
O R I G I N A L  R E S E A R C H

Validation of a Novel Low-Cost Glaucoma Risk 
Calculator for Community-Based Screening in 
High-Risk Populations
Kara Grimes 1,*, Chisom T Madu 2, Carena Carrington3, Daniel Laroche 4,5,*

1School of Medicine, New York Medical College, Valhalla, NY, USA; 2School of Medicine, City University of New York School of Medicine, New Yorkṭ, 
NY, USA; 3School of Medicine, SUNY Downstate Health Sciences University, Brooklyn, NY, USA; 4Department of Ophthalmology, New York Eye and 
Ear Infirmary of Mount Sinai, New York, NY, USA; 5Advanced Eye Care of New York, New York, NY, USA

*These authors contributed equally to this work 

Correspondence: Daniel Laroche, Advanced Eye Care of New York, 49 West 127th Street, New York, NY, 10027, USA, Tel +1-212-663-0473, 
Email dlarochemd@aol.com 

Purpose: To assess the validity of a novel, low-cost glaucoma screening calculator in determining glaucoma risk in high-risk 
New York communities.
Patients and Methods: This prognostic community-based study was conducted in New York City neighborhoods from 2022 to 2024 
among participants aged 40 years and older. Glaucoma screenings were held at community gatherings including local fairs, senior 
citizen homes, places of worship, and in the lobby of medical offices. The screenings were conducted by trained non-physician medical 
personnel comprised medical students and medical assistants working under physician supervision. Participants’ intraocular pressure 
(IOP) and central corneal thickness (CCT) were measured in both eyes with a handheld tonometer and pachymeter, respectively. 
Participants then completed a comprehensive eye exam by an ophthalmologist to confirm glaucoma status. Statistical analysis was 
completed using MedCalc version 22.023 (MedCalc Software Ltd. Ostend, Belgium) with 95% confidence intervals.
Results: Of the 823 study participants, 716 (mean age 62.9 ± 11.9 years) were eligible to participate and completed the comprehensive 
follow-up exam. 68% identified as Black, 6.7% identified as Hispanic/Latino, and 52.5% identified as female. The Laroche glaucoma 
calculator had a sensitivity of 93.5% (CI 89.1–96.5%), specificity of 91.3% (CI 88.5–93.6%), positive predictive value of 80.5% (CI 
75.7–84.6%), negative predictive value of 97.3% (CI 95.5–98.4%) and accuracy of 91.9% (CI 89.6–93.8%).
Conclusion: The Laroche glaucoma calculator shows high sensitivity, specificity, positive predictive value, negative predictive value, 
and accuracy using affordable screening methods to determine glaucoma risk.
Keywords: glaucoma risk calculator, affordable glaucoma screening, glaucoma screening tools, community-based glaucoma study, 
Laroche glaucoma calculator, eye screening

Introduction
Glaucoma is the leading cause of irreversible blindness worldwide and is rapidly rising in the US as the aging population 
increases.1 The primary risk factors for glaucoma are older age,2 male gender,3 individuals who are Black,3 Hispanic/Latino,4 

or Asian,5 those with vascular risk factors including hypertension and diabetes,6 enlarged lens,7 and those with a family history 
of glaucoma.8 The number of people with glaucoma in the US is expected to increase from 3 million to 6.3 million by 2050, 
and the aging population worldwide is projected to double to 2.1 billion in the same period of time.5,9,10 Current treatment 
options available for glaucoma can prevent the progression of the disease but cannot reverse glaucomatous damage. 
Accordingly, screening and early identification of patients who are at high risk is essential to prevent morbidity and blindness.

