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Robert W. Massof, PhD; for the Low Vision Research Network Study Group

IMPORTANCE Most patients with low vision are elderly and have functional limitations from
other health problems that could add to the functional limitations caused by their visual
impairments.

OBJECTIVE To identify factors that contribute to visual ability measures in patients who
present for outpatient low vision rehabilitation (LVR) services.

DESIGN, SETTING, AND PARTICIPANTS As part of a prospective, observational study of new
patients seeking outpatient LVR, 779 patients from 28 clinical centers in the United States
were enrolled in the Low Vision Rehabilitation Outcomes Study (LVROS) from April 25, 2008,
through May 2, 2011. The Activity Inventory (AI), an adaptive visual function questionnaire,
was administered to measure overall visual ability and visual ability in 4 functional domains
(reading, mobility, visual motor function, and visual information processing) at baseline
before LVR. The Geriatric Depression Scale, Telephone Interview for Cognitive Status, and
Medical Outcomes Study 36-Item Short-Form Health Survey physical functioning
questionnaires were also administered to measure patients’ psychological, cognitive, and
physical health states, respectively.

MAIN OUTCOMES AND MEASURES Predictors of visual ability and functional domains as
measured by the AI.

RESULTS Among the 779 patients in the LVROS sample, the mean age was 76.4 years, 33%
were male, and the median logMAR visual acuity score was 0.60 (0.40-0.90 interquartile
range). Correlations were observed between logMAR visual acuity and baseline visual ability
overall (r = −0.42) and for all functional domains. Visual acuity was the strongest predictor of
visual ability (P < .001) and reading ability (P < .001) and had a significant independent effect
on the other functional domains. Physical ability was independently associated with
(P < .001) overall visual ability as well as mobility and visual motor function. Depression had a
consistent independent effect (P < .001) on overall visual ability and on all functional
domains, whereas cognition had an effect on only reading and mobility (P < .001).

CONCLUSIONS AND RELEVANCE Visual ability is a multidimensional construct, with visual
acuity, depression, physical ability, and cognition explaining more than one-third of the
variance in visual ability as measured by the AI. The significant contributions of the nonvisual
factors to visual ability measures and the rehabilitation potential (ie, ceiling) effects they may
impose on LVR are important considerations when measuring baseline visual ability and
ultimately LVR outcomes in ongoing clinical research.
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L ow vision rehabilitation (LVR) improves patients’ abil-
ity to function with chronic disabling vision impair-
ment. Low vision rehabilitation includes ascertaining the

patient’s functional goals, implementing a goal-oriented treat-
ment program to enhance the patient’s vision, teaching the pa-
tient to use impaired vision more effectively, and teaching non-
visual strategies that improve overall functional ability despite
limited vision.1-4

Measuring changes in overall functional ability as a
result of LVR requires agreement on the definition of the
variable(s). Functional ability refers to a person’s overall
ability to perform activities with a criterion level of ease.
When applying this definition for rehabilitation, the chosen
activities should be those that are important for the person
to achieve and maintain a desired life state. Functional abil-
ity is a multidimensional construct that includes a person’s
physical ability, cognitive ability, sensory ability, and vari-
ous subdivisions of each of these general domains.5 In the
case of LVR, we are interested in a person’s overall ability to
perform activities that depend on vision, a variable we call
visual ability. However, few activities depend only on
vision; therefore, reports of fatigue, chronic pain, and
depression, in addition to visual limitations, are essential
parts of the LVR evaluation.2,6-8

The multifaceted nature of visual ability and the personal-
ized nature of the rehabilitation plan challenge the develop-
ment and validation of clinically meaningful and responsive LVR
outcome measures, which are needed to conduct clinical re-
search and are requisites to evidence-based LVR practices. Tra-
ditional strategies for measuring LVR outcomes include (1) per-
formance measures,9-12 (2) physician or therapist ratings of the
abilities of patients,13,14 and (3) patient self-reports of ability.15-17

Because the treatment objective of LVR is to improve visual abil-
ity within the boundaries of individual patient preferences,
health states, and environmental constraints, most LVR out-
come studies18,19 have used patient-reported outcome instru-
ments to measure treatment effectiveness.

