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Abstract

Purpose: To assess the number of infants at risk of delayed primary congenital glaucoma (PCG)
evaluation due to long travel times to specialists.

Design: Cross-sectional geospatial service coverage analysis.

Methods: All American Glaucoma Society (AGS) and American Association for Pediatric
Ophthalmology and Strabismus (AAPOS) provider locations were geocoded using each
organization’s member directory. Sixty-minute drive time regions to providers were generated
using ArcGIS Pro (Esri, Redlands, CA). The geographic intersection of AGS and AAPOS service
areas was computed because patients typically require visits to both types of specialists. American
Community Survey data was then overlaid to estimate the number of infants within and beyond the
AGS/AAPQOS service areas.

Results: One thousand twenty-nine AGS and 1,040 AAPOS provider locations were geocoded.
The analysis yielded 944,047 infants age 0-1 year (23.6%) who live beyond the AGS/AAPOS
service areas. Therefore, approximately 14 to 94 new PCG cases/year may be at risk of delayed
diagnosis due to living in a potential service desert. Compared to children living within the AGS/
AAPOS service areas, children under age 6 years in these potential service deserts were more
likely to live in households earning below the US federal poverty level, lack health insurance, and
live in a single parent home. These communities are disproportionately likely to experience other
rural health disparities, and are more prevalent across the Great Plains.
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Conclusion: Service coverage analysis is a useful tool for identifying underserved regions for
PCG referrals and evaluation. These data may assist in targeting screening programs in low access
areas for pediatric glaucoma care.

Introduction

Methods

Primary congenital glaucoma (PCG) care is associated with high levels of caretaker

burden and economic costs per capita.l2 Increased familial stress and financial hardship
may result in poor follow-up and disease outcome.3-> Besides caretaker burden, PCG

care access may be limited by the proximity of nearby pediatric ophthalmology and
glaucoma providers given the urgency and rarity of the condition. In contrast to other
glaucoma subtypes, PCG often requires surgery as first line treatment and may require
multiple surgeries for disease control.5-% However, prompt surgical treatment and meticulous
visual development monitoring has demonstrated great surgical success rates and visual
outcomes.®9 Nevertheless, there is limited data regarding access to pediatric glaucoma care
worldwide.10 The estimated prevalence rate of PCG is 1:10,000 to 1:68,000 in Western
countries across various studies.11-14 Furthermore, this disease accounts for 5% of childhood
blindness.1>

Travel time is one measure that is used to assess patient healthcare access. Prior ophthalmic
studies have identified travel time as a barrier to general ophthalmology care in the

Medicare population.16:17 Service coverage analysis is a tool for analyzing geographic
regions using travel time regions computed from health provider data and analyzed using
publicly-available population characteristics. Our group previously determined that 11.6% of
the population aged 65 years or older residing in Florida live over 60 minutes away from
their nearest glaucoma specialist, but were less likely to live below the federal poverty level
than those living within a 60-minute drive.18 Identifying potential service disparities may
enable more targeted care and be useful for urban planning and healthcare funding.

Given the complexity and urgency of PCG care, a referral to a pediatric- or glaucoma-
trained ophthalmologist remains a crucial step in the prompt diagnosis of PCG.19 Late-
recognized PCG and poor vision at diagnosis have been associated with poor long-term
visual acuity.5:20 To date, no studies have evaluated travel time between the United States
(US) population at risk for PCG and the nearest geographically accessible pediatric- and
glaucoma-trained ophthalmologists. The US is a diverse country with various geographic
regions and population densities. We sought to estimate the proportion of children at risk
for PCG who live beyond a 60-minute drive of both an American Glaucoma Society
(AGS) and American Association for Pediatric Ophthalmology and Strabismus (AAPQS)
affiliated specialist, as well as analyze differences in select social determinants of health for
populations living within and beyond the service coverage areas.

A cross-sectional geospatial service coverage analysis of PCG care was performed by
geocoding all AGS and AAPOS provider locations, computing drive-time areas, and
overlaying these zones with demographic data from the 2018 American Community Survey
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(ACS). We analyzed travel time as a marker or proxy for other social health disparities.
Institutional Review Board approval was not required for this study because all of the
data used in this study was publicly available and did not include any protected health
information.

