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ABSTRACT
MEASURING OUTCOMES OF LOW VISION REHABILITATION DELIVERED BY A
MOBILE CLINIC

Micaela Gobeille

New England College of Optometry, 2018

Purpose

Geographic barriers to low vision rehabilitation (LVR) may prevent service utilization.
Circumventing these barriers can promote access to and utilization of LVR. In the state of
Massachusetts, a mobile clinic was used to deliver LVR in areas with an inadequate supply
of providers to meet patient demand for services. In this novel mobile clinic LVR delivery
model, it was imperative to determine whether clinically meaningful LVR outcomes were
achieved, and if so, how they compared to other delivery models. In order to rigorously
evaluate these questions, this study was designed to explore functional outcomes and device

abandonment for patients receiving LVR on the mobile clinic.

Methods

Participants enrolled in this study had previously been registered as legally blind per U.S.
Social Security definition and scheduled for mobile clinic LVR. The Massof Activity
Inventory (Al), a validated adaptive visual function questionnaire, was administered before
LVR, three months post-LVR, and one year post-LVR to assess functional outcomes for each

participant. Al data underwent Rasch analysis after item filtering. Person measures, change



scores, and measures of clinical effect (i.e. Cohen’s effect size, Minimum Clinically
Important Difference [MCID]) were calculated and were the primary outcome measures of
this study. These measures were compared for different time points, and effect size was used

to compare effectiveness with previous measures from other LVR delivery models.

Device abandonment was an additional outcome measure in this study. It was assessed using
a questionnaire which has previously been found to give repeatable results. Participants who
received one or more device recommendation during mobile clinic LVR were included in
this analysis. They were asked whether they still had each device, how frequently each
device was used, and which task each device was used to accomplish at 3 months and 1 year
post-LVVR. Data were compiled to quantify the type, goal, and frequency of use for all device
recommendations. The odds of abandonment were calculated in comparison to a previous

study which made use of the same questionnaire.

Secondary outcome measures included personal and clinical participant characteristics. These
were: incoming systemic and ocular diagnoses, age, self-reported history of prior LVR
examination, best corrected visual acuity, binocular Mars contrast sensitivity, device

recommendations, and additional examination or training recommendations.

Results

Participants in this study (n=66) had a mean best corrected visual acuity of 0.93 logMAR
(20/170 Snellen equivalent), a mean binocular Mars contrast sensitivity of 0.87 logCS, and a

mean age of 72.5 years. On average, participants had 2.4 systemic comorbidities each, and



47% of participants received their first ever LVR examination on the mobile clinic after

enrolling in this study.

Al results produced person measures which were significantly larger at both 3 months and 1
year post-LVR compared to baseline (p<0.0001), and there was no significant difference in
person measure at 3 months versus 1 year. Change scores were positive and effect sizes were
moderate to large, with a large effect size (d=1.12) in visual ability (overall goals). A
majority of participants achieved MCID in goals (56% at 3 months, 71% at 1 year) and in
each Al domain. Subjective report of worsening vision was a significant predictor of LVR

outcome.

Sixty-five participants received device recommendations on the mobile clinic. Device use
data were collected on 151 devices at 3 months post-LVR and 99 devices at 1 year post-
LVR. There was no significant difference in abandonment 3 months post-LVR versus 1 year
post-LVR. Abandonment occurred for 14 % of recommended devices at 3 months and 15%
of recommended devices at 1 year. Filters and telescopes were more likely to be abandoned,
while devices recommended for reading were most frequently used and least often
abandoned. No patient characteristics, including Al functional outcome, were predictive of
abandonment. Additionally, many participants benefitted from an updated spectacle
prescription (n=29, 45%) provided by the mobile clinic. Spectacles were most often in use or
never obtained by the participant. Abandonment of spectacles was rare. There was no
significant difference in the odds of device abandonment on the mobile clinic compared to a

previous study in academic outpatient LVR clinics
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Conclusions

