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IMPORTANCE—To facilitate comparative clinical outcome research in low vision rehabilitation, 

we must use patient-centered measurements that reflect clinically meaningful changes in visual 

ability.

OBJECTIVE—To quantify the effects of currently provided low vision rehabilitation (LVR) on 

patients who present for outpatient LVR services in the United States.

DESIGN, SETTING, AND PARTICIPANTS—Prospective, observational study of new patients 

seeking outpatient LVR services. From April 2008 through May 2011, 779 patients from 28 

clinical centers in the United States were enrolled in the Low Vision Rehabilitation Outcomes 

Study. The Activity Inventory, a 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 and 6 to 9 months after usual LVR care. 

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, and clinical findings of patients were provided by study centers.

MAIN OUTCOMES AND MEASURES—Mean changes in the study population and minimum 

clinically important differences in the individual in overall visual ability and in visual ability in 4 

functional domains as measured by the Activity Inventory.

RESULTS—Baseline and post-rehabilitation measures were obtained for 468 patients. Minimum 

clinically important differences (95% CIs) were observed in nearly half (47% [95% CI, 44%–

50%]) of patients in overall visual ability. The prevalence rates of patients with minimum 

clinically important differences in visual ability in functional domains were reading (44% [95% 

CI, 42%–48%]), visual motor function (38% [95% CI, 36%–42%]), visual information processing 

(33% [95% CI, 31%–37%]), and mobility (27% [95% CI, 25%–31%]). The largest average effect 

size (Cohen d = 0.87) for the population was observed in overall visual ability. Age (P = .006) was 

an independent predictor of changes in overall visual ability, and logMAR visual acuity (P = .002) 

was predictive of changes in visual information processing.

CONCLUSIONS AND RELEVANCE—Forty-four to fifty percent of patients presenting for 

outpatient LVR show clinically meaningful differences in overall visual ability after LVR, and the 

average effect sizes in overall visual ability are large, close to 1 SD.

Clinically meaningful outcome measures are needed to advance low vision rehabilitation 

(LVR) and provide effective treatment for patients with vision impairment. A recent review1 

described 47 different LVR outcome measures used by 52 different studies. Early LVR 

studies incorporated patient satisfaction measures and assessed the frequency of use of 

vision-assistive equipment.2–4 A transition then occurred to using fixed-item Likert-scale 

visual function questionnaires and clinic-based performance measures (eg, reading speed 

and navigation accuracy).5–13 Over time, however, the flaws in Likert scaling were 

recognized, and there was a transition to interval scaling of visual function questionnaire 

responses using Rasch analysis.14–20 In addition, it became evident that the meaningfulness 

of clinic-based performance measures is limited because they typically are measures of 

efficacy, which reflect how well an intervention works under ideal conditions, rather than 
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measures of effectiveness, which reflect the benefits of intervention under “real-world” 

conditions.

Because LVR is a patient-centered type of rehabilitation, it is necessary to use a patient-

reported outcome measure (PROM) that is relevant to the treatment objective, viz, to 

improve the ability of patients to perform activities that depend on vision, a latent variable 

that we will call visual ability. In contrast to medical or surgical treatment that improves 

vision (eg, cataract surgery), for which the improvement in visual acuity improves visual 

ability for all activities, LVR intervenes at the task level, primarily by modifying an activity 

and making it easier to perform without improving the patient’s visual acuity.21,22 Because 

LVR is a goal-directed intervention and, therefore, governed by individual patient 

preferences, the PROM must be adaptive rather than a “one-size-fits-all” questionnaire. The 

PROM for LVR must allow patients to self-identify their rehabilitation goals by determining 

what is individually important to them, must contain only items that have room for 

improvement (and therefore are appropriate targets of intervention), and must place all 

patients on the same scale in the same units, regardless of their goals.23

Given the complexity of the individualized nature of rehabilitation, the variability of the 

sample, and the random variation associated with measurement error, the PROM must have 

enough precision to detect a minimum meaningful change in visual ability at the individual 

level, not just overall mean changes for the population. The Cohen effect size (d = change 

score/standard deviation of the change score) offers a well-accepted index for scaling the 

magnitude of the average overall effects of intervention for the sample (assuming 

homoscedasticity of estimation errors in the sample). At the individual level, a minimum 

clinically important difference (MCID) is one in which the change score significantly 

exceeds the estimation error for the individual’s measure.24 Measuring the effect of the 

intervention at the individual level is important because even groups with negligible mean 

changes could include individual patients whose improvements are significant.