With the advent of modern psychometric methods (eg,
Rasch analysis), it is no longer necessary to use patient-
reported outcome instruments with a fixed set of items. The
current trend is to develop a large calibrated item bank for
the population of interest and, with computer assistance,
present a subset of items that are selected in an adaptive
fashion.20-22 The Activity Inventory (AI) is an adaptive
patient-reported outcome instrument designed to measure
LVR outcomes.23-25 The items describe specific vision-
dependent cognitive and motor activities (tasks) that are
nested under more general descriptions of the activities’
goals (eg, reading bills, writing checks, and using a com-
puter, all serving the goal of managing finances). Patients’
ratings of the importance and difficulty of goals determine
which tasks will be rated by the patient. One advantage of
the AI is that only items important to the patient and diffi-
cult to perform are targeted in the rehabilitation plan and
therefore contribute to the outcome measure. Another
advantage of the AI is that the item bank need not be static;
items can be created and calibrated for different cultures or
changes in society and technology.16

The AI is well validated as a psychometric measure of vi-
sual ability in patients with low vision.6,23-26 Different sum-
mary measures estimated from AI responses reflect the con-
founding properties of the multiple dimensions of visual
ability.19 The aims of this study are to examine the patient vari-
ables that contribute to visual ability and functional domain
measures and determine how nonvisual traits of patients
modify these measures.

Methods
Study Methods
The Low Vision Rehabilitation Outcomes Study (LVROS) is a
collaborative, prospective, observational study designed to
measure the effectiveness of LVR provided in 28 outpatient cen-
ters throughout the United States. Recruitment, participa-
tion, and data collection methods have been described
elsewhere.27 The protocol and informed oral consent proce-
dure were approved by the institutional review board of The
Johns Hopkins University and adhered to the tenets of the Dec-
laration of Helsinki. In addition, study sites complied with the
requirements of the Health Insurance Portability and Account-
ability Act and, when required, obtained separate institu-
tional review board approval. All patients gave informed oral
consent for study participation.

Study Populations
Data from 2 patient samples were used for the initial analysis.
In both samples, eligible patients were 18 years or older and new
patients to the physician.27 Patients who were unable to com-
municate with the research assistant interviewers by tele-
phone were excluded. There were no visual impairment or other
eligibility requirements. The LVROS sample has 779 patients re-
cruited from 28 centers in the United States and enrolled from
April 25, 2008, through May 2, 2011. The legacy sample has 2398
patients recruited from the Wilmer Eye Institute LVR Service
from April 4, 2001, through September 14, 2007.

Protocol Design
Each center identified new patients scheduled for appoint-
ments who, after written authorization, were contacted by the
coordinating center at The Johns Hopkins University. Oral con-
sent was then obtained by telephone, and patients were ad-
ministered several questionnaires over the telephone by re-
search assistants from The Johns Hopkins University, including
the AI to measure overall visual ability and its different func-
tional domains,2,23-25 the Telephone Interview for Cognitive
Status (TICS),28 the Geriatric Depression Scale (GDS),29 the
Medical Outcomes Study 36-Item Short-Form Health Survey
(SF-36) physical functioning component to measure physical
limitations,30 and a standardized check-box intake survey to
acquire patient trait information.27

The 510-item AI is administered adaptively by
computer-assisted interview. The hierarchical structure of
the questionnaire organizes the functional interview into
goals and tasks surrounding daily living, social, and
recreation-related activities. The patient is asked to rate the
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importance of each goal (not important, slightly important,
moderately important, or very important). If the goal is not
important, the interviewer moves onto the next goal; other-
wise, the patient is asked to rate the difficulty of the goal
(not difficult, slightly difficult, moderately difficult, very
difficult, or impossible). If a goal is at least slightly impor-
tant and at least slightly difficult, the patient is asked to rate
the difficulty of subsidiary tasks (using the same difficulty
ratings) or identify the task as not applicable. The AI con-
sists of 50 goals and 460 tasks nested under the goals, which
provides a tailored visual function measure for each patient.

