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Purpose: To compare effects of glucagon-like peptide 1 (GLP-1) receptor agonists and metformin on the risk
of primary open-angle glaucoma (POAG), ocular hypertension, and the need for first-line glaucoma treatments in
patients with type 2 diabetes mellitus (T2DM).

Design: A retrospective cohort study was conducted using electronic medical records data from an inter-
national electronic health record network, covering a period from May 2006-2024.

Participants: Patients with a diagnosis of T2DM who were treated with either GLP-1 receptor agonists or
metformin.

Methods: Data from 120 health care organizations across 17 countries were analyzed. Patient outcomes
were assessed at 1, 2, and 3 years. Propensity score matching (PSM) was used to balance covariates such as
demographics, comorbidities, and medication use. Risk ratios (RRs) with 95% confidence intervals (CIs) were
calculated.

Main Outcome Measures: Incidence of POAG, ocular hypertension, and the need for first-line treatments
including topical drops and laser trabeculoplasty.

Results: After PSM, both groups included 61 998 patients at the 1-year follow-up, 27 414 patients at the
2-year follow-up, and 14 100 patients at the 3-year follow-up. Patients treated with GLP-1 receptor agonists
showed a significantly decreased risk of POAG development compared with those receiving metformin at 1 year
(RR, 0.59; 95% CI, 0.39e0.88), 2 years (RR, 0.50; 95% CI, 0.32e0.78), and 3 years (RR, 0.59; 95% CI, 0.37e0.94).
Similar protective effects were observed for ocular hypertension at 1 year (RR, 0.44; 95% CI, 0.31e0.62), 2 years
(RR, 0.43; 95% CI, 0.30e0.62), and 3 years (RR, 0.51; 95% CI, 0.34e0.75). The risk of first-line therapy initiation
also was lower in the GLP-1 receptor agonists group at 1 year (RR, 0.63; 95% CI, 0.53e0.74), 2 years (RR, 0.71;
95% CI, 0.59e0.85), and 3 years (RR, 0.75; 95% CI, 0.62e0.91).

Conclusions: Glucagon-like peptide 1 receptor agonists are associated with a significantly lower incidence
of POAG, ocular hypertension, and the need for first-line glaucoma treatments compared with metformin in
patients with T2DM. These findings highlight the potential ocular benefits of GLP-1 receptor agonists and their
expanding role in the clinical management of patients with diabetes.
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Glaucoma, a leading cause of irreversible blindness, is
projected to impact 111.8 million people by 2040.1

Characterized by progressive optic neuropathy and often
linked to elevated intraocular pressure (IOP),
glaucoma’s progression underscores the urgency of early
diagnosis and treatment. Despite extensive research, the
precise mechanisms and risk factors of glaucoma remain
complex and multifaceted.2 Type 2 diabetes mellitus
(T2DM) is an established risk factor for the
development of multiple glaucoma subtypes, including
primary open-angle glaucoma (POAG) and neovascular
ª 2024 by the American Academy of Ophthalmology
Published by Elsevier Inc.
glaucoma, primarily through microvascular damage,
neurodegeneration, and metabolic abnormalities resulting
from chronic hyperglycemia.3e5 Poor glycemic control
has been associated with an increased risk of glaucoma
development, further underscoring the importance of
managing blood glucose levels in patients with dia-
betes.5,6 The association between oral antihyperglycemic
agents and glaucoma in patients with diabetes remains
poorly understood.

Recent years have witnessed a significant increase in the
use of glucagon-like peptide 1 (GLP-1) receptor agonists, a
271https://doi.org/10.1016/j.ophtha.2024.08.023
ISSN 0161-6420/24

www.aaojournal.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ophtha.2024.08.023&domain=pdf
https://doi.org/10.1016/j.ophtha.2024.08.023


Ophthalmology Volume 132, Number 3, March 2025
class of medications first approved by the United States Food
and Drug Administration in 2005 to improve glycemic con-
trol in T2DM and later approved in 2014 for use as a weight
loss agent in patients without diabetes.7 Data from a collective
of health care systems that provide 18% of all daily clinical
care in the United States show that, from January 2018
through December 2023, > 1 063 200 patients were
prescribed these agents, totalling 4 213 888 prescriptions.8