The aim of the Low Vision Rehabilitation Outcomes Study is to measure the effectiveness of 

usual outpatient LVR across the United States using a well-validated, adaptively 

administered measure of the effects of goal-directed interventions. Overall visual ability (50 

goals), as measured by the Activity Inventory (AI), an adaptive visual function 

questionnaire, was the primary outcome measure, whereas the 4 functional domains 

(reading, mobility, visual motor function, and visual information processing) in the AI were 

the secondary outcome measures.

Methods

Study Methods

The Low Vision Rehabilitation Outcomes Study was designed to evaluate the effectiveness 

of usual outpatient LVR for new patients. This study was conducted using a network of 28 

out-patient centers providing LVR. The study protocol and the obtaining of oral informed 

consent were approved by the Johns Hopkins University institutional review board and 

adhered to the tenets of the Declaration of Helsinki. In addition, all study sites complied 

with the requirements of the Health Insurance Portability and Accountability Act and, when 
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required, also obtained separate institutional review board approval for their participating 

centers. All patients provided oral informed consent for their study participation.

Study Populations

Participants were new low vision patients seeking outpatient LVR services at 1 of the 28 

collaborating clinical centers. The study design, the participants’ traits, and the data 

collection methods were described in a previous report.25 Eligible patients were 18 years of 

age or older and were new to the physician (ie, defined as new to the physician by not having 

received LVR services from the clinical center within the past 3 years). Exclusion criteria 

were non-English speaking and hearing loss so severe that questions could not be heard over 

the telephone. There were no visual acuity, visual field, or diagnosis requirements because 

the aim of the study was to observe outcomes of typical low vision patients receiving usual 

LVR care.

Protocol Design

New patients scheduled for outpatient LVR services at each of the 28 clinical centers were 

recruited to participate in the Low Vision Rehabilitation Outcomes Study. Enrolled patients 

were administered several health status questionnaires over the telephone by research 

assistants at the coordinating center prior to their clinical evaluation. Questionnaires 

included the AI to measure overall visual ability and its different functional domains,
21,22,26,27 the Telephone Interview for Cognitive Status (TICS),28 the Geriatric Depression 

Scale (GDS),29 the physical functioning subscale of the Medical Outcomes Study 36-Item 

Short-Form Health Survey (SF-36),30 and a standardized “check-box” intake survey that 

acquired a patient’s trait and history information.25 Patient interviews were conducted over 1 

or 2 sessions, depending on a patient’s availability. The average interview time was 62 

minutes.

The AI is a well-validated 510-item visual function questionnaire that is administered 

adaptively by computer-assisted interview. The hierarchical structure of the questionnaire 

organizes the interview into 50 goals and 460 tasks surrounding daily living, social, and 

recreation-related activities. The patient is asked to rate the importance of each goal. If the 

goal is “not important,” then the interviewer moves onto the next goal; otherwise, the patient 

is asked to rate the difficulty of the goal. If a goal is at least slightly important and at least 

slightly difficult, then the patient is asked to rate the difficulty of subsidiary tasks (using the 

same difficulty ratings) or identify the task as not applicable.

Prior to the patient’s appointment, questionnaire results were provided to the physician. 

