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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% ClI, 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%
Cl, 42%-48%]), visual motor function (38% [95% CI, 36%-42%]), visual information processing
(33% [95% ClI, 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 (£=.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 review!
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-* A transition then occurred to using fixed-item Likert-scale
visual function questionnaires and clinic-based performance measures (eg, reading speed
and navigation accuracy).>-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 (Al), 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 Al were
the secondary outcome measures.

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.2® 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 LVVR 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 Al 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),2? 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.2® Patient interviews were conducted over 1
or 2 sessions, depending on a patient’s availability. The average interview time was 62
minutes.

The Al 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 Al results. Results of the SF-36 were not included in the report because there
are no defined cutoff values for this instrument. Five Al summary scores were included in
the report: overall visual ability (estimated from difficulty ratings of Al goals), reading,
mobility, visual information processing, and visual motor functions (estimated from
difficulty ratings of different subsets of Al tasks). In addition to the numeric scoring (logits),
the report included a listing of the specific Al 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.2>

Low vision rehabilitation outcomes were assessed by telephone 6 to 9 months after initial
evaluation through the administration of the Al. 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 Al 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 Al. Item measures (visual ability demanded by each goal
and task in the Al) 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.3! 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 Al 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 Al responses (described
elsewhere)3! 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 Al 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-LVVR 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.3*

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.3!

Patient characteristics, visual impairment measures, and baseline ability were obtained for
779 patients. Table 1 shows the comparison of baseline characteristics of patients with Al
follow-up data (n = 468) and patients without (n = 311) using the ftest and odds ratios
(ORs). The ttest showed no differences between groups in mean logMAR visual acuity
(0.69 [Snellen equivalent, 20/100] for patients with Al 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% Cl, 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%
Cl, 42%-48%]), visual motor function (38% [95% ClI, 36%—42%]), visual information
processing (33% [95% ClI, 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% a 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).3! 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 (£ =.002) was predictive of
changes in visual information processing. Despite the independent effects of these variables,
the B 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 (£=.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% ClI, 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 o= 0.87). At the domain level, the effect sizes were moderate (Cohen o=
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 o=
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1.96)1% 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.

Funding/Support:

This work was supported by grants EY012045 and EY018696 from the National Eye Institute, National Institutes
of Health, Bethesda, Maryland, and a grant from Reader’s Digest Partners for Sight Foundation.

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



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldstein et al.

Page 9

Role of the Funder/Sponsor: The funders/sponsors had no role in the design and conduct of the study; collection,
management, analysis, or interpretation of the data; preparation, review, or approval of the manuscript; and decision
to submit the manuscript for publication.

REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

Binns AM, Bunce C, Dickinson C, et al. How effective is low vision service provision? a systematic
review. Surv Ophthalmol. 2012;57(1): 34-65. [PubMed: 22018676]

. Mcllwaine GG, Bell JA, Dutton GN. Low vision aids—is our service cost effective? Eye (Lond).

1991; 5(pt 5):607-611. [PubMed: 1794428]

. Harper R, Doorduyn K, Reeves B, Slater L. Evaluating the outcomes of low vision rehabilitation.

Ophthalmic Physiol Opt. 1999;19(1): 3—-11. [PubMed: 10615433]

. Rees G, Keeffe JE, Hassell J, Larizza M, Lamoureux E. A self-management program for low vision:

program overview and pilot evaluation. Disabil Rehabil. 2010;32(10):808-815. [PubMed:
20367406]

. Scott IU, Smiddy WE, Schiffman J, Feuer WJ, Pappas CJ. Quality of life of low-vision patients and

the impact of low-vision services. Am J Ophthalmol. 1999;128(1):54-62. [PubMed: 10482094]

. McCabe P, Nason F, Demers Turco P, Friedman D, Seddon JM. Evaluating the effectiveness of a

vision rehabilitation intervention using an objective and subjective measure of functional
performance. Ophthalmic Epidemiol. 2000;7(4):259-270. [PubMed: 11262673]

