were all evaluated as outcomes.

Driving habits were obtained from questionnaires as previously described.26 Subjects who
reported no longer driving in the previous 12 months were considered to have stopped
driving while subjects who had never driven were excluded from analysis (N=172).

Self-reported visual function was obtained using the Activities of Daily Vision (ADV)
questionnaire as previously described.20 Participants scored their level of difficulty on a
scale of one to 5 (one being the most severe difficulty and 5 being no difficulty at all) in
performing 21 vision-related activities. Participants who had not done a particular activity
(not due to vision) in the previous 3 months were not scored on that activity.2’

Objective measures of ability were derived from timed performance on mobility and near
vision tasks. Mobility measures included speed of climbing 7 steps (steps/second),
descending 7 steps, and walking on a straight, flat 4-meter course (meters/second).1®> Near
vision task measures included the time it took participants to insert a plug into a socket, dial
a number on a rotary telephone, or insert a key into a lock (seconds).1® Reading speed was
evaluated by asking participants to read out loud a short passage as quickly as possible from
text presented on a computer screen. Number of words read correctly in 15-second intervals
was used to calculate reading speed per minute. For this analysis, only reading speed of
newspaper-sized text (0.26%) was used.

Statistical Analysis

Global differences among the three groups in continuous and categorical demographic
variables were evaluated by ANOVA and chi-squared analysis respectively. This was
complemented by pair-wise comparisons of the groups using two-tailed t-tests and chi-
squared tests. The association between functional measures and vision were assessed using
two sets of models: (1) group analysis with subjects categorized as normal vision, URE or
VI, using the group with normal vision as reference, and (2) continuous analyses using a VA
decrement (a 0.1 logMAR increment) attributable to VI and URE (calculated as described
above) within the same model.

Rasch analysis of the ADV questionnaire data was performed using Winsteps (Winsteps
3.80.1, Chicago, IL). For all ADV items, participant responses were collapsed from the
original five categories to three, collapsing “little difficulty” and “moderate difficulty”
categories into one and “extreme difficulty” and “unable to perform task because of vision”
into another. Linear item measure scores for each task, representing each task's visual
difficulty, were calculated using the responses of persons with VI and URE. Differential
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item functioning (DIF) analysis was performed on the two study groups, VI and URE, to
investigate item bias. Item measures were validated by comparison to the item measures
generated from a prior investigation of visual functioning questions, including the ADV, in
low vision patients.28 Correlating our item measures to the item measures generated by
Rasch analysis of ADV responses in the above mentioned cohort of low vision patients
revealed a Pearson correlation coefficient of 0.85, indicating similar calibration.28 Item
measures and category thresholds were then anchored and used to calculate linear person
measure scores for all persons in this study (including those with normal vision),
representing the person's visual ability. Person measure scores are expressed as log-odds
units (logits) on a single scale. Higher person measures corresponded to more self-reported
ability.

Linear regression was used to analyze continuous outcomes and logistic regression was used
to analyze driving cessation. In order to minimize the contribution of extreme high and low
values on regression models of Rasch person-measure scores, a weighted least squares
regression model was used to look at the association between vision and the Rasch-derived
person measures. Each subject's person measure was weighted as the inverse of the squared
standard error estimate (Fisher information).

All outcomes were adjusted for age, race, gender, education, cognitive ability, number of
comorbid illnesses, ! and presence of any depressive symptoms. Additionally, all outcomes
except reading speed were adjusted for grip strength (a marker for frailty) and mobility
parameters were also adjusted for body mass index (BMI). All continuous independent
variables included in the above regression models were centered about their mean values.
Post-hoc estimation of power was conducted by two-sample comparison of means using one
mobility measure (walking speed) and one reading measure (reading speed). Using known
sample sizes, means and standard deviations and a p value of 0.05 yielded power of 0.975
and 0.998 to detect a 5 m/min difference in walking speed in URE vs. normal vision and VI
vs. normal vision groups respectively. Similarly, calculated power to detect a 20 words/min
difference in reading speed reading speed was 0.880 and 0.985 and for URE vs. normal
vision and VI vs. normal vision groups respectively. All analyses were performed using
Stata version 12 (StataCorp), with graphing performed in R.2°