Mobile clinic LVR is effective at expanding access to care. Functional outcomes, as assessed
by Al, improved at both time points, and effect sizes were comparable to those measured in
other private outpatient LVR delivery models. Only 17% of device recommendations were
abandoned at 3 months, and 18% of devices were abandoned at 1 year. This is similar to

academic outpatient LVR clinics.
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CHAPTER 1: LITERATURE REVIEW AND GENERAL INTRODUCTION
1.1 Scope of the problem
With the increasing prevalence of age-related eye disease, visual impairment poses a growing
public health concern. Several large cross-sectional studies (i.e. The Framingham Eye Study,
The Beaver Dam Eye Study, The Baltimore Eye Survey, The Mud Creek Valley Study, and
The Salisbury Eye Evaluation Study) have examined the prevalence of eye disease and visual
impairment in various geographic regions (Massof 2002). Generally, these studies screened
populations for eye disease and measured visual acuity, performing a refraction or pinhole
acuity to obtain best corrected visual acuity (BCVA) only if presenting visual acuity was
worse than a certain threshold. These studies differ in what that acuity cutoff was (i.e. 20/40
versus 20/60), how acuity was measured (i.e. ETDRS versus Snellen or Landolt C), and the
ranges of acuities reported (Massof, 2002). Studies also differed demographically, with
different racial distributions and ages represented in each study population. For example, the
Mud Creek Valley Study (Dana et al., 1990) recruited from a poor, rural, underserved region
in Kentucky and all participants were Caucasian. Conversely, the Salisbury Eye Evaluation
Study (Klein, Klein, Linton, & De Mets, 1991), conducted in a middle-income city in
Maryland, evaluated people 65 to 85 years old who were Caucasian or African American
(Massof, 2002). Findings from these studies may not agree with one another, and
generalizability to the U.S. population as a whole is limited. A meta-analysis of these studies,
however, has been used to reasonably estimate the number of people who have low vision
(Massof, 2002; Chan, Friedman, Bradley, & Massof, 2018). Based on the application of a

multiple logistic regression model of low vision prevalence and incidence to 2010 United



States census data, over 3 million Americans were estimated to have low vision (BCVA

<20/40) in 2017, with nearly 500,000 incident cases that year (Chan et al., 2018).

In high income regions, low vision is a problem that predominantly affects the elderly,
although causes of visual impairment vary in different populations (Taylor & Keeffe, 2001).
Age-related macular degeneration (AMD) is the leading cause of blindness in Caucasian
populations, while open angle glaucoma is the primary cause in Hispanic populations
(Scholl, Massof, & West, 2013). In the African American population, causes of blindness are
more evenly distributed, with cataract and open angle glaucoma being more prevalent. In the
Caucasian population, females are more likely to be blind or visually impaired than males,
while the opposite is true of the African American population. There is no significant
difference in likelihood of blindness between sexes in the Hispanic population (Scholl et al.,
2013). Similarly, leading causes of visual impairment in the population presenting for
outpatient LVR include: macular disease, glaucoma, and diabetic retinopathy. The majority
of the population presenting for outpatient LVR, at 66%, is female (Goldstein, Massof,
Deremeik, et al., 2012). The mean age is 77 years, and the distribution is left skewed with
73% of patients presenting for outpatient LVR in the U.S. being at least 65 years old

(Goldstein et al., 2012).

While a large and increasing proportion of the U.S. population has low vision, LVR plays an
important role in preventing the development of visual disability or handicap. A patient is
considered visually impaired when everyday tasks, such as reading recipes or finding food

items, cannot be accomplished due to poor vision. Visual disability occurs when an inability



to perform tasks prevents the patient from achieving larger goals, such as preparing daily
meals. Handicap occurs when inability to accomplish goals prevents the patient from meeting
societal objectives, such as independently achieving daily living activities (Massof et al.,
2005a). By reducing visual disability and handicap, patient quality of life is improved
through increased independence. Additionally, visual disability is associated with increased
risk of cognitive impairment and depression, which negatively impact quality of life (Scholl
etal., 2013). LVR is effective at reducing disability and improving quality of life through the
provision of devices and training that make challenging tasks less difficult or unnecessary so
that the patient can achieve important goals despite reduced vision (Massof, 1998; Massof et

al., 2005a, 2005b).