. Hinds A, Sinclair A, Park J, Suttie A, Paterson H, Macdonald M. Impact of an interdisciplinary low

vision service on the quality of life of low vision patients. Br J Ophthalmol. 2003;87(11):1391—
1396. [PubMed: 14609841]

. Lamoureux EL, Hassell JB, Keeffe JE. The determinants of participation in activities of daily living

in people with impaired vision. Am J Ophthalmol. 2004;137(2):265-270. [PubMed: 14962415]

. Reeves BC, Harper RA, Russell WB. Enhanced low vision rehabilitation for people with age related

macular degeneration: a randomised controlled trial. Br J Ophthalmol. 2004;88(11):1443-1449.
[PubMed: 15489491]

. La Grow SJ. The effectiveness of comprehensive low vision services for older persons with visual
impairments in New Zealand. J Vis Impair Blind. 2004;98(11):679-692. http://eric.ed.gov/?
id=EJ683813. Accessed March 3, 2015.

de Boer MR, Twisk J, Moll AC, Vélker-Dieben HJ, de Vet HC, van Rens GH. Outcomes of low-
vision services using optometric and multidisciplinary approaches: a non-randomized comparison.
Ophthalmic Physiol Opt. 2006;26(6):535-544. [PubMed: 17040417]

Court H, Ryan B, Bunce C, Margrain TH. How effective is the new community-based Welsh low
vision service? Br J Ophthalmol. 2011;95(2):178-184. [PubMed: 20601662]

Ryan B, Khadka J, Bunce C, Court H. Effectiveness of the community-based Low Vision Service
Wales: a long-term outcome study. Br J Ophthalmol. 2013;97(4):487-491. [PubMed: 23410732]
Smith HJ, Dickinson CM, Cacho I, Reeves BC, Harper RA. A randomized controlled trial to
determine the effectiveness of prism spectacles for patients with age-related macular degeneration.
Arch Ophthalmol. 2005;123(8):1042-1050. [PubMed: 16087836]

Stelmack JA, Szlyk JP, Stelmack TR, et al. Measuring outcomes of vision rehabilitation with the
veterans affairs low vision visual functioning questionnaire. Invest Ophthalmol Vis Sci.
2006;47(8):3253-3261. [PubMed: 16877389]

Lamoureux EL, Pallant JF, Pesudovs K, Rees G, Hassell JB, Keeffe JE. The effectiveness of low-
vision rehabilitation on participation in daily living and quality of life. Invest Ophthalmol Vis Sci.
2007;48(4):1476-1482. [PubMed: 17389474]

Stelmack JA, Tang XC, Reda DJ, Rinne S, Mancil RM, Massof RW; LOVIT Study Group.
Outcomes of the veterans affairs low vision intervention trial (LOVIT). Arch Ophthalmol.
2008;126(5):608-617. [PubMed: 18474769]

Pearce E, Crossland MD, Rubin GS. The efficacy of low vision device training in a hospital-based
low vision clinic. Br J Ophthalmol. 2011;95(1):105-108. [PubMed: 20837788]

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


http://eric.ed.gov/?id=EJ683813
http://eric.ed.gov/?id=EJ683813

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldstein et al.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 10

Stelmack JA, Tang XC, Wei Y, Massof RW; Low-Vision Intervention Trial Study Group. The
effectiveness of low-vision rehabilitation in 2 cohorts derived from the Veterans Affairs Low-
Vision Intervention Trial. Arch Ophthalmol. 2012;130(9):1162-1168. [PubMed: 22965592]

Velozo CA, Warren M, Hicks E, Berger KA. Generating clinical outputs for self-reports of visual
functioning. Optom Vis Sci. 2013;90(8):765—775. [PubMed: 23839700]

Massof RW, Hsu CT, Baker FH, et al. Visual disability variables, I: the importance and difficulty of
activity goals for a sample of low-vision patients. Arch Phys Med Rehabil. 2005;86(5):946-953.
[PubMed: 15895341]

