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Purpose

This study aims to determine whether systemic beta-blocker use over time influences the progression from intermediate to advanced age-related macular degeneration (AMD).





Methods

This prospective cohort study utilized data from the University of Colorado Age-Related Macular Degeneration Registry at the UCHealth Sue Anschutz-Rodgers Eye Center. Patients with intermediate AMD (iAMD) enrolled between October 2014 and November 2021. At enrollment, patient demographics and medication history were recorded. Beta-blocker use was assessed at enrollment and at each follow-up visit. Participants were asked to return annually for imaging, and images were classified as either intermediate AMD or conversion to advanced non-neovascular (NNV) AMD or neovascular (NV) AMD by two vitreoretinal specialists using multimodal imaging. Time to conversion was analyzed using Kaplan–Meier curves for each advanced AMD phenotype and for overall conversion, stratified by beta-blocker status. Progression from intermediate to advanced AMD (NNV or NV) was determined using multimodal imaging, including optical coherence tomography, color fundus photography, and fundus autofluorescence of the posterior pole.





Results

A total of 292 patients were included in the study, with 22.6% using a systemic beta-blocker and 36.6% (n = 107) progressing from iAMD to advanced AMD in at least one eye. Patients on a beta-blocker at enrollment were more likely to convert to NV AMD (HR: 1.92 [95% CI: 1.04, 3.55], p-value = 0.036), but this association was no longer significant after adjusting for age and treated hypertension. No significant differences were observed in conversion to advanced NNV or any advanced AMD between groups (all p > 0.05).





Conclusions

In adjusted analyses, systemic beta-blocker use was not significantly associated with the risk of progression from iAMD to advanced NV or NNV AMD.
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Introduction

Age-related macular degeneration (AMD) is one of the leading causes of vision loss worldwide, affecting 1.98 million Americans (12.6% of those aged 40 years and older) in 2019 (1). The pathophysiology of AMD is complex, with risk factors including cardiovascular disease (particularly hypertension and hyperlipidemia), genetics, diet, age, and smoking history (2). While these associations were debated in studies such as the Beaver Dam Eye Study, they are now widely recognized as contributing to AMD (3). A growing body of research implicates various cellular and molecular pathways, including oxidative damage and innate immunity—particularly the complement pathway—in early AMD development (2). The progression from early to advanced AMD is similarly multifactorial. Advanced NV AMD is characterized by the growth of choroidal neovascular membranes (CNVM), driven primarily by vascular endothelial growth factor (VEGF), a key mediator released by ischemic and hypoxic retinal and choroidal cells in response to AMD-induced damage. VEGF promotes CNVM formation and proliferation, driving the pathological changes characteristic of advanced NV AMD.

Given VEGF’s central role in NV AMD, anti-VEGF therapy was proposed as a treatment for CNVM several decades ago (4). Studies in the early 2000s confirmed its remarkable efficacy, leading to the rapid development of highly effective and safe medications. Anti-VEGF therapy is now the gold standard for NV AMD, revolutionizing the management of this previously blinding condition. Although VEGF pathways are not a primary mechanism in geographic atrophy (GA) development, evidence suggests VEGF may also play a role in advanced NNV AMD. VEGF blockade, for example, may promote GA formation, the hallmark of advanced NNV AMD (5). Thus, understanding VEGF pathway alterations, including those induced by systemic medications, is crucial for understanding both advanced forms of AMD.

Systemic beta-blockers are widely used for nonocular conditions, including hypertension, congestive heart failure, and cardiac arrhythmias. Nonselective beta-blockers (propranolol, sotalol, carvedilol) act on both β1-AR and β2-AR receptors, which are more abundant in the choroid than in the retina. In contrast, selective beta-blockers (atenolol, metoprolol, etc.) primarily target the β1-AR receptor. Beta-blockade has demonstrated anti-VEGF effects (6, 7), which may contribute to its efficacy. For example, topical propranolol is a first-line therapy for certain vascular tumors, such as infantile capillary hemangiomas (8). Previous studies have explored whether beta-blockers could be beneficial in AMD management, potentially by mitigating VEGF-mediated disease pathways or through broader antihypertensive effects (9). However, previous studies have reported conflicting results, showing either no association or a decreased incidence or progression of AMD among patients taking beta-blockers (10–15). These studies have often been limited by cross-sectional design, small sample sizes, or a lack of information on beta-blocker type (nonselective/selective) and duration of use. In this study, we examine the association between systemic beta-blocker use and the progression of intermediate AMD to each form of advanced AMD through a longitudinal analysis, with categorization by beta-blocker type.