The key to decreasing the burden of glaucoma is recognizing the underlying causes of health disparities, including 
suboptimal allocation of resources prompted by social and economic inequities.11 Due to the slow progression of this 
disease, many individuals affected by glaucoma are unaware of their diagnosis. By creating efficient and accessible 
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screening methods, those at increased risk for glaucoma can be detected, and vision loss can be prevented. As 
emphasized by Susanna et al, population-based studies conducted in the US have suggested that over 50% of glaucoma 
cases remain undiagnosed, highlighting the need for effective screening programs.12 Age-related enlargement of the lens 
and associated elevation of intraocular pressure can occur silently and insidiously in patients with glaucoma. Despite the 
2022 recommendations from the United States Preventive Services Task Force (USPSTF) suggesting that there is 
insufficient evidence to support glaucoma screening, these findings do not consider the numerous publications reporting 
the high sensitivity of glaucoma screenings in identifying and treating high-risk individuals, including Black Americans, 
Hispanics/Latinos, and individuals with decreased access to ophthalmic care.13–17

The Health Resources and Services Administration forecasts a 12% decline in ophthalmologist by 2035 with a 24% 
increase in demand.18 With predicted shortcomings, it is necessary to consider the cost, accessibility, and efficiency 
needed to conduct eye examinations when detecting glaucoma as a part of community and medical screening programs. 
In addressing these factors, the benefits of non-physician led interventions should also be considered. Recent community- 
based eye health interventions, including the Vision Detroit Project, led by healthcare students under physician super
vision have contributed to improved patient education, eye-health knowledge, and access to eye care.19–21 Other studies 
have detailed the increased use of artificial intelligence in non-physician led interventions with algorithms applied to 
fundus photos and OCT technology that have been shown to outperform ophthalmologist with non-physician obtaining 
images.22 However, these technologies used in current screening methods remain higher in cost, creating a gap between 
resource rich and resource poor areas. The lower cost calculator used in this study fills this gap, reducing the need for 
more expensive technology as a part of the glaucoma screening.

In this article, we assess the validity of a novel, low-cost calculator in efficiently detecting glaucoma in high-risk 
New York communities. This calculator fills a critical gap in glaucoma screening because it functions without the need 
for cup-to-disc ratio or the use of expensive fundus photography, optical coherence tomography (OCT), and visual field 
(VF) equipment, thus saving the time and money on additional testing for those truly found to be at higher risk with this 
calculator. The purpose of this study is to validate the use of this calculator as a part of community-based and medical 
screenings in determining if an individual is low- or high-risk for glaucoma, without the need for a comprehensive 
ophthalmic examination.

Materials and Methods
This study was approved by the Institutional Review Board of Icahn School of Medicine at Mount Sinai (STUDY-22-01454) 
and adheres to the Tenets of the Declaration of Helsinki. All participants in this study provided written informed consent.

Study Design
This is a prospective, observational, community-based participatory research study that assessed and evaluated the 
validity of the Laroche glaucoma calculator in detecting glaucoma and informing the course of follow-up care. This 
calculator was previously shown to demonstrate statistically significant diagnostic ability in identifying patients with 
glaucoma in a retrospective study.23

Recruitment Methods
From September 2022 – March 2024, potential participants were identified through flyers shared in-person and on social 
media. Most participants were recruited in-person at community events hosted by senior housing developments, local 
organizations, or places of worship and would take place monthly. Participants with upcoming medical appointments 
were also recruited by study coordinators in-person in the lobby of physician offices. Study coordinators consisted of 
trained non-physician personnel comprised medical students and medical assistants working under ophthalmologist 
supervision. Recruitment and screenings took place in New York communities located in South Bronx, Harlem, 
Southeast Queens, and central Brooklyn.
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Inclusion and Exclusion Criteria
Participants were required to be ≥40 years of age to participate in this study. Individuals unable to cooperate or maintain 
a still position for the duration of the screening were excluded due to interference with obtaining an accurate reading. For 
individuals <40 years, screening was conducted as a courtesy and data from these participants was not included in our 
analysis. Individuals who did not complete both the initial screening and the comprehensive ophthalmic examination 
were excluded from the analysis.

Enrollment
Participants were informed of the study protocol, as well as any potential risks by the medical personnel. The participant 
was then given the time to ask questions before providing written informed consent. Following consent, the participants 
completed a short survey about prior health and demographic data (Figure 1).