Massof RW, Hsu CT, Baker FH, et al. Visual disability variables, 11: the difficulty of tasks for a
sample of low-vision patients. Arch Phys Med Rehabil. 2005;86(5):954-967. [PubMed:
15895342]

Massof RW, Stelmack JA. Interpretation of low-vision rehabilitation outcome measures. Optom Vis
Sci. 2013;90(8):788-798. [PubMed: 23873035]

Copay AG, Subach BR, Glassman SD, Polly DW Jr, Schuler TC. Understanding the minimum
clinically important difference: a review of concepts and methods. Spine J. 2007;7(5):541-546.
[PubMed: 17448732]

Goldstein JE, Massof RW, Deremeik JT, et al.; Low Vision Research Network Study Group.
Baseline traits of low vision patients served by private outpatient clinical centers in the United
States. Arch Ophthalmol. 2012;130(8):1028-1037. [PubMed: 22893074]

Massof RW. A systems model for low vision rehabilitation, I: basic concepts. Optom Vis Sci.
1995;72(10):725-736. [PubMed: 8570162]

Massof RW, Ahmadian L, Grover LL, et al. The Activity Inventory: an adaptive visual function
questionnaire. Optom Vis Sci. 2007;84(8):763-774. [PubMed: 17700339]

Manly JJ, Schupf N, Stern Y, Brickman AM, Tang MX, Mayeux R. Telephone-based identification
of mild cognitive impairment and dementia in a multicultural cohort. Arch Neurol. 2011;68(5):
607-614. [PubMed: 21555635]

Lyness JM, Noel TK, Cox C, King DA, Conwell Y, Caine ED. Screening for depression in elderly
primary care patients: a comparison of the Center for Epidemiologic Studies-Depression Scale and
the Geriatric Depression Scale. Arch Intern Med. 1997; 157(4):449-454. [PubMed: 9046897]

Cooper JK, Kohlmann T, Michael JA, Haffer SC, Stevic M. Health outcomes: new quality measure
for Medicare. Int J Qual Health Care. 2001;13(1):9-16. [PubMed: 11330450]

Goldstein JE, Chun MW, Fletcher DC, Deremeik JT, Massof RW; Low Vision Research Network
Study Group. Visual ability of patients seeking outpatient low vision services in the United States.
JAMA Ophthalmol. 2014;132(10):1169-1177. [PubMed: 25073745]

Bond TG, Fox CM. Applying the Rasch Model: Fundamental Measurement in the Human
Sciences. 2nd ed Routledge: New York, NY; 1977:314.

Massof RW. Understanding Rasch and item response theory models: applications to the estimation
and validation of interval latent trait measures from responses to rating scale questionnaires.
Ophthalmic Epidemiol. 2011;18(1):1-19. [PubMed: 21275592]

Zelinski EM, Gilewski MJ. Effects of demographic and health variables on Rasch scaled cognitive
scores. J Aging Health. 2003;15(3):435-464. [PubMed: 12914012]

Wolffsohn JS, Cochrane AL. Design of the Low Vision Quality-of-Life Questionnaire (LVQOL)
and measuring the outcome of low-vision rehabilitation. Am J Ophthalmol. 2000;130(6):793-802.
[PubMed: 11124300]

Chan TL, Goldstein JE, Massof RW; Low Vision Research Network Study Group. Comparison of
clinician-predicted to measured low vision outcomes. Optom Vis Sci. 2013;90(8):776-787.
[PubMed: 23873036]

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



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Goldstein et al.

Page 11

779 Patients enrolled

191 (25%) Ended participation
—> in study before eligible for
follow-up interview

\4

588 (75%) Eligible for
follow-up interview

120 Excluded
8 (1%) Died before follow-up
39 (7%) Unable to contact
39 (7%) Declined follow-up
32 (5%) No-show for visit
2 (0.3%) Loss of hearing

\ 4

468 (80%) Completed follow-up
interview (60% of baseline)

Figure 1. Flowchart of Study Participants
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Mild VA Moderate VA Severe VA Profound VA
(>20/60) (<20/70 to (<20/200to  (<20/500 to
>20/200) 20/500) NLP)

Level of Vision Impairment

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). Al indicates Activity Inventory; NLP, no light
perception. Error bars indicate 95% Cls.

