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Abstract

Glaucoma is an ocular neuropathy that damages the optic nerve, leading to vision loss
and blindness. Insidious in its presentation and difficult to diagnose, glaucoma is asymptomatic
until irreversible harm is caused. Accounting for 12.6% of preventable blindness in Honduras,
glaucoma inflicts considerable clinical, economic, and personal burdens on thousands of lives
(Rosa et al., 2022). Early detection and treatment halves the risk of disease progression by
lowering the intraocular pressure so that permanent harm to the optic nerve is avoided (Leskea et
al., 2004). However, in Roatan, where access to ophthalmic care is lacking and awareness of the
disease is scarce, many cases of glaucoma go undiagnosed or are poorly managed, leading to
higher rates of irreversible and avoidable blindness (Varma et al., 2011; Delgado et al., 2019).
This paper seeks to understand if a two-pronged community-based strategy, which combined an
educational campaign with an intraocular pressure screening, was an effective means to increase
ophthalmic care seeking behavior in Roatan, Honduras. To do this, community members were
given information about glaucoma and their pressure was taken with an iCare tonometer. Those
with elevated pressures were recorded and contacted about follow-up. These data were then
compared to the number and identity of patients who sought out ophthalmic care during a one-
week medical brigade on the island to determine if the community-based approach was effective
in increasing screening and detection of glaucoma. With a 7.56% follow-up rate, the analysis
determined that the implemented strategy was ineffective. This study reveals a lack of timely
follow-up in Roat&n, demonstrating limitations in the utilized method of screening and referral.
Additional interventions should be examined to determine more successful methods to increase

detection of glaucoma in Roatéan.
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Introduction

Glaucoma is the leading cause of irreversible blindness worldwide, and its prevalence is
continually increasing (Delgado et al., 2019). Though it can usually be managed with timely
detection and proper treatment, millions of people remain undiagnosed because they are unable to
receive adequate vision care due to cost, communication, and clinic accessibility. This insufficient
access to consistent and quality health care causes widespread preventable blindness that
disproportionately impacts minorities and those in low- and middle-income countries (LMICs),
including Honduras (Elam & Lee, 2014).

If detected, glaucoma treatment aims to slow the progression of the disease so that
permanent harm to the optic nerve is avoided, making early detection and treatment critical for a
good prognosis (Leite et al., 2011). This is difficult in low-resource contexts as there are
significant barriers to seeking health care. Thus, it is imperative that effective methods are
identified to increase follow-up for those identified as being at risk. However, the existing
literature on how to improve detection and treatment of glaucoma in these settings is scarce.

Late presentation of glaucoma is the norm in many parts of the world, so community-based
screening measures provide a potential avenue for increased detection in remote and low-resource
contexts. In Roatan, the only affordable ophthalmic care is provided by Americans who volunteer
with Clinica Esperanza a few times a year, so early detection and management of glaucoma in all
demographics on the island is difficult and largely unsuccessful.

This delayed treatment increases the burden of vision impairment in Roatan, which
results in consequences that extend far beyond the eyes. Affecting independence, employment

opportunities, financial situations, educational attainment, mental health, and overall quality of



life, deteriorated eyesight gravely impacts individuals, families, and society as a whole (Welp et
al., 2016).

While initiatives, such as the World Health Organization’s Vision 2020 Campaign, have
successfully decreased the prevalence of global blindness due to conditions that are remedied by
surgery, glaucoma remains neglected (World Report, 2019). To create a more equitable health
care landscape, an effective and low-cost method of detecting glaucoma must be established.
These screening measures should be multifaceted and not only identify those with risk factors,

but also successfully encourage at-risk patients to seek out further care.



Background
2.1 Glaucoma
2.1.1 Pathophysiology

Glaucoma is a group of optic neuropathies characterized by “excavation or cupping of the
optic disc, apoptotic degeneration of retinal ganglion cells, and corresponding vision loss” (Kang
& Tanna, 2021). More succinctly, glaucoma is a disease that causes progressive damage to the
optic nerve primarily due to increased intraocular pressure (IOP) (Fig. 1). Though the
pathogenesis is not fully understood, it is believed that elevated IOP from a buildup of aqueous
humor damages the lamina cribosa. The lamina cribosa provides nutrients and structural support
to the axons of retinal ganglion cells, so a malfunctioning lamina cribosa renders these cells
inviable and initiates their apoptotic degeneration (Downs & Girkin, 2017). This leads to the
development of blind spots in the visual field and eventual blindness if left untreated.

Glaucoma is classified as either open-angle or angle-closure, with further subdivisions
describing the disease with greater specificity. Primary open-angle glaucoma is the most
common, especially in Roatan, though some traumatic, angle recession, uveitic, and angle
closure glaucomas are likely present on the island as well (Kang & Tanna, 2021). For the
purposes of this paper, the term ‘glaucoma’ will be used to refer to all classifications, and

distinctions between specific types will not be made.
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Figure 1. Open-Angle Glaucoma

In a properly functioning eye, the aqueous humor flows through the anterior chamber and exits through the
trabecular meshwork. In a glaucoma-afflicted eye, this drainage network does not operate correctly,
leading to increased IOP, optic nerve damage, and visual deterioration.

(“Glaucoma Suspect ”, n.d.)