Materials and methods

This prospective study included patients with intermediate AMD (iAMD) recruited into the University of Colorado AMD Registry, previously described in detail (16, 17). Inclusion criteria were as follows: classification as having intermediate AMD at enrollment (October 2014 to November 2021), at least 1 month of ophthalmology follow-up through 15 February 2024, and documented medication use to capture beta-blocker status. Two vitreoretinal specialists graded AMD stage at enrollment using multimodal imaging—optical coherence tomography, color fundus photography, and fundus autofluorescence of the posterior pole—following the Beckman Initiative for Macular Research Committee classification system (18). Baseline patient demographics and medical history, including systemic beta-blocker use, were collected at enrollment. Both neovascular (NV) and non-neovascular (NNV) advanced AMD represent a significant progression from intermediate AMD; therefore, both types of conversion were included in our analysis. Study participants were asked to return annually for blood draws and imaging. Multimodal imaging was used to identify patients who progressed from intermediate to advanced AMD (NV and NNV) based on the Beckman criteria. Conversion type was determined by the first eye to progress from iAMD to either advanced phenotype through 15 February 2024. Conversion to advanced NV AMD was defined by the presence of CNV, while advanced NNV AMD was defined by the presence of GA, based on the Classification of Atrophy Meetings (CAM) consensus.




Time-varying exposure

Beta-blocker status, medication type, dose, and frequency were recorded during ophthalmology visits from study enrollment until either conversion to advanced AMD (for patients who converted) or the last ophthalmology visit through 15 February 2024 (for those who did not convert). Medication dose and frequency were combined into an average daily amount for each measure.





Statistical analysis

The primary outcome was a conversion from iAMD to either advanced AMD phenotype—NV or NNV. Basic patient demographics and conversion status were summarized using frequencies and percentages for categorical variables and means and standard deviations for continuous variables. These factors were reported for the entire study population and stratified by beta-blocker use at study enrollment.

The study began at enrollment for all participants and ended either at conversion to advanced AMD or the last appointment with the ophthalmology retina clinic. Kaplan–Meier curves illustrated failure curves for time to conversion to any advanced AMD, as well as separately for NV and advanced NNV. The Kolmogorov-type supremum test assessed the proportional hazards assumption and found no violation. In the first set of models, Cox proportional hazard models estimated the hazard ratio (HR) for conversion based on beta-blocker use at enrollment. Beta-blocker status at enrollment was the primary variable in this analysis. In addition, changes in beta-blocker status and type were summarized using basic frequencies. In the second set of models, Cox proportional hazard modeling with an incorporated beta-blocker is used as a time-varying covariate to evaluate whether changes in exposure influenced the HR. Variables significantly associated with both conversion and beta-blocker use were included as covariates. Multivariable models adjusted for age, with additional adjustment for treated chronic hypertension in the NV model. The Spearman correlation coefficient assessed multicollinearity between beta-blocker use and treated chronic hypertension. To examine potential differences among medications, beta-blockers were categorized into the three most common types (metoprolol succinate, metoprolol tartrate, carvedilol) and all others. These types were compared to the non-use of beta-blockers in the time-varying covariate, age-adjusted model.






Results

A total of 292 patients with iAMD were included in the study. Baseline characteristics are summarized in Table 1. Age differed significantly between study cohorts (p = 0.006). Patients were followed for a mean duration of 40.8 months (standard deviation: 25.6). At enrollment, 66 patients (22.6%) were using a systemic beta-blocker. During follow-up, 107 patients (36.6%) progressed to advanced AMD in at least one eye—45 to NV and 62 to advanced NNV. Over half of the study cohort was receiving treatment for chronic hypertension (54.4%) at enrollment. Beta-blocker status and hypertension were moderately correlated (Spearman correlation coefficient: 0.26, p < 0.0001).


Table 1 | Demographic and clinical characteristics of the intermediate AMD patient cohort (N = 292).



The types of beta-blockers used among patients are summarized in Table 2. Of the 292 patients included in the study, 17 changed their beta-blocker status during follow-up—14 initiated beta-blocker use, while three discontinued it. In addition, 10 patients modified their beta-blocker type or dosage during the study.


