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The global increase in the prevalence of type 2 diabetes has led to the development and implementation of new
classes of antidiabetic medications, introducing advanced therapeutic options for the management of the disease.
These new medications, though primarily designed to regulate blood glucose levels, also have applications in
weight management, potentially transforming the current approaches to diabetes treatment. Newer medications,
however, have ophthalmic side effects with controversies in trials and real-life data. We comprehensively
assessed the ocular benefits and adverse effects of traditional and newer-generation anti-diabetic drugs. Our
primary focus is on how these newer medications affect the stage of diabetic retinopathy. Additionally, we
explore the associations between these medications and other ocular conditions, including age-related macular
degeneration, glaucoma, orbital conditions, and diseases impacting the ocular surface. Furthermore, we provide
contextual background by discussing the ocular effects of traditional anti-diabetic drugs.

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic condition character-
ized by hyperglycemia caused by abnormalities in insulin secretion,
action, or both. This condition leads to microvascular and macro-
vascular complications such as retinopathy, nephropathy, neuropathy,
and cardiovascular disease. °* In the eye, DM is associated with reti-
nopathy (DR), neuropathic keratitis, cataract formation, and glaucoma.
9:45.155 DR is one of the most common causes of blindness worldwide and
is expected to affect approximately 160 million people by 2045. ** It is
classified into 2 groups: nonproliferative DR (NPDR), which presents
with microaneurysms, vascular leakage, exudates, and capillary occlu-
sion, and proliferative (PDR), which involves the formation of new
vessels. '°° Diabetic retinopathy currently has no cure; the available
treatments aim to slow its progression and minimize vision loss from
complications like diabetic macular edema (DME). These treatments
include strict blood sugar control, retinal laser therapy, and intravitreal
injections of anti-vascular endothelial growth factor (VEGF) agents. '

Several medications are available for controlling blood sugar levels,
with different mechanisms of action. These include increasing insulin
release, enhancing insulin sensitivity, decreasing gluconeogenesis, and
reducing glucose absorption from the kidney or small bowel. °° Recent
advancements in pharmacotherapy for diabetes have introduced a wide
range of new medications, each with distinct mechanisms of action and
metabolic effects. '>° These include novel insulin formulations,
sodium-glucose co-transporter 2 (SGLT2) inhibitors, glucagon-like
peptide-1 (GLP-1) receptor agonists, and dipeptidyl peptidase-4
(DPP-4) inhibitors ‘>'*7 (see Fig. 1). While these medications signifi-
cantly enhance glycemic control and offer systemic benefits, their effects
on the ocular system, particularly in the progression or prevention of
DR, are currently under investigation, and multiple theories are sug-
gested. ®1%° One possible cause for the progression of DR could be the
reduction in intravascular osmotic pressure due to the rapid lowering of
HbAlc levels. This reduction creates an osmotic gradient between the
extracellular and intracellular compartments, leading to the movement
of water from areas of high to low osmotic pressure, which mainly
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affects small blood vessels in the eye.>®° Another potential explanation
is the synergistic hypothesis, which posits that the combined action of
insulin and VEGF on retinal blood vessels triggers vascular proliferation,
thereby exacerbating DR. °° Other mechanisms include the breakdown
of the blood-retinal barrier following intensive insulin therapy '°°, and
the upregulation of VEGF by tight glycemic control in a hypoxic envi-
ronment. *°

Besides the effects on DR, these agents may also provide protective
benefits against dry eye, glaucoma, and other retinal diseases; however,
they may exacerbate certain ocular conditions affecting the anterior and
posterior segments and the orbit. '!!

We comprehensively review antidiabetic medications, including
their mechanisms of action, systemic effects, side effects, and, most
importantly, how these medications affect the risk, progression, and
management of DR and other ocular diseases. The adverse effects are
classified according to their impact on various eye segments, such as the
orbit, ocular surface, anterior segment, posterior segment, and optic
nerve.

2. Drugs classification

We present an overview of the methods of action, positive advan-
tages, and ocular side effects connected with different types of anti-
diabetic medications. The adverse effects are classified according to
their impact on various eye segments, such as the orbit, ocular surface,
anterior segment, posterior segment (including findings from optical
coherence tomography [OCT]) and optic nerve. See Table 1.