2.1.2 Methods of Detection and Treatment
Moderately increasing IOP is imperceptible to the individual, so glaucoma is usually

asymptomatic until it reaches the severe stages of disease (Weinreb et al., 2014). Further, blind
spots primarily develop in the peripheral fields first. These unalarming early characteristics lead
to delayed detection and diagnosis, especially in LMICs (Cook, 2009). For example, one study
showed that 34% of newly diagnosed patients in Ghana presented with bilateral blindness and
50% with unilateral blindness (Gyasi et al., 2010). Worldwide, 56% of those diagnosed with
glaucoma in LMICs are already unilaterally blind (Abdull et al., 2015).

Regular eye examinations are crucial to prevent glaucoma from irreversibly constricting the
visual field (Parikh et al., 2008). However, routine ophthalmic care rarely occurs in LMICs due
to limited health care personnel, cost, and transportation barriers (World Report, 2019). Mass

community screenings provide a potential alternative avenue to improve detection, but these



require follow-up at a hospital if risk factors or potential diseases are identified (Lewallen et al.,
2005). When glaucoma is suspected at the hospital in LMICs, diagnosis is often based on
elevated IOP and poor vision rather than ancillary testing, such as formal visual fields and optical
coherence technologies, which are the more accurate diagnostic practices of wealthier nations
(Aref et al., 2021).

The only causal and treatable aspect of glaucoma is elevated 10P (Parikh et al., 2008).
Thus, the current standard treatment is the daily use of ocular hypotensive drops to maintain the
desired IOP. If pressure remains high, reduction can be achieved through oral medication, laser
trabeculoplasty, or surgery (Weinreb et al., 2014).

There is no quick fix for glaucoma, but rather, it is a progressive disease that requires
indefinite care. Medical management of glaucoma in LMICs faces obstacles due to highly
advanced disease presentation, limited access to medication, financial barriers, inadequate
numbers and distributions of ophthalmologists, and poor follow-up (Delgado et al., 2019; Killeen
et al., 2020). The lack of urgency in seeking treatment due to the asymptomatic early stages,
along with the inability to improve lost visual function, leads to minimal observed benefits in
following the expensive treatment regimens and greater noncompliance. For low socioeconomic
patients in India, the monthly cost of glaucoma medications alone accounted for up to 123% of
monthly income and the total expenditure of medical management for glaucoma accounted for

137% of monthly income (Nayak et al., 2015).

2.1.3 Global Burden
Glaucoma is the leading cause of irreversible blindness worldwide (Flaxman et al., 2017).

It is estimated that 79.6 million people had glaucoma in 2020, and this number is projected to



increase to 111.8 million by 2040 (Bourne, 2020). These numbers are staggering, but they likely
underestimate the prevalence and burden of the disease in LMICs. Because glaucoma is usually
asymptomatic in the early phases, at least 50% of those afflicted are unaware (Soh et al., 2021).

This rate of undiagnosed glaucoma increases to 90% in some LMICs (“Statistics,” 2018).

If proper treatment is not adhered to, glaucoma eventually causes blindness. Even with
treatment, 15% of people with glaucoma lose sight in at least one eye within 20 years
("Glaucoma," 2022). Globally, glaucoma causes moderate to severe visual impairment in at least
4.13 million people over the age of 50 and blindness in 3.6 million (Kang & Tanna, 2021).
Vision loss impacts every aspect of one’s life, so reducing glaucoma’s global burden will
contribute to achieving the sustainable development goals and improve the well-being of

millions (Fig. 2).

10



6 Cleanwaterand § 9 Industry,
sanitation innovation, and
infrastructure

1No poverty 2 Zero hunger 8 Decent work
and economic
growth
oo O
i v

3 Good health and Improving eye health and 4 Quality
wellbeing reducing vision impairment education

e

5 Gender equality J 10 Reduced
inequalities

A
@' =
v

12 Responsible 13 Climate action 14 Life below 15 Life on land 16 Peace, justice, 17 Partnerships

consumption water and strong for the goals
and production institutions

0 &@|e | & ¥ | ®

Figure 2. Improving Eye Health and the Sustainable Development Goals

Eye diseases cause great suffering for millions of people worldwide, impacting every facet of one’s life both
directly and indirectly. Reducing the global burden of glaucoma will contribute to achieving the
sustainable development goals.

(Burton et al., 2021)

2.1.4 Glaucoma in LMICs
With an elevated incidence rate, more advanced disease progression at presentation, and
increased risk of developing blindness, those in LMICs are disproportionately impacted by
glaucoma’s global burden of disease (Chen, 2004; Omoti et al., 2006). In fact, more than 90% of
disease-afflicted global blindness is concentrated in LMICs (Parikh et al., 2008; Wittenborn &

Rein, 2011). Research has identified that even when compared to other known risk factors, such
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as advanced visual field loss at presentation, noncompliance, and old age, the greatest risk factor
for blindness due to glaucoma is simply being an average citizen in a LMIC (Fig. 3) (Chen,
2004).

