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Managing Glaucoma in an Evolving Clinical Landscape
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ABSTRACT
Glaucoma continues to affect patients at a rate overwhelming to current care models, a problem particularly evident in rural and underserved communities. 
This necessitates reevaluation of the current glaucoma management approach and opens the door for the development of collaborative care frameworks 
that leverage the complementary skills of optometrists and ophthalmologists. As our understanding of glaucoma continues to evolve, ongoing research 
consistently identifies new risk factors, mechanisms, and therapeutic targets. Emerging technologies, including home tonometry, wearable perimetry devices, 
and polygenic risk score, have the potential to reshape glaucoma screening, monitoring and treatment. Similarly, systemic conditions like obstructive 
sleep apnea and hypertension, as well as medications including glucagon-like peptide-1 receptor agonists, calcium channel blockers, nicotinamide, and 
pyruvate, warrant consideration in glaucoma. New insight into glaucoma pathophysiology combined with access to novel screening, monitoring, and 
treatment modalities, positions eyecare providers to deliver more comprehensive, patient-centered care. By combining new discoveries and technology with 
interprofessional collaboration, we are positioned to transform glaucoma care from a traditionally reactive approach toward a more proactive, preventive 
model.
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Introduction 
Tens of millions worldwide are affected by glaucoma, including 
over 4 million Americans, and despite available and effective 
therapies, glaucoma is still a leading cause of blindness. 
Unfortunately, the US optometric and ophthalmic workforce 
remains unevenly distributed and frankly insufficient. In 2022 
in the US, glaucoma prevalence was 5.2% among patients older 
than 65, and 2.6% in patients older than 40 [1,2]. Reports from 
2023 estimated that the full-time ophthalmology workforce (all 
specialties) totaled 16,778, while optometrist numbers were 
higher at just above 40,000 [3]. Geographically, 61% of US 
counties had no ophthalmologists, 24.2% had no optometrists 
and 24% had neither, with rural locations often suffering the 
most from pronounced gaps in access to glaucoma care [4]. In 
the US, the Veteran’s Affair (VA) department reports that the 
majority of US veterans suffering from glaucoma are located 
in rural areas and hence greatly underserved [5]. In short, 

glaucoma prevalence creates major demand on a workforce 
that is too small and unevenly distributed to address the unmet 
need. So, rather than asking “how do we catch up?” the focus 
must be redirected towards adjusting our approach to disease 
management, so that together optometrists and ophthalmologists 
may serve this population more effectively. 

Expanding Role of Optometrists in Glaucoma Care 
This mismatch between disease burden and provider availability 
means that many patients are diagnosed and monitored in settings 
where optometrists are essential for early detection, longitudinal 
surveillance, and timely referral, especially in regions with 
limited specialist coverage. The role of optometry in glaucoma 
will continue to expand as both patient population and scope 
of practice grow and evolve. Both co-management models and 
primary management in early/moderate disease will continue to 
become more common, benefiting patients with minimal access 
to care or those with early disease that may have previously been 
low priority in overflowing glaucoma clinics. As collaborative 
frameworks, such as digital care and telemedicine continue to 
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be developed and refined, eyecare providers can and should 
leverage several emerging resources to optimize the quality and 
quantity of care that can be provided.

Driven by an incomplete understanding of the pathophysiology 
and genetics of the disease, modern glaucoma management is 
progressing. As we continue to gain a deeper understanding of 
the pathophysiology that drives progression, we also develop 
technology and techniques that are making diagnosis and 
timely treatment more effective. Traditionally, disease diagnosis 
and monitoring relied on infrequent, in-office, one time point 
intraocular pressure (IOP) and visual field evaluation. We 
now know that this is inadequate and leads to overflowing 
clinics where patients often slip through cracks. Research has 
confirmed that the majority of Americans with glaucoma do not 
even complete yearly VFs as recommended by our association 
guidelines [6]. However, promising new resources including 
home tonometry, wearable visual field perimeters and glaucoma 
polygenic risk scores (PRS) have potential to transform the 
traditional approach to management, effectively reducing long-
term impact and improving patient outcomes by managing 
proactively and preventively rather than reactionary. 