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



Page 13

Goldstein et al.

W04 HoYS Wal|-9g ApnS sawiodainQ [e9IPaN ‘9€-4S ‘01el SPPo ‘YO ‘afduwies ur pawiogiad 10U ‘N ‘ApnIS saWoaINQ UoneH|Iqeyay UOISIA MO ‘SOYAT 3]edS UoIssaldaq o1IBLIgS) ‘SA9) :SUOIBIASIGOY

‘uonubod Jewou ajedIpul O Uey) Jarealh sa100s >>mw_u

"uolssaldap Jo ysil Ja1ealB serealpul a109s JayBiH

q

"sanIAIoe Buiwloyiad Aynoyip ssa) 4o Alljige 1enaq saredlpul 3109s Ecm__._m

'snyels aAmubo) 1oy malAIalul auoydsjal ‘SO1L ‘Aaning yjesH

9T GT'L09 ot 2L0- 90¢ (zz'1)98'L€ Tvy  (G7'9) 65'8€ (@s) uesw ;'2100s Mes SOIL
€8 87679 120 %00 ere  (6v'2) 90 Sy (9£2) 950  (AS) ueaw ‘a109s yasey Butuonouny featsAyd 9e-4S
100 99TIS  TLT  LEO 65z (18'T) G8'T- Ty (69°T) 922~ (@s) ueaw 21035 4osey SAD

S0°  16'T29 €6T  9T0- goe  (ST'T) 290 ey (90T)¥80 uoIoUNy 1030 [ENSIA

€0 ¥5'S6S A L6¢  (9T'T) 090 €Oy (¥0'T) 60 Buissaooid uonewoful [ensiA

€0°  €8'80§ vZe  120- eve  WI'T)Ov0 1ee  (0T'T) 190 Aungon

vl 96219 €80 €00- 2t (Lr'1)8L0 L2y (82'T) 280 Buipeay

v 15059 180 800- T1€ (8E'T) €60 89y  (8T'T)TOT 112490 JO S[e0D
suboj ‘(gs) uesw w.m_oom Aljge jeuonouny auljaseg

00T/02 00T/02 1usjeninba uajjaus

6 0£'€6E G8'0 €00- voz  (8%°0) 99°0 8se  (G¥'0) 69°0 (@s) uesw "YvNbol
Aunoe [ensip
(96'T-00'T) OV'T dN dN dN dN 8l (g9 1L Ty (7€) evT (%) "oN ‘Buin@
(08'T-6L°0) 6T'T dN dN dN dN 8/z  (5€8) zee Ty (2'G8) 8.€ (%) oN ‘papiaoid poddng
(L5'1-58'0) ST'T dN dN dN dN 8¢ (g9¢) 10T Ty (L'6€) GLT (%) ON ‘auofe BuiAI
€0°  ¢8'S09 ST'C  820- 8¢ (Lmee 1147 (8meze "ON ‘(@sS) ueaw ‘sanpigiowod dnewoldwAs
(26'0-T5'0) 02°0 dN dN dN dN 8¢ (98¢ L0T Ty (9'0€) GET (%) "ON 'xds a[eIN
100> 8€'/8Y 09€ €S- 8Lz (8LT) 769 Ty (0vT) 6°€L A(as) uesw ‘aby
A_Ugmmvw_o 9njeA d p 9NjeA ]l v ‘ON |eloL 9NJeA Jun ‘ON |eloL 9NJeA JuNn alnsealA 10 dnsiusldeleyd

ereq dn-mojjo4 oN

ereg dn-mojjo4

Author Manuscript

eeq@ dn-moj10< INOUIAA J0 YIAA SIUSIEd SOHAT Ul SainsesiN ANJIQY [ensIA pue sonsialoeeyd suljased

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 14

Goldstein et al.