The asymptomatic nature of glaucoma makes it particularly difficult to address in LMICs
where regular eye exams are often not feasible. The limited ophthalmic care in these countries is
costly and concentrated in urban centers, leaving those without adequate means or in rural areas
unable to access screenings and treatment (Aref et al., 2021). In Ghana, patients who lived more than
50 miles from the hospital were four times more likely to present with blindness in their primary
appointment (Verrey et al., 1990). Further, research in Brazil found that 90% of those diagnosed with
glaucoma during mass community screenings were unaware of their disease, which is a much higher
value than those reported in wealthier nations (Leite et al., 2011).

Not only is the prevalence higher in these countries, but the impacts on the lives of the patient
and their family members are greater as well. Research in India and Brazil indicate that patients in
LMICs report greater impacts on the quality of life than those living with the disease in wealthier

nations (Gupta et al., 2005; Jampel et al., 2002).
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Figure 3. Global Prevalence of MSVI and Blindness due to Glaucoma

Prevalence of regional glaucoma-induced moderate and severe visual impairment (MSVI) and blindness in
2020. The burden of disease for glaucoma is concentrated in LMICs.

(Aref et al., 2021)

2.1.5 Awareness of Glaucoma
The lack of community awareness of glaucoma in LMICs is one of the largest barriers to

its treatment. In most populations, an understanding, or even name recognition, of glaucoma is
virtually nonexistent (Isawumi et al., 2014; Jackson et al., 2014; Shrestha et al., 2014). For
example, in South India, 13.5% of respondents had heard of glaucoma, and only 0.8% knew the
risk factors, symptoms and treatments (Sathyamangalam et al., 2009). This leads to misconstrued
expectations of the possibility of vision restoration and a lack of urgency in seeking care if
symptoms present (Jackson et al., 2014).

Poor health literacy is a dominant factor in delayed health care-seeking behaviors. Thus,
health education about eye services is imperative to prevent ocular morbidity and decrease

preventable and irreversible blindness due to glaucoma.
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2.1.6 Impact and Relevance

Poor health is strongly correlated with lower socioeconomic status in LMICs. This is
especially true of glaucoma as blindness removes the impacted individual and at least one caregiver
from the workforce (Kuper et al., 2010; Zimmer, 2008). Caregivers are significantly burdened as they
experience financial stress, decreased educational opportunities, and increased rates of depression due
to their newfound responsibilities (Adelman et al., 2014). These negative impacts intensify as the
glaucoma patient’s disease severity worsens, with caregiver depression rates increasing from 16% in
the 20/200 group to 48% in the no light perception group (Braich et al., 2012). Thus, glaucoma has
deep psychosocial and economic impacts on individuals, family members, and local and national
economies.

Non-communicable diseases, such as glaucoma, are the leading cause of death and
disability globally, and they are responsible for more than half of the global burden of disease
(Vos et al., 2020). Despite this, non-communicable diseases, especially ocular, do not receive the
funding or attention of infectious diseases as they are slow and progressive. This inattention is
evidenced in the lack of specific mention of non-communicable diseases in any of the
Millennium Development Goals established by the United Nations and their severe underfunding
(United Nations, 2000).

While they are increasingly recognized as a threat to wellbeing, non-communicable diseases
received only 1.81% of global health funding in 2019, as well as insufficient grants and loans from the
World Bank and United Kingdom Department for International Development (Jailobaeva et al. 2021,
Nugent and Feigl 2010). Glaucoma comprises a miniscule portion of these funds, making it difficult to
properly research and address. Currently, the literature on improving glaucoma detection, treatment,

and management in LMICs is scarce.
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2.2 Roatan, Honduras
2.2.1 Local Context

Located 32 miles off the coast of mainland Honduras, Roatén is a tropical island
inhabited by 120,000 people ("Roatan," 2020). The island, which is 48 miles long and 5 miles
across at its widest point, is the largest and most populous of Honduras’ three Bay Islands
("About Roatan," n.d.). Roatan’s climate is that of a tropical rainforest, with an average
temperature of 80° F year-round (“Roatan Weather,” n.d.). Sitting on the Mesoamerican Barrier
Reef, tourism comprises most of the island’s economy, though fishing is also an important
economic sector. Most habituation and tourism are located on the west side of the island.

Roatan is primarily comprised of two groups: indigenous peoples of African descent and
Spanish peoples from the mainland. The official language is Spanish, but the indigenous peoples
speak English as their first language, a practice remnant of British rule in the 19th century. Other

local dialects include Garifuna and Creole.

2.2.2 Health Care Infrastructure

In Honduras, one in five people live in extreme poverty, and many lack access to health
care (Honduras: Development News, 2022). While 88.3% of Hondurans are covered by the
Ministry of Health, this care is concentrated in densely populated urban centers, leaving rural
areas with inadequate medical coverage (Pan American, 2017). This reality is exacerbated on the
isolated island as there are no large cities or professional hubs.

Islands such as Roatan face barriers to health care due to a myriad of reasons, including
isolation from larger markets and natural disaster prevalence (Binns et al., 2010). These barriers

contribute to a lack of economic growth, which is essential for improving health care
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accessibility. In addition, island regions have seen an increasing trend of young adult residents
migrating to the mainland for work opportunities, leaving behind a large dependency ratio and
compounding difficulties to fund health services for rapidly aging populations (Binns et al.,

2010).