Emerging Technology 
Home Tonometry 
Goldman applanation tonometry measured in clinic has long 
been considered the gold-standard measure of IOP and glaucoma 
control. However, infrequent clinic measurements only capture 
a single point along a patient’s diurnal/nychthemeral IOP curve. 
IOP fluctuation, in addition to magnitude, is linked to vision loss, 
and patients with glaucoma often experience their highest IOP 
spikes outside of office hours (between the hours of 4-6 AM) in 
the early morning [7,8]. Previously, clinicians lacked the ability 
to characterize IOP variation conveniently [7,9]. Now, home 
tonometry devices like the iCare HOME2 (iCare USA, Raleigh, 
NC) enable more accurate characterization of true IOP variation 
sufficient enough to influence management decisions, and their 
implementation into clinical practice should be thoroughly 
considered [10]. 

Though proven to be effective resources, further research into 
optimal use monitoring timelines can help outline best practice 
guidelines and facilitate more widespread use. Recent data (both 
published and unpublished by our group at Moran and Wilmer) 
show that even 24 hours of IOP data fails to fully characterize 
variability due to environmental and behavioral influences[ 11]. 
Preliminary findings show that multi-(7-10) day monitoring 
periods better capture both true magnitude and variability of 
IOP, which provides clinicians with more information and helps 
to guide both magnitude- and variability-informed decisions 
(manuscript pending). A more complete understanding of 
diurnal rhythm also allows clinicians to incorporate timing into 
individual care plans to fully optimize the effects of pressure-
lowering therapies[10]. Our Moran data, showing that peak 
IOP in early waking hours (4-6 am) was effectively lowered by 
selective laser trabeculoplasty (SLT), has further helped explain 
why perhaps the LiGHT study showed less progression on VFs 
over 6 years despite similar IOPs in office with SLT versus 
topical drops (manuscript in press) [12]. Current monitoring 
practices based on infrequent office-based measurements fail 
to fully characterize IOP (potentially delaying progression 

identification) and miss what may be the critical IOP, the out of 
office time [13]. A transition towards remote monitoring enables 
data-informed care for patients and might allow clinicians to not 
only treat more patients but provide better care. 

Wearable VF Perimetry 
Following a similar trend, traditional in office visual field (VF) 
perimetry protocols are being challenged with the emergence of 
wearable VF perimetry devices. Traditionally, visual field loss 
has been monitored in clinics along the same infrequent timeline 
as IOP. Although the AAO preferred practice guidelines suggest 
yearly VF testing at a minimum, patients often complete VF 
tests at a rate so infrequent (<1/year) that timely detection of 
VF loss/progression is impossible or at least highly unlikely 
[6,9]. In its current form, completion of the test requires time, 
space, and money. Patient cooperation is also impacted by 
the uncomfortable nature of the test. Combined, each of these 
factors contribute to longer testing intervals. Higher VF testing 
frequency is proven to reduce time to detect progression and 
more effectively identify those at risk of rapid progression. 
However, the logistics behind current testing practices have 
limited the ability to translate this knowledge into clinical 
practice [14,15]. The current solution to this problem is wearable 
VF perimeters which can be administered not only at home but 
more frequently. Studies have demonstrated and modeled that 
more frequent testing and clustering for testing can in fact detect 
progression more rapidly thus enabling early intervention [16-
19]. 

These innovative new devices enable more frequent testing by 
improving ease of use and comfort and decreasing cost. They 
also eliminate the need for VFs to be conducted in person, which 
enables more frequent, at home monitoring. Initial results are 
promising in studies comparing wearable perimeters to traditional 
Humphrey VF testing, supporting their use as valuable adjuncts 
to traditional methods (manuscript pending) [20]. Furthermore, 
because VF testing relies upon subjective patient response, and 
the algorithms underlying various devices make inter-device 
comparisons inaccurate, progression detection relies upon 
clinician interpretation (manuscript pending). Accordingly, 
consistency within a given platform may be more important than 
continuing to adhere to traditional “gold-standard” monitoring 
protocols. Either way, this emerging technology provides 
options to clinicians in rural or resource-limited settings and 
simultaneously makes adhering to monitoring guidelines more 
feasible. 