Usual LVR was provided by the physicians and the reha-
bilitation team where applicable after the baseline interview.
Clinical findings from examinations and disorder diagnosis
were recorded and entered online into a secure web server. Cen-
ters agreed in advance on the parameters for testing.27 Data
from the legacy sample were obtained similarly. Telephone in-
terviews included the AI and the intake survey. Clinical find-
ings were collected via medical record review and entered in
the study database.23-25

Statistical Analysis
Trait distributions for the LVROS and legacy samples were sum-
marized to determine whether the 2 data sets could be com-
bined for the purpose of increasing the precision of the item
measure estimates in the calibrated item bank. Rasch analy-
sis, using the Andrich Rating Scale Model (Winsteps statisti-
cal software, version 3.65), was performed on the combined
data sets of baseline AI responses to estimate item measures
and response category thresholds, as well as estimating a set
of person measures for each patient. Differential item func-
tioning (DIF) analysis was performed to evaluate disagree-
ment in AI item calibrations between the data sets. Overall vi-
sual ability was estimated for each patient from difficulty
ratings of AI goals and measures of functional domains of vi-
sual ability (reading, mobility, visual information processing,
and visual motor function) from difficulty ratings of different
subsets of tasks. The item measures and response category
thresholds were anchored to values estimated from the analy-
sis of patient difficulty ratings across all AI goals and tasks.

Rasch analysis also was performed on the responses to the
GDS and SF-36 to estimate continuous interval–scaled measures
for depression and physical functioning, respectively. Rasch
analysis was not performed on the TICS responses because the
rawscoreswereheavilyskewedtowardtheceiling;therefore,raw
scores were used as the continuous variable for cognitive abil-
ity, which is expected to be a monotonic function of an interval
measure that would be estimated from Rasch analysis.31

Pearson correlations were used to identify potential covar-
iates and determine the associations with visual ability measures
and other continuous trait variables. To confirm previously ob-
served associations and evaluate the effects of other categorical
variables (eg, sex, living situation, and driving status), 1-way
analysis of variance (ANOVA) was performed with overall visual
ability as the dependent variable. Exploratory analyses of cova-
riance (ANCOVAs) using fixed models were performed. The co-
variates chosen were continuous variables that exhibited higher
Pearson correlations with the dependent variable and significant

effects in the ANOVA. Bivariate and stepwise multivariable re-
gression models for visual ability and functional domain mea-
sures were developed incorporating independent variables that
were significant predictors of the dependent variable. Bonfer-
roni correction was used to determine significance criteria for the
4 continuous independent variables.

Results
Patient characteristics, visual impairment measures, and base-
line functional ability were obtained from 779 LVROS pa-
tients. Because of the adaptive nature of the AI, the median
number of respondents to each item was 149 (interquartile
range, 58-266). To expand the database, a legacy data set of 2398
patients was combined with the LVROS data set to produce a
sample of 3177 patients with low vision for calibrating AI item
measures and response category thresholds. For the legacy
data, the median number of patient responses to each item was
388 (interquartile range, 155-718).

Table 1 compares baseline characteristics of the LVROS and
legacy patient samples. Mean logMAR visual acuities (VAs) were
nearly identical for the legacy and LVROS samples (0.55 vs 0.60,
respectively). Mean visual abilities were not significantly dif-
ferent for reading (P = .87) or visual motor function (P = .10).
The mean measures for goals (P = .03), mobility (P < .001), and
visual information processing (P < .001) were significantly dif-
ferent; however, all differences were less than the mean SEs
of the visual ability estimates (Table 1).

A comparison of estimates of AI item measures between
the LVROS and legacy patients is shown in the Figure. The DIF
analysis using the Mantel-Haenszel method identified 14 of 510
items with significant DIF. Most of these 14 items were re-
lated to reading mail, financial management, and computer use
and were easier in the LVROS sample.

By combining the databases, the median number of pa-
tients responding to an AI item increases to 548 (interquartile
range, 213-976). Item measure precision is summarized with
the SE. The SE for a given item is inversely proportional to the
square root of the number of persons who respond to that item
and represents within-person variance. The mean SEs for item
measures estimated from the combined data sets are approxi-
mately half the value of the SEs for item measures estimated
from LVROS responses alone (eFigure 1 in the Supplement).
Given the overall lack of DIF and agreement in the item mea-
sures between samples (Figure), the AI data sets were com-
bined to generate more precise calibrations of item measures
and response category thresholds. Visual ability and func-
tional domain measures for LVROS patients were estimated
with item measures and response category thresholds an-
chored to values estimated from the combined data sets.