Table 2 | Types of medication among the 82 patients on beta-blockers during the study period.



Kaplan-Meier curves are shown in Figures 1a–c. Univariate Cox proportional hazard modeling revealed a modestly significant difference in HR for conversion to NV AMD among beta-blocker users (HR: 1.92 [95% CI: 1.04, 3.55], p = 0.036) but no significant difference for conversion to any advanced AMD or advanced NNV (Table 3). However, in the adjusted model accounting for age and treated chronic hypertension, the risk of conversion to NV AMD was no longer significant. In the second set of models, where beta-blocker exposure was analyzed as a time-varying covariate to account for changes in beta-blocker status over the course of the study, no significant associations were found in either the univariate or multivariable models (Table 4). Survival analysis stratified by beta-blocker type also showed no significant differences in the risk of conversion to any advanced AMD (p = 0.8874).




Figure 1 | (a) Kaplan–Meier curve of conversion to any advanced AMD by beta-blocker use at enrollment. (b) Kaplan–Meier curve of conversion to neovascular AMD by beta-blocker use at the time of enrollment. (c) Kaplan–Meier curve of conversion to advanced non-neovascular AMD by beta-blocker use at the time of enrollment.




Table 3 | Cox proportional hazard model of beta-blocker status at enrollment and time to AMD conversion.




Table 4 | Cox proportional hazard model of time-varying beta-blocker use and time to AMD conversion.







Discussion

We examined the association between beta-blocker use and the risk of conversion to advanced AMD in an iAMD cohort followed longitudinally. In our univariate model, beta-blocker use was associated with a significantly increased hazard ratio for conversion to NV AMD. However, this association was no longer statistically significant in the adjusted model accounting for age and treated chronic hypertension. No significant associations were found between beta-blocker use and conversion to any advanced AMD or advanced NNV with beta-blocker use.

Vascular endothelial growth factor plays a central role in the pathogenesis of AMD, particularly advanced NV AMD. Beta-blockers have been associated with antiangiogenic effects, likely due in part to VEGF downregulation (19). In a mouse model, Lavine et al. investigated VEGF expression and laser-induced CNVM size following systemic administration of propranolol, a nonselective beta-blocker (7). They observed decreased VEGF expression and a 50% reduction in CNVM size in propranolol-treated mice. This provides compelling evidence for a VEGF-mediated pathway through which beta-blockade may be useful in treating NV AMD, though the findings are based on a small nonhuman study. However, several other studies challenge the idea that beta-blockers simply downregulate VEGF. For example, in the cardiac literature, beta-blockers have been shown to promote protective cardiac angiogenesis following ischemia, likely through increased VEGF—an effect that was negated when VEGF was blocked (20).

Given the evidence for beta-blockers’ role in VEGF regulation, they have potential for use in treating AMD. Adjunctive treatments combined with anti-VEGF therapy, for example, have been proposed as a way to enhance treatment efficacy and potentially reduce injection burden. Notably, a recent phase 1 clinical trial in Brazil examined the safety of intravitreal bevacizumab combined with propranolol, with published results confirming the safety of the drug combination (21). However, this possibility remains largely underexplored in both basic science and clinical research (22). In our study, we conducted a longitudinal analysis of patients with iAMD, comparing the risk of conversion to NV or advanced NNV AMD between those using and not using a beta-blocker. While beta-blockers are more directly implicated in VEGF-related NV AMD pathways, investigating their potential influence on NNV AMD may offer broader insights into AMD pathophysiology.

Although previous studies have examined this question, their findings have been largely inconsistent or contradictory (10–14), and most have been cross-sectional in nature, using variable methods to assess the association between beta-blockers and AMD. Traband et al. conducted a retrospective study comparing the mean number of intravitreal anti-VEGF injections in a cohort of NV patients on beta-blockers versus calcium channel blockers, while Kolomeyer et al. performed a similar study using the development of NV AMD as the endpoint—both found no significant effect of beta-blocker use (10, 15). Thomas et al. examined the use of several systemic medications—including beta-blockers, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers—among patients with NV AMD and those with NNV AMD, finding no difference in usage rates between the two groups (11). In a large cohort of hypertensive patients from the National Health and Nutrition Examination Survey, Luo et al. found that selective beta-blocker use was associated with higher odds of having any type of AMD in univariate analysis; however, this association was no longer significant after adjusting for confounding variables (13). They also found that nonselective beta-blockers were associated with lower odds of advanced AMD in multivariable analysis (13). Among patients with NV AMD, Montero et al. observed that those using a systemic beta-blocker required significantly fewer intravitreal injections on average compared to those not on a beta-blocker (p = 0.0068), albeit in a relatively small cohort of 46 patients (12).