Included were summaries of the intake history, TICS and GDS raw scores with 

questionnaire-suggested cutoff scores for screening disorders, and both itemized and 

summarized AI results. Results of the SF-36 were not included in the report because there 

are no defined cutoff values for this instrument. Five AI summary scores were included in 

the report: overall visual ability (estimated from difficulty ratings of AI goals), reading, 

mobility, visual information processing, and visual motor functions (estimated from 

difficulty ratings of different subsets of AI tasks). In addition to the numeric scoring (logits), 

the report included a listing of the specific AI goals and tasks that were identified by the 
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study participant as at least “somewhat important” and “somewhat difficult” to perform. If 

the goal was not important or if the task was not difficult, then it was not listed in the 

physician report because it would not be included in the individualized rehabilitation plan.

Participating centers included university-based clinics, private practices, and 

multidisciplinary rehabilitation centers. Usual LVR services, which included evaluation of 

visual function by the physician (optometrist or ophthalmologist), were provided. Depending 

on an individual clinic’s practices, the evaluation and/or treatment by an occupational 

therapist, vision rehabilitation therapist, ophthalmic technician, social worker, and/or 

orientation and mobility instructor also may have been provided on the first visit. 

Subsequent follow-up visits may have occurred with any member of the rehabilitation team, 

depending on the usual practices of the clinical site and the patient’s needs. Clinical findings 

from the initial evaluation, including visual acuity, contrast sensitivity, visual field test 

results, and disorder diagnosis, were entered online along with details of how each test was 

performed.25

Low vision rehabilitation outcomes were assessed by telephone 6 to 9 months after initial 

evaluation through the administration of the AI. Post-rehabilitation interviews were 

completed for 468 of 779 patients. Figure 1 illustrates a breakdown of patient attrition in a 

CONSORT (Consolidated Standards of Reporting Trials)–type diagram. Baseline patient 

characteristics, visual acuity, and visual ability measures were compared between patients 

who did and patients who did not participate in post-rehabilitation interviews.

Assessment of Outcomes

The primary outcome measure was the change in overall visual ability, estimated from a 

participant’s difficulty ratings of AI goals at baseline and at 6 to 9 months after the initial 

evaluation. Secondary outcome measures were reading, mobility, visual information 

processing, and visual motor function estimated from the patient’s difficulty ratings of 

respective subsets of tasks in the AI. Item measures (visual ability demanded by each goal 

and task in the AI) and structure calibrations (response thresholds for each difficulty rating 

category) were calibrated from the responses of 3177 low vision patients at baseline, as 

described elsewhere.31 Visual ability was estimated from the participant’s responses to items 

that were reported to be important and at least slightly difficult at baseline because these 

items were in need of rehabilitation and therefore eligible to be targeted by the plan of care. 

Items identified as “not important” or “not difficult” at baseline were filtered out and did not 

contribute to the outcome measures.

Statistical Analyses

Rasch analysis was used to estimate interval-scaled measures from AI difficulty ratings.32,33 

Using the Andrich Rating Scale Model (Winsteps statistical software, version 3.65), we 

performed Rasch analysis on a larger data set of baseline AI responses (described 

elsewhere)31 to anchor item measures and response category thresholds to calibrated values 

for the low vision population. Using these calibrated values, we performed Rasch analysis 

on filtered baseline and post-rehabilitation AI difficulty ratings to estimate 5-person 

measures for each patient (overall visual ability and visual ability in each of the 4 functional 
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domains). Mean values and standard deviations were calculated for the respective 

distributions of changes in overall visual ability measures and changes in each of the 4 

functional domains from baseline to post-LVR follow-up. To evaluate whether changes in 

each patient’s visual ability measures were clinically meaningful, an MCID was calculated 

for each measure from the ratio of the change in visual ability to 1.95 SEs of the estimated 

change (ie, the ratio represents the change as a fraction of the 95% CI on the estimated 

change). To assess potential bias and provide a pragmatic estimate of the benefit of a change 

in visual ability, an intention-to-treat analysis was performed presuming an effect size of 0 

for the 12% of total eligible patients who declined a follow-up interview or who did not 

show for the clinic visit.

Rasch analysis was performed on the responses to the GDS and SF-36 to estimate 

continuous interval-scaled measures for depressed mood and physical ability, respectively. 