Table 2 provides the Pearson correlations of the continu-
ous variables. No significant correlations were found be-
tween measures of VA and depression, VA and physical func-
tioning, contrast sensitivity (CS) and depression, and CS and
physical functioning. No significant correlations were found
between age and measures of reading, mobility, visual motor
function, VA, and CS. The strongest correlations were found
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among the different AI measures, the AI measures (except mo-
bility) and VA, the AI measures (except mobility) and CS, and
VA and CS.

Results of ANOVA and ANCOVA of patient visual ability
(dependent variable) and patient characteristics (indepen-
dent variables) are listed in Table 3 and Table 4. Because of
ceiling effects, many of the trait distributions were not nor-
mal; therefore, continuous independent variables were cat-
egorized into quartiles for this analysis. Significant main
effects were seen with all independent variables, but after
correction for multiple comparisons, the effects of age, liv-
ing situation, and self-reported fluctuations of vision did
not achieve the α criterion of .05. Post hoc multiple com-
parisons using the Bonferroni method reveal that traits
assessed with categorized continuous variables have signifi-
cant ordered effects (not threshold effects) on visual ability.
The ANCOVA results, with the covariates listed in Table 4,
reveal that depression, physical functioning, and VA have
significant independent effects on ability to achieve AI
goals. No interactive effects were observed between depres-
sion and physical functioning (P = .71 for VA and P = .92 for
TICS) and cognition and depression (P = .63). Correcting for
multiple comparisons, cognitive function did not have a sig-
nificant independent effect on visual ability measures
(P = .02). Requiring support services from family or friends
has a significant effect on visual ability (P < .001); however,
living alone does not (P = .39).

Table 5 provides the regression analysis coefficients for
continuous independent variables identified as having inde-
pendent effects on visual ability. Regression model coeffi-
cients also are displayed for the same continuous indepen-
dent variables when functional domain measures are
dependent variables. Cognition was included as an indepen-
dent variable in the regression analysis because of sugges-
tions from previous work.27,32,33 Confirming the ANCOVA

Table 1. Patient Characteristics and Visual Ability Measures
in the LVROS and Legacy Samples

Characteristic or Measure LVROS Sample Legacy Sample

Age, median (IQR), y 76.4 (62-84) 71.6 (54-82)

Male sex, % (95% CI) 33 (30-37) 42 (40-44)

No other medical conditions,
% (95% CI)

9 (7-11) 20.7 (19-23)a

No mobility adaptations,
% (95% CI)

64 (60-67) 71 (69-73)

Living alone, % (95% CI) 39 (35-42) 26 (24-28)

Support provided, % (95% CI) 87 (85-90) 76 (74-78)

Depressed, % (95% CI) 22 (19-25) 17 (15-19)

Memory disorder, % (95% CI) 11 (9-13) 15 (13-17)

Driving, % (95% CI) 32 (29-36) 29 (27-31)

Visual acuity logMAR score,
median (IQR)

0.60 (0.40-0.90) 0.55 (0.30-0.90)

Baseline functional
ability score,
mean (SD) [SE]b

Goals or overall
visual ability

0.98 (1.27) [0.41]
(n = 779)

1.10 (1.47) [0.43]
(n = 2398)

Reading 0.8 (1.37) [0.36]
(n = 739)

0.81 (1.5) [0.37]
(n = 2252)

Mobility 0.52 (1.12) [0.66]
(n = 574)

0.87 (1.55) [0.62]
(n = 1971)

Visual information
processing

0.71 (1.09) [0.46]
(n = 700)

0.97 (1.30) [0.46]
(n = 2277)

Visual motor function 0.77 (1.10) [0.39]
(n = 728)

0.85 (1.28) [0.42]
(n = 2250)

