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ABSTRACT

Objectives: To determine the role of SGLT2 Inhibitors in diabetic retinopathy by
comparing the incidence and severity of retinopathy in patients using SGLT2
inhibitors with those using other antidiabetic therapies. Study design: Case-control
study. Place and duration of study: This study was conducted at the department of
Medicine, PAF Hospital, Islamabad from Apr 2024-March 2025. Methods: A total of
300 type 2 diabetic patients using SGLT2 inhibitors (Dapagliflozin, Empagliflozin) for
at least 3 consecutive years with HbAlc <7.5% were included as the study group.
Another 300 patients on non-SGLT2 antidiabetic regimens, matched for treatment
duration and glycemic control, were included as the control group. Primary objective
was set as the incidence and severity of diabetic retinopathy. These primary
outcomes were compared between the two groups to find the role of SGLT2
Inhibitors in diabetic retinopathy. Results: The mean age in this study was 53.76 *
8.82 years (ranged from 34 to 70 years). Comparison of the incidence and severity
showed a significantly lower incidence of diabetic retinopathy (<0.01), non-
proliferative retinopathy (p=0.02) and proliferative retinopathy (p=0.04) in the
study group compared to the control group. However, difference was non-significant
for the presence of advanced retinopathy or macular abnormalities (p=0.78).
Conclusion: SGLT2 inhibitors demonstrated substantial preventive benefits in
reducing the incidence and progression of diabetic retinopathy compared to other
antidiabetic therapies, particularly for non-proliferative and proliferative
retinopathy stages.

INTRODUCTION

vasculature in shape of disruption of the blood-retinal
barrier, thickening of capillary basement membrane, loss

Diabetic retinopathy (DR) represents predominant and
devastating microvascular sequelae of diabetes mellitus
(DM), distinguished by gradual deterioration of retinal
vasculature, estimated to affect 33% of the global diabetic
population. Despite the available strategies for controlling
glycaemia and recent advances in ophthalmological
interventions, DR remains a primary contributor of
preventable blindness with forecasts suggesting a rise
from 103 million to 160 million from year 2020 to year
2045. Current strategies focus on a good control of blood
glucose levels, blood pressure, and lipid levels, yet the
progression of DR continues in a significant number of
diabetic patients and reinforce the urgent need for other
therapeutic modalities in addition to commonly employed
management startegies.1?

The pathophysiology of DR involves complex
mechanisms which are initially triggered by chronically
raised glycemic levels. This leads to increased free radical
activities, production of oxygen-derived reactive
molecules, raised inflammatory responses, synthesis of
advanced glycation end products (AGEs), stimulation of
protein kinase C and elevated vascular endothelial growth
factor (VEGF). These changes cause damage to the
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of perivascular supportive cells, and pathological
angiogenesis.  There is ultimate capillary leakage,
neovascularization and macular edema.34

Sodium-glucose co-transporter 2 (SGLT2) inhibitors is
a class of antidiabetics that have provided a new approach
towards type 2 diabetes mellitus (T2DM) management.
SGLT2 Inhibitors counteract the pathophysiological
processes triggered by chronic hyperglycemic conditions
and reduce oxidative stress, decrease inflammation, while
improve the endothelial function.

SGLT?2 inhibitors act by blocking glucose reabsorption
in the proximal renal tubules, the process causes
glycosuria leading a reduction in plasma glucose levels by
enhancing urinary glucose excretion. Besides their effect
of lowering blood glucose, studies have shared the
pleiotropic benefits of SGLT2 inhibitors such as
cardiovascular (CV) risk reduction and renal protection
that extend beyond glycemic control.>¢ Randomized
clinical trials have shown that SGLT2 inhibitors
significantly reduce adverse cardiovascular events,
hospitalizations due to heart failure, and progression of
diabetic kidney disease in large group of patients.57

Page | 977

@@@ @) Copyright © 2025. IIBR Published by Indus Publishers

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.70749/ijbr.v3i6.2043
mailto:mahnoorkhawaja55@gmail.com
https://ijbr.com.pk/