Of the 2469 subjects with PVA better than or equal to 20/80, 132 (5.4%) had decreased
acuity from URE and 191 (7.8%) had decreased acuity from VI. Group differences amongst
subjects with normal vision, URE and VI were observed with respect to age, education,
cognition, the presence of depressive symptoms and the number of comorbid medical
conditions (p<0.05) (Table 1). Pair-wise analyses demonstrated that, compared to those with
URE, individuals with VI were older (p=0.003) and had a larger number of comorbid
medical conditions (p=0.04). The mean binocular PVA for the VI group was roughly a half-
line worse than the URE group (0.32 + 0.12 vs. 0.26 + 0.07 logMAR, p<0.01).

In multivariable analyses, individuals with VI completed all mobility tasks significantly
slower than subjects with normal vision, while subjects with URE were slower than subjects
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with normal vision in walking speed only (Table 2, Figure 1A-C). As compared to subjects
with normal vision, individuals with vision loss due to either URE or VI demonstrated
slower near vision task performance (Table 2), though the magnitude of the performance
decrement was consistently greater in subjects with VI (Figure 1D-G). The average task
performance times for subjects with normal vision are reported in Table 2, estimated as the
intercept value for each multivariable regression model. All continuous covariates were
centered about their mean values to derive the intercepts for each regression model.

Worse vision due to URE and VI were both associated with a greater likelihood of driving
cessation as compared to those with normal vision, with even higher odds of driving
cessation noted for subjects with VI (OR 2.1, 95% CI 1.3- 3.6 for URE vs normal vision and
OR 3.7, 95% CI 2.4- 5.7 for VI vs normal vision) (Figure 1H).

To account for the slightly worse visual acuities in subjects with VI compared with
individuals with URE, additional multivariable regression models were run to assess the
disability impact of a one-line (0.1 logMAR) decrement in VA attributable to URE and VI
(Figure 2, Tables 3). The average task performance times for subjects without VI and URE
associated vision loss are reported in Table 3, estimated as the intercept value for each
multivariable regression model. Each one-line decrement in acuity due to VI was
significantly associated with slower completion of walking and stair descent mobility tasks
but was not significantly associated with stair climbing task speed. The same decrement in
vision attributable to URE was associated with slower walking speed, but not other
measures of mobility (Table 3, Figure 2A-C). A one-line decrement in VA due to either
URE or VI was associated with similar decrease in performance on all near vision tasks
except for plug insertion time (Table 3) where VI-related vision loss conferred slower task
completion time (Figure 2D-G).

In multivariable models, a one-line (0.1 logMAR) decrement in VA due to VI was
associated with greater odds of driving cessation (OR 2.1, 95% CI 1.5, 2.9), while no
significant association was noted for the same decrement in acuity due to URE (OR 1.3,
95% C1 0.9 -2.0) (Figure 2H).

ADV ability was estimated using Rasch analysis. DIF analysis showed that all items scaled
similarly for those with URE and VI, indicating no substantial item bias. To determine the
validity of applying the Rasch model, infit z-scores were calculated for each ADV item.
There was good fit for all items (z-score <2.30 for all) with the exception of two items
“seeing moving objects while driving at night” and “driving at night with oncoming
headlights” — these were excluded from further analysis (infit z statistic 7.54 and -2.77,
respectively).

In weighted least squares regression modeling, as compared to subjects with normal vision,
individuals with URE and individuals with VI both demonstrated less self-reported visual
ability, with a lower decrement in visual ability associated with URE as compared to VI (3
-0.30 logits, 95% CI -0.40 to -0.20, p<0.001 and 3 -0.83 logits, 95% CI -0.94 to -0.72,
p<0.001 respectively) (Figure 3A). A 0.1 logMAR decrement in VA due to both URE and
VI was also associated with less self-reported ability on ADV-defined visual tasks (f -0.30
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logits, 95% CI -0.38 to -0.23, p<0.001 and f -0.30 logits, 95% CI -0.41 to -0.18, p<0.001
respectively) (Figure 3B).