This could be explained not just by their growing
therapeutic appeal for glycemic control but also for their
demonstrated efficacy in other health domains, such as the
prevention and treatment of chronic kidney disease and
cardiovascular diseases, as supported by clinical trials.9,10

Exploratory studies suggest that GLP-1 receptor agonists
may offer protective benefits against glaucoma development
through their neuroprotective and anti-inflammatory prop-
erties.11,12 However, although several studies have
evaluated the protective effects of GLP-1 receptor agonists
against glaucoma using large de-identified health care da-
tabases, our study uniquely compared the efficacy of GLP-1
receptor agonists with metformin as first-line diabetic
treatments in glaucoma prevention. These agents have the
potential to reduce oxidative stress and enhance cellular
survival pathways, which could lower IOP and safeguard
retinal ganglion cells.12

This study leverages the TriNetX health research network
to conduct a comprehensive analysis, investigating the risk
of POAG, ocular hypertension, and the need for first-line
treatments (eye drops and laser trabeculoplasty) in patients
treated with GLP-1 receptor agonists compared with those
treated with metformin. We assessed these outcomes at 1-,
2-, and 3-year follow-up intervals. We aimed to elucidate
the potential ocular advantages of GLP-1 receptor agonists
within a large, clinical population.

Methods

This was a retrospective cohort study using data from TriNetX, a
global federated health research network with electronic medical
records from 120 health care organizations across 17 countries.
TriNetX provides only aggregate counts and statistical summaries
of deidentified information to protect patient health information,
allowing it to comply with the Health Insurance Portability and
Accountability Act and receive a waiver from the Western Insti-
tutional Review Board. Informed consent was not obtained or
required for this study because we retrospectively reviewed patient
data within this clinical program, which patients consented to
provide to their healthcare provider when attending their appoint-
ment. This study was conducted in accordance with the principles
of the Declaration of Helsinki. Diagnoses are represented in Tri-
NetX by the International Classification of Diseases (ICD), Tenth
Revision, Clinical Modification code set, which is a modification of
the World Health Organization ICD, Tenth Revision, standard.
Because we are using a global dataset, we incorporated Current
Procedural Terminology; ICD, Tenth Revision, Procedure Coding
System; Systematized Nomenclature of Medicine Clinical Terms;
and Healthcare Common Procedure Coding System codes when
available. Detailed coding data are provided in Table S1 (available
at www.aaojournal.org).

The data for this study were collected on June 12, 2024. The
current study analyzed the database for electronic medical records
from May 2006 through May 2024, starting after the approval of
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metformin in 1994 and the introduction of the first GLP-1 receptor
agonist, exenatide, in April 2005 for the treatment of T2DM. Our
study period included the transition from the ICD, Ninth Revision,
to the ICD, Tenth Revision, in 2015, which TriNetX accounts for
by mapping ICD, Ninth Revision, codes and other modifications to
the ICD, Tenth Revision, Clinical Modification.

Study Sample

Inclusionary criteria included patients with a diagnosis of T2DM,
identified by ICD, Tenth Revision, code E11, who were either
treated with GLP-1 receptor agonists or metformin for the first time
after the diabetes diagnosis was made. GLP-1 medications included
in the analysis were lixisenatide, albiglutide, dulaglutide, sem-
aglutide, liraglutide, exenatide, and tirzepatide. We observed out-
comes at 1, 2, and 3 years of follow-up. To ensure medication
continuation and adequate time for exposure, patients were
required to have an additional prescription of the respective
medication at least 1 year before the observed outcome interval to
be included. Patients also were required to be glaucoma-naïve with
no history of ocular surgery or laser trabeculoplasty. Exclusion
criteria included any eye injury and the use of other blood glucose-
lowering drugs, such as sulfonylureas, a-glucosidase inhibitors,
thiazolidinediones, dipeptidyl peptidase 4 inhibitors, sodium-
glucose cotransporter 2 inhibitors, and meglitinides, either 3
months before or at any time after starting the study medications.
We also conducted a sensitivity analysis exclusively on patients not
using insulin to evaluate the robustness of our findings. Figure 1
illustrates the inclusion and exclusion criteria for the study cohort.