Khawaja, M. et al,,

Role of SGLT2 Inhibitors in Diabetic Retinopathy

Several preclinical studies, conducted on the basis of
above mentioned macrovascular benefits, have shared the
potential retinoprotective effects of SGLT2 inhibitors. In
studies conducted with animal models, the molecules like
empagliflozin and dapagliflozin have shown to slow down
the process of retinal neurodegeneration, reduce retinal
vascular leakage, and regulate the biomarkers related to
inflammation.8? Clinical data regarding the impact of
SGLT2 inhibitors on DR in human is still limited and under
debate, where some observational studies have suggested
a protective effect, while others have reported neutral
outcomes.10

An early intervention which can reduce the vision loss
will improve the quality of life (QOL) of diabetic patients
and help to cut the overall healthcare costs. Our research
was therefore aimed to evaluate the role of SGLT2
inhibitors in reducing the incidence and progression of DR.
The findings of this work will assist the healthcare
professionals in diabetes care centers for recommending
evidence-based treatment strategies that not only ensure
effective glycemic control but also help to prevent future
complications of diabetes.

METHODOLOGY

This case-control study was conducted at the department
of Medicine, PAF Hospital, Islamabad from April 2024 to
March 2025 over a period of 1 year.

The approval of conducting the study was received from
the ethical committee of the hospital.

The sample size was calculated as per following details:
Alpha = 5% (two-sided), power = 80%.

p1 (risk of sight-threatening DR in SGLT2 Inhibitor group)
=51%

p2 (risk of sight-threatening DR in other antidiabetic
group) = 63%.11

The Estimated sample size: n1l = 267, n2 = 267. We
however added 300 patients in each group.

A total of 300 type 2 diabetic patients reporting at
outpatient department using any SGLT2 inhibitor (among
the molecules commonly used in Pakistan like
Dapagliflozin and Empagliflozin) as a part of their
treatment regimen for at least 3 consecutive years and
having their HbA1C levels <7.5% (to minimize the
confounding impact of uncontrolled hyperglycemia on
retinopathy progression) were enrolled in the study
group.

Another 300 type 2 diabetic patients reporting at
outpatient department using antidiabetics other than
SGLT2 inhibitors as a part of their treatment regimen and
with same treatment details and blood glucose control
were enrolled in the control group. Both groups were
matched for key confounding variables including age,
gender, duration of diabetes and baseline HbAlc.
Confirmation of adherence to medication was based on
self-reported questionnaire (defined as 280% of
prescribed doses taken).

Exclusion criteria was set as patients with type 1
diabetes, advanced renal impairment (eGFR <45
ml/min/1.73m?), any pre-existing ocular diseases not
related to diabetes (e.g., glaucoma, macular degeneration),
or a history of ocular surgery in the recent past.
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A written consent was received from each participant
before enrolment in this study.

All the related demographic details, medical history
and current clinical assessments were recorded on the
predesigned performa. An on-site ophthalmologist
assessed DR through direct and indirect ophthalmoscopy
performed and graded as per the standard clinical
classification system, categorizing it as non-proliferative,
proliferative, or macular edema. Visual acuity
measurements were recorded and Snellen chart was used
to evaluate functional vision. Moreover, Vision-
threatening complications, such as advanced retinopathy
or macular abnormalities, were identified through
fundoscopy. In cases of clinical suspicion of severe
complications, optical coherence tomography (OCT) was
conducted by referring to ophthalmology unit for further
confirmation.

Primary objective was set as the incidence of DR, non-
proliferative retinopathy, proliferative retinopathy and
severity of the incidence (presence of vision-threatening
retinopathy such as macular edema). These primary
outcomes were compared between the two groups to
assess the role of SGLT2 Inhibitors in DR.

