Clinical Ophthalmology Dovepress

Taylor & Francis Group

ORIGINAL RESEARCH

The Association Between the Retinal Sequelae of
Myopia and Glaucoma in a Global Cohort

Leo ltzel Arnal', Yeabsira Mesﬁnz, Gabriel Ferreira 3, Anish Salvi', Karen M Wai', Eubee Koo',
Andrea L Kossler®', Euna Koo', Ehsan Rahimy'**, Prithvi Mruthyunjaya', Chase A Ludwig®'

'Department of Ophthalmology, Byers Eye Institute, Stanford University School of Medicine, Palo Alto, CA, USA; ?Department of Ophthalmology,
University of California San Francisco School of Medicine, San Francisco, CA, USA; 3Department of Medicine, Varzea Grande University Center
(UNIVAG), Varzea Grande, Brazil; 4Depar‘tment of Ophthalmology, Palo Alto Medical Foundation, Palo Alto, CA, USA

Correspondence: Chase A Ludwig, Department of Ophthalmology, Byers Eye Institute, 2370 Watson Court, Office 100D, Palo Alto, CA, 94303, USA,
Tel +1 650 724 2722, Fax +1 650 853 6086, Email caludwig@stanford.edu

Purpose: Discerning glaucoma in myopic eyes with tilted optic nerve discs is challenging given the atypical appearance and
segmentation on optical coherence tomography. This study aims to determine the association between retinal sequelae of myopia
and primary open-angle glaucoma (POAG). We hypothesize that retinal sequelae of myopia may aid in identifying high-risk glaucoma
patients.

Methods: An aggregated electronic health records research network was used to retrospectively identify 929,142 myopic patients. We
evaluated the association of POAG with retinal sequelae of myopia, including choroidal neovascularization (CNV), myopic macular
degeneration (MMD), foveoschisis, macular hole (MH), rhegmatogenous retinal detachment (RRD), and foveal retinal detachment
(FRD). Logistic regressions estimated odds ratios (adjusted for age, sex, race, and ethnicity). Cox models estimated hazard ratios
(additionally adjusted for pseudophakia).

Results: FRD exhibited the strongest association with POAG (AOR: 5.82; 95% CI: 3.44-9.85), followed by foveoschisis (AOR: 3.10;
95% CI: 1.84-5.21) and MMD (AOR: 2.87; 95% CI: 2.19-3.75). Severe subtypes of POAG were also more highly associated with
each retinal sequela than moderate and milder severity subtypes. Additionally, patients with each retinal sequela experienced
a significantly faster progression from glaucoma suspect to POAG than those without these sequelae. Kaplan-Meier curves and
adjusted Cox regression models suggested a faster progression from glaucoma suspect to POAG in those with foveoschisis (HR: 5.33;
95% CI: 2.21-12.85; p<0.005), CNV (HR: 1.73; 95% CI: 1.12-2.67; p=0.01), MMD (HR: 2.74; 95% CI: 1.47-5.10; p<0.005), MH
(HR: 1.73; 95% CI: 1.29-2.31; p<0.005), and RRD (HR: 1.54; 95% CI: 1.28-1.86; p<0.005), whereas FRD was not significantly
associated with glaucoma progression (HR: 1.28; 95% CI: 0.18-9.10; p=0.8).

Conclusion: The retinal sequelae of myopia are associated with the presence and progression of primary open-angle glaucoma. The
presence of the retinal sequelae of myopia should cue ophthalmologists to refer such patients for glaucoma evaluation to encourage
earlier detection and more targeted management.
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Introduction
The global prevalence of myopia is on the rise, with projections suggesting that nearly half of the world’s population will
be affected by 2050." This trend indicates a surge not only in mild and moderate myopia but also in high myopia, which
is often associated with severe ocular complications such as myopic macular degeneration (MMD), myopic traction
maculopathy, and rhegmatogenous retinal detachments (RRD).” The rising incidence of these conditions will contribute
significantly to the overall global burden of visual impairment, emphasizing the need for targeted ocular health strategies
and comprehensive understanding of myopia’s progression and impact.