*(81eWIISa 9409s BBURYD 8Y) JO SI0LI3 PJepUR]S) 96'T SPAdIXd 8103S abueyd 8y 41 18W SI :o:m:__om

*30UBIBYIP JueLodwl AjjeoIuno wnwiuiw ‘aidn

‘Jean-0)-uonusiul ‘1 | | ‘Alojusaul ANARIE ‘| :SUOIBIABIGYY

(¥e) (zv—9¢) 8¢ (sv'0) 870 8r'0  (ETTIVS0 (86€ = U) uonoUNy JOJOW [ENSIA
(0¢2) (Le-1¢€) €€ (9v'0) 150 8’0  (€8'0) 2’0  (€6€ = u) Buissaooud uonewIOul [ENSIA
(s2) (te-s2) L2 (8€'0) 070 70 (S2'T)0S0 (692 = u) AungoN
(ov) (8v—cv) v (8€'0) 00 oo @TT)SPo (czy = u) Buipeay
(Tv) (05-v¥)Lv (¢80) 280 6,0 (20T)68°0 (89 = u) Aulige [ensIA [[e1an0/s[e0D

(a1dwres 1 11) pansiyoy

(1D %S6) pPansIyoy

p ‘(s1dwees 1 11) 8215 10843

sidwes 111 (as) uesy

Aunav fensin

o\om.m:muto dion

s11607 ‘a400s abuey) |v

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

UOIIUSAIBIU| UOIEI|IgeYaY UOISIA MO JO S198443

Author Manuscript

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



Page 15

Goldstein et al.

*so|1enb ojul [earioBeyed apew a|geLIeA SNONUIU0D SNBIS aAIIUBOD 10y MAIAIBIU| suoyda|al e Se paulap s :o:_cmoom
'sa|1enb ojul [earioBered apew ajgelLieA snonuU0d Jusuodwiod [ealsAyd 9g-4S ue se pauyap si _S_m\fn_k
's9|1enb ojul [ea1i0Be1ed apeW a]geLIEA SNONUIUOD 8]edS Uolssaidaq JLIBLIBD) © Se Paulyap si co_mmmamn_m

'(8'0>) lew.ouqe pue (9°T—8°0) [ew.ou ol paz1iobared ANAISUSS 1Selju0d Bo| Se paulap St ANAIISUSS 1Sesu0D)

14
'SS0| UOISIA punojoid pue ‘a1aAss ‘alelapol ‘pjiw ojul paziiobales si Anoe fensin_

's1eak g uey 1ap|o pue ‘1abunoA 1o abe Jo sieak {8 01 abe Jo sieak 9, woly ‘4abunoA 1o abe Jo sieak 9/ 01 abe Jo sieak 99 uey Jap|o wody ‘1aBunoA 1o abe Jo sieak 99 ojul paziiobaled si sieak ul mm<q

‘GO’ > D JO UOLIB}LID B 40} JuedIpubIS A|[eansies sl #00° >4 1ey} punoy am ‘suosiiedwod ajdijnuw 1oy uof10a1i09 © mczeoeouc_m

‘KININS U1[ESH W0 LIOYS Wil|-9€ APMIS SaWOoaINQ [JIPAIN ‘9€-S UONEIABIGY

06’ S10°0 9100 T 9100 snyess Buiaug
1T T.ST 999T 1T 99917 auofe BulAI
or 20L0 910 T 9720  (Apwey 1o auou ‘Ba) papaau sadlAles Loddns
eg' L0 v6L°0 € 2887 Fes aAIubo) 10y MalAIBlU| suoydajal
L a0 6v0 € e uauodwod jeaishyd ge-d4s
69° €20 2LL0 6 v¥6'9 S811IPIgJOW02 d1rewoldwiAs Jo ‘0N
06" 1020 61zZ0 ¢ 990 ,°Ie9S uoIssaidaq oeraD
98’ T€00 €00 T €00 passaidaQg
85" 50 vIS0 2 ShT'T anEm%m 1SEAIUOD JO WyIeoT
v0 806 1z6T € 8.8 /N9 [ensin ¥y NGOl
TA T0 L0T0 T L0T°0 X3S
€0 TS0°€ v6Te € 2896 v
anfeAd oney o4 atenbsuesyy Jp  saenbs jo wing a|qeLIen