2.2.3 Clinica Esperanza

Clinica Esperanza was established to help meet Roatan’s critical health care needs. What
began as a make-shift clinic in Peggy Stranges’ living room in 2001 now operates in a bustling
4,000 square foot building, providing low-cost, non-emergency services to thousands across the
island ("Clinica Esperanza,” 2023). Fulfilling its mission to provide quality health care to
everyone, regardless of their ability to pay, the clinic sees 100 patients on an average day and
delivers a variety of services. The clinic operates within a “multifaceted local health framework,”
and it meets Roatan’s unique needs by delivering the most necessary care (Bauer, 2017). It has a
walk-in medical clinic, women’s health center, birthing center, and dental clinic, and it also
operates outreach clinics, community health education services, and screenings at local schools.

Clinica Esperanza operates under Asociacion de Salud Comunitaria, a Honduran NGO.

2.2.4 Glaucoma in Roatan
According to a 2013 national survey on visual impairment in Honduras, 1.9% of the
population is blind. 82.2% of this blindness is avoidable, and glaucoma is to blame for 21.1% of
these cases. The elderly are especially affected as 5.5% of those aged 80 and older suffer from

functional low vision, primarily due to glaucoma (Alvarado et al., 2014).
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While around 60% of Hondurans have access to primary care, less than 40% have access
to secondary care, including ophthalmologists (Pineda et al, 2009). Disparities are further
exacerbated among neglected populations, and with 66% of the Honduran population living in
poverty, many individuals go their entire lives without seeing a specialist ("Honduras
Healthcare,” n.d.).

With limited access to health care and low referral rates, patients are not only unable to
obtain secondary care, but are also largely unaware of its importance (Lewis et al., 2019; Omaha
et al., 1998). In an effort to increase health care accessibility and address the social determinants
of health, Honduras’ Ministry of Health created a National Health Plan in 2010 to establish a
uniform, comprehensive health care model (Honduras, n.d.) However, as of 2017, there was only
1 physician for every 4,000 patients, most of whom were concentrated in urban areas
(“Physicians,” 2017; Pineda et al, 2009).

Furthermore, the average years of schooling play a critical role in awareness of health
care as educational level and health literacy skills are positively correlated (Aller Atucha &
Crone, 1982; van der Heide et al., 2013; Wittink & Oosterhaven, 2018). Low health literacy has
been correlated with lower self-reported health outcomes and behaviors, as well as poorer
management of chronic diseases (Bennett et al., 2009; Peterson et al., 2011). In Honduras,
educational levels are below the global average, with a mean 7.5 years of schooling for those 15
years and older (“Average Years,” n.d.; Pan American, 2017). These numbers are even lower in
Roatan, where only one in three children attends school and 60% do not continue beyond fifth

grade (Raven et al., 2010).
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Methods
3.1 Ethical Approval

It was determined that IRB approval was not required for this research project by the
Duke Institutional Review Board and Clinica Esperanza because the population was limited to

patients of the clinic. Participation in all research activities was voluntary.

3.2 Data Collection

In partnership with Clinica Esperanza, four undergraduate students from Duke University
collected data on IOP and glaucoma awareness in Roatan, Honduras, from May 21%, 2022, to
July 16™, 2022. Duke’s Global Health Institute funded and sponsored the research through the
Student Research Training program. Follow-up data was collected by a team of optometrists and
students from Northeastern State University Oklahoma College of Optometry led by Dr. Alissa

Proctor.

3.3 Creation of the Intervention

Formal screening is a critical component of detection and disease burden reduction for
many conditions, including glaucoma (Wilson et al., 1968). For a community-based screening
program to be implemented, it should meet several preestablished criteria developed by Parikh et
al., including: “1) The condition must be a significant public health issue, 2) There should be a
recognizable early stage during which those with disease can be identified before symptoms
develop, 3) There should be a screening test which is simple, acceptable, safe, and precise, and
4) An effective and acceptable treatment should exist, which results in quantifiable

improvements in clinical outcome” (2008). Glaucoma meets all four of these criteria.
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Clinica Esperanza already has a public health nurse that visits the island’s various
communities regularly. Further, handheld tonometers are relatively inexpensive and easy to use,
and patient noncompliance with follow-up is primarily due to a lack of understanding of the
gravity of glaucoma (Kim et al., 2017; Kosoko et al., 1998). Thus, community screenings using
hand-held rebound tonometers combined with glaucoma education have the potential to increase
early detection of glaucoma in Roatan without significantly straining existing services.

After initial identification of elevated 10P, professional ophthalmic care is necessary to
make a formal diagnosis and manage long-term treatment. Specialized diagnosis is especially
important in Roatan because this summer’s research team determined that the average IOP level
differs significantly between populations, leading to varying thresholds of pressure that are of

clinical significance (Fig. 4).
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Figure 4. Average Intraocular Pressure by Community

The average IOP of members from various communities across the island was calculated, and significant
variation was observed between groups. At 19.60 and 18.00, Punta Gorda and Flower’s Bay have higher
average IOP than other communities on the island. These two groups are primarily of African descent,
which is a risk factor in developing open-angle glaucoma (Restrepo & Cooke Bailey, 2017; “Roatan

Communities, ” n.d.).
Note: The N values for each community are as follows: West End: 12, Flowers Bay: 15, Sandy Bay: 65,
Aldin: 42, La Colonia: 88, Coxen Hole: 65, Mudhole: 11, Los Fuertes: 40, Crawfish Rock: 12, French

Harbor: 11, Punta Gorda: 21, and Mainland: 9.
Acknowledgement: Ashna Ram, Molly Pluenneke, Taylor Glatt, and Alejandra Mella-Velazquez.