1.2 Clinically Meaningful LVR Outcomes

Evaluating and developing consistent methods to measure LVR outcomes is essential in
assessing clinical effectiveness and comparing among different LVR clinical delivery
models. Varied delivery models have been used to provide LVR, including intensive
interdisciplinary Veteran’s Affairs (VA) hospital programs (Stelmack, Szlyk, et al., 2006b;
J.A. Stelmack, Tang, & Reda, 2008; J. A. Stelmack, Tang, Wei, & et al., 2016) and more
diverse non-VA hospital and private clinic settings ( Goldstein et al., 2012; Goldstein, Chun,
Fletcher, Deremeik, & Massof, 2014; Goldstein, Jackson, Fox, Deremeik, & Massof, 2015).
Different services are provided in each delivery model, with hospital settings more likely to
provide additional non-optometric services than private optometric practices. Given the
breadth of possible approaches and different LVR interventions, alternative methods of

measurement are warranted to evaluate outcomes. Both objective and self-report measures



have a role in low vision outcomes research. Objective measures, such as reading speed and
acuity (Subramanian & Pardhan, 2009) or navigation of an obstacle course (Hassan, Lovie-
Kitchin, & Woods, 2002), may be useful when assessing interventions which target a
specific, narrowly defined, goal. However, these measures do not allow a holistic
understanding of change due to LVR, and therefore are less appropriate in a diverse patient
population. Self-report better assesses the impact of LVR on overall quality of life, as it
measures patients’ perceived experiences (Scholl et al., 2013). Self-report methods involve
use of a questionnaire that can be generic or vision specific. Generic questionnaires are
useful in measuring impact on quality of life in a way that can be compared to other non-
ocular conditions. In contrast, visual function questionnaires (VFQs) do not allow
comparison with other non-ocular diseases, but are less subject to bias by comorbidities than
general questionnaires. VFQs are important in measuring the impact of a visual intervention

on quality of life (Scholl et al., 2013).

1.2.1. Visual Function Questionnaires

In recent years, a myriad of VFQs have been developed to serve a range of purposes. VFQs
may be disease-specific (e.g. Macular Degeneration Quality of Life Instrument [MacDQoL]
(Mitchell, Wolfson, Woodcock, Anderson, et al., 2008)), target a specific aspect of quality of
life (e.g. Independent Mobility Questionnaire (Turano, Geruschat, Stahl, & Massof, 1999)),
or be appropriate for a certain demographic (e.g. Cardiff Visual Ability Questionnaire for
Children (Khadka, Ryan, Margrain, Court, & Woodhouse, 2010)). Even in the general adult
low vision population, multiple visual function questionnaires are available for use (Massof

et al., 2007; Stelmack et al., 2006b). However, questionnaire psychometric properties are not



equivalent across instruments. While methods such Rasch analysis (see section 1.2.3 for
further detail) have become standard, differences between questionnaires persist despite use

of rigorous analysis technigues.

Review studies have sought to establish standard methods of assessing VFQ quality (Massof
& Rubin, 2001; Pesudovs, Burr, Harley, & Elliott, 2007; Khadka, McAlinden, & Pesudovs,
2013), with one group going so far as to develop a checklist (COSMIN) (Mokkink, Terwee,
Knol, Stratford, et al., 2010). Standard methods allow the identification of important criteria
to assess VFQ quality. Previously established criteria included: content development,
psychometric properties (i.e. response categories, dimensionality, measurement precision,
item fit statistics, differential item functioning, targeting), validity (i.e. concurrent,
convergent, discriminant, known group), and reliability (test-retest,
responsiveness)(Pesudovs et al., 2007; Khadka et al., 2013). Based on these criteria, a 2013
review article (Khadka et al 2013) identified five visual function questionnaires with
adequate interval measurement properties, only two of which had published information on

validity: the VA LV VFQ-48 and Massof Activity Inventory (Al) (Khadka et al., 2013).

1.2.2 The Activity Inventory

The Al is an adaptive, well-calibrated VFQ developed through a retrospective review of the
charts of 3200 low vision patients (Massof et al., 2005a, Massof et al., 2005b; Massof et al.,
2007; Goldstein et al., 2014). Goals and tasks that are frequently reported as difficult in the
population seeking LVR were identified and organized into this VFQ. The Al has been

validated and provides a reliable measure of the same visual ability variable measured by



other VFQs (Massof et al., 2007). According to Khadka et al (2013), the Al is inferior in
response categories, item fit, and dimensionality to the VA LV VFQ-48. However, these
apparent deficits are offset by both the large number of items that compose the Al and
findings which established that multidimensionality of the Al visual ability variable does not
distort measurements (Massof et al., 2007). In a diverse outpatient LVVR population, the
numerous and broadly targeted items in the Al may indicate the use of this psychometrically
robust questionnaire over others. The Al is a powerful tool to measure LVR outcomes, and

is well-targeted for most patients presenting for LVR.