A list of AGS and AAPOS office addresses was obtained from each society’s

member directory (https://secure.americanglaucomasociety.net/ AGS/Find-An-AGS-Doctor
and https://secure.aapos.org/aapos/Find-a-Doctor) between July 31, 2019 through September
19, 2019. If a member had more than one listed office, each office was listed as a separate
entry for the analysis. Next, all office addresses were geocoded using ArcGIS Pro 2.4 (Esri,
Redlands, CA). Regions representing 15-, 30-, 60-, and 120-minute drive times to each
provider were created using average traffic conditions for 12:00 PM on Wednesdays as an
average of traffic conditions over a typical business week. Driving times were generated
using ArcGIS Pro’s service area tool, which uses Esri’s cloud-based road network layer.
The intersection of the AGS and AAPOS 60-minute drive time regions was converted into
the combined AGS/AAPOS service areas. The 60-minute window is consistent with the
US Health Resources and Services Administration’s (HRSA) peak threshold used to score
primary care health professional shortage area (HPSA) travel times.21.22

Next, 2018 American Community Survey data were overlaid at the census tract scale

to estimate the number and proportion of infants age 0-1 year within and beyond the
intersection of the AGS and AAPOS 60-minute drive time regions. ACS population data
were linked to census tract boundary files in ArcGIS Pro using Esri’s Living Atlas of

the World data service. We calculated the number of infants living inside and outside the
60-minute service areas by selecting all census tracts with their centroid located within

(or beyond) the service area. We repeated this process to characterize the regions within

and beyond the service areas for the following measures. To understand the role of social
determinants of health, we extracted and overlaid select ACS population measures, relevant
to infants and young children, that are theorized to generally limit healthcare access and
utilization. We assessed the number of children under 6 years old who were living below
the federal poverty line, lacking health insurance, living in a single parent household, and
living in a single parent household with a foreign-born parent. We also assessed the number
of households without internet access, and whether a family was of White Non-Hispanic
origin. All of these measures can limit healthcare access through lack of financial resources,
higher opportunity costs for single-parents missing work for medical appointments, barriers
to health information due to language differences or limited internet access, or racial/ethnic
marginalization from implicit bias.23:24 Comparison between categories were analyzed using
chi-squared tests.

HRSA HPSA and medically underserved area (MUA) data from the 2018 American
Community Survey were also used to calculate differences in HPSA and MUA shortage
designations within and beyond the AGS/AAPOS service areas. HPSA regions have been
designated by the HRSA as having healthcare provider shortages. An HPSA score is
measured between 0-25 with higher values indicating greater health professional shortage
and thus greater need. This score is based on four factors: population-to-provider ratios,
percentage living below the federal poverty level, infant mortality rates, and travel times
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to the nearest source of care.?? Several federal and state assistance programs including
Medicare provide incentive payments for primary care and mental health services provided
in HPSAs.2° Similarly, MUAs are HRSA-designated regions containing primary care
provider shortages. This scoring system uses population-to-provider ratios, percentage living
below the federal poverty level, infant mortality rates, and percentage of elderly living in the
population.?2 In contrast to the HPSA scoring system, MUA scores do not have a discrete
category for travel time. A region with a MUA score of 62 or below (0-100) is considered
medically underserved.

In total, 1,029 AGS (Figure 1a) and 1,040 AAPOS (Figure 1b) provider addresses were
identified during the data acquisition period. The intersection of AGS and AAPOS provider
60-minute drive time regions are presented in Figure 2, and generally corresponded to the
nation’s largest metropolitan areas. Using 2018 American Community Survey population
estimates of the US population between ages 0-4 years, 15,248,212 individuals (76.4%)
lived within an hour’s drive of an AGS and AAPOS provider, and 4,720,233 individuals
(23.6%) lived beyond the service area. Assuming children were equally distributed across
the five years in the age 0-4 years cohort and ignoring child mortality, then the estimated
number of individuals age 0-1 year was 944,047 living beyond the service area. Using
previously published estimates of PCG prevalence rates in Western countries (1:10,000 to
1:68,000),11-14 e estimate that there could be approximately 14 to 94 new PCG cases per
year in regions that are beyond a 60-minute drive to an AGS and AAPOS provider office.