DR Diabetic retinopathy; AMD Age-related macular degeneration;
DME Diabetic macular edema; RVO Retinal vessel occlusion; T2DM Type
2 diabetes mellitus; PCO Posterior capsular opacity; RP Retinitis pig-
mentosa; PDR Proliferative diabetic retinopathy; DPP-4 Dipeptidyl
Peptidase-4; GLP-1 Glucagon-like Peptide-1; GIP Glucose-dependent
insulinotropic polypeptide; NVG Neovascular glaucoma; SGLT2

Sodium-dependent Glucose Co-transporter 2; ATP Adenosine triphos-
phate; AMP Adenosine monophosphate; K potassium; PPARy Peroxi-
¥

some  proliferator-activated  receptor CNV  Choroidal

neovascularization; TED Thyroid eye disease.

Liver
Metformin
Decrease gluconeogenesis

TZDs
Increase insulin sensitivity

Fat cells
TZDs
Increase glucose uptake
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2.1. Traditional medications

2.1.1. Alpha-glucosidase inhibitors

Alpha-glucosidase inhibitors such as acarbose and miglitol are oral
anti-diabetic drugs that work by inhibiting alpha-glucosidase enzymes
in the brush borders of the small intestine. This inhibition leads to slower
digestion of carbohydrates and a more gradual absorption of glucose,
effectively managing postprandial hyperglycemia by reducing rapid
glucose spikes after meals. °1'°

Regarding ocular effects, most studies focused on their impact on
glycemic control and lowering the chances of DR. > Three animal
studies found that acarbose treatment can reduce or prevent diabetic
changes in the retina by improving glycemic control, preventing base-
ment membrane thickening, and improving retinal arteries’ blood flow.
16,126,143 Also, reducing aldose reductase activity and increasing gluta-
thione levels and lenticular protein may help prevent diabetic cataract
formation in diabetic rats. >' This class of drug has not been associated
with any ocular side effects.

2.1.2. Biguanides

Biguanides, notably metformin, have been extensively used for many
years to treat type 2 diabetes mellitus (T2DM). '*! Metformin’s popu-
larity and widespread use derive from its efficacy, safety profile, and
systemic effects, such as weight maintenance and cardiovascular health.
139 Metformin reduces hepatic glucose production (gluconeogenesis)
and enhances insulin sensitivity, leading to higher glucose uptake and
utilization in peripheral tissues. Unlike other antidiabetic drugs, this
medicine does not stimulate insulin secretion, so it does not cause hy-
poglycemia, 1*°

Metformin does not directly affect the eye or vision; however, its
critical function in systemic glucose management may indirectly benefit
ocular health by lowering the risk and progression of DR. ''' Some
studies investigated the potential of metformin for preventing the onset
and progression of DR due to its anti-inflammatory and
anti-angiogenesis properties. These effects are attributed to an increase
in thrombospondin-1 levels and a reduction in plasminogen activator
inhibitor-1 activity, which enhances fibrinolytic activity. '*® Addition-
ally, metformin has been found to enhance the effectiveness of

¢go
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Metformin and TZDs
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Fig. 1. Anti-diabetic drugs’ mechanisms. Glucagon-like peptide 1 (GLP-1), Thiazolidinediones (TZDs), Dipeptidyl peptidase 4 (DPP-4), Sodium-glucose cotransporter

2 (SGLT-2).
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Table 1
Mechanisms, systemic and ocular effects of anti-diabetic drugs.
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Drugs Mechanisms of effect

Ocular benefits

Ocular side effects

Traditional medications
Alpha-Glucosidase
Inhibitors

Inhibition of alpha-glucosidase enzymes in the small intestine

— Acarbose
— Miglitol

— Voglibose
Biguanides Activation of AMP-activated protein kinase

— Metformin

Insulin Cellular glucose absorption, preventing gluconeogenesis

Thiazolidinediones
(TZDs)

activating PPARy and improving insulin sensitivity

— Pioglitazone
— Rosiglitazone

SulfonylureasFirst
generation:

Close ATP-sensitive K-channels in the beta-cell plasma
membrane and stimulate insulin production

— Tolbutamide
— Chlorpropamide
Second generation:

— Glibenclamide

— Glipizide

— Glyburide

— Glimepiride

Newer-generation medications

DPP—4 Inhibitors Inhibiting the DPP—4, stopping the degradation of GLP—1 and

GIP incretin hormones, and stimulating the insulin release

— Sitagliptin

— Vildagliptin

— Linagliptin

— Saxagliptin

— Alogliptin

— Evogliptin

— Gemigliptin

GLP—1 Agonists Increasing glucose-dependent insulin secretion, inhibiting

glucagon release, and delaying stomach emptying

— Semaglutide
(Ozempic®)

— Exenatide

— Liraglutide

— Dulaglutide

— Albiglutide

— Lixisenatide

Both GIP and GLP—1

Agonist

Increasing glucose-dependent insulin secretion, Inhibiting
glucagon release, and delaying stomach emptying

— Tirzepatide
(Mounjaro®)

SGLT2 Inhibitors Inhibit the SGLT2 protein in the kidneys and decrease the
absorption of glucose
— Canagliflozin
— Dapagliflozin
— Empagliflozin
— Ertugliflozin

Protective effect on DR
Preventive diabetic cataract development

Protective effect on DR and DME
Decreasing the risk of RVO in diabetic
patients

Preventive effect in AMD

Preventive effect in RP

Controlling uveitis

Preventive diabetic cataract development
Decrease PCO after cataract surgery
Protecting bleb failure in glaucoma
filtration surgery

Decrease the risk of glaucoma
Controlling corneal neovascularization
Corneal burn ulcer healing

Decrease glaucoma in patients with T2DM
Long-term controlling DR

Corneal epithelial healing in diabetic
keratopathy and dry eye diseases
Controlling DR

Neuroprotective effect in glaucoma
Decrease incidence and progression of
AMD

Preventive effect on diabetic dry eye
Preventive effect on corneal
neovascularization

Preventive effect on conjunctival scarring
Controlling DR

Decreasing the risk of glaucoma

Protective effect on DR

Anti-angiogenesis effect

Neuroprotection

Preventive diabetic cataract development
Maintaining bleb function after glaucoma
filtering surgery in NVG

Long-term controlling DR
Decreasing diabetic dry eye
Decreasing the risk of glaucoma

Long-term controlling DR

Controlling DR
Decreasing the risk of glaucoma
Decreasing diabetic dry eye

No reported side effect

No reported side effect

— Early worsening of DR

— Temporary refractive
changes

— Early worsening of DR or
DME

— Exacerbation of TED

— No reported side effect

— Early worsening of DR
— Ocular cicatricial pemphigoid

- Early worsening of DR
- Nonarteritic Anterior Ischemic
Optic Neuropathy

— Early worsening of DR

— Progression to PDR
— Increased risk of RVO
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anti-VEGF injections in treating DME, thereby improving control over
DME and enhancing visual acuity. ''®

A population-based cohort of retinal vessel occlusion (RVO) patients
showed that older age, hypertension, and DR were the risk factors.
Metformin was protective against RVO in patients with DM. 7/

Metformin may offer protection against retinitis pigmentosa by
reducing light-induced retinal degeneration and apoptosis, suppressing
the activation of microglia and Miiller cells, improving retinal blood
capillaries, and providing neuroprotective effects. 28 1t could also sup-
press ocular inflammation in rats by reducing leukocyte infiltration and
cytokine secretion and inhibiting inflammatory proteins and transcrip-
tion factors. 2

Further research has explored metformin’s role in reducing age-
related macular degeneration (AMD) incidence and progression. A
large study found that metformin may reduce the risk of developing
geographic atrophy by 12 %. 7 Another study showed that metformin
had a protective effect against AMD in non-diabetic cases. > A recent
study reported that cumulative doses below 1080 g over 24 months
significantly reduced the likelihood of neovascular AMD, especially in
patients without DR. ®*

Metformin is suggested to reduce the risk of open-angle glaucoma
(OAG) by 25 % in diabetic patients through improved glycemic control
and modulation of neurogenesis and inflammatory systems. Each addi-
tional gram of metformin is associated with a 0.16 % reduction in OAG
risk. 7® The molecular mechanisms involved are believed to relate to
fibrotic signaling pathways, mitochondrial bioenergetics, and NAD
oxidation. °® Metformin’s antiinflammatory and antifibrotic properties
might also prevent the formation of scarring in the filtrating blebs
following glaucoma filtration surgery. ’°