GDS prevalence rates, %c

Normal 75.4 NP

Mild 23.0 NP

Severe 1.6 NP

GDS Rasch scores

Quarter 1 −3.16 NP

Quarter 2 −2.27 NP

Quarter 3 −1.22 NP

TICS prevalence rates, %d

Normal 89.95 NP

Mild 4.57 NP

Severe 5.48 NP

TICS raw scores

Quarter 1 36 NP

Quarter 2 41 NP

Quarter 3 43 NP

Abbreviations: GDS, Geriatric Depression Scale; IQR, interquartile range;
LVROS, Low Vision Rehabilitation Outcomes Study; NP, not performed in
sample; TICS, Telephone Interview for Cognitive Status.
a Question in legacy sample did not detail number of other medical conditions

but queried patients about whether they were under care for a chronic illness.
b Higher score indicates better ability or less difficulty performing activities.
c Normal, mild, and severe categories correspond to standard cutoff values

derived from the GDS. Raw scores of 0 to 4, translated by Rasch analysis to
values of −0.96 logits or less, indicate no depression. Raw scores of 5 to 10,
translated by Rasch analysis to values of 0.96 to 1.5 logits, indicate mild
depression. Raw scores of 11 or greater, translated by Rasch analysis to scores
of more than 1.5 logits, indicate severe depression.

d Normal, mild, and severe categories correspond to standard cutoff values
derived from the TICS. Raw scores greater than 30 logits indicate normal
cognition; 29 to 30 logits, mild cognitive impairment; and less than 28 logits,
dementia.

Figure. Scatterplot of the Estimated Item Measures From the Low Vision
Rehabilitation Outcomes Study (LVROS) and Legacy Samples
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Fourteen (larger gray circles) of the 510 item measures had significant
differential item functioning. Items below the identity line were easier in the
LVROS sample compared with the legacy sample.
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results, SF-36 physic al functioning (P < .001), GDS
(P < .001), and logMAR (P < .001) measures are significant
independent predictors of visual ability. The TICS scores do
not have a significant effect on overall visual ability
(P = .80), although they have a significant independent
effect on reading. Reading is most strongly predicted by
logMAR (P < .001), GDS (P < .001), and TICS (P < .001),
whereas SF-36 physical functioning (P = .12) does not have a
significant effect. The SF-36 physical functioning (P < .002),
GDS (P < .001), and logMAR (P < .001) measures are predic-
tive of mobility, visual information processing, and visual
motor function, whereas the TICS scores predict mobility
(P = .007). On the basis of the magnitude of β, logMAR VA
measures explain the most variance in the dependent vari-
ables, with the exception of mobility, for which SF-36 physi-
cal functioning measures explain the most variance. Linear

combinations of these 4 health state variables (VA, physical
functioning, depression, and cognition) explain the greatest
variance in visual ability at the goal level (r2 = 0.367), fol-
lowed by reading (r2 = 0.338), visual motor function
(r2 = 0.309), mobility (r2 = 0.251), and visual information
processing (r2 = 0.240). Bivariate analyses illustrate the lin-
ear trend between visual ability and logMAR VA (eFigure 2
in the Supplement) and reading and logMAR VA (eFigure 3
in the Supplement).

Discussion
Our findings agree with prior research reporting that VA, physi-
cal functioning, and depression are independent contribu-
tors to measures of visual ability in patients.8 Cognition also

Table 2. Correlation of Continuous Variablesa

Variable Reading Mobility

Visual
Information
Processing

Visual
Motor

Function Goals GDS

SF-36
Physical

Functioning TICS logMAR

Logarithm
of Contrast
Sensitivity Age

Reading 1.00

Mobility 0.48 1.00

Visual
information
processing

0.69 0.58 1.00

Visual motor
function

0.75 0.62 0.77 1.00

Goals 0.75 0.6 0.72 0.81 1.00

GDS −0.21 −0.3 −0.24 −0.32 −0.39 1.00

SF-36
physical
functioning

0.18 0.37 0.22 0.35 0.36 −0.43 1.00

TICSb 0.19 0.26 0.15 0.23 0.15 −0.21 0.29 1.00

logMAR −0.56 −0.26 −0.43 −0.41 −0.42 0.04 (NS) −0.02 (NS) −0.13 1.00

Logarithm
of contrast
sensitivity

0.45 0.13 0.29 0.39 0.37 0.01 (NS) 0.03 (NS) 0.2 −0.59 1.00

Age 0.01 (NS) 0.05 (NS) 0.15 0.05 (NS) 0.12 −0.08 −0.27 −0.2 −0.05 (NS) −0.08 (NS) 1.00

Abbreviations: GDS, Geriatric Depression Scale; NS, not significant;
SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey;
TICS, Telephone Interview for Cognitive Status.
a Logit is the unit of measurement for the following continuous variables:

reading, mobility, visual information processing, visual motor function, goals,
GDS, SF-36 physical functioning, logMAR, and logarithm of contrast sensitivity.

b The TICS measure is estimated as a raw score.

Table 3. Association of Visual Ability (Goal Measures) With Patient Characteristics: Analysis of Variance

Variable
Sum of
Squares df

Mean
Square F Ratio P Value

Age 34.333 8 4.292 2.779 .005

Sex 20.941 1 20.941 13.525 <.001

logMAR visual acuity 159.026 3 53.009 40.736 <.001

Logarithm of contrast sensitivity 32.105 2 16.052 13.101 <.001

GDSa 167.64 3 55.88 41.635 <.001

No. of symptomatic comorbidities 40.72 10 4.072 2.645 .004

SF-36 physical functioning 132.449 3 44.15 30.737 <.001

TICSa 32.538 3 10.846 6.893 <.001

Support services needed (eg, none or family) 74.315 1 74.315 49.66 <.001

Living alone 8.351 1 8.351 5.325 .02

Driving status 216.415 1 216.415 171.279 <.001

Fluctuations in vision 10.563 1 10.563 6.729 .01

Abbreviations: GDS, Geriatric
Depression Scale; SF-36, Medical
Outcomes Study 36-Item Short-Form
Health Survey; TICS, Telephone
Interview for Cognitive Status.
a The GDS, SF-36, and TICS

continuous variables made
categorical into quartiles.
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contributes to measures of visual ability but mostly in the area
of reading and to a lesser extent mobility. The need for sup-
port services is an independent predictor of visual ability, but
age, sex, living situation, and self-reported fluctuations in vi-
sion are not. Overall, we observed that VA in patients is the
strongest independent predictor of visual ability measures at
the goal and domain levels. However, the regression analyses
constructed from VA, physical ability, depression, and cogni-
tive function measures account for 24% to 37% of the vari-
ance in visual ability. The large unexplained variance indi-

cates that we still need to explore other visual impairment
domains, other patient traits, and a variety of environmental
factors.

The nonvisual traits that modify visual ability empha-
size the importance of performing a health systems review
to determine the presence and magnitude of the character-
istics that may affect LVR.7,8 Patients seeking LVR are older
and present with chronic health concerns that commonly
are progressive and often not modifiable. Our findings indi-
cate that the number of comorbidities is not a good predic-

Table 4. Association of Visual Ability (Goal Measures) With Patient Characteristics: Analysis of Covariance