An analysis of HPSA and MUA scores were compared for populations living within and
beyond the AGS/AAPQOS service areas. There were 3,017 HPSAs with HPSA scores ranging
from 2-25 (mean HPSA score 13.9) in the entire US 50 states and Puerto Rico. Nine
hundred three HPSAs (29.9%) had their centroid (i.e. geographic center) within the AGS/
AAPOS service regions (mean HPSA score 13.9) and 2,114 HPSAs (70.1%) fell outside

the AGS/AAPOS service area (mean HPSA score 13.9). Therefore, there were more HPSAs
outside the AGS/AAPOS service areas, but we detected no differences in HPSA scores
between regions within or beyond the AGS/AAPOS service areas, p > 0.9999. There were
4173 MUAs in the US in total, and 273 were excluded from the analysis due to an MUA
score of 0, which was presumed as “no data”. Of the remaining 3,900 MUAs, the MUA
score ranged from 18.1 to 91.9 (mean 55.15, SD 7.31). The 60-minute AGS/AAPOS service
areas intersected with 1478 MUAs with a mean score of 55.70 (SD 6.59), while 2,422
MUASs (62.1%) fell outside the AGS/AAPOS service areas with mean MUA score 54.81
(SD 7.69), unpaired t-test: t = 3.70; df = 3898; SE = 0.241; p = 0.0002. Therefore, there was
a higher proportion of MUAs that were beyond the AGS/AAPOS service areas, and these
areas had a statistically significantly lower (i.e. more underserved) mean MUA score than
the MUAs within the AGS/AAPQOS service areas (Table), though this was a substantively
tiny difference (less than 1 point).

Lastly, six other social determinants of health were analyzed for differences within and
beyond the service coverage areas using 2018 American Community Survey tract-level
analysis, all of which yielded significant associations. Children under age 6 years living
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beyond the AGS/AAPQOS service areas were more likely to be living in households with
income below the federal poverty level, lack health insurance, lack internet access, and live
in a single parent household (Table). Outside of the AGS/AAPQOS service areas, 26.9% of
children under age 6 years lived in a household whose income was below the federal poverty
level compared with just 20.1% of households in these areas, X2 (1, N'= 23,555,304) =
112,305.2, p < 0.00001. Beyond the AGS/AAPQOS service areas, 6.0% of children under age
6 years lacked insurance, compared with 4.5% in these areas, X2 (1, N'= 23,902,532) =
21846.6, p < 0.00001. Outside of the AGS/AAPQS service areas, 37.7% of children under
age 6 years lived in single-parent households, compared with 34.3% in these areas, X2 (1, N
=23,042,428) = 21262.9, p < 0.00001. Households beyond the AGS/AAPQOS service areas
were also more likely to lack internet access (21.6% beyond, vs. 14.2% within), X2 (1, N=
120,935,191) = 899,728.8, p < 0.00001.

However, children under age 6 years living beyond the AGS/AAPQS service areas were less
likely to be living with a single parent who was foreign-born, and more likely to be White
Non-Hispanic (Table). Outside of the AGS/AAPOS service areas, 3.0% of children under
age 6 years lived in single-parent households where the parent was foreign-born, compared
with 6.7% in these areas, X2 (1, N= 23,042,428) = 102794.7, p < 0.00001. Beyond the
AGS/AAPQS service areas, 71.5% of the population was White Non-Hispanic, compared
with 57.0% within these areas, X2 (1, N = 326,289,904) = 5,250,065.2, p < 0.00001.
Despite experiencing material deprivation and information barriers over a vast geographic
area, the rural target population for pediatric glaucoma resources that lives outside of the
AGS/AAPQOS service areas is more homogenous than their urban counterparts, which can be
an advantage for outreach.