PRS Scores 
Glaucoma polygenic risk scores (PRS) represent another 
exciting new tool in glaucoma management. These screening 
tools can help predict a patient’s risk prior to any evidence of 
disease. They quantify genetic predisposition and are valuable as 
screening and progression prediction tools [21]. Further, when 
used in parallel with traditional measures such as IOP, central 
corneal thickness (CCT), family history, and findings on clinical 
exam, PRS can help improve risk stratification and potentially 
guide treatment frequency and intensity (work ongoing at the 
Moran: IRB_00192805). Early studies have shown associations 
with high risk PRS and increased maximum IOP, family history, 
and incisional procedures [13,22]. Similarly, ocular hypertension 
patients demonstrated an increased likelihood of progression to 
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POAG with higher PRS scores[23]. Despite many promising 
findings, there are several limitations worth considering when 
incorporating a PRS with clinical practice. Limitations include 
generalizability to a wide range of ethnicities, cost, accessibility, 
and ethical implications underlying all genetic testing [24,25]. 
While PRS scores appear to be a promising improvement to 
current risk stratification and screening capabilities, they have 
not yet proven to be sufficient on their own, which highlights 
the importance of using this tool in conjunction with clinical 
risk factors such as family history, IOP, and visual field loss 
[23,26]. However, if used appropriately, and with continued 
development, they may soon transform glaucoma management. 

Additional Contributors to Glaucoma Progression - Factors 
to Consider 
Systemic Conditions 
Additional factors worth considering when a patient’s 
glaucomatous disease is progressing despite standard of care 
include systemic comorbidities. Screening for these conditions 
may improve diagnosis and management. For example, 
obstructive sleep apnea (OSA) is associated with more than a 
two-fold increase of open-angle glaucoma at 3, 5, and 10 years 
after an OSA diagnosis [27]. Despite fundamentally being a 
respiratory disorder, OSA disrupts circadian regulation and may 
contribute to glaucoma progression through both vascular and 
mechanical mechanisms [28,29]. We are currently collecting 
data using home tonometry to characterize IOP fluctuations in 
patients with POAG and OSA [30].

While elevations in IOP are closely monitored in glaucoma, 
blood pressure is equally important. Blood pressure and IOP 
interact to influence ocular perfusion pressure (OPP), which 
determines optic nerve and retinal perfusion [31]. Elevations in 
IOP and low blood pressure can both decrease OPP. It’s worth 
noting that OPP is dynamic; both magnitude and duration of 
nocturnal hypotension have been associated with accelerated 
glaucoma progression - presumably due to sustained reductions 
in optic nerve perfusion [32]. Emerging evidence also suggests 
that long-term blood pressure variability may worsen visual 
outcomes in patients with glaucoma, independent of mean blood 
pressure [33]. These findings highlight a critical point: The optic 
nerve is susceptible to insult from additional factors beyond 
elevated IOP, particularly fluctuations in IOP, hypoxia and blood 
pressure instability. 

Medication Effects 
In addition to the systemic health factors and their relationship 
with glaucoma, new information regarding the impact of 
systemic therapeutics on optic nerve health and IOP is 
worth noting. Observational and preliminary studies have 
demonstrated anti-inflammatory and neuroprotective effects 
of glucagon-like peptide 1 receptor agonists (GLP-1RAs), 
suggesting a potential therapeutic impact on optic nerve health 
and vision preservation [34,35]. Animal and human studies have 
demonstrated neuroprotective effects via anti-inflammatory 
mechanisms impacting IOP and retinal ganglion cells through 
cAMP-dependent and nitric oxide pathways reducing CSF 
production and improved trabecular meshwork outflow[35–43]. 
These mechanisms may account for otherwise unexplained 
IOP reductions observed in multiple patients who started GLP-
1RAs for non-glaucoma indications (manuscript in press), 

though further research is needed for a more comprehensive 
understanding. 