The Al consists of 3 objectives, 50 goals, and 460 tasks, all of which are organized into a
hierarchical activity breakdown structure (Massof et al., 2007). Each task, such as “avoid
cutting yourself” must be performed in order to achieve a certain goal, such as “daily meal
preparation.” Each goal falls under an objective, such as “daily living,” which defines the
social context of achieving goals (Massof et al., 2007). Participants first report how important
a goal is, and then how difficult it is to complete that goal without help. If the goal is
unimportant or not difficult, subsequent tasks which are part of that goal do not affect the
participant’s ability, and therefore do not receive a difficulty rating. During follow up
questionnaires, items that were rated unimportant or not difficult at baseline are not inquired
about, since these items would not have been targeted by LVR and no change will have
occurred (Goldstein et al., 2012). The Al is adaptive in that only tasks that affect participants’
abilities to perform important goals affect ability measures (Massof et al., 2007). The Al can
provide information about overall visual ability, but can also generate ability scores in the

specific functional domains of reading, mobility, visual information, visual motor, activities



of daily living (ADL), inside the home, and outside the home. This is accomplished when
only goals that contribute to the specific functional domain are included in an analysis, and is

possible due to Rasch analysis of many Al items.

1.2.3 Rasch Analysis

Prior to application of Rasch theory to low vision VFQ outcomes, classic test theory (CTT)
was commonly used. In the CTT paradigm, difficulty ratings of each item were added
together to yield a total score. CTT is limited in its measurement abilities because it does not
account for differing item difficulty (Mallinson, 2007; Massof, 2011). Additionally, it is
unable to adjust for missing data, which would therefore inappropriately impact
measurements. The subsequent application of Item Response Theory (IRT) and Rasch theory
to questionnaire data lends power to VFQ outcomes by enabling measurement on an interval
scale (Massof, 2011; Pesudovs, 2006). Unlike CTT, these methods account for varied item
difficulty, enabling difference in value to have meaning. Missing data can also be
appropriately accounted for assuming that the VFQ has an adequate distribution of remaining
item measures to target participants completing the VFQ. Rasch and IRT analysis differ
primarily in how they account for measurement error and in the model’s assumptions about
response category thresholds (Massof, 2011). Consequently, Rasch analysis has become the

gold standard in measuring LVR VFQ outcomes.

When completing the Al questionnaire, Rasch analysis is especially important because
missing data is nearly guaranteed. Goals included in the Al range from using a public

restroom to working with leather or performing outdoor recreational activities (Appendix 1).



Since non-important items are scored as missing data, it is highly unlikely that any
participant will rate every Al item. Importantly, this also means that the majority of
participants’ goals are represented, enabling uncommon goals to impact person measures for
participants who consider them important without skewing results for those who do not.
Rasch analysis of the Al enables person measures to be more reflective of each individual
participant’s unique rehabilitation goals, while still allowing inter-participant comparison of

outcomes.

According to the Rasch method, each Al item has an intrinsic level of difficulty for a
population of low vision patients. This numerical value is known as an item measure, and has
been set for each item through the calibration of the Al to approximately 3,000 low vision
participants (Massof, 1998; Massof et al., 2005a; Massof et al., 2005b; Goldstein et al.,
2014). Participants’ task difficulty ratings depend not only on the inherent difficulty of a task,
but also on how able the participant is to complete the task. Person measure is a variable
estimated by the Al which indicates how capable a participant is to perform tasks included in
the Al, with a positive value being more able and a negative value being less able (Massof,
2011). Functional reserve is defined as the difference between a participant’s person measure
and the item measure for a given task. Each time a study participant answers a question about
the difficulty of performing a specific task, the participant is comparing his or her ability (i.e.
person measure) to task difficulty (i.e. item measure), thereby providing a measure of

functional reserve (Massof et al., 2007).
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Figure 1.1: Person and Item Measures for the “Finding Food Items” Task

Adapted from Massof 2013

Item measure is represented by the red vertical line with a value of -1.04 logits. Person measures are shown for
four theoretical participants: D (2 logits), C (-1 logits), B (-2 logits) and A (-3 logits). As participant D’s person
measure is much greater than the item measure, functional reserve will be positive and the task will be rated as
not difficult. As participant A’s person measure is much more negative than the person measure, functional
reserve is negative and large so the task will be rated as impossible to do without help. Participant B has a
person measure lower than the item measure but not as negative as participant A, and will rate the task as
moderately difficult. Participant C’s person measure is very close to the item measure, so the item will be rated
as slightly difficult. (Massof & Stelmack, 2013)