Innovative applications of metformin include the development of
metformin-loaded silk fibroin microparticles as a topical therapy for
corneal neovascularization, which is showing promise in animal studies.
192 For instance, rabbit models of corneal burn ulcers treated with
metformin exhibited decreased corneal edema and inflammation,
enhanced epithelial repair, and improved collagen structure in the
cornea, leading to better healing outcomes. °

Finally, metformin has been found to increase glutathione levels in
the lens, which may confer protection against diabetic cataract. 144 1t
also appears to downregulate the epithelial-to-mesenchymal transition
in residual cells, potentially protecting against posterior capsular opa-
cification after cataract surgery. °°

2.1.3. Exogenous insulin

Insulin regulates blood glucose by promoting glucose uptake in
muscle and fat cells and inhibiting hepatic glucose production, thereby
directly lowering blood sugar levels. ®” Long-term benefits of insulin
therapy include a significant slowdown in the progression of DR, espe-
cially in individuals with PDR or severe NPDR, primarily through
effective blood sugar control.

The presence of insulin in tears and insulin receptors on the ocular
surface highlights its role in managing ocular surface diseases. '°
Topical insulin has been used to promote corneal epithelial proliferation
and migration, treating diabetic keratopathy through the induction of
Akt signaling. '°° Animal studies, such as those by Chen and coworkers'”
and Médulo and coworkers®®, demonstrate its efficacy in accelerating
corneal wound healing in diabetic rats by promoting nerve regeneration,
increasing substance P and calcitonin gene-related peptide levels, and
preventing lipofuscin-like inclusions in the lacrimal gland associated
with diabetic dry eye syndrome. ®® Burgos-Blasco and coworkers also
noted the beneficial effects of off-label topical insulin in treating dry eye
disease with epithelial damage. '° The exact mechanisms of insulin’s
effect on diabetic keratopathy are not fully understood, but it is attrib-
uted to increased cell proliferation. '*°

Despite these benefits, insulin therapy may have adverse effects.
Initiating insulin therapy might achieve strict glycemic control, but
could cause fluctuations in blood glucose levels, potentially worsening
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DR temporarily. °° Studies by Polak and coworkers and Jingi and cow-
orkersfound that exogenous insulin could increase ophthalmic artery
and choroid blood flow without affecting retinal blood flow ° and
might synergize with VEGF from the ischemic retina °°, thereby exac-
erbating DR. Moreover, topical insulin treatment has been linked to
increased retinal acellular capillaries and significant vascular damage ©’
and may decrease retinal blood flow in diabetic eyes, contributing to
retinal hypoxia, capillary vasodilation, and increased edema through
blood-retinal barrier breakdown. '

Additionally, insulin treatment may cause short-term changes to the
ocular surface and focusing capability, impacting lens and cornea
thickness and resulting in transient hyperopia and hazy vision. 115140

2.1.4. Thiazolidinediones

Thiazolidinediones (TZDs), commonly referred to as glitazones,
target peroxisome proliferator-activated receptor gamma (PPARY), a
nuclear receptor that regulates fatty acid storage, insulin sensitivity, and
adipogenesis. These medications enhance insulin sensitivity and reduce
blood glucose levels without stimulating insulin production. '°® Piogli-
tazone is the most commonly used TZD, mainly because it improves
glycemic control and has beneficial effects on lipid profiles. Rosiglita-
zone usage has diminished due to concerns about its cardiovascular
risks.