Covariates

The TriNetX platform was used to conduct a 1:1 propensity score
matching (PSM) to ensure that the characteristics and comorbid-
ities between the groups were balanced. This matching used a
nearest-neighbor greedy matching algorithm with a caliper of 0.1
standard deviation, a standard and widely accepted technique in the
published literature.13e15 The covariates included for matching
were demographics (age, sex, race, and ethnicity) and diagnoses
such as essential hypertension, hyperlipidemia, disorders of the
thyroid gland, chronic kidney disease, sleep disorders, and chronic
obstructive pulmonary disease. Clinical measures like body mass
index (BMI) and hemoglobin A1c levels were considered. Medi-
cation use included systemic corticosteroids, systemic b-blockers,
and insulin use. Also included were factors related to engagement
with health services, specifically ophthalmology services and
procedures, ensuring equal engagement with ophthalmologists
among the groups, because differential access could influence the
diagnosis rate of conditions under study.

Statistical Analyses

The index date for each patient within a cohort was defined as the
day on which the patient first was prescribed the respective
medication. For our primary outcomes, we observed the risk of
POAG (ICD, Tenth Revision, code H40.11), ocular hypertension
(ICD, Tenth Revision, code H40.05), and first-line treatments
including medications such as b-blocking agents, prostaglandin
analogs, brimonidine, brinzolamide, dorzolamide, and netarsudil
and procedures like trabeculoplasty by laser surgery at 1, 2, and 3
years after the index event. Risk ratios (RRs) with 95% confidence
intervals (CIs) were generated using univariable analyses. Patients
who demonstrated outcomes of interest before initiating the spec-
ified medications were excluded from the analysis. Baseline char-
acteristics were presented using averages and standard deviations
for continuous variables and counts and proportions for binary
variables. The PSM outcomes were assessed at each time point to
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Global Collaborative Network (TriNetX)
142,648,886

Type 2 Diabetics started on GLP-1/Metformin
≥ 2006

GLP-1: 761,909
Metformin: 2,334,270

GLP-1: 167,895
Metformin: 516,607

Inclusion Exclusion

Patients on other hypoglycemic agents
GLP-1: 569,711

Metformin: 1,335,874

Patients with history of glaucoma, ocular
surgery, or first line treatments

GLP-1: 22,160
Metformin: 437,643

Patients experienced injury to eye and orbit
GLP-1: 2,143

Metformin: 44,146

Represcription (1-year)
GLP-1: 92,645

Metformin: 509,727

Represcription (2-years)
GLP-1: 33,028

Metformin: 282,792

Represcription (3-years)
GLP-1: 14,666

Metformin: 199,327

Figure 1. Flowchart illustrating the inclusion and exclusion criteria for the study cohort of patients with type 2 diabetes receiving glucagon-like peptide
1 (GLP-1) receptor agonists and metformin. From the TriNetX dataset of 142 648 886 records, we identified 3 096 179 patients with type 2 diabetes
who started on GLP-1 receptor agonist or metformin therapy since 2006. Exclusion criteria were patients receiving other hypoglycemic agents; those
with a history of glaucoma, ocular surgery, or first-line treatments; and those who experienced eye or orbit injuries. After exclusions, 167 895 patients
remained in the GLP-1 cohort and 516 607 patients remained in the metformin cohort. Further stratification by medication adherence at 1, 2, and 3
years was applied.
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evaluate the covariate balance between groups using standardized
mean differences. A standardized mean difference < 0.1 between
cohorts was considered well matched. The threshold for statistical
significance was set at P < 0.05 using 2-sided tests.
Results