For example, in the AI’s daily living objective under the daily meal preparation goal, the task
“finding food items” has an item measure of -1.04 (Massof et al., 2005b) (Figure 1.1). As a
result, participants with person measures much greater than -1.04 will rate this task as not
difficult. Participants with person measures much less than -1.04 will rate the task as
impossible to do without help. Participants whose person measures are close to -1.04 will say
that finding food items is slightly, moderately, or very difficult. Which rating is selected
depends on how much larger or smaller the person measure is in comparison to the item
measure — that is, the participant’s functional reserve (Figure 1.1). Threshold functional
reserve measures have been set for each difficulty rating for each item of the Al (Massof et

al., 2007). By rating the difficulty of many tasks, many measures of functional reserve are
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used to estimate an overall person measure (i.e. visual ability) (Massof et al., 2007). The Al
provides 510 different data points to measure functional reserve each time it is administered,
although it is highly unlikely that any one patient will complete all 510 data points due to the

AT’s adaptive format.

1.2.4 Outcome Measurements

Numerous studies have used VFQs to evaluate the effectiveness of LVR at improving visual
function in varied clinical settings (Stelmack et al., 2006a; Stelmack et al., 2008; Goldstein et
al., 2015;Stelmack et al., 2016; Deemer, Massof, Rovner, Casten, & Piersol, 2017). Outcome
measures differ with delivery model and measurement instrument (Binns et al., 2017).
Overall, VA hospital-based programs have produced large effect sizes and clinically
meaningful outcomes in a majority of participants. The Veteran’s Affairs Low Vision
Intervention Trial (LOVIT)(J.A. Stelmack et al., 2008) yielded tremendous improvements in
visual ability through an intensive, multidisciplinary outpatient intervention in a sample of
veterans with legal blindness secondary to macular disease. Outcomes were measured using
the VA LV VFQ-48 (Stelmack et al., 2008). LOVIT |1 followed up on these findings in a
sample with better baseline visual acuities (20/50-20/200), showing comparatively smaller
outcomes in participants receiving basic low vision or low vision rehabilitation (Stelmack et
al., 2016). The VA’s Blind Rehabilitation Center (BRC) programs, which are intensive
inpatient programs for legally blind veterans, have also shown large effect sizes via VA LV

VFQ-48, similar to what was seen in LOVIT | (Stelmack et al., 2006a).
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Effect sizes measured in VA hospital-based programs are substantially larger than those
reported in private low vision services. One study reported that private low vision outcomes
were one fifth the size of what has been observed in the BRC (Massof & Stelmack, 2013;
Stelmack et al., 2006a). Outpatient private low vision services typically produce small to
moderate clinical effect sizes (Massof & Stelmack, 2013). The Low Vision Rehabilitation
Outcome Study (LVROS) (Goldstein et al., 2012; Goldstein et al., 2014; Goldstein et al.,
2015) was a large multicenter study which used the Al to measure a moderate but clinically
significant treatment effect when surveying 779 low vision patients at 28 private outpatient

clinical centers across the country. Standard care varied by clinic site, and participants of all
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Figure 1.2: Outcome Measures from Previous Studies

Cohen’s effect sizes reported in LOVIT I (Stelmack et al., 2008), LOVIT Il ( Stelmack et al., 2016), the
Blind Rehabilitation Center inpatient program (Stelmack 2006 Inpatient) (Stelmack et al., 2006a), Low
Vision Rehabilitation Outcome Study (LVROS) (Goldstein et al., 2015), and Blind Rehabilitation Center
outpatient program (Stelmack 2006 Outpatient) (Stelmack et al., 2006a).
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visual acuities and causes of impairment were eligible for study enrollment (Goldstein et al.,

2015).

Patient individual characteristics may impact self-perceived abilities, which affect responses
to VFQs, thereby influencing results. The LVROS sample, which was designed to be
representative of those presenting for LVR across the U.S., was largely elderly and female,
with a majority of participants self-reporting additional co-morbidities (Goldstein et al.,
2012). Physical disabilities that reduced capability to perform daily tasks were reported by
60% of LVROS participants. Psychosocial difficulties were also highly prevalent among
LVROS participants including anxiety, depression, frustration and occasional periods of
forgetfulness (Goldstein et al., 2012). Change in overall Al visual ability was predicted by

age. Changes in the visual information Al domain were predicted by visual acuity.