The impact of TZDs on DR and DME remains controversial. Some
studies have linked TZD use with an increased risk of DME, °>°>°° which
may be attributed to increased plasma volume from reduced renal so-
dium excretion. °° Conversely, findings from the ACCORD trial showed
no association between TZD use and the incidence or progression of
DME or DR * and visual acuity outcomes. *' Additional research, such as
that by Shen and coworkers, suggests that rosiglitazone might delay the
onset of PDR due to its antiangiogenic properties. A study by Shani and
coworkers reported that rosiglitazone had been linked to increased rates
of intensive eye treatments such as laser therapy and vitrectomy. Still, it
could be related to slightly higher HbAlc levels observed in users than
controls. ¢ Other studies indicate that TZDs may reduce the progres-
sion to PDR and lessen visual acuity loss °”''%; however, some
community-based studies have reported increased rates of laser treat-
ment and vitrectomy following long-term use of this class of drug. ''°

PPAR-y agonists, including TZDs, have demonstrated neuro-
protective and antioxidant activities. ° Animal studies have shown that
pioglitazone can protect retinal ganglion cells and prevent axonal
degeneration in glaucoma. '°' Additionally, pioglitazone may manage
PDR effectively by preventing fibrotic changes in retinal pigment
epithelial cells through the inhibition of TGF-p pathways “° and may
reduce inflammation in exudative AMD '*? and uveitis. >

The role of TZDs in thyroid eye disease (TED) is mixed. Some evi-
dence suggests that while PPAR y exacerbates TED, its anti-
inflammatory and anti-fibrotic effects could be protective. **5*12! In
vitro and animal model studies have also shown that PPAR-y agonists
can reduce inflammation °® and have therapeutic effects on ocular
conditions like dry eye °!, corneal inflammation °?, *° and neo-
vascularization, highlighting their potential utility in reducing scarring
following pterygium or glaucoma filtering surgery. *4>1%3

2.1.5. Sulfonylureas

Sulfonylureas have played a vital role in managing T2DM since their
introduction in the 1950s. These medications primarily enhance blood
glucose control by stimulating insulin production from pancreatic beta
cells and closing ATP-sensitive K channels in the beta-cell plasma
membrane. '°® Second-generation sulfonylureas, such as glibenclamide,
glipizide, glyburide, and glimepiride, are favored due to their enhanced
efficacy, reduced risk of hypoglycemia, and more convenient dosing
schedules compared to first-generation agents like tolbutamide and
chlorpropamide. 2%:1%°

The landmark UKPDS study, which involved 3867 individuals newly
diagnosed with T2DM, demonstrated that intensive glucose regulation
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using insulin or sulfonylureas could reduce the risk of DR, °’ later
confirmed by Berdugo and coworkers. '! Notably, gliclazide has been
shown to prevent retinal leukostasis and directly improve retinal
microvascular abnormalities independent of its blood sugar control ef-
fects. °® On the other hand, Tang and coworkers reported a higher risk of
DR with sulfonylureas compared to placebo and SGLT2 inhibitors. %%

The SURI1 receptor binds glibenclamide and is present in rodents and
human retinas. The interaction between glibenclamide and the receptor
might prevent cell death and help maintain visual function. '° Moreover,
sulfonylureas have been suggested to possess ocular hypotensive prop-
erties and direct neuroprotective actions on retinal ganglion cells,
potentially offering a protective effect against glaucoma. ' Nonetheless,
this class of drugs has also been associated with higher intraocular
pressure in the general population, indicating a need for cautious eval-
uation of their ocular effects.

2.2. Newer-generation medications

2.2.1. Dipeptidyl peptidase-4 Inhibitors

Dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors) drugs are a class
of oral hypoglycemic medication for T2DM delaying the breakdown of
glucagon-like peptide-1 (GLP-1), enhancing insulin sensitivity in pe-
ripheral tissues. 327,145 This mechanism helps improve fasting and
postprandial blood glucose levels without directly stimulating insulin
secretion, thus reducing the risk of hypoglycemia. ''® Their neutral ef-
fect on body weight makes them a preferred choice for patients con-
cerned about weight gain from diabetes treatment. >

Recent studies have demonstrated the ocular benefits of DPP-4 in-
hibitors. For instance, Seo and coworkers found that evogliptin could
inhibit abnormal angiogenesis in a mouse model with PDR by sup-
pressing VEGF production. ''* In an animal study, Kolibabka and co-
workers observed the anti-VEGF effects of linagliptin in oxygen-induced
retinopathy, independent of GLP-1R signaling. °® Linagliptin has also
been shown to attenuate local inflammation by reducing monocyte
attachment to vascular endothelial cells in invitro culture and
decreasing the generation of inflammatory interleukins and reactive
oxygen species. /* Additionally, sitagliptin has been noted to prevent
redistribution of occludin and claudin-5 caused by diabetes, *° prevent
blood-retina barrier breakdown, >® and provide neuroprotection by
preserving crucial presynaptic proteins in diabetic rats. '°®!%7 The
topical application of sitagliptin and saxagliptin has effectively pre-
vented various retinal abnormalities in early-stage DR. '2

Gemigliptin may prevent retinal pericytes’ apoptosis and vascular
leakage due to high blood sugar and treat retinal neovascularization in
oxygen-induced retinopathy by reducing overexpression of plasminogen
activator inhibitor-1. %!