Additionally, calcium channel blockers (CCBs) are another class 
of medications to be aware of when treating glaucoma patients. 
Recently, studies have shown an IOP-independent mechanism 
that might potentiate vision loss by inducing structural damage 
on the retina [44,45]. Previously thought to be neuroprotective, 
the hypotensive effects of CCBs might ultimately compromise 
blood flow to highly metabolic retinal cells, thus altering 
the ocular perfusion pressure [46]. Conversely, oral 
supplementation with nicotinamide and pyruvate may reduce 
early mitochondrial damage and metabolic deficits in retinal 
ganglion cells (RGC), reducing optic nerve degeneration. We 
await the results of the clinical trials currently being conducted 
assessing the role of these oral supplements on glaucomatous 
progression independent of IOP lowering (National Clinic 
Trials: NCT05275738, NCT05405868).47 Together, these two 
metabolites boost metabolism in struggling RGCs, effectively 
reducing neurodegeneration evidenced by improved visual 
field outcomes and inner retinal function [48–51]. Though not 
traditionally associated with the disease, each of the medications 
mentioned above appear to have unique implications for 
glaucoma. At a minimum, they are worth discussing with 
glaucoma patients and may eventually help explain unexpected 
stability or progression, respectively. 

Personalized Glaucoma Management and Future Directions 
Deeper insight into the pathophysiology of glaucoma and greater 
access to novel screening, monitoring and treatment modalities 
enable optometrists and ophthalmologists to provide excellent, 
comprehensive care. These improvements allow for more 
personalized, frequent, and convenient glaucoma treatment. 
However, with increasing patient data, interpretation challenges 
may need to be addressed. Synthesizing days- to weeks-worth 
of at-home IOP data, or monthly visual fields into targeted 
treatment plans will take time and may initially increase clinician 
workload. Potentially, there may be room for integration of AI 
and predictive analytics into clinical workflow and progression 
detection. Nearly 90% of clinicians are interested in digital 
support to improve glaucoma decision making [52]. As we 
develop these programs, it is critical that they integrate into 
clinical workflows and are designed to address the needs of 
practicing clinicians [53]. Additionally, remote monitoring and 
combined care frameworks could create systems conducive to 
tele-ophthalmology and improve access to care. 

Conclusion 
To illustrate the value of these newer methods of monitoring 
glaucoma, we present the case of a 64-year-old white male 
with severe bilateral pigment dispersion glaucoma, obstructive 
sleep apnea (OSA) not on CPAP, and controlled hypertension 
demonstrating the efficacy of an approach that utilizes the 
principles outlined. While monitoring diurnal IOP via home 
tonometry due to his severe glaucoma status and remote 
residence, it was noted that he exhibited clinically significant 
IOP declines on two separate occasions following initiation and 
later reinitiation of a GLP-1RA. At a follow up visit, inquiry into 
his OSA status while reviewing systemic comorbidities resulted 
in a formal sleep evaluation and subsequent use of a CPAP 
machine for management. Continued IOP monitoring with home 
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tonometry revealed further significant reduction in diurnal IOP 
fluctuation after sufficient OSA treatment led to fewer apneic 
events. The combined integration of these interventions with 
data gathered using remote monitoring techniques has helped 
delay further surgical intervention and improved ocular health 
and quality of life. 

This case illustrates how integrating modern diagnostics (home 
tonometry and sleep apnea monitors), addressing systemic 
comorbidities (OSA), and leveraging emerging therapeutic 
insights (GLP-1 RA) meaningfully altered the course of severe 
glaucoma by delaying/avoiding surgery in a high-risk patient. 
As this frontier continues to evolve, implementing a more 
encompassing approach with the available resources will 
reshape routine glaucoma care. 