Concurrently, glaucoma stands as a major global health issue and is one of the leading causes of irreversible blindness
worldwide.® This condition affects millions, with significant variations in prevalence across different regions and
demographics, notably higher in populations of African and Asian descent.* The burden of glaucoma extends beyond
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the loss of vision, impacting the quality of life and economic stability of individuals and communities.” The disease’s
asymptomatic progression often leads to late detection, making management and treatment more challenging and
reinforcing the need for regular screening and advanced diagnostic approaches.’

Every millimeter increase in axial length is known to elevate the risk of myopia complications including both
glaucoma and the retinal sequelae of myopia, yet the specific interactions between these complications of myopia have
not been comprehensively studied.” The study herein explores the intricate relationship between these two major causes
of vision loss worldwide: myopia and glaucoma. By leveraging a large electronic health record (EHR) dataset, this paper
aims to delineate the associations between retinal sequelae of myopia, such as choroidal neovascularization (CNV),
MMD, foveoschisis, macular hole (MH), foveal retinal detachment (FRD), and RRD, and the progression of primary
open-angle glaucoma (POAG), providing new insights into potential high-risk profiles and contributing to better clinical
outcomes through targeted preventive care.

Methods

This research was conducted using data collection and analysis facilitated by TriNetX (Cambridge, MA, USA). The
TriNetX Health Research Network aggregates anonymized EHR from over 124 million patients in nine countries,
involving 60 healthcare organizations within the USA between January 1, 2003, and April 10, 2024. The network
adheres to HIPAA regulations and is ISO 27001:2013 certified. The employment of anonymized and aggregated patient
data meant that Institutional Review Board approval was not required for this study. The data, accessed from the TriNetX
platform on April 10, 2024, offer a wide array of EHR information including patient diagnoses, treatment protocols,
prescription details, laboratory results, and genetic information. This study was conducted in compliance with the
STROBE guidelines, which are standards for reporting observational cohort studies.

Inclusion criteria included all patients who had an outpatient office visit and were diagnosed with myopia, as defined
by International Classification of Diseases (ICD) codes and Current Procedural Terminology (CPT) codes (Table 1). The
outcome of interest was POAG, with exposure to the following retinal sequelae of myopia: CNV, MMD, foveoschisis,
MH, RRD, and FRD. Race categories included Asian, American Indian, Black or African American, Native Hawaiian,

Table | ICD and CPT Codes Used to Extract Patient Data from the TriNetx Database

ICD and CPT Codes
Disease/Procedure Classification Code
Outpatient visit CPT 99202, 99203, 99204, 99205, 92002, 92004, 99211, 99212, 99213, 99214,
99215, 92012, 92014, 99024
Myopia ICD-10 H52.1
High Myopia ICD-10 H44.2
Choroidal Neovascularization ICD-10 H44.2A, H35.05
Macular Hole ICD-10 H44.2B, H35.34
Rhegmatogenous Retinal Detachment ICD-10 H33.0
Foveal Retinal Detachment ICD-10 H44.2C
Foveoschisis ICD-10 H44.2D
Primary Open Angle Glaucoma ICD-10 H40.11
Glaucoma Suspect ICD-10 H40.0

Abbreviations: ICD, International Classification of Diseases; CPT, Current Procedural Terminology.
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White, Unknown, or Other, sourced from TriNetX. Similarly, ethnicity categories encompassed Hispanic or Latino, Not
Hispanic or Latino, and Unknown.