Therefore, it is not enough to merely identify those with raised 10P, but rather, an
effective community screening intervention must include high rates of follow-up for diagnostic
care from vision specialists. It should also aim to provide accurate screening data to avoid
overburdening the local services with false positives.

These considerations were taken into account when creating the following intervention.
First, individuals from communities across the island were screened for elevated IOP by the
research team. All patients were then informed about glaucoma. Those identified as being at risk

were recorded and contacted about follow-up care. An ophthalmic medical brigade visited the
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island a few weeks after the completion of the IOP screenings. At-risk patients were instructed to
attend the brigade’s clinic in Coxen Hole, the island’s largest city, for disease diagnostics. If
glaucoma was identified, patients would begin treatment and long-term management. These

intervention steps are detailed below.

3.4 Intervention Steps
3.4.1 Glaucoma Screenings

Over the eight weeks, the research team accompanied Karla Reyes, Clinica Esperanza’s
public health nurse, as she performed health screenings in various communities across the island.
Nurse Reyes notified local points of contact prior to the team’s arrival to increase turnout, and
screening stations were established in central locations.

Intraocular screenings were performed by the undergraduate research team using the
iCare 1C100® (Fig. 5). The iCare 1C100® is a modern, handheld rebound tonometer. Its ease of
use, portability, sterility, short measurement duration, and lack of air-puff or need for topical
anesthetic make iCare the preferable tonometer in many low-resource settings.

The iCare displays a statistically insignificant positive bias in IOP measurements and
slightly poorer intersessional repeatability of measurements compared to the traditional Goldman
applanation tonometer (Davies et al., 2006; Detry-Morel et al., 2006). Despite this, the rebound
tonometry technology used by iCare has been determined to be a reproducible and valid method
of determining IOP that is satisfactory for identifying cases of elevated pressure, especially in
LMICs (Brusini et al., 2006; Martinez-de-la-Casa et al., 2005). Undergraduate researchers
learned how to use the device and practiced prior to the data collection phase, but the iCare has a
high degree of accuracy by both experienced and inexperienced operators, making this device the

best option for this study (Abraham et al., 2008).
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Figure 5. iCare 1C100® rebound tonometer
The research team screened participant’s IOP with the iCare 1C100%, a user-friendly, handheld tonometer.

3.4.2 Educational Campaign
After the IOP screening, the researchers explained the basics of glaucoma to every
patient, including its pathophysiology, presentation, symptoms, treatment, and special
considerations. This verbal education was accompanied by a glaucoma educational hand-out,

which concisely summarized the basics of the disease (Fig. 6).
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Glaucoma is a progressive eye disease
among adults that causes irreversible eye
damage and blindness. Oftentimes, there
are no symptoms, so it is important to
regularly have your eye pressure checked.
Because vision cannot be recovered once
lost, it is very important to make your eye
health a priority.

El glaucoma es una enfermedad de los
ojos progresiva entre los adultos que causa
un dano irreversible y ceguera. A menudo,
no hay sintomas, por lo que es importante
controlar regularmente la presion de los
ojos. Debido a que la visidn no se puede
recuperar una vez perdida, es muy
importante priorizar la salud de sus ojos.

Figure 6. Glaucoma Educational Flyer
After receiving a verbal explanation, patients screened for elevated IOP were given this concise
educational flyer about glaucoma in their primary language.

3.4.3 Follow-Up Appointments
If an IOP of 20 mmHg or greater in either eye was identified, patients received a hand-

out that included their measurement and detailed the recommended future step, a follow-up
examination with a team of visiting optometrists in August (Fig. 7). Additional explanation
about glaucoma and further emphasis on the importance of seeking follow-up care was provided
to these individuals. Experimenters also obtained contact information and compiled a list of
those with risk factors, which was given to Clinica Esperanza. The undergraduates contacted
each high-risk patient again two weeks prior to the ophthalmology brigade in August to remind

them of the appointment and provide additional details.
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& - + (504) 9776-2120 Roatan, Bay Islands B:00 am - 400 pm
ranza - info@clinicaesperanza.org Honduras Manday to Friday

Greetings,

Based on our screening, your left eye pressure is and your right eye pressure is

Because this is higher than normal, it is recommended that you seek the care of an eye doctor.
Someone from Vessels of Mercy, a clinic in French Key, will reach out to you in the next month
to provide more details on future steps. If you have not heard from anyone by the end of August,
please reach out to the clinic, and let us know if you have any questions.

o o’ ) + (504) 9776-2120 Roatan, Bay Islands . 8:00 am - 4:00 pm
ranza e & info@clinicaesperanza.org Honduras Monday to Friday
Saludos,
Segun nuestra evaluacion, la presion de su ojo izquierdo es y la presién de su ojo
derecho es . Debido a que esto es mas alto de lo normal, se recomienda que busque la

atencién de un doctor de los ojos. Alguien en la clinica de Vessels of Mercy, localizada en
French Key, se comunicara con usted en el préximo mes para darle mas detalles sobre los
pasos futuros. Si no ha recibido ninguna llamada al final de agosto, por favor comuniquese con
la clinica y haganos saber si tiene alguna pregunta.

