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Abstract

Purpose: To compare visual acuity outcomes and loss to follow-up after initiation of treatment
for unilateral amblyopia in children from different socioeconomic backgrounds.

Methods: Medical records of children diagnosed as having unilateral amblyopia at an initial
encounter between 2015 and 2018 were reviewed. Medicaid and private insurance were used

as proxies for socioeconomic status (SES). Data points were collected at the patients’ initial,
follow-up, and final visits. Visual acuity improvement was the primary outcome variable in
patients with at least one follow-up appointment. In a separate analysis, failure to attend a single
follow-up appointment was examined for associations with SES, race, sex, and distance traveled to
appointments.

Results: Seventy-three patients met the inclusion criteria; of these, 28 had Medicaid and 45 had
private insurance. Visual acuity improved by 2.86 lines in the Medicaid group and 2.98 lines in the
private insurance group (P =.84). Number of missed appointments and distance traveled did not
correlate with visual acuity improvement. In the loss to follow-up subanalysis, 40 of 141 (28.4%)
patients with Medicaid and 11 of 107 (10.3%) patients with private insurance failed to attend a
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single follow-up visit (P=.001). No association was found between loss to follow-up and race,
sex, or distance traveled.

Conclusions: Visual acuity outcomes of treatment for amblyopia did not differ between patients
with Medicaid and patients with private insurance who followed up. However, patients with
Medicaid were much more likely to be immediately lost to follow-up. Measures should be

taken by eye care providers and pediatricians to increase follow-up in patients from low SES
populations.

INTRODUCTION

Amblyopia, the unilateral or bilateral loss of vision that cannot be attributed to structural
abnormalities in the eye, is the leading cause of monocular visual impairment in children
and adults.? The prevalence of amblyopia in children has been estimated to be between
0.2% and 5.4% worldwide? and between 2% and 4% in Western countries,® with significant
variation in prevalence across ethnic groups and geographic location.*

Amblyopia is caused by an abnormal visual experience that disrupts the transmission of
equal binocular input to the brain and interferes with cortical visual development. The
course of amblyopia can potentially be reversed if detected and treated early during the
critical period of visual development in childhood.® However, failure to treat amblyopia
can lead to the deterioration of vision and permanent vision loss.87 Treatment of
unilateral amblyopia consists of refractive correction and occlusion of the “good” eye
through patching or pharmacological penalization.8 Success rates for treatment have been
demonstrated to be 60% to 70% in Pediatric Eye Disease Investigator Group (PEDIG)
randomized controlled trials.

However, external factors may impact the success of treatment, which depends on successful
early detection, compliance with treatment, and long periods of follow-up with providers.
Lack of access to health care and low socioeconomic status (SES), especially in the context
of poor and minority communities, may negatively impact treatment success.®

A 1997 study by Hudak and Magoon? found that poverty, as measured by Medicaid
status, predicted poor final visual acuity following amblyopia treatment. Patients with
Medicaid had a 26.8% likelihood of a final visual acuity of 20/30 or better compared to
58.4% in patients with private insurance. The authors also found a significant difference
in number of missed visits and parental estimate of treatment compliance between the two
groups. However, this study is from a single provider in a single area and is dated. To our
knowledge, no follow-up research has been conducted on this subject in the United States
since that date.

The purpose of the current study was to determine whether outcomes of amblyopia
treatment differed between cohorts of children with Medicaid and private insurance seen by
eight eye care providers at Washington University School of Medicine, and whether factors
such as sex, ethnicity, distance traveled, and number of missed appointments impacted
outcomes.
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PATIENTS AND METHODS

Patients

Methods

Our study was approved by the institutional review board of Washington University School
of Medicine in St. Louis, Missouri, and complied with the U.S. Health Insurance Portability
and Accountability Act of 1996. A retrospective chart review was performed on 660 patients
diagnosed as having unilateral amblyopia at a new patient visit between June 1, 2015,

and May 31, 2018, by one of eight eye care providers at the outpatient eye clinic of the
Washington University School of Medicine.