We characterized patients with myopia (ICD-10 H52.1) and high myopia (ICD-10 H44.2) from TriNetX, stratified by
age (0-19, 20-29, ..., >90), sex, race, and ethnicity, and also characterized myopic patients with and without each retinal
sequela. Chi-square tests were used to compare differences between myopes and high myopes. Two logistic regression
models were run. Both compared those with each retinal sequela to those without. In the first model, we estimated crude
odds ratios (OR) and adjusted odds ratios (AOR), adjusted for age, sex, race, ethnicity. The second model estimated the
odds of POAG severity (mild, moderate, severe, other, none) among those with each retinal sequela versus those without,
adjusted for the same covariates.

Lastly, a time-to-event analysis was conducted among myopic patients to examine the association between the
diagnosis of any retinal sequela and the progression from a diagnosis of glaucoma suspect to POAG, using Cox
regression analysis to yield hazard ratios (HR). The model was adjusted for age, sex, race, ethnicity, and the presence
of pseudophakia. Kaplan-Meier curves were plotted to visualize the difference in survival, and the Log rank test was used

to assess statistical significance. All statistical analyses were conducted using Python (dask, pandas, sklearn, lifelines).

Results

Table 1 outlines the ICD-10 and CPT codes utilized to extract patient data. Table 2 presents the baseline characteristics of
myopic and highly myopic patients in TriNetX. Our cohort consisted of 929,142 patients, of which 12,567 patients were
diagnosed with at least one of the retinal sequelae analyzed in this study. Overall, 550,760 (59.28%) patients identified as

Table 2 Baseline Demographic Characteristics of Myopic Patients

Characteristics Myopes High Myopes | P value*
N = 895,066 N = 34,076

Age, years n (%) n (%)

0-19 185,416 (20.7%) | 6843 (20.1%) <0.001

20 - 29 116,486 (13.0%) 2357 (6.9%)

30-39 110,786 (12.4%) 2551 (7.5%)

40 - 49 100,696 (I1.3%) 3144 (9.2%)

50 - 59 111,797 (12.5%) | 4636 (13.6%)

60 - 69 121,659 (13.6%) | 6307 (18.5%)

70 - 79 94,830 (10.6%) 5333 (15.7%)

80 - 89 40,337 (4.5%) 2216 (6.5%)

290 13,059 (1.5%) 689 (2.02%)

Mean Age, yearsxSD 42.9+22.8 48.3+24.1 <0.001

Sex

Female 530,460 (59.3%) | 20,300 (59.6%) <0.001

Unknown 184 (0.02%) 8 (0.02%)

Race

White 551,129 (61.6%) | 20,391 (59.8%) <0.001

Unknown 93,979 (10.5%) 3519 (10.3%)

Asian 46,831 (5.2%) 3132 (9.2%)

Black or African American 146,427 (16.4%) | 4968 (14.6%)

American Indian or Alaska Native 4065 (0.5%) 140 (0.4%)

Native Hawaiian or Other Pacific Islander 2231 (0.3%) 52 (0.2%)

Other 50,404 (5.6%) 1874 (5.5%)

(Continued)
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Table 2 (Continued).

Characteristics Myopes High Myopes | P value*

N = 895,066 N = 34,076

Ethnicity

Hispanic or Latino 99,769 (11.2%) 3924 (11.5%) <0.001
Not Hispanic or Latino 641,184 (71.6%) | 25,314 (74.3%)

Unknown 154,113 (17.2%) | 4838 (14.2%)

Notes: *P values indicate the statistical significance of differences in demographic distributions between
myopes and high myopes derived from chi square testing for age, sex, race, and ethnicity. A t test was
performed when comparing the mean age. P values <0.05 denote statistically significant differences. ** Male
counts are not displayed in Table 2 for brevity; overall 40.7% were male.

female. For race, 571,520 (61.5%) identified as White, 97,498 (10.49%) as unknown, 49,963 (5.38%) as Asian, 151,395
(16.29%) as Black or African American, 4205 (0.45%) as American Indian or Alaska Native, 2283 (0.25%) as Native
Hawaiian or Other Pacific Islander, and 52,278 (5.63%) as other races. Regarding ethnicity, 103,693 (11.2%) identified as
Hispanic or Latino, 666,498 (71.73%) as Not Hispanic or Latino, and 158,951 (17.11%) as unknown. Differences among
each of these groups were found to be statistically significant (p<<0.001). A statistically significant difference was
observed when comparing myopes to high myopes across age, sex, race, and ethnicity (p<0.001). Demographic
characteristics across each of the retinal sequelae are outlined in Supplemental Table 1.