Discussion

This population-based sample of older Americans demonstrates substantial differences in
vision-related disability attributable to URE and VI-related vision loss. Compared to those
with normal vision, individuals with VI demonstrated significant impairment in all objective
measures of mobility, near vision tasks, driving, and self-reported visual function. In
contrast, those with URE had difficulty with driving, performing near vision tasks and self-
reported visual function with less consistent mobility impairment. Even in domains where
both VI and URE subjects differed from subjects with normal vision, the relative impact of
V1 on disability was considerably greater than that for URE. Observed differences were not
simply the result of differences in the level of acuity in the VI and URE groups, as the
disability impact of a one-line change in VA due to VI often exceeded that of URE. Our
findings demonstrate that the type of vision loss (URE versus V1) has a profound impact on
functional ability, and suggest that refractive and non-refractive vision loss should be
distinguished when evaluating the association between vision and disability.

The differential impact of VI and URE was particularly notable with regards to mobility
measures. VI-related vision loss was associated with greater impairment in mobility than
URE-related vision loss in all group analyses and also stair climbing and descent speeds (but
not walking speed) in analyses evaluating the impact of a one-line VA decrement due to
either VI or URE. These results are consistent with prior findings from the National Health
and Nutrition Examination Survey (NHANES), in which VI was associated with almost
50% less physical activity than in individuals with URE.39 Impaired mobility in individuals
with VI may be due to their decrease in contrast sensitivity, which can lead to specific
problems such as detecting edges,3! and thus navigation difficulty.32-37 The observed
difference in mobility could also be related to balance and fear of falling. VI 38 and
decreased contrast sensitivity, but not refractive error, 3% have been shown to reduce postural
stability. This may explain why the magnitude of the association between a one-line VA
decrement from VI was greater than the same decrement from URE on stair tasks requiring
edge detection and balance, but this difference in the association was not observed on the 4
meter walking task where edge detection and balance are less critical.

In contrast to mobility task performance, both VI and URE were associated with poorer
performance on tasks of near vision. While those with V1 exhibited slower near vision task
completion compared to those with normal vision, the magnitude of task performance
impairment conferred by 0.1 logMAR decrement in vision by both VI and URE were largely
similar. However, the slower reading speed associated with refractive vision loss may partly
reflect the tendency of poor readers to less frequently correct their RE, leaving open the
possibility that URE and VI do affect reading to differing extents.

Individuals with either URE or VI were more likely to have stopped driving when compared
to those with normal vision, though the odds of driving cessation due to VI was nearly twice
that conferred by URE. In addition, 0. logMAR decrease in vision attributable to VI, but not
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URE, was significantly associated with driving cessation. These findings are in accordance
with work by Wood and colleagues, which found that simulated non-refractive VI imparted
greater limitation in night driving than simulated refractive error, independent of VA.%0 It is
surprising that individuals with URE may be making a life change as significant as driving
cessation as a result of an easily correctable limitation. As with reading speed, it is possible
that the observed relationship between URE and driving cessation is bidirectional and that
individuals who have stopped driving are less in need of, and therefore less likely to obtain,
up-to-date refractive correction.

Though both URE and VI were associated with decreased self-reported visual ability as
reflected by Rasch-derived ADV person-measure scores, the magnitude of self-reported
difficulty was greater in VI than in URE in group analyses. However this finding should be
interpreted with caution as our analyses assessing the impact of a 0.1 logMAR decrement in
VA failed to confirm this result. Most studies that have previously compared the association
between URE and VI and self-reported visual function have reported milder impact of URE
on various vision specific quality of life instrument scores compared to \V/1.17. 19, 21, 22
Though one study reported similar functional difficulty in both URE-related and cataract-
related vision loss,2! this was not the case in others.1”: 19 These studies failed to compare
similar levels of VA amongst URE and VI groups, allowing for the possibility that
differences were attributable to the degree of vision loss in these groups.