Variable
Sum of
Squares df

Mean
Square F Ratio P Value

No. of symptomatic comorbidities 9.306 10 0.931 0.668 .76

Covariate SF-36 physical functioning component 105.319 1 105.319 75.616 <.001

Depressiona 79.241 3 26.414 20.684 <.001

Covariate SF-36 physical functioning component 47.86 1 47.86 37.478 <.001

Depressiona 48.034 3 16.011 15.452 <.001

Physical functioningb 21.672 3 7.224 6.972 <.001

Depressiona × physical functioningb 6.51 9 0.723 0.698 .71

Covariate logMAR visual acuity 134.942 1 134.942 130.228 <.001

Depressiona 74.712 3 24.904 18.943 <.001

Physical functioningb 17.93 3 5.977 4.546 .004

Depressiona × physical functioningb 5.1 9 0.567 0.431 .92

Covariate TICS 3.01 1 3.01 2.289 .13

Cognitivec 13.99 3 4.663 3.519 .02

Covariate GDS 140.304 1 140.304 105.873 <.001

Cognitivec 4.73 3 1.577 1.444 .23

Depressiona 50.791 3 16.93 15.504 <.001

Cognitivec × depressiona 7.693 9 0.855 0.783 .63

Covariate logMAR visual acuity 115.573 1 115.573 105.833 <.001

Cognitivec 6.694 3 2.231 1.584 .19

Covariate SF-36 physical functioning component 124.287 1 124.287 88.251 <.001

Sex 4.519 1 4.519 4.16 .04

Covariate logMAR visual acuity 148.386 1 148.386 136.622 <.001

Covariate SF-36 physical functioning component 108.193 1 108.193 99.616 <.001

Support services needed 21.037 1 21.037 21.575 <.001

Covariate GDS 55.068 1 55.068 56.476 <.001

Covariate SF-36 physical functioning component 32.794 1 32.794 33.632 <.001

Covariate logMAR visual acuity 125.316 1 125.316 128.52 <.001

Living alone 0.707 1 0.707 0.735 .39

Support services needed (eg, none or family) 17.003 1 17.003 17.678 <.001

Living alone and support services needed 2.125 1 2.125 2.21 .14

Covariate GDS 49.359 1 49.359 51.317 <.001

Covariate SF-36 physical functioning component 37.852 1 37.852 39.353 <.001

Covariate logMAR visual acuity 124.132 1 124.132 129.055 <.001

Fluctuations in vision 6.311 1 6.311 6.36 .01

Covariate logMAR visual acuity 135.015 1 135.015 136.068 <.001

Covariate GDS 57.321 1 57.321 57.768 <.001

Covariate SF-36 physical functioning component 42.906 1 42.906 43.24 <.001

Acuityd 16.109 3 5.37 4.759 .003

Covariate log contrast sensitivity 11.979 1 11.979 10.616 .001

Contrast sensitivitye 9.703 2 4.852 4.169 .02

Covariate logMAR visual acuity 13.841 1 13.841 11.893 .001

Abbreviations: GDS, Geriatric
Depression Scale; SF-36, Medical
Outcomes Study 36-Item Short-Form
Health Survey; TICS, Telephone
Interview for Cognitive Status.
a Depression is defined as GDS

continuous variable made
categorical into quartiles.

b Physical functioning is defined as
SF-36 physical functioning
component continuous variable
made categorical into quartiles.

c Cognition is defined as TICS
continuous variable made
categorical into quartiles.

d Acuity is defined as logMAR visual
acuity categorized into normal,
moderate, severe, and profound
vision loss.

e Contrast sensitivity is defined as log
contrast sensitivity categorized into
normal (range, 0.8-1.6 log units) and
abnormal (range, <0.8 log units).
Incorporating a correction for
multiple comparisons, P < .004 is
not significant for a criterion of
α < .05.
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tor of visual ability. Rather, measures of the patients’ ability
to perform activities, such as walking and climbing steps, is
a significant predictor of visual ability and should be used
rather than the number of comorbidities when assessing the
effects of physical functioning.34 Mobility and visual motor
function domains are significantly affected by physical
functioning; however, VA and depression also have inde-
pendent effects. This finding is consistent with the strong
evidence that individuals with even mild VA loss have a
greater risk of falls.35-37 Consistent with our findings, prior
research supports independent effects with similar magni-
tudes of physical functioning, VA, and depression on house-
hold management and mobility concerns in populations
with low vision.8 When physical functioning components
are the primary limiting factor in improving visual
ability, ceiling effects on LVR effectiveness should be
expected.

Several studies38-40 have reported increased rates of
depression in populations with low vision. In this study, the
GDS measures reveal that 23.0% of patients seeking outpa-
tient LVR services have at least mild depression and an addi-
tional 1.6% have severe depression. Our findings indicate

that depression has an independent effect on visual ability
and all functional domains, a result nearly identical to that
seen in 2 previous studies7,8 that examined the effects of
nonvisual factors. Note that our results are cross-sectional
and that the relationship between vision loss and depres-
sion has not been proven to be causal. If loss of visual ability
is the sole cause of depression and LVR is effective, the
emotional state has the potential to improve markedly. If,
however, depression is related to other health problems, a
ceiling may be imposed on LVR outcomes.