One possible explanation for these inconsistent findings is that beta-blockers may influence AMD risk not only through a VEGF-mediated pathway but also via other causative mechanisms, such as blood pressure reduction. While we observed a significantly increased risk of conversion to advanced NV AMD among beta-blocker users, this association lost statistical significance after adjusting for age and chronic hypertension treatment history. The increased risk of conversion to NV AMD among beta-blocker users in our cohort was likely driven by hypertension-mediated effects, as adding HTN to the multivariable model altered the significance of beta-blockers. While the original Beaver Dam Eye Study did not identify hypertension as an AMD risk factor (3), numerous studies have suggested a potential link between hypertension and increased AMD risk (23–25). Compared to alternative medications, beta-blockers may help mitigate this association due to their antihypertensive and anti-VEGF properties, as shown in previous studies (26, 27). Further research is needed to determine how baseline hypertension influences the effectiveness of beta-blockers in slowing AMD progression. Some previous studies have adjusted for confounding factors, including hypertension, while others have not, which may partly explain past inconsistent findings.

Limitations of our study include the relatively small sample size, particularly the number of patients on specific beta-blocker medications, and the reliance on accurate charting of medication use at each clinic visit. Additionally, we did not capture the total duration of systemic beta-blocker exposure before study enrollment, limiting our ability to assess the effects of long-term use. The small sample size likely reduced our power to detect significant differences in conversion. Furthermore, similar to previous studies on AMD (10, 11), our study did not account for topical beta-blockers in categorizing patients’ beta-blocker use, as these medications have limited systemic absorption and minimal penetration into the posterior chamber of the eye (13, 14, 25, 26). Strengths of our study include the use of visit-by-visit medication data after enrollment and a meticulous review of multimodal images to retrospectively determine the time of conversion in the cohort. A large-scale prospective study that actively monitors their medication status may more effectively determine whether specific beta-blocker subtypes, such as nonselective versus selective, as well as variations in dose or frequency, influence AMD progression.





Conclusion

In patients from the University of Colorado AMD Registry, systemic beta-blocker use was not significantly associated with the risk of conversion from intermediate to advanced NV and NNV AMD after adjusting for age and chronic hypertension treatment. In the unadjusted Cox proportional hazard model of beta-blocker status at enrollment and time to AMD conversion (Table 3), beta-blocker use showed a statistically significant reduction in conversion to NV AMD (p = 0.036), but this association became nonsignificant after adjustment.





Data availability statement

The datasets presented in this article are not readily available because they are currently not IRB approved for this purpose. Requests to access the datasets should be directed to Jennifer Patnaik at jennifer.patnaik@cuanschutz.edu.





Ethics statement

This study involving humans were approved by The institutional review board for the University of Colorado Denver. This study were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

BH: Investigation, Writing – original draft, Writing – review & editing. NM: Conceptualization, Investigation, Writing – original draft, Writing – review & editing. AC: Writing – review & editing. AM: Writing – original draft, Writing – review & editing. ZG: Writing – review & editing. ALi: Writing – review & editing. MM: Writing – review & editing. NiM: Writing – review & editing. AP: Writing – original draft, Writing – review & editing. TF: Writing – review & editing. NaM: Writing – review & editing. ALy: Writing – review & editing. JP: Formal Analysis, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article.This research was supported by the National Eye Institute of the US National Institutes of Health (Bethesda, MD, USA) under award number R01EY032456 (AML); a Research to Prevent Blindness (New York, NY, USA) grant to the Department of Ophthalmology, University of Colorado; the Frederic C. Hamilton Macular Degeneration Center (Aurora, CO, USA); the Sue Anschutz-Rogers Eye Center Research Fund (Aurora, CO, USA); and the National Center for Advancing Translational Sciences of the US National Institutes of Health (Bethesda, MD, USA) through the Colorado Clinical and Translational Science Awards Grant (No. UL1 TR002535).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Rein, DB, Wittenborn, JS, Burke-Conte, Z, Lin, F, Shih, YT, and Tielsch, JM. Prevalence of age-related macular degeneration in the US in 2019. JAMA Ophthalmol. (2022) 140:1202–8. doi: 10.1001/jamaophthalmol.2022.4401