Historically, glaucoma management has been largely reactive. 
Today, we are uniquely positioned to transform glaucoma care 
with the adoption of a more proactive, anticipatory model. 
Advances in ophthalmic technology and research are guiding 
this transition: PRS may offer utility in screening and risk 
stratification, while remote monitoring technologies, including 
home tonometry and wearable visual field devices, better 
characterize disease dynamics and variability. Furthermore, there 
is increasing evidence stressing the importance of comprehensive 
evaluation and management beyond the eye. Continued progress 
will depend on further research and implementation into real-
world practice. 

Glaucoma remains a chronic, blinding disease with no cure 
and growing incidence that significantly outpaces provider 
workforce. Expanding provider capacity at the necessary rate 
is not possible, so, glaucoma care must evolve. By leveraging 
emerging resources and scientific discoveries, we can limit its 
impact. Similarly, combined-care models can help improve 
care delivery, extend reach to more patients, and optimize the 
capability of both optometrists and ophthalmologists. During 
this exciting time in the world of glaucoma, a comprehensive 
approach based on current evidence and new technology offers 
the most practical path forward. 

Financial Support: This work was supported by an Unrestricted 
Grant from Research to Prevent Blindness, New York, NY, to the 
Department of Ophthalmology & Visual Sciences, University of 
Utah. 

Conflict of Interest: No conflicting relationship exists for any 
author.

Reference 
1.	 Ehrlich JR, Burke-Conte Z, Wittenborn JS, Saaddine J, 

Omura JD, et al. Prevalence of Glaucoma Among US Adults 
in 2022. JAMA Ophthalmol. 2024. 142: 1046. 

2.	 Shan S, Wu J, Cao J, Feng Y, Zhou J, et al. Global incidence 
and risk factors for glaucoma: A systematic review and 
meta-analysis of prospective studies. J Glob Health. 2024. 
14: 04252. 

3.	 Berkowitz ST, Finn AP, Parikh R, Kuriyan AE, Patel S. 
Ophthalmology Workforce Projections in the United States, 
2020 to 2035. Ophthalmology. 2024. 131: 133-139. 

4.	 Gibson DM. The geographic distribution of eye care 

providers in the United States: Implications for a national 
strategy to improve vision health. Prev Med. 2015. 73: 30-
36. 

5.	 Keep an eye out for glaucoma - VA News. January 29, 2025. 
Accessed May 4, 2026. https://news.va.gov/137928/keep-
an-eye-out-for-glaucoma/ 

6.	 Stagg BC, Stein JD, Medeiros FA, Horns J, Hartnett 
ME, et al. The Frequency of Visual Field Testing in a 
US Nationwide Cohort of Individuals with Open-Angle 
Glaucoma. Ophthalmol Glaucoma. 2022. 5: 587-593. 

7.	 Cvenkel B, Atanasovska Velkovska M. Self-monitoring 
of intraocular pressure using Icare HOME tonometry in 
clinical practice. Clin Ophthalmol Auckl NZ. 2019. 13: 
841-847. 

8.	 McGlumphy EJ, Mihailovic A, Ramulu PY, Johnson 
TV. Home Self-tonometry Trials Compared with Clinic 
Tonometry in Patients with Glaucoma. Ophthalmol 
Glaucoma. 2021. 4: 569-580. 

9.	 Musch DC, Lichter PR, Guire KE, Standardi CL. The 
Collaborative Initial Glaucoma Treatment Study: study 
design, methods, and baseline characteristics of enrolled 
patients. Ophthalmology. 1999. 106: 653-662. 

10.	 Levin AM, McGlumphy EJ, Chaya CJ, Wirostko BM, 
Johnson TV. The utility of home tonometry for peri-
interventional decision-making in glaucoma surgery: Case 
series. Am J Ophthalmol Case Rep. 2022. 28: 101689. 

11.	 Mansouri K, Medeiros FA, Tafreshi A, Weinreb RN. 
Continuous 24-Hour Monitoring of Intraocular Pressure 
Patterns With a Contact Lens Sensor: Safety, Tolerability, 
and Reproducibility in Patients With Glaucoma. Arch 
Ophthalmol. 2012. 130: 1534-1539. 