Table 3 illustrates the association between each of the retinal sequelae of myopia and POAG. The presence of any
retinal sequelae significantly increased the risk of POAG (OR: 3.21, 95% CI: 3.02-3.41, 99% CI: 2.97-3.47; AOR: 1.75,
95% CI: 1.65-1.86, 99% CI: 1.61-1.90). FRD presented the highest odds among the specific sequelae (OR: 6.20, 95%
CI: 3.83-10.03, 99% CI: 3.29-11.67), with odds remaining high after adjustment (AOR: 5.82, 95% CI: 3.44-9.85, 99%

Table 3 Results of Logistical Regression, Demonstrating the Odds
Ratio of Having a POAG Diagnosis in Those with Each Retinal
Sequelae Compared to Those Without the Respective Sequelae

Retina Sequelae Model Odds Ratio (95% CI) 99% CI
Any Unadjusted 3.21 (3.02-3.41) 2.97-3.47
Adjusted® 1.75 (1.65-1.86) 1.61-1.90
CNV Unadjusted 4.13 (3.49-4.88) 3.31-5.15
Adjusted® 2.01 (1.69-2.40) 1.60-2.54
MMD Unadjusted 5.52 (4.28-7.12) 3.95-7.71
Adjusted® 2.87 (2.19-3.75) 2.02-4.08
Foveoschisis Unadjusted 5.74 (3.51-9.39) 3.01-10.96
Adjusted® 3.10 (1.84-5.21) 1.57-6.13
MH Unadjusted 4.76 (4.24-5.35) 4.08-5.53
Adjusted® 1.69 (1.50-1.91) 1.44-1.98
RRD Unadjusted 2.66 (2.48-2.86) 2.42-2.93
Adjusted® 1.68 (1.56—1.81) 1.52-1.86
FRD Unadjusted 6.20 (3.83-10.03) 3.29-11.67
Adjusted® 5.82 (3.44-9.85) 2.92-11.61

Note: *Adjusted for age, sex, race ethnicity.

Abbreviations: CNV, choroidal neovascularization; MMD, myopic macular degenera-
tion; MH, macular hole; RRD, rhegmatogenous retinal detachment; FRD, foveal retinal
detachment.
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CI: 2.92-11.61). Foveoschisis also showed a substantial association with POAG, with an OR of 5.74 (95% CI: 3.51-9.39,
99% CI: 3.01-10.96) and an AOR of 3.10 (95% CI: 1.84-5.21, 99% CI: 1.57-6.13).

Table 4 illustrates the association between each of the retinal sequelac of myopia and different severities of
POAG. A significant association was observed between all retinal sequelae and each degree of POAG severity, with

Table 4 Results of Logistical Regression, Demonstrating the Likelihood of
Each Severity Subtype of POAG When Comparing Those with and without
Each Retinal Sequela