Inclusion criteria for the visual acuity outcomes analysis were: aged 3 to 7 years old at
time of treatment initiation; visual acuity of worse than 20/40 and better than 20/400 in

the amblyopic eye and better than 20/40 in the sound eye; inter-acuity difference of more
than three logarithm of the minimum angle of resolution (logMAR) lines; no patching
treatment within 6 months and no atropine therapy within 1 month of current treatment
initiation; refractive error corrected for at least 4 weeks; amblyopia classified as strabismic,
anisometropic, or deprivation; and attending at least one follow-up appointment. The age
range and visual acuity criteria reflect those published in previous PEDIG prospective
trials,11-15

Patients were excluded from the visual acuity outcomes analysis if they were not prescribed
treatment, already had a treatment regimen at the time of presentation, or had presence of an
ocular cause for reduced visual acuity, myopia greater than —6.00 diopters, prior intraocular
surgery, Down syndrome, or a known allergic reaction to patching or atropine. Patients

who were unable to have an optotype visual acuity measured or who had no follow-up
appointments were also excluded from the visual acuity outcomes analysis.

A separate no-show analysis was conducted on all patients who were prescribed atropine
or patching therapy at their initial visit. Patients were included in this no-show analysis if
they were diagnosed as having unilateral amblyopia at a new patient visit between June 1,
2015, and May 31, 2018, and were prescribed atropine or patching therapy at that visit.
Compliance with recommended follow-up visits was compared between the patients in the
Medicaid and private insurance groups.

PubMed was searched on May 5, 2020, using combinations of the terms “amblyopia,”
“amblyopia treatment outcomes,” “socioeconomic status,” “Medicaid,” and “poverty.” The
results were reviewed and only one publication was found to describe associations between
SES and amblyopia outcomes. 10

Enrollment in Medicaid, as recorded at the first office visit, was used as a proxy for
patients in lower SES populations. Previous studies in various specialties have used this
approach.16-18 Although its validity has not been confirmed, the provision for patients
with Medicaid below the federal poverty level (except in certain medical conditions not
applicable to our study) makes it a reasonable surrogate for SES status.19
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The following data were recorded for each patient: age at first visit, sex, type of amblyopia
as noted by the provider, refractive error in both eyes at initial presentation, treatment
prescribed, number of missed visits, whether the patient underwent strabismus surgery while
being treated for amblyopia, and race. The latter was self-reported by the caregiver. In
addition, patients’ zip codes were used to calculate an average distance traveled to the
hospital. In some records, poor adherence with prescribed amblyopia therapy noted by the
provider was recorded with a binary yes-no value. Due to the subjective nature of this
metric, adherence with prescribed amblyopia therapy was not included in our analysis.

Visual acuity was measured by Snellen, HOTV, or Allen pictures in verbal children, and by
fix-and-follow, Teller, or Cardiff preferential looking testing, or central, steady, maintained
(CSM) in preverbal children. Some children progressed between optotypes from their first to
last visit, but this did not preclude them from the visual acuity outcomes analysis. However,
children who required testing via fix-and-follow or CSM at their initial visit were excluded
from the visual acuity outcomes analysis but remained eligible for the no-show analysis.

Visual acuity data were taken from the initial visit in both amblyopic and sound eyes, and
from each follow-up visit in the amblyopic eye only. In general, scheduling of follow-up
visits occurred 3 to 4 months post-treatment with additional visits every 3 months. Follow-
up regimens did not differ based on patching versus atropine or initial visual acuity. The
patient’s final visual acuity and the number of months after initial visit at which it was
recorded were collected. Due to variability in the time points after the initial presentation
at which the final follow-up visit occurred, only the difference in visual acuity between the
initial and final visits was used in the analysis of visual acuity improvement. When patients
missed scheduled appointments (no-show or cancellation), the office staff would attempt to
contact the family to reschedule up to three times.

Statistical Analysis

RESULTS

A two-tailed #test was used to calculate statistical significance for visual acuity
improvement between patients with Medicaid and patients with private insurance. A
one-way analysis of variance test was used to calculate statistical significance for the
associations of missed appointments and distance traveled with visual acuity improvement.
Chi-squared tests were used to calculate statistical significance for the association of

race, sex, and distance traveled with the likelihood of not attending a single follow-up
appointment. For the no-show analysis, a £ value of .0125 was considered statistically
significant after Bonferroni correction for multiple comparisons.