Assessment
Prior to the study, non-physician medical personnel completed a training session led by an ophthalmologist to operate the 
handheld Pachmate 2 pachymeter (DGH Technology) and a Tono-Pen XL applanation tonometer (Medtronic) to measure 
CCT and IOP, respectively, and how to place topical proparacaine hydrochloride 0.5% eye drop into the eye. Before 
collecting participant eye measurements, 1 drop(s) of proparacaine hydrochloride 0.5% was administered to each of the 
participants’ eyes. Once IOP and CCT were collected, the measurements were documented on the glaucoma screening 
calculator table, along with the participant’s age (Table 1).

Based on preliminary study findings,23 medical personnel then applied a numerical point value from −3 to +6 
corresponding to each of the three risk factors (age, IOP, and CCT), using Table 2. A sum of the point values from the 
participants age, IOP, and CCT was then calculated to determine the participant’s total glaucoma risk score in each eye. 
Based on the total score, each eye was either categorized as low risk (with total point(s) ranging from 0 to 5) or high risk 
(with total points ranging from 6 to 18), as shown in Table 3. All participants were then asked to complete 
a comprehensive eye examination by a glaucoma specialist (D.L). Carbonless copy paper was used to document the 
data collected so all participants could receive a copy of their glaucoma risk score at the end of their visit.

Figure 1 Prior health and demographic data collected at initial screening.
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Ophthalmologist Comprehensive Eye Exam
All study participants were asked to complete a free comprehensive eye exam by a glaucoma specialist (D.L.) within one 
month of the initial screening. The ophthalmologist was blinded to the participants determined risk category calculated 
by the Laroche glaucoma calculator. The eye exam was conducted at two medical offices located near screening locations 
using the gold standard devices to determine the presence of absence of glaucoma or if a patient was a glaucoma suspect. 
These devices included slit-lamp examination, Goldmann applanation tonometry, ophthalmoscopy, optical coherence 
tomography (OCT), and Humphrey visual field. Following examination, the clinical judgement of the glaucoma specialist 
was used to determine if the participant’s diagnosis is glaucoma, glaucoma suspect, or no glaucoma. Patients were 
diagnosed with glaucoma if they had glaucomatous optic neuropathy, glaucomatous retinal nerve fiber layer loss, or 
glaucomatous visual field loss. Glaucoma suspects consisted of persons with elevated IOP, larger cup-to-disc ratio, thin 
corneas, and family history. All patients received counseling on the importance of regular eye exams, lifestyle 
modification, and if diagnosed with glaucoma initiation of treatment.

Statistical Analysis
All participant data collected from the initial glaucoma screening and the follow-up comprehensive eye exam were de- 
identified and assigned a random number. Confirmatory factor analysis with a comparative fit index of 0.95, power of 
90%, average factor loading of 0.7, significance (α) of 0.05 and expected dropout rate (ndrop) of 20% were used to 
compute the sample size of n = 171 (ndrop = 214) using the W.N. Arifin Sample Size Calculator (W.N. Arifin Software, 
Vancouver, British Columbia).24,25 All participants under the age of 40 and those who did not complete the follow-up 
comprehensive eye exam were excluded from the analysis. Medical personnel transcribed each of the completed 
questionnaires and calculator findings from paper format to an electronic format. ROC analysis deriving the cut-off 
point thresholds of 6 shown in Table 2 are further described in the previous study.23

Table 1 The Laroche Glaucoma Screening Calculator

Screening Points Glaucoma Score Total

RT LT RT LT RT LT

Intraocular pressure mmHg mmHg ______ ______

Central corneal thickness μm μm

Age

Abbreviations: RT, right eye; LT, left eye.

Table 2 Age, Intraocular Pressure, and Central Corneal Thickness Risk Factors With Corresponding Numerical Value. 
Reprinted With Permission From Laroche et al. Reference [19] Copyright 2022, Used Under the Creative Commons 
Attribution 3.0 License

Points −3 −2 −1 0 +1 +2 +3 +4 +5 +6

Age (years) — — — ≤40 41–50 51–60 61–70 71–80 81–90 ≥91

Mean IOP (mmHg) — — — ≤12 13–15 16–18 19–21 22–25 26–29 ≥30
Mean CCT (μm) >600 576–600 551–575 526–550 500–525 475–499 450–474 425–449 400–424 <400