Baseline Characteristics

Before matching, inclusion criteria were met by 66 320
patients in the GLP-1 group and 368 503 in the metformin
group at 1 year of follow-up. On matching, both groups
included 61 998 patients each. The mean age after PSM was
56.1 � 13.6 years for the GLP-1 group and 55.8 � 15.5
years for the metformin group. The GLP-1 group consisted
of 34.50% male patients and 65.50% female patients,
whereas the metformin group included 34.10% male pa-
tients and 65.90% female patients. Racial distribution in the
GLP-1 group was 58.15% White, 17.58% Black or African
American, and 3.17% Asian. The metformin group showed
a similar distribution: 59.30% White, 17.52% Black or Af-
rican American, and 2.77% Asian. Regarding comorbidities,
67.25% of the GLP-1 group and 66.24% of the metformin
group had essential hypertension. Hyperlipidemia was pre-
sent in 48.75% of the GLP-1 group and 47.12% of the
metformin group. Chronic kidney disease was observed in
14.60% of the GLP-1 group and 14.02% of the metformin
group. Medication use indicated that insulin was used by
38.71% of the GLP-1 group and 37.57% of the metformin
group, whereas corticosteroid use was 55.73% in the GLP-1
group and 55.11% in the metformin group. Systemic b-
blocker use was present in 37.44% of the GLP-1 group and
36.56% of the metformin group. Characteristics before and
after matching are shown in Table 2.

Risk of Primary Open-Angle Glaucoma, Ocular
Hypertension, and Receive First-Line
Treatments

Table 3 shows the risk of POAG, ocular hypertension, and
the use of first-line treatments in patients receiving GLP-1
receptor agonists versus metformin over the 1-, 2-, and 3-
year outcome periods. After PSM, both groups included
61 998 patients at the 1-year follow-up, 27 414 patients at
the 2-year follow-up, and 14 100 patients at the 3-year
follow-up.

Patients treated with GLP-1 receptor agonists showed a
significantly decreased risk of POAG developing compared
with those receiving metformin at 1 year (RR, 0.59; 95% CI,
0.39e0.88), 2 years (RR, 0.50; 95% CI, 0.32e0.78), and 3
years (RR, 0.59; 95% CI, 0.37e0.94). Similar associations
were observed for ocular hypertension with risk reductions of
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Table 2. Baseline Characteristics of Patients with Diabetes Receiving Glucagon-like Peptide 1 versus Metformin before and after Propensity Score Matching

Characteristic

Before Matching After Matching

Glucagon-like Peptide 1
(n ¼ 66 320)

Metformin
(n ¼ 368 503)

Standardized
Difference

Glucagon-like Peptide 1
(n ¼ 61 998)

Metformin
(n ¼ 61 998)

Standardized
Difference

Age (yrs) 56.1 � 13.6 59.4 � 15.3 56.1 � 13.6 55.8 � 15.5
Sex

Male 22 252 (33.55) 179 042 (48.59) 0.3092 21 387 (34.50) 21 142 (34.10) 0.0083
Female 38 174 (57.56) 175 367 (47.59) 0.2007 35 450 (57.18) 35 852 (57.83) 0.0131
Unknown 5894 (8.89) 14 094 (3.83) 0.2086 5161 (8.32) 5004 (8.07) 0.0092

Race
White 38 380 (57.87) 198 361 (53.83) 0.0815 36 054 (58.15) 37 158 (59.93) 0.0362
Black or African American 13 066 (19.70) 62 808 (17.04) 0.0687 12 102 (19.52) 12 011 (19.37) 0.0037
Asian 2002 (3.02) 26 443 (7.18) 0.1899 1965 (3.17) 1715 (2.77) 0.0238
American Indian or Alaska Native 299 (0.45) 1430 (0.39) 0.0097 271 (0.44) 274 (0.44) 0.0007
Native Hawaiian or Other Pacific Islander 629 (0.95) 2980 (0.81) 0.0150 580 (0.94) 549 (0.89) 0.0053
Other race 2584 (3.90) 16 442 (4.46) 0.0283 2444 (3.94) 2303 (3.72) 0.0119
Unknown race 9360 (14.11) 60 039 (16.29) 0.0607 8582 (13.84) 7988 (12.88) 0.0282

Ethnicity
Hispanic or LatinX 6168 (9.30) 40 866 (11.09) 0.0592 5919 (9.55) 5539 (8.93) 0.0212
Non-Hispanic or LatinX 49 123 (74.07) 236 040 (64.05) 0.2180 45 839 (73.94) 47 229 (76.18) 0.0518
Unknown 11 029 (16.63) 91 597 (24.86) 0.2039 10 240 (16.52) 9230 (14.89) 0.0448