LVROS also explored interactions between self-reported physical and psychosocial
comorbidities and self-reported Al visual ability measures (Goldstein et al., 2015). While
these comorbidities were found to influence visual ability Al scores, they did not impact the
overall change scores of LVR intervention (Goldstein et al., 2014; Goldstein et al., 2015).
More recently, the VITAL study (Rovner et al., 2014; Deemer et al., 2017) has investigated
the impact of behavior activation therapy to reduce depression incidence in patients at risk
when presenting for LVR ( Rovner et al., 2014; Deemer et al., 2017). Participants who
received behavior activation therapy showed less depression severity and greater functional

improvement as assessed by Al in comparison to an attention-control group (Deemer et al.,
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2017). While psychosocial comorbidity does appear to influence self-reported visual ability,

it importantly does not appear to impact assessments of change due to LVR.

Multiple studies have identified best-corrected visual acuity as a predictor of functional
outcome. In LVROS, participants with moderate visual impairment, who had a visual acuity
ranging from 0.48 to 1.00 logMAR (reported as worse than 20/60 and better than 20/200),
showed the least improvement in change score due to LVR (Goldstein et al., 2015).
Conversely, in a VA hospital setting, inpatient participants who had worse visual acuity
showed larger clinical outcomes than outpatients with better acuities. Difference in acuity
was cited as a likely reason for the seven-fold difference in outcome measures seen in
outpatient and inpatient LVR (Stelmack et al., 2006a). In LOVIT I, the interaction between
intervention, acuity, and clinical outcome was further clarified. This study enrolled
participants with macular degeneration and acuities ranging from 20/50 — 20/200 in the better
eye. Participants were randomized to receive basic low vision services, consisting of a low
vision exam and device prescription, or comprehensive low vision rehabilitation. The
comprehensive low vision rehabilitation group included basic low vision as well as an
average of 1.9 training sessions and 9.8 hours of homework (Stelmack et al., 2016).
Improvements in overall visual ability as well as all visual ability domains except visual
information processing (i.e. reading, visual motor, and mobility) were predicted by lower
baseline visual ability and with assignment to the low vision rehabilitation group (Stelmack
et al., 2016). Patients who had mild visual impairment (20/50-20/63) saw no significant
difference in outcome based on group assignment. Patients with moderately impaired acuity

(20/63-20/200) showed significantly better outcomes if assigned to the low vision
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rehabilitation group instead of the basic low vision group (Stelmack et al., 2016). This was
true of overall visual ability, as well as the reading and visual motor domains. The impact of
visual acuity on patient-reported visual function appears to differ based on level of services

provided.

Baseline visual acuity’s impact on visual function is further complicated by visual field
defect. Research has shown that central scotoma location differentially impacts Al domain
ability measures (Ross, Goldstein, & Massof, 2013). Driving difficulty was associated with
scotomas coinciding with instrument panel and rearview mirror locations. Scotomas 7.5° left
and 12.5° right of fixation and below and to the lower right of fixation were associated with
decreased reading ability, interrupting text preview and moving to the next line of text.
Mobility scores were worse with scotomas below and to the upper right of fixation (Ross et
al., 2013). While these findings elaborate on the impact of certain types of field loss, the
impact of peripheral visual field constriction on overall visual ability remains largely
unexamined. Rasch analysis has been used to examine functional outcomes in patients with
retinitis pigmentosa, but it is unclear how these results compare with others (Latham,
Baranian, Timmis, Fisher, & Pardhan, 2016). Consequently, they do not inform our

understanding of the interaction between visual field and visual function.

1.3 Cost effectiveness
1.3.1 Methods to Assess Cost Effectiveness
While low vision has an important impact on quality of life, it also can have an economic