Table 3 Determining Glaucoma Risk and Management Reprinted With Permission From 
Laroche et al. Reference [18] Copyright 2022, Used Under the Creative Commons 
Attribution 3.0 License

Glaucoma Risk Total Point (s) Risk Management

Low risk 0–5 Re-evaluation recommended in 1–3 years

High risk 6–18 Complete ophthalmic evaluation needed as soon as possible
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In this cohort, the participant characteristics were described. Sensitivity, specificity, predictive values, likelihood 
ratios, and accuracy were calculated using MedCalc version 22.023 (MedCalc Software Ltd., Ostend, Belgium) with 95% 
confidence intervals (CI).26 The sensitivity, specificity and accuracy were calculated using Clopper-Pearson confidence 
intervals. In our analysis, the comprehensive eye exam (referred to as our gold standard to detect glaucoma) is assumed 
to be 100% accurate for determining the presence or absence of disease.

Results
Sociodemographic characteristics and questionnaire responses are listed in Table 4.

Table 4 Baseline Characteristics of 716 Participants

Age

● Mean years (SD) 62.6 (11.9)

Sex (%)

● Male 257 (35.1%)

● Female 385 (52.5%)

● Answer omitted 74 (10.1%)

Race (%)

● Black 504 (68.8%)

● Asian 76 (10.4%)

● White 33 (4.5%)

● Indigenous American or Alaska Native 3 (0.4%)

● Native Hawaiian or Other Pacific Islander 0 (0%)

● Other 22 (3.0%)

● Answer omitted 78 (10.6%)

Ethnicity (%)

● Hispanic or Latino 49 (6.7%)

● Not Hispanic or Latino 554 (75.6%)

● Answer omitted 113 (15.4%)

Insurance status (%)

● Private 352 (48.0%)

● Medicaid/Medicare 129 (17.6%)

● Uninsured 7 (1%)

● Other 137 (18.7%)

● Answer omitted 91 (12.4%)

(Continued)

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S500509                                                                                                                                                                                                                                                                                                                                                                                                    361

Grimes et al

Powered by TCPDF (www.tcpdf.org)



Participant Characteristics
Eight hundred and twenty-three individuals consented to be a part of this study. One hundred and seven participants were 
excluded from the analytical sample because they did not meet one or more of the following criteria: ≥40 years of age 
(92/107 participants), were unable to complete the initial screening (2/107 participants), and/or did not complete the 
follow-up comprehensive eye examination (27/107 participants). The analytic sample included 716 eligible community 
members (358 female (52.5%), 257 male (35.1%) and 74 (10.1%) unidentified; mean (SD) age of 62 (11.9) years). Of the 
eligible participants that responded to the questionnaire, 504 (68%) identified as Black and 49 (6.7%) identified as 
Hispanic/Latino. Additional findings showed that 352 (48%) participants reported having private insurance, 521 (71%) 
had completed a detailed eye exam at least once in their past, and a majority (79%) did not have a relative with glaucoma 
or a relative who went blind. Additionally, 87.4% completed a medical exam in the past year and 91% had no past 
diagnosis of glaucoma.

Laroche Glaucoma Calculator Results
The results yielded from the screening calculator and comprehensive eye exam are summarized in Table 5. Among these 
716 participants, 231 (32.3%) were categorized as high risk and 485 (67.7%) were categorized as low risk, as determined 
by the glaucoma calculator. Using the gold standard comprehensive eye exam, 199 (27.8%) were confirmed to have 
a diagnosis of glaucoma or to be a glaucoma suspect and 517 (72.2%) were confirmed to have no glaucoma.

Of the 716 participants, 45 (6.3%) were false positives indicating that these participants were categorized as high-risk 
for glaucoma but were determined to have no glaucoma upon comprehensive eye exam. These participants had an 
average age of 70.7 years, IOP of 14.5 mmHg, and CCT of 502.7 μm, indicating their increased age and/or decreased 
corneal thickness may have been attributed to their categorization as high-risk. Within this group of false positives, one- 
third had only one eye categorized as high-risk at the cutoff value of 6. Figure 2 details the percentage of subjects 
determined to be high-risk by the Laroche glaucoma calculator compared to those determined to have glaucoma or be 

Table 4 (Continued). 