Retina Sequelae | POAG Severity | Odds Ratio (95% CI) * 99% ClI
Any Severe 2.20 (1.97-2.45) 1.90-2.54
Moderate 1.78 (1.62-1.95) 1.57-2.01
Mild 1.46 (1.34-1.60) 1.30-1.65
Other 2.00 (1.83-2.18) 1.78-2.24
No POAG 0.57 (0.54-0.60) 0.53-0.62
CNV Severe 2.98 (2.26-3.92) 2.07-4.28
Moderate 2.41 (1.89-3.06) 1.76-3.30
Mild 0.98 (0.72-1.35) 0.65-1.49
Other 2.98 (2.41-3.70) 2.25-3.95
No POAG 0.50 (0.42-0.59) 0.39-0.63
MMD Severe 4.12 (2.71-6.28) 2.37-7.17
Moderate 2.77 (1.87-4.09) 1.66—4.62
Mild 1.63 (1.06-2.52) 0.92-2.89
Other 291 (2.01-4.22) 1.79-4.75
No POAG 0.35 (0.27-0.46) 0.25-0.50
Foveoschisis Severe 4.11 (1.76-9.57) 1.35-12.48
Moderate 5.10 (2.75-9.43) 2.27-11.44
Mild 2.07 (0.95—4.48) 0.74-5.72
Other 3.81 (1.96-7.41) 1.59-9.13
No POAG 0.32(0.19-0.54) 0.16-0.64
MH Severe 1.88 (1.51-2.35) 1.41-2.52
Moderate 1.66 (1.38-1.99) 1.31-2.10
Mild 1.60 (1.36—1.89) 1.29-1.99
Other 1.92 (1.63-2.27) 1.54-2.39
No POAG 0.59 (0.52-0.67) 0.51-0.69
RRD Severe 2.09 (1.82-2.39) 1.75-2.49
Moderate 1.68 (1.50-1.89) 1.45-1.96
Mild 1.47 (1.32-1.64) 1.28-1.70
Other 1.87 (1.68-2.08) 1.63-2.15
No POAG 0.59 (0.55-0.64) 0.54-0.66
FRD Severe 6.89 (2.94-16.13) 2.25-21.08
Moderate 3.15 (1.26-7.90) 0.94-10.55
Mild 0.43 (0.06-3.14) 0.03-5.84
Other 9.72 (5.40-17.51) 4.49-21.06
No POAG 0.17 (0.10-0.29) 0.09-0.34

Note: *Adjusted for age, sex, race, ethnicity.

Abbreviations: POAG, primary open angle glaucoma; CNV, choroidal neovascularization; MMD,
myopic macular degeneration; MH, macular hole; RRD, rhegmatogenous retinal detachment; FRD,
foveal retinal detachment.
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Figure | Risk of glaucoma progression by retina sequelae of myopia. Cox proportional hazards models of risk of progression from glaucoma suspect to POAG in myopes
stratified by retina sequelae: choroidal neovascularization (CNV), myopic macular degeneration (MMD), foveoschisis, macular hole (MH), foveal retinal detachment (FRD),
rhegmatogenous retinal detachment (RRD). All models adjusted for age, sex, race, ethnicity, and presence of pseudophakia.

incrementally increasing ORs. FRD showed the most pronounced association with severe POAG (OR: 6.89, 95% CI:
2.94-16.13, 99% CI: 2.25-21.08), indicating a substantial risk increase with this sequela. Similarly, MMD showed
high association with severe POAG (OR: 4.12, 95% CI: 2.71-6.28, 99% CI: 2.37-7.17).

Figure 1 and Table 5 reveal the results from the Cox proportional hazards model. All results were significant
except for FRD (p=0.8). Each of the remaining retinal sequelae was associated with an increased risk of progressing
from glaucoma suspect to POAG. The strongest association was found among patients with foveoschisis (HR: 5.33,
95% CI: 2.21-12.85, p<0.005), followed by those with MMD (HR: 2.74; 95% CI: 1.47-5.10; p<0.005), CNV (HR:
1.73; 95% CI: 1.12-2.67; p=0.01), MH (HR:1.73; 95% CI: 1.29-2.31; p<0.005), and RRD (HR: 1.54; 95% CI:
1.28-1.86; p<0.005). Finally, Figure 2 visualizes all Kaplan-Meier curves, demonstrating how patients with each
retinal sequela experienced a significantly faster progression from glaucoma suspect to POAG for all sequelae (log-
rank p<0.05) except FRD.