Of the 660 patients, 73 met all criteria and were included in the analysis of visual acuity
improvement. Of those 73 patients, 28 had Medicaid and 45 had private insurance. A
demographic breakdown of the study population is as follows: 64 patients were White, 1 was
Black, 1 was Hispanic, and 7 were unknown or not reported (Table 1). Overall, 42 patients
had strabismic amblyopia, 22 had refractive amblyopia, and 9 had mixed amblyopia.
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In our analysis of visual acuity improvement (Table 2), patients with Medicaid improved
an average of 2.9 lines (n = 28, 95% CI: 0.19 to 0.38), and patients with private insurance
improved an average of 3.0 lines (n = 45, 95% CI: 2.2 to 3.7). The difference between the
two groups was not statistically significant (£=.84). These results are comparable to visual
improvement gains in multiple PEDIG Amblyopia Treatment Studies.!1:13.14 There was no
statistically significant difference in follow-up duration between the two groups.

Fifty-six patients who received patching only with or without glasses and strabismus surgery
improved by a mean of 3.2 lines. Twelve patients who received atropine only with or without
glasses and strabismus surgery improved by a mean of 2.0 lines. Five patients received both
patching and atropine during the study period. Patients with worse visual acuity at initial
visit tended to improve more lines. Twenty-nine patients with a visual acuity of 20/80 or
worse improved a mean of 4.4 lines, whereas 44 patients with a visual acuity of 20/80 or
better improved a mean of 2.0 lines.

A subanalysis of factors that may have influenced visual acuity (Table 3) revealed no
statistically significant association between visual acuity improvement and number of
missed appointments (P=.908). Distance traveled was separated into five groups to
facilitate analysis. The mean distance traveled was 61 miles. The maximum and minimum
distance were 333 and 1.5 miles, respectively. Overall, there was no association between
distance traveled and visual acuity improvement (P=.295).

In our no-show analysis, a total of 248 patients were included. Two hundred three patients
were White, 20 were Black, 1 was Hispanic, 3 were Asian, and 21 were unknown or

not reported (Table 4). Overall, 162 patients had strabismic amblyopia, 58 had refractive
amblyopia, 27 had mixed amblyopia, and 1 was had an unknown type of amblyopia.

Forty of 141 (28.4%) patients with Medicaid did not attend a single prescribed follow-up
appointment, compared to 11 of 107 (10.3%) patients with private insurance (Table 5).

The difference was statistically significant (P=.001). No associations were found between
not attending a single follow-up appointment and either race or sex (P=.899, P=.956,
respectively). Distance traveled was separated into ten groups of varying numbers of miles
to facilitate comparisons. The mean distance traveled was 65 miles. The maximum and
minimum distances were 333 and 1.5 miles, respectively. No association was found between
distance traveled and not attending a single follow-up appointment (£ = .443) for the
combined Medicaid and private insurance groups.

The association between distance traveled and not attending a single follow-up appointment
was then analyzed independently for the Medicaid (Table 6) and private insurance (Table 7)
groups. No association was found for either the Medicaid (P = .968) or private insurance (P
=.432) groups.

DISCUSSION

Visual acuity improvement in the amblyopic eye after atropine or patching therapy did
not differ significantly between the Medicaid and private insurance groups. This finding
suggests that children in these two groups who have received treatment and follow-up
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for amblyopia as recommended may expect comparable visual acuity improvement. This
contrasts with the findings of Hudak and Magoon,1? who found that patients with Medicaid
treated for amblyopia had lower chances of final visual acuity rates of 20/30 or better and
higher chances of final visual acuity of 20/70 or worse. These different outcomes may
reflect changes in amblyopia treatment practices in the past two decades that have been
supported by PEDIG trials in particular, adoption of atropine penalization and less time-
consuming patching regimens have afforded parents more options to improve adherence
with recommended therapy.11-1°

However, our analysis of visual acuity improvement may be confounded by the differences
in rates of being lost to follow-up between the Medicaid and private insurance groups.
Patients with Medicaid who were prescribed therapy at an initial visit were almost three
times as likely to not attend a single follow-up appointment compared to patients with
private insurance. Up to three attempts were made to reschedule patients who were no-
shows. It is unknown whether those patients followed up at another institution. Studies
have shown that failure to adhere to treatment of amblyopia correlates with visual acuity
deterioration during childhood and adolescence.b.7 It is likely that patients with Medicaid
who were disproportionately lost to follow-up suffered adverse visual acuity outcomes.
Indeed, a recent preschool-based study from Scotland demonstrated both decreased
adherence to follow up in patients with low SES and worse outcomes in the group with
poor adherence.20