12.	 Gazzard G, Konstantakopoulou E, Garway-Heath D, 
Adeleke M, Vickerstaff V, et al. Laser in Glaucoma and 
Ocular Hypertension (LiGHT) Trial. Ophthalmology. 2023. 
130: 139-151. 

13.	 Qassim A, Mullany S, Awadalla MS, Hassall MM, Nguyen 
T, et al. A Polygenic Risk Score Predicts Intraocular Pressure 
Readings Outside Office Hours and Early Morning Spikes 
as Measured by Home Tonometry. Ophthalmol Glaucoma. 
2021. 4: 411-420. 

14.	 Wu Z, Saunders LJ, Daga FB, Diniz-Filho A, Medeiros FA. 
Frequency of Testing to Detect Visual Field Progression 
Derived Using a Longitudinal Cohort of Glaucoma Patients. 
Ophthalmology. 2017. 124: 786-792. 

15.	 Crabb DP, Russell RA, Malik R, Nitin A, Helen B, et al. 
Frequency of Visual Field Testing When Monitoring 
Patients Newly Diagnosed with Glaucoma: Mixed Methods 
and Modelling. NIHR Journals Library. 2014. 

16.	 De Moraes CG, Liebmann JM, Medeiros FA, Weinreb RN. 
Management of advanced glaucoma: Characterization and 
monitoring. Surv Ophthalmol. 2016. 61: 597-615. 

17.	 Anderson AJ, Asokan R, Murata H, Asaoka R. Detecting 
glaucomatous progression with infrequent visual field 
testing. Ophthalmic Physiol Opt. 2018. 38: 174-182. 

18.	 Anderson AJ, Bedggood PA, Kong YXG, Martin KR, 
Vingrys AJ. Can Home Monitoring Allow Earlier 
Detection of Rapid Visual Field Progression in Glaucoma? 
Ophthalmology. 2017. 124: 1735-1742. 

19.	 De Moraes CG, Liebmann JM, Levin LA. Detection 
and measurement of clinically meaningful visual field 
progression in clinical trials for glaucoma. Prog Retin Eye 



Copyright © Barbara M Wirostko, et al.

J Opto Opht Res, 2026

 Volume 2 | Issue 2

www.oaskpublishers.com Page: 5 of 6

Res. 2017. 56:107-147. 
20.	 Hekmatjah N, Chibututu C, Han Y, Keenan JD, Oatts JT. 

Virtual reality perimetry compared to standard automated 
perimetry in adults with glaucoma: A systematic review. 
PloS One. 2025. 20: e0318074. 

21.	 Seonix Bio debuts clinical polygenic risk score testing for 
glaucoma. Eyes On Eyecare. Accessed February 3, 2026. 
https://glance.eyesoneyecare.com/stories/2025-02-25/
seonix-bio-debuts-clinical-polygenic-risk-score-testing-
for-glaucoma/ 

22.	 Qassim A, Souzeau E, Siggs OM, Hassall MM, Han X,, et 
al. An Intraocular Pressure Polygenic Risk Score Stratifies 
Multiple Primary Open-Angle Glaucoma Parameters 
Including Treatment Intensity. Ophthalmology. 2020. 127: 
901-907. 

23.	 Singh RK, Zhao Y, Elze T, Fingert J, Gordon M, et al. 
Polygenic Risk Scores for Glaucoma Onset in the Ocular 
Hypertension Treatment Study. JAMA Ophthalmol. 2024. 
142: 356-363. 

24.	 Chang-Wolf JM, Kinzy TG, Driessen SJ, Cruz LA, Iyengar 
SK, et al. Performance of Polygenic Risk Scores for Primary 
Open-Angle Glaucoma in Populations of African Descent. 
JAMA Ophthalmol. 2025. 143: 7-14. 

25.	 Han X, Hewitt AW, MacGregor S. Predicting the Future of 
Genetic Risk Profiling of Glaucoma: A Narrative Review. 
JAMA Ophthalmol. 2021. 139: 224-231. 