Figure 7. Elevated Pressure Follow-Up Flyer

Patients identified with elevated IOP (20 mmHg or greater) were notified of their risk factor and referred
for follow-up examination by a team of optometrists visiting Roatan in August. The hand-out in the
patient’s primary language was used.

3.5 Research Sample

The IOP of 399 Clinica Esperanza patients from various communities across the island
was measured. Additional emphasis was placed on screening individuals with other known risk
factors, including diabetes, a family history of glaucoma, and adults aged 50 years and older,
however, there was no inclusion criteria, and no one was excluded from participation. The
average participant age was 43.4 years, with a minimum age of 13 and a maximum of 85 (Fig.
8). The participants’ gender breakdown was skewed, with 292 females and 107 males. The
average education level was 5 to 10 years (Fig. 9). These data were collected using a

questionnaire (Fig. 10).
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Figure 8. Research Sample Age Distribution
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Figure 9. Research Sample Educational Level Distribution
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& a +(504) 9776-2120 Roatan, Bay Islands 8:00 am - 4:00 pm
eranza 1 info@clinicaesperanza.org Honduras Monday to Friday

Gender. O Male O Female Age: What community do you live in?

How many years were you in school? 0O | have never been to school °C 1-5 0O 5-10 O 10-15 O 15-20

Had you heard of glaucoma before this study? O Yes O No
Do you know what the symptoms are? O Yes O No
Do you know how it is treated? O Yes O No

& a +(504) 9776-2120 Roatan, Bay Islands 8:00 am - 4:00 pm
eranza g info@clinicaesperanza.org Honduras Monday to Friday
Género: O Hombre O Mujer Edad: ¢En qué comunidad vives?

¢ Cuantos afos has estado en la escuela? O Nuncafuialaescuela O 1-5 O 5-10 O 10-15 O 15-20

¢ Sabias qué es glaucoma antes de este estudio? O Si O No
¢ Sabes cudles son los sintomas? O Si O No
¢ Sabes como se trata? O Si O No

Figure 10. Demographics and Glaucoma Awareness Questionnaire

Patients’ demographic information, educational level, and awareness of glaucoma, including its symptoms
and treatment, were assessed prior to IOP measurement. Experimenters read the questions aloud and
completed the survey based on participants’ responses.

3.6 Data Analysis

To analyze the data, the names, ages, and communities of the patients identified as being
at increased risk for glaucoma were compared to the medical records of those who attended the
ophthalmic medical brigade, which was the recommended follow-up appointment. To do this,
the medical records of the 623 patients who attended the medical brigade were obtained, and the
identities were manually compared to the initial 106 at-risk patients. Because many patients have
several names, and only one or two were documented on each record, those with an identical first
or last name and age were assumed to be the same person. Data was visualized to better

understand the trends present.
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Results

4.1 Glaucoma Awareness

This study is primarily focused on follow-up rates, but data on educational levels and

awareness of glaucoma were also collected and analyzed. This aspect of the research revealed

similar

trends to those noted in the literature (Celebi, 2018; Heisel et al., 2021; Isawumi et al.,

2014). Generally, there was a positive correlation between one’s education level and their

awareness of glaucoma (Fig. 11). This is especially true when looking at the more advanced

levels of understanding as the 15 to 20 years of school group doubled the awareness level of

sympto

Number of People

ms and treatments of any other education level cohort.

Comparing Education Level and Glaucoma Awareness

= Know Glaucoma Know Symptoms Know Treatment N =377

50

40

30
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0 years 1-5 years 5-10 years 10-15 years 15-20 years
Years in School
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Figure 11. Comparing Education Level and Glaucoma Awareness in Roatan, Honduras

Out of the 377 respondents, 19.9% knew what glaucoma was, 6.6% knew the symptoms, and 4.5% knew the

treatment options. There is a positive trend between years in school and understanding of glaucoma.
Acknowledgement: Ashna Ram, Taylor Glatt, Alejandra Mella-Velazquez, and Molly Pluenneke
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Out of the 377 respondents, 19.9% had heard of glaucoma and could generally describe
the disease, 6.6% knew the symptoms, and 4.5% knew the treatment options. 33.3% of those
who were previously aware of glaucoma also knew its symptoms and 22.7% were also aware of
treatment options. In contrast, a much larger percentage, 70-93% of those attending eye clinics,
had heard of the disease in the United States (Celebi, 2018). Thus, the awareness level of

glaucoma in Roatéan is four times less than in the United States (Fig. 12).

Awareness of Glaucoma in Roatan and the United States

Roatan Patients

American Patients

0.00% 25.00% 50.00% 75.00%

Figure 12. Awareness of Glaucoma in Roatan and the United States
In Roatan, 19.9% of patients had heard of glaucoma, whereas approximately 81.5% of American patients
have heard of the disease. The rate of awareness is four times greater in the United States.