Table 5 Risk of Progression from Glaucoma Suspect to
POAG for Each Retinal Sequelae

Retinal Sequelae | Hazard Ratio (95% CI) | p-value
Foveoschisis 5.33 (2.21 —12.85) <0.005
FRD 1.28 (0.18-9.10) 0.8

CNV 1.73 (1.12-2.67) 0.01

MMD 2.74 (1.47-5.10) <0.005
MH 1.73 (1.29-2.31) <0.005
RRD 1.54 (1.28-1.86) <0.005

Abbreviations: CNV, choroidal neovascularization; MMD, myopic
macular degeneration; MH, macular hole; RRD, rhegmatogenous retinal
detachment; FRD, foveal retinal detachment.
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Figure 2 Survival curves showing time from diagnosis of borderline primary open-angle glaucoma (POAG) to diagnosis of severe POAG in myopes stratified by retina
sequelae: myopic macular degeneration (MMD, A), foveal retinal detachment (FRD, B), macular hole (MH, C), rhegmatogenous retinal detachment (RRD, D), foveoschisis
(E), and choroidal neovascularization (CNV, F).
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Discussion

Respectively, 4.8 billion and 111.8 million people are expected to be affected by myopia and glaucoma over the coming
decades."* The concurrently surging prevalence of these disorders and their ocular complications warrants a better
understanding of their interrelationship. Our study suggests that the odds of POAG are markedly elevated in the presence
of each retinal sequela of myopia, but especially among patients diagnosed with FRD. Furthermore, the different degrees
of POAG severity were found to be linked to each myopic sequela as well.

The Retinal Sequelae of Myopia Increase the Likelihood of POAG

We found that all retinal sequelae analyzed in this study were associated with higher odds of developing POAG.
Specifically, CNV, MMD, foveoschisis, MH, RRD, and FRD were shown to be associated with higher likelihood of
developing POAG, with the severe and “Other” subtypes of POAG exhibiting the strongest association across each
sequela. Additionally, aside from FRD, such patients were also found to be at higher risk of progressing from glaucoma
suspect to POAG over time.

Previous studies have linked myopia with glaucoma. Mitchell et al, found that different degrees of myopia were
associated with higher odds of open-angle glaucoma, noting that even low myopia increases one’s likelihood by 2.3-fold.
Moderate-to-high myopia was associated with an even higher likelihood of open-angle glaucoma (OR=3.3).¥ When
pooling data from eleven cross-sectional studies, Marcus et al, furthered these findings in their meta-analysis, substan-
tiating how higher degrees of myopia are associated with higher odds of open-angle glaucoma as well.® Through their
respective studies, Mitchell et al, and Marcus et al, underscore not only how myopia predisposes patients to open-angle
glaucoma, but also the dose-dependent pattern of this predisposition. This suggests that the probability of developing
open-angle glaucoma in myopic patients may directly correlate with one’s refractive error.

Similarly, each of the retinal sequelae in this study have also been independently linked with myopia. Pathologic
myopia is characterized as the presence of high myopia and degenerative retinal changes, such as CNV, MMD,
foveoschisis, MH, RRD, and FRD.'? In their retrospective study, Cohen et al, found that 62% of patients developed
CNV due to high myopia.'" Additionally, Haarman et al, demonstrated that low, moderate, and high degrees of myopia
were associated with 13.57-, 72.74-, and 845.08-times higher odds of developing MMD, respectively. They also
demonstrated that such patients had a 3.15-, 8.74-, and 12.62-times higher likelihood of developing RRD as well,
respectively.” Meanwhile, Wu et al demonstrated that axial elongation in high myopia was associated with a 17.7 times
higher odds of foveoschisis and foveal detachment.'” Lastly, the work of Singh et al, postulated that patients with
macular holes on average have axial lengths that are 0.531 mm longer than control groups, establishing axial length as
a risk factor for macular hole."