2. Fleckenstein, M, Keenan, TDL, Guymer, RH, Mitchell, P, Buitendijk, GH, and Souied, EH. Age-related macular degeneration. Nat Rev Dis Primers. (2021) 42:103–29. doi: 10.1038/s41572-021-00265-2

3. Klein, R, Klein, BE, and Franke, T. The relationship of cardiovascular disease and its risk factors to age-related maculopathy: The Beaver Dam Eye Study. Ophthalmology. (1993) 100:406–14. doi: 10.1016/S0161-6420(93)31634-9

4. Whitescarver, TD, Hobbs, SD, Wade, CI, Lee, SY, Choi, W, Kato, Y, et al. A history of anti-VEGF inhibitors in the ophthalmic literature: A bibliographic review. J Vitreoretinal Dis. (2021) 5:304–12. doi: 10.1177/2474126420971982

5. Gemenetzi, M, Lotery, A, and Patel, P. Risk of geographic atrophy in age-related macular degeneration patients treated with intravitreal anti-VEGF agents. Eye. (2016) 31:1–9. doi: 10.1038/eye.2016.208

6. Shyu, KG, Lu, MJ, Chang, H, Sun, HY, Wang, BW, and Kuan, P. Carvedilol modulates the expression of hypoxia-inducible factor-1alpha and vascular endothelial growth factor in a rat model of volume-overload heart failure. J Cardiac Failure. (2005) 11:152–9. doi: 10.1016/j.cardfail.2004.06.433

7. Lavine, JA, Sang, Y, Wang, S, Ip, MS, and Sheibani, N. Attenuation of choroidal neovascularization by β(2)-adrenoreceptor antagonism. JAMA Ophthalmol. (2013) 131:376–82. doi: 10.1001/jamaophthalmol.2013.1476

8. Zhang, L, Mai, HM, Zheng, J, Zhang, W, Li, C, Xu, J, et al. Propranolol inhibits angiogenesis via down-regulating the expression of vascular endothelial growth factor in hemangioma derived stem cell. Int J Clin Exp Pathol. (2014) 7:48–55. doi: 10.1016/j.ijom.2013.07.382

9. Ristori, C, Filippi, L, Dal Monte, M, Casini, G, Bagnoli, P, Fornaciari, I, et al. Role of the adrenergic system in a mouse model of oxygen-induced retinopathy: antiangiogenic effects of beta-adrenoreceptor blockade. Invest Ophthalmololgy Visual Sci. (2011) 52:155–70. doi: 10.1167/iovs.10-5536

10. Traband, A, Shaffer, JA, and VanderBeek, BL. Systemic beta-blockers in neovascular age-related macular degeneration. Retina. (2017) 37:41–6. doi: 10.1097/IAE.0000000000001226

11. Thomas, AS, Redd, T, and Hwang, T. Effect of systemic beta-blockers, ACE inhibitors, and angiotensin receptor blockers on development of choroidal neovascularization in patients with age-related macular degeneration. Retina. (2015) 35:1964–8. doi: 10.1097/IAE.0000000000000603

12. Montero, JA, Ruiz-Moreno, JM, Sanchis-Merino, E, and Perez-Martin, S. Systemic beta-blockers may reduce the need for repeated intravitreal injections in patients with wet age-related macular degeneration treated by bevacizumab. Retina. (2013) 33:508–12. doi: 10.1097/IAE.0b013e3182695ba0

13. Luo, Y, Liu, J, Feng, W, Wang, L, Zhang, W, Yan, Z, et al. Use of β−blockers and risk of age−related macular degeneration among hypertensive patients: An insight from The National Health and Nutrition Examination Survey. Med Int. (2023) 3:10. doi: 10.3892/mi.2023.70

14. Song, D, Hua, P, VanderBeek, BL, Patel, V, Mangione, CM, Hwang, TS, et al. Systemic medication use and the incidence and growth of geographic atrophy in the comparison of age-related macular degeneration treatments trials. Retina. (2021) 41:1455–62. doi: 10.1016/j.ophtha.2014.11.007

15. Kolomeyer, AM, Maguire, MG, Pan, W, and VanderBeek, BL. Systemic beta-blockers and risk of progression to neovascular age-related macular degeneration. Retina. (2019) 39:918–25. doi: 10.1097/IAE.0000000000002059