Discussion

PCG infants who live far from a pediatric- and glaucoma-trained ophthalmologist face

an additional burden to receiving prompt diagnoses, surgical management, and visual
development monitoring. From our study, we estimate that 23.6% of children between 0-4
years of age live outside the AGS and AAPQOS 60-minute service coverage areas, which
corresponds with 4,720,233 children using American Community Survey demographic data.
Using published prevalence rates,11-14 we estimate that approximately 14 to 94 new PCG
cases per year occur in communities where there is elevated risk of delayed screening and
care. These communities are disproportionately rural, with especially low service coverage
areas across the Great Plains. Beyond the AGS/AAPQS service areas, children under 6 years
were more likely to be living in households earning below the US federal poverty level, lack
health insurance, lack internet access, and live in a single parent home. All of these factors
are social determinants that limit utilization of health services through material resource or
time constraints, or through less general access to beneficial health-related information, and
are generally proxies for other healthcare disparities.23

Diagnostic delay in recognizing PCG can result in potentially irreversible vision loss due
to corneal scarring, optic neuropathy, and amblyopia. Walton et al. reported on the visual
outcomes of late-recognized PCG cases sent to a referral practice.2? At a mean age of 4.7
years, 84% of the cohort (26 of 31 patients) required a surgical intervention and 31% (15
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of 49 eyes) had a final visual acuity of 20/200 or worse. From a cohort study (133 eyes)

of all childhood glaucoma subtypes including PCG, Khitri et al. found that poor vision at
diagnosis was associated with poor final visual acuity.® Reasons for diagnostic delay include
unfamiliarity of the disease among family members and non-specialists, which affect referral
speeds.19:26 Our geospatial analysis examining travel time to the nearest specialists provides
an outlook into other diagnostic barriers. Our estimate that 14-94 new PCG cases per year
are at risk of delayed screening due to long travel times is wide because prevalence rates

for this rare disease varied across our literature search.11-14 Nonetheless, this estimate is
descriptive in conjunction with 23.6% of infants living in potential service deserts, which are
mostly in rural areas. Furthermore, our estimate does not include other childhood glaucoma
diagnoses for which prevalence rates are less available and attention is also needed. In a
study from our institution, PCG comprised 32% of all childhood glaucoma cases at our large
referral practice, while the remaining 68% had other childhood glaucoma subtypes.2’

The prevalence rate of PCG has been estimated to be between 1:10,000 to 1:68,000 in
Western countries using various methodologies.1-14 However, the rate also varies widely
across different countries and within countries with large racial diversity. In the British
Infantile and Childhood Glaucoma Eye Study, the incidence of PCG was 1:18,500 in
Great Britain and 1:30,200 in Ireland.® The authors noted that Pakistani children had a
nine times higher rate of PCG than in Caucasians. In contrast, the prevalence of PCG

in countries with high consanguinity were 1:3000 in Saudi Arabia2® and 1:1250 among
Slovakian Gypsies.? In the Rochester Epidemiology Project, the prevalence of PCG was
1:68,000 for Olmstead County, Minnesota, where over 95% of residents were Caucasian.1?
Although much of rural America currently exhibits less demographic heterogeneity than
urban places, rural communities are steadily increasing in diversity and will require more
complex health messaging as the US slowly becomes a majority-minority country over the
coming decades.3031

The types of rural-urban disparities revealed here are typical of most health care services
and are not unique to glaucoma care.32-34 Using Medicare claims data, Lee and colleagues
similarly found lower than expected numbers of patients seeking cataract surgery in the
Great Plains and Rocky Mountains regions due to longer travel time.3® In a separate study
from our group, we showed that the largest areas where Floridians older than age 65 years
had the lowest access to glaucoma specialists were in rural Northern and Central Florida.18
However, we found in that study that 11.6% of elderly patients lived outside a 60-minute
driving range from a glaucoma specialist, whereas the current study shows that 23.6% of
children age 0-4 years live further than 60 minutes from both a pediatric- and glaucoma-
trained ophthalmologist for the entire United States. This may reflect differences in the
range of population densities between various states and/or in the geographic distribution of
where people reside at different decades of life.

The lack of both an AGS and AAPQOS provider within a 60-minute drive is just one

social determinant that can prevent proper PCG diagnosis and treatment. But the reality

is that US regions lacking these services already experience health professional shortages
or are medically underserved, and generally have fewer household resources.34 Long drive
times thus compound existing social determinants and resource constraints, and thus pose
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significant challenges for timely diagnosis. In our study, we found that children under age
6 years living beyond the AGS/AAPOS service areas were also more likely to experience
several social determinants of health that serve as barriers to healthcare relative to those
within the service areas, except for those pertaining to race and ethnicity. This contrasts
with our other study that examined elderly Floridians, in which those that lived further than
a 60-minute drive from a glaucoma specialist were less likely to be living in poverty or
receiving public assistance than those living closer to care, despite also being more likely
to be White Non-Hispanic.® This may indicate that heterogeneous disparities in healthcare
access for different age cohorts exist in different parts of the country.