All collected data were analyzed using SPSS version
26. Quantitative variables such as age, duration of
diabetes, and HbAlc levels were expressed as mean *
standard deviation and compared between the two groups
by applying independent t-test. Categorical variables
including gender, presence and severity of DR (non-
proliferative, proliferative, or macular edema), and other
baseline characteristics were calculated for frequencies
and percentages and then compared using the chi-
square/Fisher’s exact tests. Stratification was applied to
determine these effects based on the duration of
diabetes>5 years. A p-value<0.05 was considered
statistically significant for all these comparisons.

RESULTS

The mean overall age of study participants was 53.76 *
8.82 years (ranged from 34 to 70 years). The group wise
demographics and clinical characteristics are shared in
Table-I which shows that both the groups were well
matched for the confounding factors.

Table 1
Baseline Characteristics of Study Participants (n=600)
Demographics and Sy (Herfa) p-
clinical characteristics group group value
(n=300) (n=300)
Age (Mean+SD) years 53.52+8.95 54.01+8.68 0.49
?ﬂj‘;e n 163 (5433) 166 (55.33)
Gender Feomale n 0.31
%) 137 (45.66) 134 (44.66)
Body mass index 28.77¢2.77  29.02¢281 027

(Mean+SD) Kg/m?

Hypertension n (%) 62 (20.66) 73 (24.33) 0.28
Duration of diabetes

(Mean#SD) years 8.79+2.75 9+2.74 0.35
el el 7.05£0.35 7.1£0.33 0.07

%

The comparison of incidence and severity of DR showed
significantly lower incidence of DR (<0.01), non-
proliferative retinopathy (p=0.02) and proliferative
retinopathy (p=0.04) in the study group compared to the
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control group. This difference was however not significant
for the presence of advanced retinopathy or macular
abnormalities (p=0.78) as shown in Table-II.

Table 2
Comparison of incidence and severity of DR between groups
(n=600)

Study Control

Incidence and grades of DR* group group vzﬁ;le
(n=300) (n=300)
‘((;S)“ 116 (38.7) 161 (53.7)
Presence of DR N(g n <0.01
(%) 184 (61.3) 139 (46.3)
Non- proliferative DR n (%) 61 (20.3) 85 (28.3) 0.02

Proliferative DR n (%)
Advanced retinopathy or
macular abnormalities n (%)

Diabetic retinopathy”

49 (16.3) 69 (23) 0.04
6 (2) 7(2.3) 0.78

The stratification of results for patients having duration of
diabetes>5 years also showed significant difference
regarding the incidences of all stages of DR in the study
group compared to the controlled group except for the
advanced retinopathy or macular abnormalities as shown
in Table-IIL

Table III
Incidence and severity of DR in patients with duration of
diabetes>5 years (n= 531)

Incidence and grades of Sty (e
DR* group group p-value
(n=261) (n=270)
‘({;S) N 111(425) 147 (54.4)
Presence of DR N(()) n <001
%) 150 (57.5) 123 (45.6)
Non- proliferative DR n (%) 52 (20) 75 (27.8) 0.03
Proliferative DR n (%) 43 (16.5) 64 (23.7) 0.04
Advanced retinopathy or
macular abnormalities n 0(0) 2 (0.7) 0.25
(%)
Diabetic retinopathy”
DISCUSSION

The results of our study demonstrated that patients using
SGLT2 inhibitors had significantly lower incidence of DR
compared to those using other antidiabetic medications
(38.7% vs 53.7%, p<0.01). Same results were observed for
other grades of retinopathy including non-proliferative
(20.3% vs 28.3%, p=0.02), and proliferative retinopathy
(16.3% vs 23%, p=0.04). This was also true for the
subgroup of patients with the duration of diabetes >5
years. However, this difference was not significant for
advanced retinopathy or macular abnormalities between
the two groups (p=0.78), suggesting that while SGLT2
inhibitors may help prevent or delay the onset of
retinopathy, they may not affect its progression once
advanced stages are reached or duration of use of SGLT2
inhibitor was not sufficient to show a significant impact on
this stage of DR. These findings align with emerging
evidence suggesting that SGLT2 inhibitors may provide
retinoprotective benefits beyond their glycemic control.
Preclinical studies over the topic have proposed
plausible mechanisms for these observed benefits,
indicating a direct effect of this class of antidiabetics on
retinal structure and functions. Herat LY et al. and
Matthews ] et al. in their reviews worked on the retinal
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microvascular/neural damage in diabetic mice and
mentioned a positive effect of SGLT2 inhibitor
(Dapagliflozin and Empagliflozin respectively) alongside
improved glucose tolerance. Retinal SGLT1 upregulation
in diabetic subjects suggested SGLT1/2 inhibition as a
novel therapeutic strategy for preventing diabetic
retinopathy.1213