16. Lynch, AM, Patnaik, JL, Cathcart, JN, Sheth, S, Zhang, J, Blodi, B, et al. Colorado age-related macular degeneration registry: design and clinical risk factors of the cohort. Retina. (2019) 39:656–63. doi: 10.1097/IAE.0000000000002023

17. Wagner, BD, Patnaik, JL, Palestine, AG, Ling, X, Molitor, JA, Wu, R, et al. Association of systemic inflammatory factors with progression to advanced age-related macular degeneration. Ophthalmic Epidemiol. (2022) 29:139–48. doi: 10.1080/09286586.2021.1910314

18. Ferris, FL 3rd, Wilkinson, CP, Bird, A, Chakravarthy, U, Chew, E, Csaky, K, et al. Beckman Initiative for Macular Research Classification Committee. Clinical classification of age-related macular degeneration. Ophthalmology. (2013) 120:844–51. doi: 10.1016/j.ophtha.2012.10.036

19. Chim, H, Armijo, BS, Miller, E, Gliniak, C, Serret, MA, and Gosain, AK. Propranolol induces regression of hemangioma cells through HIF-1α-mediated inhibition of VEGF-A. Ann Surg. (2012) 256:146–56. doi: 10.1097/SLA.0b013e318254ce7a

20. Rengo, G, Cannavo, A, Liccardo, D, Monetti, M, Rosano, GM, Golino, P, et al. Vascular endothelial growth factor blockade prevents the beneficial effects of β-blocker therapy on cardiac function, angiogenesis, and remodeling in heart failure. Circ Heart Failure. (2013) 6:1259–67. doi: 10.1161/CIRCHEARTFAILURE.113.000329

21. Xu, X, Ritz, B, Coleman, A, Haque, R, Xiang, S, Friedman, DS, et al. Hypertension, antihypertensive medications use and risk of age-related macular degeneration in California Teachers Cohort. J Hum Hypertension. (2020) 34:568–76. doi: 10.1038/s41371-019-0269-9

22. Casini, G, Dal Monte, M, Fornaciari, I, Filippi, L, and Bagnoli, P. The β-adrenergic system as a possible new target for pharmacologic treatment of neovascular retinal diseases. Progressive Retina Eye Res. (2014) 41:96–107. doi: 10.1016/j.preteyeres.2014.06.001

23. Hyman, L, Schachat, AP, He, Q, and Leske, MC. Hypertension, cardiovascular disease, and age-related macular degeneration. Age-Related Macular Degeneration Risk Factors Study Group. Arch Ophthalmol. (2000) 118:351–8. doi: 10.1001/archopht.118.3.351

24. Katsi, VK, Marketou, ME, Vrachatis, DA, Douskou, M, Theodorakis, G, Kosmopoulos, M, et al. Essential hypertension in the pathogenesis of age-related macular degeneration: a review of the current evidence. J Hypertension. (2015) 33:2382–8. doi: 10.1097/HJH.0000000000000766

25. da Silva Tavares Neto, JE, Cyrino, FVR, Lucena, MM, Scott, IU, Messias, AMV, and Jorge, R. Intravitreal bevacizumab plus propranolol for neovascular age-related macular degeneration (the BEVALOL study): a phase I clinical trial. Int J Retina Vitreous. (2023) 9:28. doi: 10.1186/s40942-023-00460-1

26. de Boer, RA, Siebelink, HJ, Tio, RA, Boomsma, F, and van Veldhuisen, DJ. Carvedilol increases plasma vascular endothelial growth factor (VEGF) in patients with chronic heart failure. Eur J Heart Failure. (2001) 3:331–3. doi: 10.1016/S1388-9842(01)00129-5

27. Davis, A, Cohen, SM, Pautler, SE, Billiris-Findlay, K, and Eichenbaum, DA. Beta blocker use and age-related macular degeneration. Acta Ophthalmologica. (2011) 90:e162–3. doi: 10.1111/j.1755-3768.2011.02117.x




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Hogan, Mehta, Caldwell, Marin, Gill, Liske-Cervantes, Mathias, Manoharan, Palestine, Forest, Mandava, Lynch and Patnaik. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Risk of progression in intermediate age-related macular degeneration among patients using systemic beta-blockers

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Time-varying exposure

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fopht.2025.1535791_cover.jpg
& frontiers | Frontiers in Ophthalmology

Risk of progression in intermediate age-
related macular degeneration among
patients using systemic beta-blockers





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Selective Nonselective

Metoprolol succinate 29 Carvedilol 12
Metoprolol tartrate 22 Propranolol 5
Atenolol 9 Sotalol 2
Nebivolol 6 Labetalol 1

A total of 86 total medications, as some patients were on more than one beta-blocker during

the study period.