Rasch analysis was not performed on the TICS responses because the raw scores were 

heavily skewed toward the ceiling; therefore, raw scores were used as the continuous 

variables for cognitive ability, which is expected to be a monotonic function of an interval 

measure that would be estimated from Rasch analysis.34

One-way analysis of variance (ANOVA) was performed with change in overall visual ability 

as the dependent variable and categorical baseline traits as independent variables. 

Multivariable predictive regression models for changes in overall visual ability and changes 

in each functional domain were tested using continuous variables that previously were 

observed to be predictors of baseline visual ability (SF-36 physical, GDS, logMAR, and 

TICS) and significant from the ANOVA (age) to determine if any combination of measures 

were predictors of primary or secondary outcome measures.31

Results

Patient characteristics, visual impairment measures, and baseline ability were obtained for 

779 patients. Table 1 shows the comparison of baseline characteristics of patients with AI 

follow-up data (n = 468) and patients without (n = 311) using the t test and odds ratios 

(ORs). The t test showed no differences between groups in mean logMAR visual acuity 

(0.69 [Snellen equivalent, 20/100] for patients with AI follow-up data vs 0.66 [Snellen 

equivalent, 20/100] for patients without), mean baseline visual ability score (1.01 vs 0.93), 

mean baseline reading ability score (0.82 vs 0.78), mean baseline visual motor function 

score (0.84 vs 0.67), mean SF-36 score (0.56 vs 0.60), and mean TICS score (38.59 vs 

37.86). Compared with the patients without follow-up data, the patients with follow-up data 

were older (mean age, 73.9 years vs 69.36 years), had better mobility function (mean score, 

0.61 vs 0.40), had better visual information processing (mean score, 0.79 vs 0.60), and lower 

depressed mood (mean score, −2.29 vs −1.85) at baseline. However, the magnitudes of the 

differences were small. The ORs showed that patients with follow-up data were more likely 

to be female (OR, 1.42) and to drive (OR, 1.40).

Table 2 details the mean changes in visual ability after rehabilitation at the goal and domain 

levels and the percentage of patients with MCID ratios greater than 1.0, for patients with 

follow-up data and for patients in the intention-to-treat group. Mean changes in visual ability 
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score were greatest at the goal level (0.89), followed by visual motor function (0.54), 

mobility (0.50), reading (0.45), and visual information processing (0.42). After 

rehabilitation, nearly half (47% [95% CI, 44%–50%]) of patients exhibited changes in 

overall visual ability that exceeded the MCID criterion. The prevalence of patients with 

MCID ratios greater than 1.0 in 4 functional domains were as follows: reading (44% [95% 

CI, 42%–48%]), visual motor function (38% [95% CI, 36%–42%]), visual information 

processing (33% [95% CI, 31%–37%]), and mobility (27% [95% CI, 25%–31%]). The 

intention-to-treat analysis showed that the prevalence of patients exceeding the MCID 

criteria was 42% in overall visual ability, 40% in reading, 34% in visual motor function, 

30% in visual information processing, and 25% in mobility.

Table 3 displays the results of 1-way ANOVA of change in patients’ overall visual ability 

(dependent variable) and patients’ characteristics (independent variables). Because of ceiling 

effects, many of the trait distributions were not normal; therefore, continuous independent 

variables were categorized into quartiles for this analysis. Significant main effects were seen 

only with age and visual acuity as the independent variables, but after correction for post hoc 

multiple comparisons, neither achieved the 5% α level.

Table 4 displays regression model coefficients for continuous independent variables 

previously identified as having independent effects on overall visual ability measures at 

baseline and for variables that were potential predictors from the ANOVA (age and visual 

acuity).31 Regression model coefficients were displayed for the same continuous 

independent variables when functional domain measures were dependent variables. After 

Bonferroni correction, age (P = .006) was an independent predictor of changes in overall 

visual ability at the goal level, and logMAR visual acuity (P = .002) was predictive of 

changes in visual information processing. Despite the independent effects of these variables, 

the β coefficients were small. No variable was predictive of changes in reading ability or 

visual motor function.

logMAR visual acuity was a significant predictor of visual information processing (P < .002) 

but not overall visual ability (P = .10) in the multivariable regression model, and the effect of 

logMAR on visual ability (P = .04) was minimized in the ANOVA once a correction was 

made for post hoc comparisons. Figure 2 shows changes in overall visual ability by logMAR 

visual acuity categorized as mild, moderate, severe, and profound. Similar magnitude 

changes in visual ability were seen across all categories of visual impairment with the 

exception of moderate visual impairment, for which the visual ability change score was 

smaller (95% CI, 0.54–0.88).