In ophthalmology, research groups have attempted to address the shortage of eye care
providers in rural areas through screening and teleophthalmology.3637 Service coverage
analysis may aid in determining optimal locations for new glaucoma screening programs and
services. Our study found more HPSAs and MUAs outside the AGS/AAPOS service areas
than inside, though with relatively similar scores. HPSAs and MUASs have been associated
with poorer health outcomes and access in primary care and other specialties.25:33:38
Teleophthalmology using captured retinal images has been validated in pediatric retinal
diseases.3? Similar screening programs for pediatric eye diseases in targeted rural areas may
provide a bridge to prompt referral and diagnosis.? However, remote PCG screening may
be challenged by its less automated steps including intraocular pressure and axial length
readings. Also, our finding that, beyond the AGS/AAPOS service areas children were more
likely to be White Non-Hispanic and less than half as likely to be living in a single-parent
household with a parent who is foreign-born, may simplify health communication in some
rural areas, but must take care to adapt to, and not further marginalize, increasingly diverse
minority communities who are among the fastest-growing rural demographics.3031

There are several limitations for this study. Not all AGS and AAPOS members have
consistent experience with managing PCG infants. Also, there is limited PCG prevalence
data available for the United States in various regions with greater racial diversity than
places such as Olmstead County. Thus, we estimate that our calculation of PCG patients at
risk for delayed screening and care is a conservative appraisal. Also, the total number of
referrals for patients with possible PCG is greater than the actual number of PCG patients
that providers must evaluate. This analysis only includes the population that participated
in the US Census. Thus, undocumented immigrants and international referral patients who
are referred for PCG evaluation may not be completely reflected in this analysis. After

the diagnosis of PCG is made by a pediatric- or glaucoma-trained ophthalmologist, PCG
patients will often follow up care at an academic center for co-management. Our study does
not examine the relationship between long travel times and clinical outcomes. Lastly, our
study geocoded provider locations using their self-identified office addresses on the AGS
and AAPOS member directory websites. Thus, information from providers who changed
office locations or retired and did not update the directory may not be reflected in our
analysis.

Long travel time is a risk factor that reflects a geographic barrier to PCG care and other
markers of poor social determinants of health. Thus, inquiring about travel time, especially
for families living in rural areas, may be a simple in-office screening tool to identify PCG
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patients who may need closer monitoring or more social services. The current study shows
that almost a quarter of children age 0-4 years live in locations at risk of delayed screening
for PCG. Service coverage analysis may help policymakers and physician organizations
target underserved areas that need more providers, screening, or teleophthalmology. Future
studies may consider investigating whether targeting regions with limited pediatric glaucoma
care access using mobile or teleophthalmology screening interventions would improve
clinical outcomes.

Supplementary Material
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Acknowledgements:

Funding/Support: Supported in part by the NIH Center Core Grant P30EY014801, Research to Prevent Blindness
Unrestricted Grant, The University of Miami Institute for Advanced Study of the Americas 2019 Pilot Grant (TCC),
and Grant Number UL1TR002736, Miami Clinical and Translational Science Institute, from the National Center for
Advancing Translational Sciences and the National Institute on Minority Health and Health Disparities (TCC).

References:

1. Kantipuly A, Pillai MR, Shroff S, et al. Caregiver Burden in Primary Congenital Glaucoma. Am J
Ophthalmol. 2019;205:106-114. [PubMed: 31082348]

2. Liu D, Huang L, Mukkamala L, Khouri AS. The Economic Burden of Childhood Glaucoma. J
Glaucoma. 2016;25(10):790-797. [PubMed: 26950576]

3. Parker DM, Angeles-Han ST, Stanton AL, Holland GN. Chronic Anterior Uveitis in Children:
Psychosocial Challenges for Patients and Their Families. Am J Ophthalmol. 2018;191:xvi—xxiv.
[PubMed: 29601821]