4.2 Follow-Up Rates

During the summer data collection phase, 399 patients were screened for glaucoma. Of
these, 106 had elevated 0P of 20 mmHg or greater in one or both eyes. The other 293 patients

had IOP values within the normal range of approximately 10 to 20 mmHg. Everyone identified
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as being at risk for glaucoma was referred to the ophthalmic brigade for follow-up examination.
In total, 623 individuals attended the brigade. Of the initial at-risk cohort of 106, 8 patients
sought follow-up examination at the ophthalmic screening and 98 patients did not. These steps

are outlined in figure 13.

399 patients

SCREENED

106 patients 293 patients

ELEVATED IOP NORMAL IOP

All referred

FOR FOLLOW-UP

Figure 13. Research Steps Flowchart

Out of the 399 patients screened, 106 had 10P values of 20 mmHg or greater and 293 were safely within
the normal range. Those with elevated pressure were referred for additional care. Of the 106 referred, 8
patients attended the medical brigade and 98 did not.

Of the 399 patients initially screened, 106 individuals (26.5%) were referred to follow-up for
elevated readings (Fig. 14). Eight of these patients attended the ophthalmic medical brigade in
August, and 98 did not. Thus, 7.56% of those recommended for follow-up care complied, while

92.5% did not (Fig. 15).
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Patients Recommended for Follow-Up

Patients Screened | Elevated Pressure

399

0% 25% 50% 75% 100%

Figure 14. Patients Recommended for Follow-Up Care
Out of the 399 patients screened, 106 (26.5%) were recommended to attend an ophthalmic medical brigade

to be evaluated.

Follow-Up Rates
Flu
7.0%

Did not flu
93.0%

Figure 15. Glaucoma Follow-Up Rates
Out of the 106 patients identified as being at elevated risk for glaucoma and recommended to seek follow-

up care, eight obtained care (7.56%), while 98 did not (92.5%).
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These values are the most conservative estimates; however, it should be noted that more
lenient data identification measures would increase the follow-up rate to 22.6% (Fig. 16). The
aforementioned values required that the first and/or last name and age were the exact same
between the at-risk patient and the follow-up patient. However, an additional 16 patients had the
same first or last name and an age +/- one year as a patient who attended the medical brigade.
There is a chance that some of these data are the same person, which would bring the number of
patients who followed up to 24. Even with these more flexible standards, the follow-up rate is

poor.

Potential Follow-Up Rates Using Lenient Measures

F/u

Did not f/u

Figure 16. Potential Follow-Up Rates Using More Lenient Measures
When including the additional 16 patients who had the same first or last name and an age +/- one year as
someone in the follow-up group, 24 patients followed up (22.6%) and 82 (77.4%) did not.
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Discussion
5.1 Principal Findings

This study evaluated the effectiveness of a two-pronged community-based approach that
combined IOP screenings with glaucoma education to identify those with risk factors and
encourage follow-up for formal diagnosis. Based on the preliminary evaluation, this approach
was not successful in facilitating satisfactory follow-up rates as only 7.56% of those identified as
at-risk sought out follow-up care.

The literature on follow-up care for glaucoma is practically nonexistent, so it is difficult
to determine an accurate reference value for the identified rate. However, one study focusing on
underserved populations in Indianapolis utilized nearly identical methods to the present study.
With 19.4% of those with abnormal findings seeking ophthalmic care, the Indianapolis study
found a follow-up rate 2.57 times greater than the value determined in Roatan (Scheive et al.,
2022). There are some limitations to using this as a reference, though, as the average follow-up
time was much greater than the time frame examined in Roatén, and all eye conditions were
considered.

The principal findings of the present study and the reference reveal systemic and cross-
cultural deficiencies in the current models of care. Additional interventions need to be created to

effectively increase detection and diagnosis of glaucoma in communities across the world.
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Follow-Up Rates in Roatan and Indianapolis

Roatan Patients

Indianapolis Patients

0.00% 5.00% 10.00% 15.00% 20.00%

Figure 17. Follow-Up Rates in Roatan and Indianapolis
In Indianapolis, 19.40% of patients sought follow-up care, with is 2.57 times higher than the 7.56% that
sought follow-up care in Roatan.

5.2 Implications for Future Practice

Many factors could have contributed to the unsuccessful intervention. In Roatan, formal
appointments are not frequently utilized or adhered to. Therefore, even though the patients were
informed of the follow-up appointment at the initial screening and reminded again two weeks
prior, this system was not effective. More culturally appropriate means of appointment
scheduling and referral should be implemented.

For 80% of the patients, the researcher’s brief explanation was their first time ever
hearing of glaucoma. This low awareness of glaucoma is associated with late presentations,
which causes irreversible loss of vision (Rewri & Kakkar, 2014). Thus, the lack of education

about glaucoma in Roatéan likely increases its disease burden. Though an educational aspect was
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implemented, it may not have been sufficient to incite behavioral modifications. Real behavioral
change will require more than a single encounter and a one paragraph handout.

Patients are more likely to seek care when they possess a greater awareness of glaucoma,
specifically of its asymptomatic nature and permanent consequences (Rewri & Kakkar, 2014).
Moreover, patients are more likely to adhere to their glaucoma medication when they can recall
conversations with their primary care physician about its importance (Cohen Castel et al., 2014).
It is estimated that 67% of blindness in Honduras could be improved by increasing
ophthalmological and optician services and integrating eye care into primary care (Alvarado et
al., 2014).