impact. Economic implications of a disease state typically are assessed through health utility
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in units of quality-adjusted life year (QALY’), where a year lived with perfect health is worth
1 QALY, and a year with imperfect health is worth between 0 and 1 QALY (Torrance,
Furlong, & Feeny, 2002). To determine the QALY value of a year with imperfect health,
several different methods are used including: time trade off (TTO), standard gamble (SG), or
through instruments which approximate health utility such as the Euroqual 5 Dimensions
(EQ-5D) (Malkin, Goldstein, & Massof, 2012; Malkin, Goldstein, Perlmutter, Massof, &
Group, 2013). The TTO method asks participants how many years of life they would trade
for perfect health for the remainder of their years, while SG asks participants what percent
risk of instant death they are willing to accept in order to undergo a procedure that could
provide perfect health. Work has shown that inquiring about total blindness rather than death
yields results with the same units, enabling TTO and SG methods to be used related to vision
(Malkin et al., 2012). The EQ-5D takes a somewhat gentler approach by asking participants
to rate whether they have problems in five categories: mobility, self-care, usual activities
(e.g. work, study, housework, leisure activities), and pain/discomfort (https://euroqol.org/).
While the pain/discomfort category is unlikely to be relevant for visual impairment, the usual

activities category may be too general for participants with visual impairment.

1.3.2 Cost Effectiveness in LVR

The economic implications of visual impairment have been quantified. One analysis
examining health care costs has shown higher medical care expenditures, a greater number of
informal care days, and a decrease in health utility in people who are blind or visually
impaired (Frick, Gower, Kempen, & Wolff, 2007). Nationally, this amounts to an additional

$5.5 billion per year for medical and informal care. It also amounts to a loss of 209,000
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quality-adjusted life years (QALY's) as measured through the EQ-5D health utility (Frick et
al., 2007). This does not account for any decrease in productivity that may occur due to

vision loss.

Cost effectiveness of LVR intervention is a topic that has otherwise largely gone unexplored,
likely related to the difficulty of measurement in this population. Patient characteristics other
than visual impairment status haven been found to heavily impact TTO and SG measures,
rendering them ineffective due to high inter-participant variability caused by differing
participant response criteria (Malkin et al., 2012). Additionally, when the EQ-5D was
administered to LVROS participants, it only weakly correlated with functional outcomes, and
was unresponsive to change due to LVR intervention (Malkin et al., 2013). Standard

methods have thus far proved ineffective in assessing cost effectiveness of LVR intervention.

An economic analysis using alternative methods has successfully been conducted in a VA
hospital. This study examined the costs and consequences of inpatient BRC LVR versus
outpatient LOVIT protocol LVR. In this analysis, VA LV VFQ-48 outcomes were compared,
as were direct and indirect costs for each protocol. The analysis identified significantly lower
costs through LOVIT protocol. Clinical outcomes were similar between the two protocols in
domains of reading and visual information but better in BRC LVR for overall visual ability,
mobility, and visual motor domains. Depending on individual rehabilitative needs, LOVIT
protocol LVR can be a cost effective intervention (Stroupe et al., 2008). While this analysis
was unable to yield results in units of QALY's and therefore has limited comparability with

other healthcare fields, it does successfully examine cost versus benefit in an LVR setting.
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1.4 Access to LVR

Despite the significant quality of life improvements produced by LVR, many barriers
preclude patients from accessing these beneficial services. One deterrent to service
utilization is a lack of awareness about the availability and potential impact of LVR (Pollard,
Simpson, Lamoureux, & Keeffe, 2003; Matti, Pesudovs, Daly, Brown, & Chen, 2011; Fraser,
Johnson, Wittich, & Overbury, 2014). Patients who do not access care due to a lack of
information are more likely to have great difficulty achieving certain tasks (i.e. reading signs
and doing fine handiwork), and likely need additional education before electing to seek LVR
(Fraser et al., 2014). Additionally, the physical disability and chronic illness that are highly
prevalent in this population can prevent LVR utilization, as patients or their family members
may believe that care utilization is implausible due to patients’ frailty or busy appointment
schedules (Matti et al., 2011). Patients may also choose not to access care due to concern
about being perceived by others as “disabled.” This is reflected in the finding that patients

who live independently are less likely to choose to access LVR (Overbury & Wittich, 2011).

Major studies have failed to determine whether lack of geographical proximity to a low
vision provider creates a barrier to LVR utilization (Pollard et al., 2003; Matti et al., 2011;
Fraser et al., 2014). This factor is often underestimated due to participant selection methods.
Access to LVR has been explored largely in urban hospitals where participants were
recruited from ophthalmologists’ waiting rooms. LVR was available close to, if not within,
these hospitals, and participants lived within 17 miles of the site (Overbury et al., 2011;
Fraser et al., 2014). Consequently, these studies fail to account for the historically reported

difficulty patients experience in accessing care that is not conveniently located, as well as in
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complying with potentially beneficial LVR follow-up visits. One Australian study did
identify transport as a barrier to care, with focus group participants reporting anxiety about

public transportation or taxis to distant locations (Pollard et al., 2003).