Detailed eye exam

● Yes 521 (71.1%)

● No 171 (23.3%)

● Answer omitted 24 (3.3%)

Relative with glaucoma or who went blind

● Yes 112 (15.3%)

● No 586 (79.9%)

● Answer omitted 18 (2.5%)

Past diagnosis of glaucoma without treatment

● Yes 29 (4.0%)

● No 668 (91.1%)

● Answer omitted 19 (2.6%)

Medical exam in past 12 months

● Yes 641 (87.4%)

● No 50 (6.8%)

● Answer omitted 25 (3.4%)
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glaucoma suspects by the gold standard. Those considered false negative consisted of 13 (1.8%) of the 716 participants 
that were categorized as low-risk and were later determined to have glaucoma or to be considered a glaucoma suspect. 
The false negative participants had an average age of 59.1 years, IOP of 22.6mmHg, and CCT of 597.3 μm. Their lower 
age and increased CCT may have been attributed to their categorization as low risk.

The prevalence of glaucoma among participants by selected demographic characteristics and insurance status is 
shown in Table 6. Increasing age in each 10-year age group correlated with a significant (p < 0.05) increase in likelihood 
of the Laroche glaucoma calculator categorizing a participant as high risk and the participant having a diagnosis of 
glaucoma or glaucoma suspect. For example, 79.7% of participants ≥80 years had at least one eye that was calculated as 
high risk for glaucoma. Of these, 62.5% had a confirmed diagnosis or were considered glaucoma suspects.

Although only 7 participants self-reported being uninsured, this group also had a statistically significant (p < 0.05) 
difference in being categorized as high-risk and confirmed glaucoma/glaucoma suspect cases in comparison to those with 
private insurance or Medicare/Medicaid. To note, there was no statistically significant difference in the prevalence of 
glaucoma when categorizing the participants by sex or by race/ethnicity.

The positive predictive value (PPV) and negative predictive value (NPV) corresponding to a sensitivity of 93.5% and 
specificity of 91.3% are reported in Table 7. When the prevalence of glaucoma and glaucoma suspects in the study 
population (27.8%) was used to calculate predictive values, the PPV was 80.5% and the NPV was 97.3%.

Table 5 Glaucoma Status Based on the Laroche Glaucoma Calculator 
Versus Comprehensive Eye Exam (Gold Standard)

True Glaucoma Status from Gold Standard Comprehensive Eye Exam

Laroche Glaucoma  
Calculator Results

Glaucoma or  
Glaucoma Suspect

Absent  
Glaucoma

Total

High risk 186 45 231

Low risk 13 472 485

Total 199 517 716

Figure 2 Percentage of participants determined to be high risk by the Laroche glaucoma calculator compared to those determined to have glaucoma or be glaucoma 
suspects by the gold standard.

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S500509                                                                                                                                                                                                                                                                                                                                                                                                    363

Grimes et al

Powered by TCPDF (www.tcpdf.org)



The average age (standard deviation; SD) of participants determined to be high-risk by the Laroche glaucoma 
calculator was 70.9 (10.5) years, as shown in Figure 3. The mean CCT (SD) in the high-risk group was lower than 
that of the low-risk group (513.5 (37.7) μm vs 558.7 (38.3) μm) and the mean IOP in the high-risk group was higher (18.1 
(5.8) mmHg) than that of the low-risk group (15.3 (3.8) mmHg).