Comorbidities
Essential hypertension 45 575 (68.72) 195 008 (52.92) 0.3280 41 696 (67.25) 41 066 (66.24) 0.0216
Hyperlipidemia 33 720 (50.84) 121 806 (33.05) 0.3665 30 222 (48.75) 29 212 (47.12) 0.0326
Sleep disorders 25 799 (38.90) 57 781 (15.68) 0.5400 22 491 (36.28) 22 438 (36.19) 0.0018
Disorders of thyroid gland 16 363 (24.67) 46 253 (12.55) 0.3153 14 364 (23.17) 14 008 (22.59) 0.0137
Chronic kidney disease 11 705 (17.65) 19 499 (5.29) 0.3953 9053 (14.60) 8689 (14.02) 0.0168
Chronic obstructive pulmonary disease 5232 (7.89) 23 931 (6.49) 0.0540 4766 (7.69) 4411 (7.12) 0.0219

Medication
Insulin 27 648 (41.69) 76 555 (20.78) 0.4632 24 001 (38.71) 23 294 (37.57) 0.0235
Corticosteroid 38 499 (58.05) 109 504 (29.72) 0.5958 34 549 (55.73) 34 168 (55.11) 0.0124
Systemic b-blocker 26 299 (39.66) 84 641 (22.97) 0.3658 23,209 (37.44) 22 669 (36.56) 0.0180

Ophthalmology Visit
CPT: ophthalmology services and procedures 6683 (10.08) 17 319 (4.70) 0.2067 5732 (9.25) 5583 (9.01) 0.0083
HCPCS: vision or hearing services 505 (0.76) 1074 (0.29) 0.0650 414 (0.67) 404 (0.65) 0.0020
SNOMED: ophthalmic examination and evaluation 500 (0.75) 1026 (0.28) 0.0664 360 (0.58) 308 (0.50) 0.0115

Hemoglobin A1c
6.5%-10% 37 131 (55.99) 131 549 (35.70) 0.4159 33 470 (53.99) 32 867 (53.01) 0.0195
10%-15% 13 209 (19.92) 27 812 (7.55) 0.3653 10 740 (17.32) 9983 (16.10) 0.0327
� 15% 1047 (1.58) 2371 (0.64) 0.0893 830 (1.34) 755 (1.22) 0.0108

Body mass index, kg/m2

� 18.5 2129 (3.21) 6094 (1.65) 0.1012 1809 (2.92) 1670 (2.69) 0.0136
18.5-25 5353 (8.07) 37 626 (10.21) 0.0743 5077 (8.19) 4532 (7.31) 0.0329
25-30 15 976 (24.09) 78 619 (21.34) 0.0658 14 804 (23.88) 14 193 (22.89) 0.0233
30-35 26 600 (40.11) 83 693 (22.71) 0.3816 23 952 (38.63) 23 726 (38.27) 0.0075
� 35 37 118 (55.97) 80 304 (21.79) 0.7486 33 113 (53.41) 33 682 (54.33) 0.0184

CPT ¼ Current Procedural Terminology; GLP-1 ¼ glucagon-like peptide 1; HCPCS ¼ Healthcare Common Procedure Coding System; SNOMED ¼ Systematized Nomenclature of Medicine Clinical
Terms.
Data are presented as No. of patients (%) or mean � standard deviation.
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Table 3. Outcomes of Glucagon-like Peptide 1 Receptor Agonists versus Metformin in Patients with Type 2 Diabetes over 1-, 2-, and 3-
Year Follow-up Periods

Outcome Follow-up Period (yrs) Cohort after Matching (No.) Risk Ratio 95% Confidence Interval

Primary open-angle glaucoma 1 61 998 0.59 0.39-0.88
2 27 414 0.50 0.32-0.78
3 14 100 0.59 0.37-0.94

Ocular hypertension 1 61 998 0.44 0.31-0.62
2 27 414 0.43 0.30-0.62
3 14 100 0.51 0.34-0.75