4. Thompson AC, Thompson MO, Young DL, et al. Barriers to Follow-Up and Strategies to Improve
Adherence to Appointments for Care of Chronic Eye Diseases. Invest Ophthalmol Vis Sci.
2015;56(8):4324-4331. [PubMed: 26176869]

5. Ung C, Murakami Y, Zhang E, et al. The association between compliance with recommended
follow-up and glaucomatous disease severity in a county hospital population. Am J Ophthalmol.
2013;156(2):362-9. [PubMed: 23601654]

6. Khitri MR, Mills MD, Ying GS, Davidson SL, Quinn GE. Visual acuity outcomes in pediatric
glaucomas. J AAPOS. 2012;16(4):376-81. [PubMed: 22929453]

7. Neustein RF, Beck AD. Circumferential Trabeculotomy Versus Conventional Angle Surgery:
Comparing Long-term Surgical Success and Clinical Outcomes in Children With Primary
Congenital Glaucoma. Am J Ophthalmol. 2017;183:17-24. [PubMed: 28860043]

8. Jayaram H, Scawn R, Pooley F, et al. Long-Term Outcomes of Trabeculectomy Augmented with
Mitomycin C Undertaken within the First 2 Years of Life. Ophthalmology. 2015;122(11):2216-22.
[PubMed: 26315044]

9. Daniel MC, Mohamed-Noriega J, Petchyim S, Brookes J. Childhood Glaucoma: Long-Term
Outcomes of Glaucoma Drainage Device Implantation Within the First 2 Years of Life. J Glaucoma.
2019;28(10):878-883. [PubMed: 31394565]

10). Papadopoulos M, Vanner EA, Grajewski AL; International Study of Childhood Glaucoma

— Childhood Glaucoma Research Network Study Group. International Study of Childhood
Glaucoma. Ophthalmol Glaucoma. 2020;3(2):145-157. [PubMed: 32672598]
11. Miller SJ. Genetic aspects of glaucoma. Trans Ophthalmol Soc U K. 1966;86:425-434. [PubMed:
5226587]
12. Aponte EP, Diehl N, Mohney BG. Incidence and clinical characteristics of childhood glaucoma: a
population-based study. Arch Ophthalmol. 2010;128(4):478-482. [PubMed: 20385945]

Am J Ophthalmol. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vuetal.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 9

Papadopoulos M, Cable N, Rahi J, Khaw PT; BIG Eye Study Investigators. The British Infantile
and Childhood Glaucoma (BIG) Eye Study. Invest Ophthalmol Vis Sci. 2007;48(9):4100-4106.
[PubMed: 17724193]

Bermejo E, Martinez-Frias ML. Congenital eye malformations: clinical-epidemiological analysis
of 1,124,654 consecutive births in Spain. Am J Med Genet. 1998;75(5):497-504. [PubMed:
9489793]

Gilbert CE, Rahi JS, Quinn GE. Visual impairment and blindness in children. In: Johnson GJ,
Minassian DC, Weale RA, West SK, editors. The Epidemiology of Eye Disease. 2nd ed. London:
Edward Arnold Ltd; 2003:260-286.

Lee CS, Morris A, Van Gelder RN, Lee AY. Evaluating access to eye care in the contiguous United
States by calculated driving time in the United States Medicare population. Ophthalmology.
2016;123:2456-2461. [PubMed: 27633646]

Stein JD, Kapoor KG, Tootoo JL, et al. Access to ophthalmologists in states where optometrists
have expanded scope of practice. JAMA Ophthalmol. 2018;136:39-45. [PubMed: 29167903]
Rothman AL, Stoler JB, Vu DM, Chang TC. A Geo-Demographic Service Coverage Analysis

of Travel Time to Glaucoma Specialists in Florida. J Glaucoma. 2020 Sep 3. doi: 10.1097/
1JG.0000000000001648. Epub ahead of print.