26.	 Bineshfar N, Chen L, Zhao Y, Aziz K, Zebardast 
N. Glaucoma Polygenic Risk Scores Demonstrate 
Heterogeneous Performance across 2 Large Multiethnic 
Cohorts. Ophthalmol Glaucoma. 2026. 9: 202-208. 

27.	 Vasu P, Wagner IV, Lentz PC, Gumaste P, Abubaker Y, et al. 
Obstructive Sleep Apnea as a Potentiator of Primary Open-
Angle Glaucoma and Necessity for Interventional Therapy. 
Ophthalmol Glaucoma. 2025. 8: 553-559. 

28.	 Šmon J, Kočar E, Pintar T, Dolenc-Grošelj L, Rozman D. Is 
obstructive sleep apnea a circadian rhythm disorder? J Sleep 
Res. 2023. 32: e13875. 

29.	 Ramirez M, Kitayama K, Puran A, Tseng VL, Yu F, et al. The 
Associations Between Glaucoma and Circadian Rhythm 
Sleep Disorders in California Medicare Beneficiaries. Am J 
Ophthalmol. 2025. 278: 250-256. 

30.	 Renschler A, Steel C, Brintz B, et al. Intraocular Pressure 
Characteristics in Primary Open-Angle Glaucoma with 
Obstructive Sleep Apnea. Poster Presentation presented at: 
ARVO; May 4, 2026.

31.	 Gedde SJ, Vinod K, Wright MM, Muir KW, Lind JT, et 
al. Primary Open-Angle Glaucoma Preferred Practice 
Pattern®. Ophthalmology. 2021. 128: 71-150. 

32.	 Charlson ME, de Moraes CG, Link A, Wells MT, Harmon 
G, et al. Nocturnal systemic hypotension increases the risk 
of glaucoma progression. Ophthalmology. 2014. 121: 2004-
2012. 

33.	 Pham VQ, Nishida T, Moghimi S, Girkin CA, Fazio MA, et 
al. Long-Term Blood Pressure Variability and Visual Field 
Progression in Glaucoma. JAMA Ophthalmol. 2025. 143: 
25-32. 

34.	 Johnson C, Pasquale LR, Wirostko B. Glucagon-Like 
Peptide 1 Receptor Agonists: A Role in Glaucoma? 
Ophthalmol Glaucoma. 2024.7: 419-421. 

35.	 Lawrence ECN, Guo M, Schwartz TD, Wu J, Lu J, et al. 

Topical and systemic GLP-1R agonist administration both 
rescue retinal ganglion cells in hypertensive glaucoma. 
Front Cell Neurosci. 2023. 17. 

36.	 Yang X, Qiang Q, Li N, Feng P, Wei W, Hölscher C. 
Neuroprotective Mechanisms of Glucagon-Like Peptide-1-
Based Therapies in Ischemic Stroke: An Update Based on 
Preclinical Research. Front Neurol. 2022. 13. 

37.	 Sterling J, Hua P, Dunaief JL, Cui QN, VanderBeek BL. 
Glucagon-like peptide 1 receptor agonist use is associated 
with reduced risk for glaucoma. Br J Ophthalmol. 2023. 
107: 215-220. 

38.	 Hallaj S, Halfpenny W, Chuter BG, Weinreb RN, Baxter 
SL,et al. Association between Glucagon-Like Peptide 
1 (GLP-1) Receptor Agonists Exposure and Intraocular 
Pressure Change. medRxiv. 2024. 24306943. 

39.	 Mitchell JL, Lyons HS, Walker JK, Yiangou A, Grech 
O, et al. The effect of GLP-1RA exenatide on idiopathic 
intracranial hypertension: a randomized clinical trial. Brain. 
2023. 146: 1821-1830. 

40.	 Botfield HF, Uldall MS, Westgate CSJ, Mitchell JL, Hagen 
SM, et al. A glucagon-like peptide-1 receptor agonist reduces 
intracranial pressure in a rat model of hydrocephalus. Sci 
Transl Med. 2017. 9: eaan0972. 