A review published by Sha W et al. in 2020, discussed
that this new class of antidiabetics has potential dual role
in both glucose management and diabetic retinopathy
prevention, pointing towards a new therapeutic direction
for clinical research.14

Several clinical studies have further worked and
reinforced the retinoprotective effects of SGLT2 inhibitors
based on population data and use of imaging modalities.
Mieno H et al. conducted a study with 10 eyes and found
that SGLTZ2 inhibitors after 12 months of treatment
significantly reduced central retinal thickness (p<0.01)
and improved vision in vitrectomized eyes with chronic
diabetic macular edema, suggesting potential structural
benefits.15

Sabaner MC et al.,, made the assessment with optical
coherence tomography and found that SGLT2 Inhibitors
combined with metformin in patients with HbA1c>7%
may help prevent preclinical diabetic retinopathy by
preserving retinal microvascular structure.16

A cohort study by Yen F et al. compared the risk of
sight-threatening diabetic retinopathy (STDR) in patients
with T2DM treated with SGLT2 inhibitors versus other
glucose-lowering drugs (DPP-4 inhibitors, pioglitazone,
and sulfonylureas). SGLT2is significantly reduced the risk
of STDR by 25-43% compared to other glucose-lowering
medications. Kaplan-Meier analysis confirmed lower
cumulative STDR incidence with SGLT2is P < 0.001)
suggesting that SGLT2is may slow retinopathy
progression in T2DM, beyond their known renal benefits.11

A comprehensive study on this topic was conducted by
Lin TY et al. in 23,378 type 2 diabetic patients which
compared SGLT2 inhibitors and GLP-1 receptor agonists
for DR risk. While both showed similar overall incidence
(SHR 0.90; 95% CI 0.79-1.03), SGLTZ2is demonstrated
superior protection against vision-threatening
complications, reducing proliferative DR risk by 47% (SHR
0.53; 95% CI 0.42-0.68) and vitreoretinal intervention
need by 42% (SHR 0.58; 95% CI 0.48-0.70) compared to
GLP-1 RAs. These findings suggest that SGLT2is may offer
better protection against advanced DR complications,
offering a major advantages for the diabetic patients.1”

Lahoti S et al. discussed the possible mechanism of
action of above mentioned retinoprotective effects of
SGLT2I proven in different studies and explained them by
reduction in inflammation, oxidative stress and
hyperglycemia-induced vascular damage and emphasized
the need of large-scale clinical trials utilizing standardized
outcomes (e.g., visual acuity, OCT changes) to establish
their role in DR management. Our trial partly fulfilled this
need and confirmed the efficacy of this class in preventing
the development and slowing the worsening of
retinopathy in T2DM.18

In summary, the results of our study and the studies
discussed above suggest that SGLT2 inhibitors not only
improve glycemic control but also confer retinal
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protection, especially in early stages of DR, which
emphasize their potential supporting role as part of
comprehensive diabetes management strategies.

The case-control design and the reliance on self-
reported medication adherence were among the major
limitations of this study. Additionally, three-year
treatment duration may not fully capture the long-term
outcomes of the SGLT2 Inhibitors use in DR.

CONCLUSION
SGLT2 inhibitors demonstrated substantial preventive
benefits in reducing the incidence and progression of DR
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