Recently, DPP-4 inhibitors have been shown to maintain the filtering
bleb in diabetic eyes post-trabeculectomy for neovascular glaucoma by
inducing anti-fibrotic changes by inhibiting transforming growth factor-
beta (TGF-p)/Smad signaling. 146

Despite these benefits, concerns have been raised about the potential
for DPP-4 inhibitors to exacerbate DR, especially in the initial treatment
period. °° In both in vitro and in vivo models, DPP-4 inhibitors have been
associated with increased vascular leakage mediated through the
SDF-10/CXCR4/Src/VE-cadherin signaling pathways. ’! Large-scale
epidemiological studies suggest a potential initial increased risk of DR
when starting treatment with DPP-4 inhibitors, compared to other
anti-diabetic drugs; however, no overall increased risk of DR has been
observed over the long term. ©°

There have also been numerous reports of systemic bullous pem-
phigoid '?° and a notable case of ocular cicatricial pemphigoid associ-
ated with DPP-4 inhibitor use, *> emphasizing the need for careful
monitoring of patients in this medication class.
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2.2.2. Glucagon-like peptide-1 receptor agonists (GLP-1RAs) and dual-
action GLP-1 and glucose-dependent insulinotropic polypeptide agonists

GLP-1RAs, such as semaglutide, represent a revolutionizing class of
treatments for T2DM. These drugs mimic endogenous GLP-1 by
enhancing glucose-dependent insulin secretion, reducing glucagon
release, slowing stomach emptying, and decreasing appetite, thereby
facilitating weight loss. ®' Their additional advantages include a lower
risk of hypoglycemia, once-weekly dosing, and protective effects on
cardiovascular and renal health, !18333542105150  conyerely,
glucose-dependent insulinotropic polypeptide (GIP) receptor agonists
are a newer class of anti-diabetic drugs that augment insulin secretion by
activating pancreatic GIP receptors. 70

Tirzepatide, which combines the actions of GLP-1 and GIP receptor
agonists, has shown significant efficacy in reducing blood glucose
levels.®®

GLP-1 and its receptor, GLP-1R, are expressed in the human retina.
48104 1n a study by Hernandez and coworkers, topical administration of
a GLP-1R agonist demonstrated a remarkable effect against neuronal
damage by modulating glutamate levels and enhancing survival
signaling pathways, holding promise for treating neurodegeneration in
early DR. *® A study by Zhai and coworkers indicated that exendin-4, a
GLP-1R agonist, restored the patency of retina capillaries under ischemic
reperfusion conditions. '°? GLP-1R agonists can help manage DR by
decreasing nerve cell damage and glial cell activation, protecting the
blood-retinal  barrier, and providing anti-oxidative = and
anti-inflammatory effects. °*°°

Large-scale studies and clinical trials have yielded mixed results
regarding the risk of diabetic retinopathy (DR) associated with GLP-1RA
use. While some studies suggest a reduced risk compared to insulin, *°
others report an increased risk of DR progression, especially in the early
stages of treatment. The first case of DR worsening with Exenatide was
reported in 2009. '* Additionally, Kapoor and coworkers found that
albiglutide increased the risk of early-stage DR. ®® Given the potential
risk of DR progression, large-scale clinical trials, such as those by
Yoshida and coworkers, recommend avoiding these drugs in patients
with known DR or those at high risk for developing DR. '*’ The
PIONEER 6 study indicated that oral semaglutide caused a 0.8 % in-
crease in DR rates, even though patients with PDR were excluded. >4 The
SUSTAIN 6 trial further showed that various DR presentations, including
vitreous hemorrhage, need for anti-VEGF injections or photocoagula-
tion, and blindness, were significantly higher in patients treated with
Semaglutide. ®> The ongoing FOCUS study, a 5-year case-control study
comparing the effects of semaglutide to placebo on DR, will publish its
results in 2026. °° Treatment with GLP-1R agonists can lead to more
significant progression to PDR and a higher risk of DME compared to
treatments with SGLT-2 inhibitors. '** Notably, a remarkable deterio-
ration of PDR and DME was observed after just 4 months of GLP-1R
agonist treatment. '* Several factors contribute to the progression of
diabetic DR despite improved glycemic control, including prolonged
diabetes duration, presence of DR at onset, degree of HbAlc reduction
and rapid glycemic improvement, and higher initial HbAlc levels. '