Ultimately, by demonstrating that the retinal complications of myopia are associated with glaucoma, our findings
support prior studies by indirectly correlating myopia with POAG. Thus, we can infer a similar relationship between
these two ocular pathologies as previously documented.®*'*!> Furthermore, our findings expand on the understood
relationship between these two ocular pathologies by demonstrating how specific subgroups of myopic patients with
these retinal complications are predisposed towards POAG. Retinal sequelae of myopia were associated with an
increased risk of POAG, and across each subclass of POAG, severe manifestations were the most likely to develop.
Given that CNV, MMD, foveoschisis, MH, RRD, and FRD are characteristic of pathologic myopia, our results highlight
how higher degrees of myopia are associated with a higher probability of POAG.? This study pushes forward by
providing additional clinical clues for physicians towards identifying high-risk demographics of myopic patients who are
likely to develop POAG.

Pathophysiologic Explanations

Axial elongation is assumed to be implicated in both the retinal sequelae of myopia and POAG. For instance, axial
elongation is thought to disproportionately upregulate angiogenic factors, leading to choroidal neovascularization, while
also exerting tractional forces that lead to retinal tears and macular holes.'®'” The disruption of retinal blood flow
autoregulation among patients with longer axial lengths has been proposed to play a role in the retina’s susceptibility to
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intraocular pressure changes.'® Thus, the vascular dysfunction observed in CNV may exacerbate the ischemic changes to
the optic nerve in myopic eyes, predisposing them to glaucoma. Similarly, axial elongation also imposes mechanical
stress along the posterior wall of the sclera, commonly forming posterior staphylomas. These scleral outpouchings distort
the macula and encourage the separation of its retinal layers, contributing to foveoschisis, foveal retinal detachment, and
macular degeneration.' Such stretching may be associated with a decreased vessel density in the macula. This disruption
of the macula’s vascular supply has been associated with longer axial lengths and increasing severities of glaucoma,
highlighting how macular degenerative changes may contribute towards glaucoma risk by similarly inducing ischemia of
the ganglion cells."

RRD, FRD, and foveoschisis can be managed with vitrectomies, though such surgeries are also linked with the
development of open-angle glaucoma as well.”*?! For example, chronic intraocular pressure elevations have been
observed in 8% of cases following the use of silicone oil during pars plana vitrectomies.”> While some cases are
attributed to secondary angle closure due to pupillary block, silicone oil can cause secondary open-angle glaucoma by
overfilling the anterior chamber or through the emulsification of microdroplets into the trabecular network.”> Similarly,
following a scleral buckle, the subsequent indentations to the orbit lead to a significant increase in the axial length, which
can degenerate the lamina cribrosa.”> Additionally, though corticosteroids such as dexamethasone can mitigate inflam-
mation and decrease risk of proliferative vitreoretinopathy following retinal surgeries, the administration of these
medications is also linked with acute rises in intraocular pressures.”**> Thus, the stretched deformations in high myopia
contribute towards how these retinal complications may predispose patients to POAG.

Lastly, axial elongation is also directly associated with the development of POAG as well. The elongation of the
globe in myopic eyes is thought to weaken the lamina cribrosa, predisposing the optic nerve head to biomechanical and
barometric injury.?® Prior studies have demonstrated how such defects in the lamina cribrosa are strongly associated with
POAG in patients with high myopia.”” Furthermore, the larger optic disc tilt angles and smaller ovality index that
accompanies scleral stretching was also found to be associated with lamina cribrosa defects in these patients.?’ Axial
elongation is also associated with degenerative changes in the peripapillary region, a marker of progressive glaucomatous
damage.”®*° It also weakens the retinal pigment epithelium layer and induces lacquer cracks within the Bruch’s
membrane, compromising the delivery of nutrients from the choroid to the retina and furthering its susceptibility to