Thus, primary care providers on the island can incorporate education about eye health
into their clinical encounters to increase follow-up seeking behaviors by improving patients’
awareness of glaucoma and understanding of its consequences. Perhaps more descriptive
handouts should be created, and greater emphasis can be placed on the relative ease of treatment
options.

It is important to note that integrating secondary care into primary care Visits requires
extensive collaboration and may further burden the already strained resources. Understaffing,
resource limitations, a perceived lack of urgency, and educational constraints may complicate the
ability to provide ethical and quality integrated care.

Another potential downfall of this intervention was the use of nonlocal researchers and
practitioners. Language barriers, cultural differences, and general unfamiliarity likely impacted
patient trust and understanding. In the future, local patient navigators in each community, a
system Clinica Esperanza already has in place, could be used to organize transportation, remind

patients of appointments, and act as an additional resource. This practice has been shown to
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double the rate of adherence to recommended follow-up appointments for glaucoma patients and
increase connections with local medical personnel (Leiby, 2021).

Finally, because there is not consistent, affordable ophthalmic care in Roatan, the follow-
up appointments for diagnosis and treatment were provided by a one-week medical brigade. The
short duration and novelty likely made it difficult for many patients to receive care, even if they
desperately wanted to. Ideally, an established ophthalmologist would be able to provide follow-

up care throughout the year, increasing the likelihood of diagnosis and proper management.

5.3 Study Limitations
The study population was composed exclusively of Clinica Esperanza patients, which

limits its external validity — even to other Hondurans in Roatan. Additionally, the data was
biased as 73% of respondents were women who may have different responsibilities or behavioral
tendencies. Community population screening samples may also be skewed towards those who
face less barriers in attending pop-up clinics, such as those who were able to take off work.
Further, comparing patients between the high pressure and the follow-up cohorts presented
unique challenges as many had several names, and there was no standardization of name
recording. More accurate methods to determine patient identity, such as a medical ID number,
should be implemented in future studies. Finally, the limited previous literature made it difficult

to understand the effectiveness of the intervention as previous rates of follow-up were unknown.

5.4 Future Directions

The rapid development and success of telemedicine provides one potential route for

increasing access to screening, detection, and follow-up in LMICs (Mohammadpour et al., 2017,
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Rani et al., 2018; Khouri et al., 2022). Smartphone access has increased globally, even in remote
areas (Mohammadpour et al., 2017). In the present study’s patient sample, 94.4% of those with
elevated IOP had at least one accessible phone. These personal devices can be used to send additional
reminders of appointments and communicate with ophthalmologists. If they are smartphones, they can
even capture images from anterior and posterior segments of the eye (Mohammadpour et al., 2017).
While ophthalmology is currently not entirely conducive to telemedicine, there is potential for
virtual glaucoma services to overcome many of the barriers that prevent patients from seeking follow-
up care, such as economic, geographic, and cultural constrains, in the future (Damji, 2013; Kassam et
al., 2013). Once created and verified for accuracy, virtual services can be analyzed in Roatén to better
understand the most effective means of detection, diagnosis, and management. Additionally, the
impacts of integrating pressure screenings and educational campaigns into primary care visits can be

analyzed in future studies.
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Conclusion

Because of its presentation and management, glaucoma poses a major challenge in
LMICs. Other ocular diseases and conditions can be addressed through public health initiatives
or permanently reversed through surgery, but glaucoma management requires indefinite one-on-
one care, routine follow-up, and strict adherence to treatment. Thus, it is imperative that practical
means of screening, detection, and follow-up are established to decrease glaucoma’s significant
global burden of disease.

This study examined the follow-up care seeking behavior of Clinica Esperanza patients
with elevated I0OP to better understand how to increase detection and diagnosis of glaucoma in
Roatan, Honduras. The community-based intervention, which combined an educational
campaign with an intraocular pressure screening, resulted in a 7.56% follow-up rate, which was
below the anticipated value.

To increase follow-up and detection of glaucoma in resource poor settings, additional
interventions need to be created and evaluated. Though it would be costly and labor intensive, a
more successful method may require an individualized approach that takes cultural aspects into
account rather than broad community screenings. This method of care would consider the
‘biopyschosociospiritual’ profile of the patient, accounting for not only the ocular and biological
factors, but also the psychological, socioeconomic, spiritual, and cultural values and beliefs of
the patient (Gessesse & Damji, 2013). The goal should not be to merely treat the elevated
pressure, but rather, to consider the patient as a complex individual while working to maximize
benefits and minimize side effects and burdens. This holistic view may be more applicable in
Roatan’s specific cultural context. Additional research is needed to assess the efficacy of

individualized models in Roatan.
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This study is a first step in improving detection of glaucoma in Roatan. While it may not
have generated the desired results, it provides valuable information about screening and
evaluation, which should inform future use of time, labor, and resources. The significant
presence of ocular issues and limited availability of ophthalmologists on the island makes it
critical that there are efficient and accurate ways to identify those with the greatest need and
connect them with specialized care. Improving methods of screening, detection, and treatment
for glaucoma in Roatan will alter the lives of patients and their caregivers, reducing health

disparities and enhancing wellbeing.
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