Limitations of this study include the fact that we were unable to consistently identify the
causes of non-refractive vision loss in our population and thus could not differentiate
between specific eye diseases. Additionally, as previous studies suggest,1”- 2. 41 there may
be differential impact of the types of refractive error and disability, though this was not
studied. The SEE project did not measure near vision, and distance visual acuity deficits
may not fully capture difficulty with near vision tasks. Due to the cross-sectional design it
was not possible to decipher the bidirectional causality that may partially explain the
association between URE and reading speed and driving cessation observed in this study.
Strengths of the study include a large, population-based sample, which is likely to be
representative of older Americans. In addition, our study is unique in its rigor as we assessed
both subjective and objective measures of function and used a validated Rasch analytical
method to determine that overall visual ability.

In summary, a similar decrement in vision due to URE and V1 has considerably different
associations with visual functioning. Even at relatively modest levels of vision loss, VI
results in a consistently poorer objective and subjective visual functioning compared to
URE. Our results suggest that decreased vision due to URE may be fundamentally different
from that due to ocular disease. Therefore, the types of vision loss should be defined and
classified when relating vision to disability. In addition, given the disability conferred by
modest visual loss due to non-refractive causes, this study highlights the need for early
detection and treatment of ocular disease and increased vision and physical rehabilitation
efforts in individuals with V1. Further studies may help elucidate the full extent of disability
conferred by decreased vision due to refractive and non-refractive causes.
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Non-refractive visual impairment more strongly impacted mobility, near task
performance, driving cessation, and self-reported visual function than uncorrected
refractive error after adjusting for the severity of vision loss.
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Figure 1.
Comparison of objective and subjective measures of visual disability by vision status among

Salisbury Eye Evaluation participants. Analysis performed for all subjects with a binocular
presenting visual acuity (PVVA) better than or equal to 20/80. Diamonds represent regression
coefficients [A-G] and odds ratios (OR) [H] from multivariable regression models
comparing the given disability measure outcomes in individuals with either visual
impairment (V1 - top line in each panel) or uncorrected refractive error (URE — bottom line
in each panel) with controls. Lines extending to the left and right of diamonds represent the
95% confidence intervals. Increased difficulty with mobility [A-C] and reading [G] tasks
expressed as decreased speed (negative coefficient) while increased difficulty with near
tasks [D-F] expressed as increased time (positive coefficient).

*m = meters, min = minute, s = seconds, wpm = words per minute
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Figure 2.
Comparison of objective and subjective measure of visual disability associated with a one-

line decrement in visual acuity (VA) among Salisbury Eye Evaluation participants. Analysis
performed for all subjects with a binocular presenting visual acuity (PVA) better than or
equal to 20/80. Diamonds represent regression coefficients [A-G] and odds ratios (OR) [H]
from multivariable regression models comparing the given disability measure outcomes in
VA decrement attributable to either visual impairment (V1 - top line in each panel) or
uncorrected refractive error (URE - bottom line in each panel). Lines extending to the left
and right of diamonds represent the 95% confidence intervals. Increased difficulty with
mobility [A-C] and reading [G] tasks expressed as decreased speed (negative coefficient)
while increased difficulty with near tasks [D-F] expressed as increased time (positive
coefficient).
*m = meters, min = minute, s = seconds, wpm = words per minute
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Comparison of Rasch-estimation of subjective ability using ADV questions among
Salisbury Eye Evaluation participants. Analysis performed for all subjects with a binocular
presenting visual acuity (PVVA) better than or equal to 20/80. Diamonds represent regression
coefficients from multivariable regression models comparing [A] individuals with either
visual impairment (V1 - top line in each panel) or uncorrected refractive error (URE -
bottom line in each panel) with controls and [B] a VA decrement attributable to either VI or
URE. Lines extending to the left and right of diamonds represent the 95% confidence
intervals. Increased difficulty is expressed as negative coefficient 3 in logits.
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