Discussion

We learned that outpatient LVR services across the United States were effective in 

improving overall visual ability in nearly half (47%) of patients, with large average effect 

sizes (Cohen d = 0.87). At the domain level, the effect sizes were moderate (Cohen d = 

0.40–0.51), with 28% to 45% of patients meeting the MCID change criteria. The visual 

ability effect sizes from this study slightly exceeded those of prior outpatient studies (Cohen 

d = 0.25–0.75).16,18,35 However, they did not achieve the very large effects (Cohen d = 

Goldstein et al. Page 7

JAMA Ophthalmol. Author manuscript; available in PMC 2019 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1.96)15 seen in the Department of Veterans Affairs Blind Rehabilitation Center, which offers 

an intense 4- to 6-week inpatient LVR program with full coverage of vision-assistive 

equipment costs.

The regression analysis demonstrated that there were no consistent, strong predictors of LVR 

outcomes. Our findings showed that age was predictive of improved overall visual ability 

(measured at the goal level) and that visual acuity was predictive of improved visual 

information processing. However, neither showed strong effects, and there were no 

interactive effects between the 2 variables. This observation agrees with anecdotal reports of 

the difficulty predicting which patients will benefit from LVR, and it supports prior study 

results showing poor agreement between physician predictions of outcomes and observed 

changes in patients.36

Patients with a visual acuity of greater than 20/60 or less than 20/200 showed the greatest 

effects from LVR. Smaller effects were observed for patients with moderate loss of visual 

acuity (<20/70 to >20/200) and may be related to the patients not obtaining the necessary 

vision-assistive equipment (eg, because it was not covered by their insurance), the need for 

more intensive LVR training, or the lack of effective rehabilitation solutions for this 

subgroup. The beneficial changes seen in patients with greater than 20/60 visual acuity may 

result from simpler interventions, such as an increase in reading spectacle power and 

lighting enhancement. Patients with severe to profound loss of visual acuity may have had 

better LVR out- comes because they may have had time to adapt to their gradually 

deteriorating vision, and they may have had prior experience with rehabilitation strategies 

and vision-assistive equipment. Because visual acuity is not a good predictor of 

improvement in visual ability and because patients with visual acuity better than 20/60 show 

the greatest mean improvement after rehabilitation, these results suggest that visual acuity 

should not be the only basis for a referral to LVR services.

Conclusions

The strength of the MCID is that it provides a meaningful clinical end point to determine 

when beneficial effects from LVR are observed. The ability to quantify the percentage of 

patients who benefit from outpatient LVR services across the United States lays the 

foundation to test new surgical, electronic, and optical rehabilitation solutions. A limitation 

of our research is that it is an observational study without the presence of a control group. A 

randomized controlled clinical trial is still necessary to provide incontrovertible evidence of 

the effectiveness of outpatient LVR. With a well-validated, clinically meaningful PROM 

available, we are positioned to conduct such trials and develop and test new LVR treatments 

to improve visual ability in the 53% of patients for whom no clinically meaningful benefit 

was observed and to further increase the effectiveness of LVR for all patients.
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Figure 1. Flowchart of Study Participants
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Figure 2. Change in Overall Visual Ability by Degree of Visual Impairment
Patients with a visual acuity (VA) of better than 20/60 or worse than 20/200 show the 

greatest effects of low vision rehabilitation. Smaller effects are observed in patients with 

moderate loss of VA (<20/70 to >20/200). AI indicates Activity Inventory; NLP, no light 

perception. Error bars indicate 95% CIs.
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