41.	 Younes ST, Maeda KJ, Sasser J, Ryan MJ. The glucagon-like 
peptide 1 receptor agonist liraglutide attenuates placental 
ischemia-induced hypertension. Am J Physiol Heart Circ 
Physiol. 2020. 318: 72-77. 

42.	 Li PC, Liu LF, Jou MJ, Wang HK. The GLP-1 receptor 
agonists exendin-4 and liraglutide alleviate oxidative stress 
and cognitive and micturition deficits induced by middle 
cerebral artery occlusion in diabetic mice. BMC Neurosci. 
2016. 17: 37. 

43.	 Johnson C, Pasquale LR, Wirostko B. Glucagon-Like 
Peptide 1 Receptor Agonists: A Role in Glaucoma? 
Ophthalmol Glaucoma. 2024. 7: 419-421. 

44.	 Kastner A, Stuart KV, Montesano G, De Moraes CG, Kang 
JH, et al. Calcium Channel Blocker Use and Associated 
Glaucoma and Related Traits Among UK Biobank 
Participants. JAMA Ophthalmol. 2023. 141: 956-964. 

45.	 Vergroesen JE, Schuster AK, Stuart KV, Asefa NG, 
Cougnard-Grégoire A, et al. Association of Systemic 
Medication Use with Glaucoma and Intraocular 
Pressure: The European Eye Epidemiology Consortium. 
Ophthalmology. 2023. 130: 893-906. 

46.	 Mayama C. Calcium channels and their blockers in 
intraocular pressure and glaucoma. Eur J Pharmacol. 2014. 
739: 96-105. 

47.	 Williams PA, Harder JM, John SWM. Glaucoma as 
a Metabolic Optic Neuropathy: Making the Case for 
Nicotinamide Treatment in Glaucoma. J Glaucoma. 2017. 
26: 1161-1168. 

48.	 De Moraes CG, John SWM, Williams PA, Blumberg DM, 
Cioffi GA, Liebmann JM. Nicotinamide and Pyruvate for 
Neuroenhancement in Open-Angle Glaucoma: A Phase 2 
Randomized Clinical Trial. JAMA Ophthalmol. 2022. 140: 
11-18. 

49.	 Hui F, Tang J, Williams PA, McGuinness MB, Hadoux X, et 
al. Improvement in inner retinal function in glaucoma with 
nicotinamide (vitamin B3) supplementation: A crossover 
randomized clinical trial. Clin Experiment Ophthalmol. 



Copyright © Barbara M Wirostko, et al.

J Opto Opht Res, 2026

 Volume 2 | Issue 2

www.oaskpublishers.com Page: 6 of 6

Copyright: © 2026 Barbara M Wirostko, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

2020. 48: 903-914. 
50.	 Tribble JR, Otmani A, Sun S, Ellis SA, Cimaglia G, et al. 

Nicotinamide provides neuroprotection in glaucoma by 
protecting against mitochondrial and metabolic dysfunction. 
Redox Biol. 2021. 43: 101988. 

51.	 Harder JM, Guymer C, Wood JPM, Daskalaki E, Chidlow 
G, et al. Disturbed glucose and pyruvate metabolism in 
glaucoma with neuroprotection by pyruvate or rapamycin. 
Proc Natl Acad Sci U S A. 2020. 117: 33619-33627. 

52.	 Stagg B, Stein JD, Medeiros FA, Cummins M, Kawamoto 
K, et al. Interests and needs of eye care providers in clinical 
decision support for glaucoma. BMJ Open Ophthalmol. 
2021. 6: e000639. 

53.	 Stagg BC, Stein JD, Medeiros FA, Wirostko B, Crandall A, 
et al. Special Commentary: Using Clinical Decision Support 
Systems to Bring Predictive Models to the Glaucoma Clinic. 
Ophthalmol Glaucoma. 2021. 4: 5-9. 