First-line treatments 1 61 998 0.63 0.53-0.74
2 27 414 0.71 0.59-0.85
3 14 100 0.75 0.62-0.91
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56% at 1 year (RR, 0.44; 95% CI, 0.31e0.62), 57% at 2 years
(RR, 0.43; 95% CI, 0.30e0.62), and 49% at 3 years (RR,
0.51; 95% CI, 0.34e0.75). The risk of first-line therapy
initiation also was lower in the GLP-1 receptor agonists group
at 1 year (RR, 0.63; 95% CI, 0.53e0.74), 2 years (RR, 0.71;
95% CI, 0.59e0.85), and 3 years (RR, 0.75; 95% CI,
0.62e0.91). A sensitivity analysis of patients not using insulin
maintained statistical significance for all outcomes. These re-
sults are summarized in the forest plot shown in Figure 2.
Discussion

This study demonstrated that GLP-1 receptor agonists are
associated with a lower risk of POAG and ocular hyper-
tension developing compared with metformin in patients
with T2DM. Specifically, patients treated with GLP-1 re-
ceptor agonists exhibited a 41% reduced risk of POAG
developing at 1 year, a 50% reduced risk at 2 years, and a
41% reduced risk at 3 years (P < 0.05 for all). Similar
protective trends were observed for ocular hypertension,
with a 56% reduced risk at 1 year, a 57% reduced risk at 2
years, and a 49% reduced risk at 3 years (P < 0.05 for all).
These findings underscore the potential of GLP-1 receptor
agonists not only in glycemic control but also in mitigating
the risk of glaucoma.

Multiple theoretical mechanisms explain which GLP-1
receptor agonists may provide a protective benefit against
the development of glaucoma. Prior investigations provide
compelling insights into the neuroprotective properties of
GLP-1 receptor agonists. These agents have been shown to
reduce inflammation and oxidative stress by downregulating
complement component 1q, tumor necrosis factor a, and
interleukin 1a, which are key contributors to neurodegen-
erative processes in the retina and optic nerve.12,16

Glucagon-like peptide 1 receptor agonists improve
neuronal survival and function by activating signaling
pathways that enhance cellular resilience and reduce
apoptotic cell death.12,16,17 Furthermore, they mitigate
inflammatory responses in the retina, decreasing the
production of proinflammatory cytokines by microglia and
macrophages, thus protecting retinal ganglion cells from
degeneration.11,18,19

In addition, we found that GLP-1 receptor agonists were
protective against the development of ocular hypertension,
suggesting their potential IOP-lowering effect. A recent
study by Hallaj et al20 showed that GLP-1 receptor agonists
such as semaglutide and liraglutide are associated signifi-
cantly with a decrease in IOP, particularly in glaucomatous
eyes. Furthermore, a randomized, placebo-controlled, dou-
ble-blind trial demonstrated a reduced incidence of idio-
pathic intracranial hypertension in patients treated with
GLP-1 receptor agonists.21 This reduction in intracranial
pressure was attributed to the inhibition of cerebrospinal
fluid secretion by inhibiting sodium/potassium adenosine
triphosphatase (Naþ/Kþ ATPase) activity within the
choroidal plexus.21 This finding was independent of
weight loss, indicating that the protective effect on
intracranial pressure was the result of direct modulation of
fluid secretion.21 Aqueous humor secretion also depends
on the action of Naþ/Kþ ATPase, and GLP-1 receptor
agonists could inhibit its activity and lower IOP by
decreasing aqueous humor production.12 Furthermore,
research has shown that incubation of human umbilical
vein endothelial cells with GLP-1 significantly increases
the activity of endothelial nitric oxide synthase.22 This
induction of nitric oxide synthesis potentially can enhance
aqueous humor outflow by relaxing the trabecular
meshwork and Schlemm canal.23 These pathways
highlight the significant mechanisms by which GLP-1 re-
ceptor agonists may exert their IOP-lowering effects and
protect against glaucoma.