The eye care center of this study provides pediatric ophthalmology services for a multi-state
region. One potential explanation for loss to follow-up is distance needed to travel. The
median distance traveled for the no-show analysis group was 65 miles, with a maximum

of 333 miles and a minimum of 1.5 miles. We hypothesized that greater distances would
correlate with greater rates of no-show. However, we found no correlation between distance
traveled and percentage lost to follow-up in our study. The lack of association remained true
when loss to follow-up was analyzed independently for the Medicare and private insurance
groups, respectively. However, there appeared to be a rough trend toward increased loss to
follow-up at distances of 30 miles or more. At distances of fewer than 30 miles, 13 of 92
(14%) were lost to follow-up, whereas at distances greater than 30 miles, 40 of 156 (26%)
patients were lost to follow-up.

Our study had several limitations, including a small sample size, low racial diversity, and
lack of a reliable metric for compliance. Of our 660 patients with a new diagnosis of
amblyopia during our study period, a large number were excluded from analysis because
optotype visual acuity was required. Therefore, children with behavioral visual acuity testing
(fix/follow/maintain) were ineligible for analysis (105 patients). A qualitative study of this
cohort may provide additional insight into the effectiveness of prescribed amblyopia therapy
in the larger clinical population.

The low racial diversity in our study may reflect the care center’s location in a region

with relatively small populations of Hispanics and Asians. However, the number of Black
patients was disproportionately low compared to White patients in both the visual acuity and
loss to follow-up cohorts. This was an unexpected difference given that census data show
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roughly equal numbers of White and Black patients in the center’s metropolitan region.2!
Because the prevalence of amblyopia has not been shown to vary significantly between
White and Black children,?2 factors such as screening, diagnosis, and referral may be helpful
in explaining this aspect of our study population. Future studies may also examine different
sources of referral (pediatricians, screening programs, community optometrists, self-referral)
for insight into whether certain patients are more likely to be lost to follow-up.

Another limitation was that there was no standardized procedure for estimating compliance.
Poor compliance was recorded at some visits according to the provider’s judgment. Because
compliance with patching or atropine therapy influences visual acuity outcomes, creation of
a standardized assessment may assist future efforts to identify and counter poor compliance.
Metrics may include glasses wear; appointment attendance, rescheduling, and cancellation;
missed patching hours or atropine instillation by the parent; and patch removal by the child
as observed by parents or teachers.

Our results demonstrate that amblyopia treatment results among patients who follow up do
not differ based on SES, but that loss to follow-up is a barrier to successful amblyopia
treatment. These results are in line with recently reported data on strabismus surgery
outcomes that show equal overall success rates but greater loss to follow-up in patients in
the low SES group.23 Systemic solutions to address disparities in follow-up will likely have
the greatest chance to reduce long-term vision loss from amblyopia. Surveys or longitudinal
studies assessing reasons for lack of follow-up may guide potential interventions.

CONCLUSION

We present an analysis of the impact of SES on amblyopia outcomes. Of children who

were prescribed treatment and attended at least one follow-up appointment, children with
Medicaid showed no significant difference in visual acuity improvement compared to
children with private insurance. However, patients with Medicaid were lost to follow-up
approximately three times the rate of patients with private insurance. Efforts by eye care
providers and pediatricians to prevent loss to follow-up may improve visual outcomes in this
population.
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TABLE 1

Private Insurance (n = 45)

Variable Medicaid (n = 28)
Age, y (mean + SD)? 4.61+1.40
Sex (female), no. (%) 16 (57)
Race, no. (%)
White 22 (79)
Black 14
Hispanic 1(4)
Asian 0
Unknown/not reported 4 (14)
Amblyopia type, no. (%)
Strabismic 19 (68)
Refractive 7 (25)
Mixed 2(7)

413+1.38

25 (56)

42 (93)
0
0
0
3(7)

23 (51)
15 (33)
7(16)

VA = visual acuity; SD = standard deviation

a S
Age at the initial visit.
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