Table 6 Prevalence of Glaucoma Among Participants by Selected Demographic Characteristics and Glaucoma Status, 
Categorized by Laroche Calculator Versus Gold Standard

Characteristic Laroche Calculator High Risk Gold Standard Glaucoma or Glaucoma Suspect

% 95% CI p-Value % 95% CI P-Value

Total 32.5 0.27–0.39 0.5 27.8 0.23–0.33 0.5

Age (years)

40–49 (reference) 3.2 0.01–0.10 0.5 4.3 0.01–0.11 0.5

50–59 11.4* 0.07–0.17 0.01 10.8* 0.06–0.17 0.04

60–69 38.6* 0.31–0.47 0 34.0* 0.27–0.42 0
70–79 47.3* 0.36–0.61 0 39.7* 0.30–0.52 0

80+ 79.7* 0.59–1.05 0 62.5* 0.45–0.86 0

Sex

Female (reference) 30.4 0.25–0.36 0.5 25.7 0.21–0.31 0.5
Male 34.2 0.27–0.42 0.15 30.7 0.24–0.38 0.08

Race/Ethnicity

Black, non-Hispanic/Latino (reference) 33.0 0.28–0.39 0.5 27.9 0.23–0.33 0.5
White, non-Hispanic/Latino 25.0 0.08–0.58 0.23 30.0 0.11–0.65 0.42

Asian 25.3 0.15–0.40 0.09 20.0 0.11–0.33 0.07

Black, Hispanic/Latino 32.0 0.14–0.63 0.92 24.0 0.09–0.52 0.33
White, Hispanic/Latino 30.7 0.08–0.78 0.43 38.5 0.12–0.89 0.20

Insurance status

Private (reference) 29.5 0.24–0.36 0.5 24.4 0.20–0.30 0.5

Medicare/Medicaid 34.1 0.25–0.46 0.17 34.1* 0.25–0.46 0.02
Uninsured 71.4* 0.23–1.67 0.009 66.7* 0.16–1.46 0.02

Note: * Significantly different (p<0.05 from the first subcategory (reference group).

Table 7 Validity of the Laroche Glaucoma Calculator as Tested by 
Sensitivity, Specificity, Likelihood, Predictive Values, and Accuracy

Statistics Value 95% CI

Sensitivity 93.5% 89.1–96.5%

Specificity 91.3% 88.5–93.6%
Positive likelihood ratio 10.74 8.1–14.23

Negative likelihood ratio 0.07 0.04–0.12

Glaucoma/glaucoma suspect prevalence in study 27.8% 24.5–31.2%

Positive predictive value 80.5% 75.7–84.6%

Negative predictive value 97.3% 95.5–98.4%
Accuracy 91.9% 89.6% - 93.8%
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Clinical Application of the Laroche Glaucoma Risk Calculator
To increase the efficiency of glaucoma screenings, we developed an online version the Laroche glaucoma risk calculator 
(available free of charge at: https://irp.cdn-website.com/4d783a5d/files/uploaded/Laroche-Glaucoma-Calculator-PDF- 
KRG-DL-Updated.pdf).

Discussion
The data from this study supports the validity of the Laroche glaucoma calculator as a low-cost tool to determine glaucoma 
risk and inform the course of follow-up care. The calculator showed high sensitivity (93.5%), specificity (91.3%), and 
accuracy (91.9%) in detecting glaucoma in high-risk New York populations. This study supported the preliminary findings of 
the Laroche glaucoma calculator that determined the cut-off values of this tool.23 As a progeny of prior glaucoma calculators, 
the Laroche glaucoma calculator stands apart in its ability to be utilized both within and outside of clinical settings, requiring 
only the handheld tonometer and pachymeter for testing. To our knowledge, this is the first glaucoma risk calculator that 
requires only three variables (age, IOP, and CCT) and can be used by trained non-physician medical personnel.

While several glaucoma risk calculators currently exist, including the widely recognized tool developed by the Ocular 
Hypertension Treatment Study (OHTS), this novel calculator offers unique advantages. This tool does not require 
ophthalmoscopy, cup-to-disc ratio assessment, OCT, or VF testing and therefore addresses the current inadequacy of 
cost-effective glaucoma screening strategies.27 By reducing the reliance on specialized physician expertise and costly 
equipment for screening, this calculator is a more cost-effective screening tool that enhances accessibility in resource- 
limited settings. Non-physicians, nurses, technicians, assistants can be trained to conduct the screenings both in office or 
at locations further away from the office in higher risk communities.