Another potential mechanism is glycemic control.
Although PSM balanced the HbA1c levels between the
GLP-1 and metformin groups, thereby controlling for gly-
cemic control, it is plausible that the improved management
of diabetes itself could contribute to the reduced risk of
glaucoma. This aligns with existing literature indicating that
poor glycemic control is a significant risk factor for glau-
coma development because of the microvascular and
neurodegenerative damage resulting from chronic hyper-
glycemia.5,6 One study conducted on more than 40 000
patients in the Danish registers found that patients
receiving GLP-1 receptor agonists had a 1-year absolute
decrease in HbA1c by e3.84 mmol/mol (95% CI, e5.36 to
e2.33) compared with metformin users.24 An article
published by the American Diabetes Association
advocated for GLP-1 receptor agonists as a first-line treat-
ment for T2DM, explaining their superiority in glycemic
control.25 Glucagon-like peptide 1 receptor agonists
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Figure 2. Graph showing risk ratios (RRs) with 95% confidence intervals (CIs) for the risk of primary open-angle glaucoma (POAG), ocular hypertension
(OHT), and the need for first-line glaucoma treatments (Tx) in patients treated with GLP-1 receptor agonists compared with those treated with metformin.
The figure shows outcomes at the 1-year, 2-year, and 3-year follow-ups. An RR < 1 indicates a reduced risk of these conditions and treatments in the GLP-1
receptor agonists group compared with the metformin group.
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significantly improve b-cell function, enhance insulin
sensitivity in muscle, and reduce hepatic glucose production
through multiple pathways, unlike metformin, which pri-
marily inhibits hepatic gluconeogenesis.25 Although GLP-1
agonists have not been well examined as a first-line mon-
otherapy for diabetes treatment, our study adds significant
supportive evidence by uniquely comparing the efficacy of
these medications in a cohort of patients with and without
concurrent insulin use.

Moreover, studies have shown that weight reduction is
associated with decreased IOP, which could contribute
further to the reduced risk of ocular hypertension in patients
treated with GLP-1 receptor agonists.26e28 Coster et al28

observed that individuals who experienced a reduction of
2 or more BMI units showed a corresponding decrease in
IOP, with a reduction of 2.86 kg/m2 in BMI linked to a 1-
mmHg drop in IOP. Semaglutide, which was approved in
2014, was the first GLP-1 receptor agonist specifically
approved for chronic weight management, with the more
recent approval of tirzepatide in 2023.29,30 Our study found
a decreased risk of ocular hypertension in patients treated
with GLP-1 receptor agonists after matching for BMI of
patients when entering the study. The effects of potential
weight loss improved glycemic control, neuroprotection,
and the direct IOP-lowering mechanisms of GLP-1 receptor
agonists may explain the observed protective effects against
ocular hypertension and glaucoma.

Although metformin’s neuroprotective effects are prom-
ising, the variability in its impact on glaucoma risk suggests
that its benefits may be less consistent or potent compared
with those of GLP-1 receptor agonists. According to the
American Diabetes Association and the American College
of Physicians, metformin is recommended as the initial
pharmacologic therapy for T2DM.31,32 Although it has
demonstrated potential neuroprotective effects in various
276
models, its specific impact on glaucoma remains less
clear.33 For example, a study published in the Journal of
the American Medical Association in 2015 using the
Clinformatics DataMart Database (OptumInsight) in the
United States found that those prescribed the highest
quartile of metformin hydrochloride (> 1110 g in 2 years)
showed a reduced risk of open-angle glaucoma compared
with those who took no metformin (HR, 0.75; 95% CI,
0.59e0.95).34 However, other studies have reported no
significant association between metformin use and OAG
incidence. A study using the Korean National Health
Insurance database found no statistical association
between metformin use and OAG incidence (HR, 1.05;
95% CI, 0.79e1.40).35 These conflicting findings
highlight the need for further research to clarify the role
of metformin in glaucoma prevention.

Our study aligns with and expands on existing research.
Sterling et al,36 in their study of data from Optum’s de-
identified Clinformatics Data Mart Database, explored the
impact of GLP-1 receptor agonists compared with other
noneGLP-1 diabetic medications and found a protective
effect when GLP-1 receptor agonists were used. In contrast,
Niazi et al,37 in their study of data from the Danish Registry,
demonstrated that although treatment with GLP-1 receptor
agonists for more than 3 years significantly reduced the risk
of glaucoma (HR, 0.71; 95% CI, 0.55e0.91; P ¼ 0.007),
shorter treatment durations of 0 to 1 year (HR, 0.89; 95%
CI, 0.70e1.14) and 1 to 3 years (HR, 0.85; 95% CI,
0.67e1.06) did not yield significant results. These variations
in hazard ratios highlight the potential for GLP-1 receptor
agonists to provide benefits over different durations, con-
trasting with our findings in which early benefits were
apparent. This could be explained by the fact that other
studies included patients receiving second-line treatments,
whereas our study included patients who primarily were
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receiving GLP-1 receptor agonists or metformin, with the
potential for concurrent insulin use. This distinction is
crucial because patients receiving multiple drugs may
reduce the dose of individual drugs compared with those
primarily receiving GLP-1 receptor agonists who may be
receiving higher doses, enhancing their neuroprotective ef-
fects. Additionally, our study included an international
cohort, accounting for geographical and racial diversity,
which may influence associated risks and may provide a
more robust analysis. Future research should compare GLP-
1 receptor agonists against a more general control group to
understand better the mechanisms through which GLP-1
receptor agonists may act, including in those without dia-
betes and those without significant weight management
needs. Such studies will help to elucidate the full potential
of GLP-1 receptor agonists in glaucoma prevention and
provide a deeper understanding of their neuroprotective
benefits.