Despite previous evidence that significant HbAlc reduction is asso-
ciated with transient worsening of DR, “>“ extensive retrospective
clinical cohort studies and meta-analyses reported that GLP-1R agonists
are not linked to an increased risk of DR. *”"'?% In a retrospective anal-
ysis, 80 % of diabetic patients treated with GLP-1R agonists for ten
months showed improved DR despite an initial transient worsening
associated with rapid glycemic improvement; '** however, with sem-
aglutide treatment, around 10-20 % of patients’ DR and ME deteriorate;
that rate is larger among those who already have advanced DR and DME.
"1 Continued treatment leads to long-term benefits in managing reti-
nopathy. '%*

A recent retrospective cohort study by Hathaway and coworkers
suggested an association between semaglutide and nonarteritic anterior
ischemic optic neuropathy (NAION). In the 710 patients with T2DM,
there were 17 cases of NAION among patients prescribed semaglutide,
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compared to 6 cases in the non-GLP-1RA antidiabetes cohort. Among
979 patients who were overweight or obese, 20 NAION events occurred
in the semaglutide group, while 3 events were reported in the non-GLP-
1RA cohort. ¥’

In three separate studies, the incidence of DR associated with tirze-
patide, which acts on GLP-1 and GIP receptors, remained below 2 %.
This indicates that the risk of developing DR or related conditions does
not increase when compared to therapies that only target the GLP-1R. **
34,80

In a retrospective cohort study conducted by Sterling and coworkers,
it was found that diabetic patients treated with GLP-1R agonists had a
lower risk of new glaucoma diagnosis compared to those using other
anti-diabetic medications. '>* Another retrospective cohort study by
Chuang demonstrates that GLP-1R agonist is associated with a lower
incidence of OAG in patients with T2DM. 2° GLP-1 receptor agonists are
typically known to maintain vascular integrity and suppress inflamma-
tion, which can contribute to the risk of developing OAG. '*!

As GLP-1 and GIP receptor agonists evolve, clinicians must carefully
monitor their effects, particularly in patients with pre-existing retinal
conditions, to ensure optimal outcomes and prevent potential compli-
cations that could impact vision.

2.2.3. Sodium-dependent glucose co-transporter 2 (SGLT2) inhibitors

Sodium-glucose co-transporter 2 (SGLT2) inhibitors represent a
novel class of oral medication for T2DM that works by inhibiting SGLT2
in the proximal tubules of the kidney. This action prevents glucose
reabsorption from the urine into the bloodstream, promoting glucose
excretion without affecting insulin secretion. *>'!! A recent experi-
mental study reported their role in reducing the microvascular compli-
cations that can result in nephropathy, retinopathy, and neuropathy. '’

The direct impacts of SGLT2 inhibitors on ocular health have not
been extensively studied, yet their role in overall diabetes management
could potentially lower the risk of developing DR. ' Studies, including
post-hoc analyses and meta-analyses, suggest a protective effect against
DR, although there have been reports of increased risk of vitreous
hemorrhage with specific drugs like canagliflozin. 25873137154 The
mechanisms behind this side effect remain unclear.