This tool is particularly useful for educating, screening, and identifying individuals at higher risk for glaucoma who 
can then be referred for more advanced and expensive screening tools to confirm the glaucoma diagnosis. In regions with 
high-risk populations, such as those with elderly individuals and those of African descent, health policies could support 
the implementation of this low-cost community-based glaucoma screening approach. Deploying such tools in health 
centers, churches, and other community venues could facilitate education, early detection of glaucoma, and promotion of 
general eye health, thereby addressing disparities in eye care and reducing the burden of preventable vision loss. When 
utilizing this novel calculator and other glaucoma screening tools, it is essential to consider the recommendations from 
the World Health Organization (WHO), which emphasize that programs for glaucoma detection should only be initiated 
when adequate services for glaucoma management are available.28 In alignment with these recommendations, this study 
ensured that glaucoma screenings were conducted in locations with convenient access to comprehensive eye examina
tions. This approach was intended to minimize barriers to eye care and enhance convenience to the study participants.

Findings from the Laroche glaucoma calculator support predicted demographic changes of those affected by primary 
open angle glaucoma in the next 25 years. Based on these predictions, Hispanics/Latinos were expected to contribute the 

Figure 3 Mean of age, central corneal thickness (CCT), and intraocular pressure (IOP) determined by the Laroche glaucoma calculator.
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highest estimated number of people with glaucoma in the US by 2050.4 In our study, individuals who identified as 
Hispanic/Latino made up the largest demographic by race/ethnicity to be considered high risk by the Laroche glaucoma 
calculator (62.7%) and to have a confirmed diagnosis of glaucoma (62.5%) on comprehensive eye exam (Table 6). 
Contrastingly, although white, non-Hispanic participants had the lowest percentage by racial/ethnic group considered 
high-risk by the Laroche calculator, this demographic made up the second largest group of confirmed glaucoma cases 
(25.0% vs 30.0%). Many of those affected by glaucoma are non-Hispanic white Americans, particularly women, due to 
a high number of this demographic in the aging population.4 Future studies should include a larger participant population.

Given the location of our study in New York communities at high-risk for glaucoma, the results demonstrate 
a prevalence of 27.8% of glaucoma and glaucoma suspects. Our screening methodology allowed identification of both 
patients with glaucoma and those glaucoma suspects at risk of developing glaucoma to become educated on this 
condition and prevent vision loss. Table 6 details the predictive values calculated in this study, detailing the high PPV 
and NPV at 80.5% and 97.3%, respectively, with an accuracy of 91.9%.

Of the 716 participants, 58 (8.1%) were incorrectly classified by the Laroche glaucoma calculator as either low risk 
(13 participants) or high risk (45 participants). Participants who were at the extreme ends of one of the three variables 
(age, IOP, and CCT) may have been misclassified with the current criteria. This included participants over 80 years old, 
of which 79.7% were considered high risk by the calculator, but only 62.5% were determined to have glaucoma or be 
glaucoma suspects (Table 6). These are important considerations as the US population continues to age and 17% of the 
population in the US is over the age of 65. Globally, this decreases to 12% and these individuals have a six-fold greater 
chance of having glaucoma.29,30 Participants identified as false positive were reassured during their comprehensive 
ophthalmic examination that factors such as advanced age and thinner corneas likely contributed to their misclassifica
tion. Importantly, the proportion of misclassified cases was low, and the slow progression of glaucoma provides an 
opportunity for patient education and detection of any misclassification during subsequent examinations.

It is also important to consider other non-pathologic causes of extremes of age, IOP, and CCT when evaluating 
misclassifications. The percentage of individuals with a CCT greater than 600 μm varies depending on the study and 
population examined. For example, one study identified associations between female sex, increased age, and Black race 
with thinner corneas.31

A study of 168 eyes from healthy adults aged 19–38 found that 12% of males and 28% of females had corneal 
thickness measurements below 500 μm.32 Clinically, a CCT less than 500 μm is considered moderately-to-extremely thin, 
but can be non-pathological in healthy young adults. Conversely, participants in our study who were incorrectly 
categorized as lower risk (false negative) for glaucoma using the glaucoma calculator may have been misclassified 
due to their thicker cornea and younger age. Participants identified as false negatives in our study had an average age of 
59.1 years and a mean CCT of 597.3 μm, exceeding the average CCT for this age group reported in prior studies.33 The 
elevated CCT, combined with a relatively lower age, likely contributed to the misclassification of this small subset of 
participants (1.8%). Nevertheless, raising awareness about the possibility of glaucoma and reinforcing the importance of 
regular ophthalmic care remain crucial for early detection and management.