Seidman DJ, Nelson LB, Calhoun JH, Spaeth GL, Harley RD. Signs and symptoms in the
presentation of primary infantile glaucoma. Pediatrics. 1986;77(3):399-404. [PubMed: 3951920]
Walton DS, Nagao K, Yeung HH, Kane SA. Late-recognized primary congenital glaucoma. J
Pediatr Ophthalmol Strabismus. 2013;50(4):234-238. [PubMed: 23614468]

Criteria for Determining Priorities Among Health Professional Shortage

Avreas. https://www.federalregister.gov/documents/2003/05/30/03-13478/criteria-for-determining-
priorities-among-health-professional-shortage-areas. Published May 30, 2003. Accessed
November 23, 2020.

Shortage Designation Scoring Criteria. Bureau of Health Workforce. https://bhw.hrsa.gov/shortage-
designation/hpsa-criteria. Published October 19, 2016. Accessed November 23, 2020.

Marmot M, Friel S, Bell R, Houweling TA, Taylor S; Commission on Social Determinants of
Health. Closing the gap in a generation: health equity through action on the social determinants of
health. Lancet. 2008;372(9650):1661-1669. [PubMed: 18994664]

Johnson TJ. Intersection of Bias, Structural Racism, and Social Determinants With Health

Care Inequities. Pediatrics. 2020 Aug;146(2):e2020003657. doi: 10.1542/peds.2020-003657. Epub
ahead of print. [PubMed: 32690807]

Liu JJ. Health professional shortage and health status and health care access. J Health Care Poor
Underserved. 2007;18(3):590-598. [PubMed: 17675715]

Pedersen KB, Kappelgaard P, Kessel L, Sandfeld L, Zibrandtsen N, Bach-Holm D. Primary
congenital glaucoma in Denmark, 1977-2016. Acta Ophthalmol. 2020;98(2):182-189. [PubMed:
31663689]

Hoguet A, Grajewski A, Hodapp E, Chang TC. A retrospective survey of childhood glaucoma
prevalence according to Childhood Glaucoma Research Network classification. Indian J
Ophthalmol. 2016;64(2):118-23. [PubMed: 27050345]

Alanazi FF, Song JC, Mousa A, et al. Primary and secondary congenital glaucoma: baseline
features from a registry at King Khaled Eye Specialist Hospital, Riyadh, Saudi Arabia. Am J
Ophthalmol. 2013;155(5):882-889. [PubMed: 23394909]

Genéik A. Epidemiology and genetics of primary congenital glaucoma in Slovakia. Description
of a form of primary congenital glaucoma in gypsies with autosomal-recessive inheritance and
complete penetrance. Dev Ophthalmol. 1989;16:76-115. [PubMed: 2676634]

Johnson K Rural demographic change in the new century: slower growth, increased diversity. The
Carsey School of Public Policy at the Scholars' Repository. 2012. doi:10.34051/p/2020.159
Lichter DT. Immigration and the New Racial Diversity in Rural America. Rural Sociol.
2012;77(1):3-35. [PubMed: 26478602]

Knapp KK, Hardwick K. The availability and distribution of dentists in rural ZIP codes and
primary care health professional shortage areas (PC-HPSA) ZIP codes: comparison with primary
care providers. J Public Health Dent. 2000;60(1):43-8. [PubMed: 10734616]

Am J Ophthalmol. Author manuscript; available in PMC 2023 November 01.


https://www.federalregister.gov/documents/2003/05/30/03-13478/criteria-for-determining-priorities-among-health-professional-shortage-areas
https://www.federalregister.gov/documents/2003/05/30/03-13478/criteria-for-determining-priorities-among-health-professional-shortage-areas
https://bhw.hrsa.gov/shortage-designation/hpsa-criteria
https://bhw.hrsa.gov/shortage-designation/hpsa-criteria

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vuetal.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10

Segel JE, Hollenbeak CS, Gusani NJ. Rural-Urban Disparities in Pancreatic Cancer Stage of
Diagnosis: Understanding the Interaction With Medically Underserved Areas. J Rural Health.
2020 Jul 25. doi: 10.1111/jrh.12498. Epub ahead of print.