Geographic barriers impact care utilization in rural environments where specialists, such as
LVR providers, are scarce (lezzoni, Killeen, & O'Day, 2006). Based on 2016 U.S. census
data, Massachusetts’ Hampden County was estimated to have 2,229 people 18 year of age or
older with low vision (defined as BCVA of 20/60 or worse in the better eye) in 2016, but
only two optometrists in the area that provide LVR (Massof, 2002; Malkin & Massof, 2017;
Chan et al., 2018). Based on 2016 U.S. census data, an estimated 33,006 Massachusetts
residents 18 years of age or older had low vision (BCVA 20/60 or better), 11,670 of which
met the visual acuity definition of legal blindness (BCVA < 20/200), with 39 low vision
providers available to care for this population (Chan et al., 2018). The average county based
patient-to-provider ratio is 1,007, ranging from 361 in Suffolk county to 2,378 in Plymouth

county (Figure 1.3).
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Figure 1.3: Distribution of Low Vision Patients and Providers in Massachusetts Counties

Red numbers indicate the ratio of people with visual impairment (VA 20/60 or worse) to low vision
optometrists in that county, while blue numbers represent people with visual impairment in counties that lack
low vision providers.

com/county-map/massachusetts.shtml

Figure 1.4: Mobile Clinic On Site Locations
Blue stars represent sites visited by the mobile clinic to provide LVR intervention
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Five additional counties lack optometric LVVR providers. While patients who have low vision
can cross state and county lines to obtain needed care, this may be challenging in a

population which often relies on others for transportation needs.

1.5 Outcomes of Mobile Clinic LVR

In the state of Massachusetts, a mobile clinic was used to provide LVR within communities,
aiming to minimize geographic barriers to care. It traveled to numerous sites where
inadequate LVR providers were available to meet patient demand (Figure 1.4). This project
measures outcomes from this pre-existing mobile clinic using several different approaches.
We first investigate whether Al outcomes from mobile clinic LVR are clinically meaningful
and comparable to LVR delivered in in other clinical settings (Chapter 2). We then evaluate
low vision device utilization and abandonment in patients who received mobile clinic LVR
(Chapter 3). Additional sub analyses include the impact of time on outcome measure
(Supplement 1) and a cost versus benefit analysis (Supplement 2). Finally, we discuss our

results and future directions (Chapter 4).
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CHAPTER 2: CLINICAL OUTCOMES OF LOW VISION REHABILITATION
DELIVERED BY A MOBILE CLINIC

This chapter is the peer reviewed version of the following article:
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2.1. Abstract
PURPOSE: This prospective cohort study examined clinical outcomes of low vision

rehabilitation (LVR) delivered by mobile clinic.

METHODS: Participants were recruited from those scheduled for mobile clinic LVR and met
the United States definition of legal blindness. They completed the Massof Activity Inventory
(Al) before LVR, 3 months post-LVR, and 1 year post-LVR. Change scores and measures of
clinical effect (i.e. Cohen’s effect size and Minimum Clinically Important Difference
(MCID)) were calculated for each time point and compared. Additional participant
characteristics (i.e. age, acuity, contrast sensitivity, cause of visual impairment, training
recommendations, and prior LVR experience) were also explored with respect to outcome

measures.

RESULTS: Of the 66 participants enrolled in this study, 47% had no prior LVR experience.
Significant differences were noted between baseline and 3-month person measures, and
between baseline and one-year person measures. There was no significant difference between
3-month and one-year person measures, nor was there a significant difference in change score
between these two time points. At 1 year post-LVR the overall visual ability effect size was
0.74. A clinically meaningful outcome was achieved in 56% of participants at 3 months and
71% at 1 year for overall visual ability. There was no significant difference in the proportion
of participants achieving a MCID at 3 months versus 1 year. Of participants who completed
the 1 year post-LVR Al, 59% reported a subjective worsening of vision during the study

period. This subgroup also tended to have smaller 1 year change scores.

CONCLUSIONS: Mobile clinic LVR is effective at expanding access to care and produces
clinically meaningful outcomes comparable to those seen in other outpatient LVR delivery

models.
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2.2 Introduction

Visual impairment is a highly prevalent problem, affecting approximately 3 million
Ameri