,BOUBLIBA JO SISA[BUY :SO1ISHIBI0RIRYD JUBITRd UNA AHIIOY [BNSIA |[BISAQ JO UOEIJ0SSY

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



Page 16

Goldstein et al.

20 gyre- LT0- (560°0) 862°0- dvnbol
A 17T 9900 (€0'0) £€0°0 sas
2L 9S€0 2200 (zz0'0) 8000 rearsAyd 9g-4S
GE' 8860 0 (Svv'0) LT¥°0 weIsuo)

800°0  UOMeWIOjUI [ENSIA
vy 8LL0- LS00~ (900°0) 500°0- aby
v0  ¥S0°C- LyT'0- (910°0)¥€0°0- SOIL
00Z° S82'T- 9800~ (SL1°0) S2To- UvINbol
L& ¥68°0 G900 (z50°0) 9v0°0 sas
v v2l0 9500 (vor'0) 6200 [edisAyd 9e-4S
900"  €6LC 0 (zv8'0) 15€°C jueIsuoy

£00°0 Aungon
6¢ 10T 900 (#00°0) 5000 aby
95 8850 2800 (T10°0) L00°0 SOIL
1§ 9590 GEO'0 (Sz1°0) 280°0 dvnbol
o SOV'T 1800 (6€0°0) 5500 sao
v LLL0 L¥0'0 (€0'0) €200 IearsAyd 9g-4S
88"  8ST0- 0 (985°0) €60°0- weIsu0)

7000 Buipeay
20y v1°0 (v00°0) T0°'0 by
9 TIT 8500 (6000) TT0°0 SOIL
0T 8y9'1- 800~ (e01°0) LT°0- HVINBO|
80" 99T 7600 (€£0'0)850°0 sao
90" 1267 90T°0 (vz0'0) Lv0'0 eolsAyd 9e-dS
€6 ¥80°0- 0 (28v°0) TV0°0- JuBISU0D

1200 s|e09

aN[eAd Palel-z  en[eAl  Iusioyeod g (3S) aIois0D 4 10843

surewo pue ANJIgV [ensIA |]e48AQ0 JO SIsA[euy uoissalibay

‘v alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

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



Page 17

Goldstein et al.

"U011991109 1UOLIBUOg Ja)Je JuRdIUBIS >__8=m_§wm

'SNyeIS aAINubo)) 104 MalABIU| suoydajal ‘'SOIL ‘ABAINS L1jeaH W04 LOYS Wall-9g APNnIS SaWodInQ [e2IPaIA ‘98-4S ‘a]eas uoissaidaq LIRS ‘SAD SUONEBIAIGAY

€5 9690 1800 (500°0) £00°0 by
66" €100- 1000~ (zT00) 0 SoIL
18  69T°0 6000 (ze1°0) 2200 dvInbol
Ll S620- 810°0- (Tv0°0) 2T0°0- sao
05 6990 700 (Te0'0) Te0'0  [eo1sAyd 9g-4S
65 €850 0 (619°0) €€°0 eIsuo)
1000 1ojow [ensiA
6T €T 600 (€00°0) ¥00°0 aby
0T S000- 0 (600°0) 0 SOoIL
an[eA d pallel-z  anfeAl  uspyyeod d  (3S) BKoe0D 4 1843
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



	Abstract
	Methods
	Study Methods
	Study Populations
	Protocol Design
	Assessment of Outcomes
	Statistical Analyses

	Results
	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