OEBPS/Images/fopht-05-1535791-g001.jpg
a.
Product-Limit Failure Curves
With Number of Subjects at Risk
10+ censored
0.8
>
= 06
2
e
a
2
3 04
©
w
0.2
0.0
1 50 30 20 8 4 2
2 197 168 09 56 20 6
T T T T T T
0 20 40 60 80 100
time
Status 1: Beta-blocker 2: No Beta-blocker
c.
Product-Limit Failure Curves
With Number of Subjects at Risk
1.0+ censored
0.8
®
8
3
o
2
3 04
©
w
02
0.0
1 50 39 20 8 4 2
2| o7 168 % 56 20 8
T T T T T T
0 20 40 60 80 100
time

Status

1: Beta-blocker

2: No Beta-blocker

b.

Product-Limit Failure Curves
With Number of Subjects at Risk

1.0

08

©
P
2
o
2
2 04
w
w
024
0.0+
1 57 a1 23 14 8 3
2 173 144 88 40 27 8
T T T T T T
0 20 40 60 80 100
time
Status 1: Beta-blocker 2: No Beta-blocker






OEBPS/Images/table4.jpg
Unadjusted model

Adjusted model*

HR (95% CI)

p-value

Conversion to any advanced AMD
Conversion to NV

Conversion to advanced NNV

*Adjusted for age and chronic hypertension treatment.

HR (95% Cl) p-value
0.96 (0.62, 1.50) 0.867
161 (087, 2.97) 0.126
0.70 (0.36, 1.36) 0292

0.91 (0.57, 1.44)
1.42 (0.75, 2.68)

0.66 (0.34, 1.31)

0.682

0.286

0.238





OEBPS/Images/table3.jpg
Unadjusted model

Adjusted model*

HR (95% CI)

p-value

Conversion to any advanced AMD
Conversion to NV

Conversion to advanced NNV

*Adjusted for age and chronic hypertension treatment.

HR (95% Cl) p-value
1.22 (0.78, 1.91) 0382
1.92 (1.04, 3.55) 0.036
0.88 (0.4, 1.79) 0732

1.14 (0.71, 1.84)
1.62 (0.84, 3.10)

0.86 (0.42, 1.79)

0.578

0.147

0.691





OEBPS/Images/logo.jpg
’ frontiers | Frontiers in Ophthalmology





OEBPS/Images/table1.jpg
Use of beta-blocker = Not on beta-blocker

at enrollment at enrollment
n (%) n (%)
Total (n; row %) - 66 (22.6%) 226 (77.4%) -
Age (mean; SD) 76.2 (7.0) 78.3 (6.6) 75.6 (7.0) 0.006
Sex ‘
Male 106 (36.3%) 23 (34.8%) 83 (36.7%) 0.780
Female 186 (63.7%) 43 (65.2%) 143 (63.3%)
Race/ethnicity ‘
White 274 (93.8%) 59 (89.4%) 215 (95.1%)
Black 4(1.4%) 2 (3.0%) 2(0.9%)
Hispanic 8 (2.7%) 3 (4.6%) 5 (2.2%)
Asian 2(0.7%) 0 2(0.9%)
Other 4(1.4%) 2 (3.0%) 2(0.9%) 0.183
History of treated hypertension 159 (54.4%) 52 (78.8%) 107 (47.4%) < 0.0001
No conversion to 185 (63.4%) 41 (62.1%) 144 (63.7%) -

advanced AMD

Conversion to any 107 (36.6%) 25 (37.9%) 82 (36.3%) 0.813

advanced AMD
Conversion to NV 45 (15.4%) 16 (24.2%) 29 (12.8%) 0.062
Conversion to advanced 62 (21.2%) 9 (13.6%) 53 (23.4%) 0.195
NNV AMD

Follow-up time (months; 432 (26.7) 392 (25.6) 443 (27.0) 0.139

mean; SD)