30,31
glaucoma.™™

Clinical Implications

Importantly, this study can provide significant insights for clinical judgment by ophthalmologists. The clinical features of
high myopia can often resemble those of glaucoma, representing a diagnostic challenge that can lead to misdiagnoses of
patients with normal-range intraocular pressures. For example, high myopia has been documented to reduce the
biomechanical properties of the cornea.”” This can directly influence tonometry measurements in myopic patients
suspected to also have glaucoma. Similarly, myopia and glaucoma are both associated with a thinning of the retinal
nerve fiber layer (RNFL), which can lead to a misinterpretation of optical coherence tomography (OCT) reports.***
Myopic optic disc tilt is also associated with RNFL changes, which can be mistaken for glaucomatous defects on OCT
imaging.>>~® Furthermore, the vision loss that accompanies glaucoma often occurs insidiously in its early stages, and
because of its indolent progression, many patients are unaware of their visual deterioration until its later stages.>” In their
population study, for example, Hennis et al, found that as many as 53% of patients with open-angle glaucoma were
unaware of their diagnosis, leading to few eye care visits.”® Given its insidious progression, the early detection of
glaucoma can substantially change its prognosis and visual outcomes. Pattern electrophysiology and OCT parameters
derived from the Bruch’s membrane opening have shown promise in detecting early retinal ganglion cell dysfunction in
the absence of detectable vision loss.***° Thus, building off the conclusions of our analysis, the detection of these retinal
complications when examining myopic patients can further flag physicians towards considering a glaucoma diagnosis in
their differential. This can potentially reshape referral patterns to glaucoma specialists and lead to improved outcomes in
patients with POAG.
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Strengths and Limitations

The strengths of our study include a large population of over 124 million patients across nine countries, including
60 healthcare organizations in the USA. Another point to consider is the study period from January 1, 2003, to April 10,
2024, which supports the currency and reliability of the dataset. However, our study also has its limitations. First, the
retrospective design of our study implies an association between the retinal sequelae of myopia and glaucoma rather than
establishing causality between the two. Despite the large population of our cohort, non-Hispanic white patients consisted
of the majority of our population, which may also limit the generalizability of our results towards patients from
underrepresented populations. Additionally, our reliance on electronic health record data and ICD codes may have
subjected our analysis to misclassification bias, given the diversity of diagnostic and coding practices between institu-
tions. For example, given the challenges associated with distinguishing the structural changes of glaucoma from those of
myopia on ocular examination, certain diagnoses may have been misclassified. Our analysis also did not account for the
presence of multiple sequelae in one patient, limiting our understanding of the individual contributions of each retinal
disorder. Similarly, our analysis is weakened by a lack of clinical data, such as intraocular pressures, axial lengths,
refractive errors, visual field tests, and imaging results, which limited our capacity to differentiate retinal and glaucoma
diagnoses from true ocular pathologies. Lastly, patients with FRD represented the smallest proportion of patients with
retinal sequelae. This may have influenced the directionality of our results, potentially accounting for why a significant
relationship was not observed between FRD and glaucoma progression. Ultimately, future studies that address these
issues may offer clearer insights. For instance, including a more diverse and proportional patient population and

bolstering analysis with pertinent clinical measurements can expand the generalizability and accuracy of our findings.

Conclusion

In conclusion, retinal sequelae of myopia were associated with a greater likelihood of POAG. Not only were these retinal
pathologies found to increase the odds of severe POAG, but they also elevated the risk of progressing from glaucoma
suspect to a POAG diagnosis. These findings build off the established relationship between myopia and glaucoma by
demonstrating a direct link between the retinal complications of myopia and glaucoma. Patients with myopia should be
monitored for glaucoma, and the presence of these retinal sequelae should strongly raise suspicion for glaucoma and
encourage ophthalmologists to refer their patients to glaucoma specialists. Given how indolently glaucoma progresses,
this change in referral patterns can lead to early detection, preventing permanent blindness from glaucoma.
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