There are challenges in identifying glaucomatous damage that may lead to both the underdiagnosis and overdiagnosis 
of this disease. While one of the purposes of the Laroche glaucoma calculator is to educate and identify undetected cases 
of glaucoma and glaucoma suspects in the community, it also serves a purpose to recognize individuals as low risk. In 
doing so, those who are low-risk may defer more expensive glaucoma testing methods and, therefore, the waste of 
clinical resources and unnecessary medical costs can be reduced, as addressed in the Thessaloniki Eye study.34 The low 
risk patients will also receive education about the importance of an annual eye examination for general ocular eye health 
and risk reassessment with increasing age. The small subset of patients identified as false negatives during the initial 
screening may transition to higher risk categories in subsequent screenings or examinations due to the IOP fluctuations 
commonly observed in individuals with glaucoma. Additionally, community members identified as high risk may be 
educated on glaucoma and receive appropriate and adequate, earlier treatment or monitoring as needed. After all, we can 
prevent glaucoma in those with angle closure with earlier cataract surgery and prevent vision loss with earlier 
microinvasive glaucoma surgery, which has been shown to preserve visual field in many who go on to develop 
glaucoma.35
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In addition to detecting glaucoma risk, the reported findings from this study may have a psychological impact on 
participants. Patients with a family risk of glaucoma determined to be low risk by the screening calculator may have 
a reduced fear of blindness and reduced risk of depression due to fear of developing or having glaucoma. Additionally, 
those who are low risk can reduce the costs of nonessential further medical testing and reduced side effects of 
unnecessary treatment. As such, patients determined to be low risk do not require a high level of care by a glaucoma 
specialist, and the higher level of testing or treatment resources can be used elsewhere.

Future applications of the Laroche glaucoma calculator include adding it to electronic medical record platforms to 
potentially flag high-risk glaucoma patients and interfusing artificial intelligence (AI) to enhance its effectiveness. 
Multimodal AI refers to artificial intelligence systems that use multiple data inputs to produce more accurate outputs than 
unimodal systems. In the future, Multimodal AI can be used to analyze large datasets efficiently while providing real-time data 
and personalized risk assessments for glaucoma progression to participants. There is also potential use for integration of this 
risk calculator and AI with telemedicine platforms, to allow for remote monitoring of patients with a family history who may 
be at low risk and earlier age and may transition to higher risk at a later age or with elevation of intraocular pressure. The low- 
cost screening method will make future glaucoma screenings more accessible to resource poor communities around the world 
and create an affordable option for existing general health community clinics.

The primary limitation of this study occurred due to some omitted demographic responses. Nearly 20% of participants 
omitted responses to the demographic questionnaire, which would have provided more data in better understanding the 
population being served. This can be addressed in future studies through the creation of an electronic form or by making 
questionnaire responses mandatory. Additionally, the sample size of this study would benefit from an increased size. To 
address this limitation, community glaucoma screenings are continuing to take place. As per our study protocol, 
screening using the Laroche glaucoma calculator identified glaucoma risk in both eyes individually. Contrastingly, 
during data analysis, we did not distinguish glaucoma status using the gold standard based on either eye. Because of 
this, we were not able to calculate inter-eye agreement. This can be addressed in future analyses of this study by 
recording the diagnosis of glaucoma in each eye in the research data.

Conclusion
In summary, this study provided a novel, low-cost screening tool for glaucoma screening both inside and outside of 
clinical practice. The Laroche glaucoma calculator had high sensitivity, specificity, predictive values and accuracy and 
was validated in an independent, community population. In using this tool, health care allies can educate and identify 
patients at risk for glaucoma in the early stages of disease and begin treatment to prevent the progression of irreversible 
damage. The tool is accessible free online for all providers to implement as a part of detecting glaucoma.
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