Streeter RA, Snyder JE, Kepley H, Stahl AL, Li T, Washko MM. The geographic alignment of
primary care Health Professional Shortage Areas with markers for social determinants of health.
PL0S One. 2020;15(4):e0231443. [PubMed: 32330143]

Lee CS, Su GL, Baughman DM, Wu Y, Lee AY. Disparities in delivery of ophthalmic care; An
exploration of public Medicare data. PLoS One. 2017;12(8):e0182598. [PubMed: 28787015]

Fathy C, Patel S, Sternberg P Jr, Kohanim S. Disparities in Adherence to Screening Guidelines

for Diabetic Retinopathy in the United States: A Comprehensive Review and Guide for Future
Directions. Semin Ophthalmol. 2016;31(4):364—77. [PubMed: 27116205]

Maa AY, Wojciechowski B, Hunt K, Dismuke C, Janjua R, Lynch MG. Remote eye care screening
for rural veterans with Technology-based Eye Care Services: a quality improvement project. Rural
Remote Health. 2017;17(1):4045. [PubMed: 28135803]

Zlotnick C Community- versus individual-level indicators to identify pediatric health care need. J
Urban Health. 2007;84(1):45-59. [PubMed: 17146711]

Chiang MF, Wang L, Busuioc M, et al. Telemedical retinopathy of prematurity diagnosis: accuracy,
reliability, and image quality. Arch Ophthalmol. 2007;125(11):1531-1538. [PubMed: 17998515]
Fierson WM, Capone A Jr; American Academy of Pediatrics Section on Ophthalmology;
American Academy of Ophthalmology, American Association of Certified Orthoptists.
Telemedicine for evaluation of retinopathy of prematurity. Pediatrics. 2015;135(1):e238-e254.
[PubMed: 25548330]

Am J Ophthalmol. Author manuscript; available in PMC 2023 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Vuetal.

Page 11

Long travel times represent a barrier to appropriate subspecialty care. A cross-sectional
geospatial service coverage analysis was performed to estimate the number of infants

at risk of delayed primary congenital glaucoma evaluation based on travel time to the
nearest pediatric ophthalmologist and glaucoma specialist in the United States. American
Community Survey population data and both American Glaucoma Society and American
Association for Pediatric Ophthalmology and Strabismus members’ office locations were
extracted for the analysis.
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Figure 1:

AGS and AAPQOS provider locations and their 60-minute drive time regions (a) 1,029 AGS
providers (dark blue squares) and corresponding 60-minute drive time regions (light blue
area fill). (b) 1,040 AAPQOS providers (dark red squares) and corresponding 60-minute drive
time regions (light red area fill). AGS = American Glaucoma Society; AAPOS = American
Association for Pediatric Ophthalmology and Strabismus; min = minute
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Figure 2:

Combined 60-minute service coverage areas for AGS and AAPOS providers Regions that
are within a 60-minute drive of both an AGS and AAPOS provider (light purple area

fill), shown with all US cities with population = 50,000 (dark purple circles). AGS =
American Glaucoma Society; AAPOS = American Association for Pediatric Ophthalmology

and Strabismus; min = minute; pop = population

Am J Ophthalmol. Author manuscript; available in PMC 2023 November 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Vuetal.

Table:

Page 14

Comparison of select social determinants of health for the population within and beyond the AGS/AAPQOS
service areas (source: 2018 American Community Survey, US Census Bureau).

Characteristic Within Service % Beyond Service % p-value
Region Region

HPSA Score mean = 13.9, SD = 3.6 mean 13.9, SD =3.6 >0.9999
MUA Score mean =55.7, SD = 6.6 mean 54.8, SD = 7.7 0.0002
Children < 6 y.o0. Living Below Federal Poverty Level 3,635,653 | 20.1 1,480,750 | 26.9 | <0.00001
Children < 6 y.o. without Insurance 827,540 45 324,969 6.0 | <0.00001
Children < 6 y.o. Living in a Single Parent Household 6,060,685 | 34.3 2,021,447 | 37.7 | <0.00001
Children < 6 y.o0. Living in a Single, Foreign-Born Parent 1,181,467 6.7 159,791 3.0 | <0.00001
Household

Households without Internet Access 12,955,147 | 14.2 6,413,009 | 21.6 | <0.00001
White Non-Hispanic Origin 141,261,742 | 57.0 55,947,450 | 71.5 | <0.00001

AGS = American Glaucoma Society; AAPOS = American Association for Pediatric Ophthalmology and Strabismus; US = United States; HPSA =
Health Professional Shortage Area; MUA = Medically Underserved Area; y.o. = years old
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