Analysis of the TICS measures revealed that 10% of
patients present with at least mild cognitive impairment.
Although cognitive loss was not a significant predictor of
overall visual ability, it had an independent effect on mobil-
ity and reading function. Because reading is the primary
concern of most patients seeking LVR services, cognitive
functioning should receive attention during the clinical
evaluation because it can limit the patient’s rehabilitation
potential and outcome.41,42

Patients seeking outpatient LVR services in the United
States have moderate impairment, with median VA Snellen
values ranging from 20/71 to 20/80 (legacy and LVROS

Table 5. Regression Analysis at the Goal and Domain Level for VA, GDS, SF-36 Physical Functioning, and TICS

Variable Coefficient (SE)
Standard

Coefficient (β) t P (2-Tailed)
Goals (r2 = .367)

Constant 1.184 (0.319) 0 3.71 <.001

SF-36 physical functioning 0.121 (0.02) 0.237 6.086 <.001

GDS −0.207 (0.027) −0.285 −7.632 <.001

logMAR −1.082 (0.095) −0.392 −11.432 <.001

TICS 0.002 (0.008) 0.009 0.247 .80

Reading (r2 = .338)

Constant 0.484 (0.361) 0 1.339 .18

SF-36 physical functioning 0.034 (0.022) 0.063 1.541 .12

GDS −0.121 (0.03) −0.157 −4.034 <.001

logMAR −1.519 (0.109) −0.502 −13.908 <.001

TICS 0.029 (0.009) 0.126 3.276 <.001

Mobility (r2 = .251)

Constant −0.332 (0.364) 0 −0.912 .36

SF-36 physical functioning 0.126 (0.022) 0.282 5.727 <.001

GDS −0.113 (0.03) −0.177 −3.745 <.001

logMAR −0.482 (0.105) −0.203 −4.599 <.001

TICS 0.024 (0.009) 0.129 2.725 .007

Visual information (r2 = .240)

Constant 0.927 (0.318) 0 2.914 .004

SF-36 physical functioning 0.06 (0.02) 0.137 3.069 .002

GDS −0.111 (0.027) −0.178 −4.159 <.001

logMAR −0.938 (0.094) −0.396 −9.991 <.001

TICS 0.007 (0.008) 0.038 0.892 .37

Visual motor (r2 = .309)

Constant 0.463 (0.298) 0 1.551 .12

SF-36 physical functioning 0.11 (0.019) 0.245 5.882 <.001

GDS −0.131 (0.026) −0.203 −5.081 <.001

logMAR −0.842 (0.089) −0.351 −9.49 <.001

TICS 0.016 (0.007) 0.087 2.201 .03

Abbreviations: GDS, Geriatric
Depression Scale; SF-36, Medical
Outcomes Study 36-Item Short-Form
Health Survey; TICS, Telephone
Interview for Cognitive Status;
VA, visual acuity.
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groups, respectively). Study results indicate that VA is the
strongest predictor of visual ability and all functional
domains. Although VA is a strong predictor, it accounts for
only 15.4% of the variability in visual ability. Other vision
variables, such as scotomas and visual field loss, may con-
tribute to the unexplained variability, especially for
mobility.43 Although CS is not an independent linear predic-
tor of visual ability, we are not concluding that CS is unim-
portant to the patient’s ability to function.

Conclusions

Depression, VA, physical functioning, and, less so, cognition
are the strongest independent predictors of patients’ visual abil-
ity measured with the AI at baseline. For visual ability to be a
clinically meaningful outcome measure, it requires an under-
standing of the measure and effect modifiers to proceed with
clinical trials outcomes research in LVR.
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OPHTHALMIC IMAGES

Reversal of Toxic Manifestations of Chlorpromazine
Amit Gupta, MS; Aniruddha Agarwal, MS; Jagat Ram, MS

A

C

B

D

A, Patient receiving unsupervised chlorpromazine therapy presented with low
vision and darkened skin of face and hands. B, Diffusely scattered star-shaped
granular deposits were seen on cornea (arrowhead). C, Dirty-white anterior
lenticular opacities seen (arrowhead). D, Resolution of pigmentation occurred
following drug withdrawal.
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