In comparative studies, Lin and coworkers showed that patients
treated with SGLT2 inhibitors had a lower rate of PDR and fewer vit-
reoretinal interventions than those receiving GLP-1R agonists, possibly
due to a smaller decline in HbAlc. ’® '?® Fernandes and coworkers re-
ported that dapagliflozin might protect against gradual retinal thinning
in diabetic patients, which is a benefit of reduced hypoxia and inflam-
matory/oxidative stress. °° A human case study highlighted the bene-
ficial effects of SGLT2 inhibitors on recovery from DME after 16 weeks of
treatment with Ipragliflozin, '*® while animal studies demonstrated
protective effects against diabetic cataract progression and retinal
functional abnormalities as detected by electroretinogram. %/

Recent epidemiological evidence is mixed regarding the risk of RVO.
One study reported an increased risk with SGLT2 inhibitors in com-
parison to other glucose-lowering drugs, especially in older individuals
and those with lower renal function. ’> Another study found that SGLT2
inhibitor users had lower rates of RVO and related complications than
DPP-4 inhibitor users. ’°

Furthermore, recent research suggests that SGLT2 inhibitors may
offer a reduced risk of glaucoma, ''” and dry eye disease in patients
treated with SGLT2 inhibitors compared to other medications, likely due
to their anti-inflammatory properties. '%*

Overall, while SGLT2 inhibitors present promising benefits for dia-
betes management, their comprehensive impact, especially concerning
ocular health, warrants careful consideration and further research to
understand their therapeutic potential and limitations fully.

3. Conclusion

We provide a comprehensive overview of antidiabetic medications,
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detailing their mechanisms of action, systemic and ocular effects, and
potential side effects and emphasize the impact of these drugs on DR and
its progression, along with other ocular disease. This review highlights
that, while antidiabetic medications are crucial for managing DR over
the long term, certain drugs, including newer ones like DPP-4 inhibitors,
GLP-1 receptor agonists, and SGLT2 inhibitors, may initially worsen DR
and DME. Notably, recent applications of medicines such as GLP-1R
agonist (Ozempic®) and dual action GIP-1 and GLP-1 agonist (Moun-
jaro®) extend beyond diabetes management to include antiobesity
treatments. We emphasize the importance of closer follow-up in patients
who recently started new-generation drugs; however, conflicting reports
on their side effects underscore the necessity for more extensive and
prolonged research. Additionally, we note that some antidiabetic drugs
offer protective benefits against other eye conditions like AMD, glau-
coma, cataracts, and diseases affecting the ocular surface, attributed to
their antiinflammatory and neuroprotective properties, particularly in
newer drug generations. We also discuss how different segments of the
eye might exhibit side effects from these medications, with specific ex-
amples including ocular cicatricial pemphigoid from DPP-4 inhibitors,
RVO from SGLT2 inhibitors, and TED from thiazolidinediones. We
conclude by emphasizing the need for additional studies to compre-
hensively explore the diverse impacts of anti-diabetic medications on
eye health.

4. Future directions

Anti-diabetic medications, increasingly used for various purposes
like weight management, necessitate a shift towards in-depth and
enduring research to elucidate their impact on eye health. It’s essential
to evaluate the long-term effects of these drugs during clinical trials to
gain a clearer picture. The emergence of novel anti-diabetic categories,
such as twincretins, places a spotlight on their potential implications for
DR and other eye-related conditions. The research aims to cultivate a
detailed comprehension of the interaction between these drugs and eye
health, with a focus on DR. Considering the noninvasive imaging and Al-
based early detection of DR may help to support the identification of
ocular side effects in routine clinical practice among primary care
physicians, and non-ophthalmic practices. Detecting adverse outcomes
is crucial for refining treatment approaches for diabetic patients,
ensuring their overall and ocular health is maintained.

Method

A PubMed and Google Scholar literature search was conducted in
May 2024, focusing on recent studies. We used only the English lan-
guage articles. We used “anti-diabetic,” “Hyperglycemia,” “Diabetic
retinopathy,” “Retina,” “Macular edema,” “Microvascular,” “Lens,”
“Cornea,” “Orbit,” and “Glaucoma” keywords. Then we added each class
of anti-diabetic drugs into our search, including Alpha-Glucosidase In-
hibitors, Biguanides, DPP-4 Inhibitor, insulin, GLP-1 Agonists, GIP Re-
ceptor  Agonists, SGLT2  Inhibitors, Sulfonylureas, and
Thiazolidinediones. The author utilized Al assistance from Microsoft
Copilot for English language editing support.
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