Our study adds significant supportive and new evidence to
the literature by leveraging the substantial data available
through the TriNetX network, providing a robust platform for
assessing the effects of GLP-1 receptor agonists compared
with metformin in reducing the risk of glaucoma among
patients with T2DM. Our study leverages a global dataset,
encompassing a diverse patient population from 120 health
care organizations across 17 countries. This broad inclusion
enhances the generalizability of our findings. Additionally,
we investigated not only POAG but also ocular hypertension
and the need for first-line glaucoma treatments, providing a
comprehensive view of glaucoma-related conditions. The
large cohort sizes contribute to the robustness of our findings.
We used PSM to ensure comparability between treatment and
control groups, balancing key covariates such as age, sex,
race, ethnicity, hypertensive diseases, hyperlipidemia,
chronic kidney disease, and medication use, including insulin
and corticosteroids. One of the study’s strengths is the
consideration of adequate exposure time. Given the recent
spike in GLP-1 use and the longer history of metformin use, a
discrepancy in exposure time exists between the two medi-
cations. To address this, we ensured that patients had a
represcription of the respective medication at least 1 year
before the observed outcome. By observing outcomes in
relationship to the represcription date, we provided fair
exposure time for both groups, thereby mitigating the impact
of differing exposure durations on our results.
However, our study has limitations. Propensity score
matching has inherent limitations, such as reliance on the
correct specification of the propensity score model and the
potential inability to balance covariates fully if key variables
are omitted or measured poorly. Additionally, PSM can
address only observed confounders, leaving the potential for
residual confounding by unmeasured factors. Despite these
limitations, the use of PSM with the TriNetX platform is a
standard and widely accepted technique in the published
literature. Numerous studies in high-impact journals have
demonstrated the robustness and reliability of using PSM
with TriNetX for retrospective analyses, underscoring its
credibility and strength in producing reliable and general-
izable results.13,38,39 Potential inaccuracies in the coding of
medical data could impact patient selection and outcome
assessment. The TriNetX data lack detailed clinical
assessments such as IOP and IOP fluctuation, which are
important in glaucoma management and could influence
our outcomes. Although we attempted to match for access
to ophthalmology care, it is inherently challenging.
Differential access to ophthalmic review and care could
influence the observed associations, because patients with
more frequent visits may have higher glaucoma diagnosis
rates because of increased screening. It is also important
to acknowledge that the decision to prescribe metformin
versus GLP-1 receptor agonists is influenced by patient-
specific factors such as diabetes severity, comorbid condi-
tions, and physician preference. Additionally, inequities in
race, ethnicity, and socioeconomic status have been noted to
play a role in GLP-1 prescribing patterns, potentially indi-
cating a healthier population at inherently lower risk of
ocular comorbidities.40 These factors could contribute to the
observed differences in glaucoma incidence and should be
considered when interpreting the results.

In conclusion, our study underscores the significant
protective effects of GLP-1 receptor agonists against
POAG and ocular hypertension in patients with T2DM
compared with those treated with metformin. Our findings
reveal that the neuroprotective actions of these agents,
including their anti-inflammatory effects, antioxidative
properties, potentially IOP-lowering effects, may begin to
confer benefits within the first 3 years of therapy. These
insights highlight the importance of incorporating GLP-1
receptor agonists into the clinical management of patients
with diabetes.
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