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Abstract: Objective: To investigate the rela-
tionship between diabetes mellitus (DM) and 
the increased risk of developing glaucoma, 
analyzing pathophysiology, prevalence, diag-
nostic methods and specific treatment strate-
gies. Methodology: Structured bibliographic 
review based on the PVO strategy. The search 
was carried out in the PubMed/MEDLINE 
database, using the terms “diabetes mellitus”, 
“diabetes”, “mellitus”, “glaucoma” and “glauco-
mas”, combined with the Boolean operators 
AND and OR. Thirteen articles were selec-
ted for critical analysis. Discussion: Diabetes 
mellitus is considered a risk factor for incre-
ased intraocular pressure (IOP) and vascular 
dysfunction, although there are conflicting 
data on its direct impact on the development 
of primary open-angle glaucoma (POAG). In-
sulin plays a protective role in retinal ganglion 
cells and has an anti-inflammatory action, but 
it is not enough to prevent cell damage. Ac-
cording to some studies, metformin is asso-
ciated with a reduction in the risk of GPAA, 
while others have found no significant impact. 
Neovascular glaucoma is treated with panre-
tinal photocoagulation and intravitreal injec-
tions of anti-VEGF agents, which reduce IOP 
and prevent irreversible damage. However, a 
multidimensional approach, including strict 
glycemic control, is essential, considering the 
stage of the disease and the underlying con-
ditions. Final thoughts: More robust research 
is needed to validate the efficacy of specific 
drugs. However, early screening for diabetic 
retinopathy remains an essential strategy to 
optimize early diagnosis and improve effecti-
ve preventive approaches.
Keywords: Diabetes Mellitus, Glaucoma, Risk 
Factors.
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INTRODUCTION
Diabetes mellitus (DM) is one of the most 

prevalent metabolic diseases in the world, pro-
jected to affect 634 million people by 2030, and 
represents a growing public health challenge 
due to its chronic complications. These com-
plications include eye diseases such as diabe-
tic retinopathy (DR), cataracts, ocular surface 
changes and glaucoma (Mahmood et al., 2023). 

Studies suggest that individuals with DM 
have a higher risk of developing glaucoma, 
even after adjusting for confounding factors. 
This association reinforces the importance 
of integrated prevention and early diagnosis 
strategies, as well as strict glycemic control, 
aimed at mitigating the impacts of DM on 
ocular health. These measures are essential for 
preserving patients’ quality of life and mini-
mizing the visual and systemic consequences 
of the disease (Zhaoxia; Yu, 2024). Primary 
open-angle glaucoma (POAG), in particular, 
is characterized by progressive and irreversi-
ble damage to the optic nerve and is the lea-
ding cause of irreversible blindness worldwide 
(Jung et al., 2020).

DM and GPAA represent global public heal-
th challenges due to their high prevalence and 
impact on the quality of life of affected indivi-
duals. DR and GPAA share pathophysiological 
mechanisms, such as retinal neurodegenera-
tion and vascular impairment, which increase 
the risk of irreversible visual loss (Kjærsgaard; 
Grauslund; Vestergaard; Subhi, 2022). 

Although glaucoma has the devastating 
potential to cause irreversible blindness, uni-
versal population screening for the disease is 
considered economically unfeasible due to 
its low prevalence compared to DM and DR. 
However, screening programs for DR, which 
are already well established in many coun-
tries, offer an opportunity to incorporate the 
detection of glaucomatous changes. This in-
tegrated approach would make more efficient 
use of existing resources and could address 

the underdiagnosis of glaucoma at early sta-
ges, increasing the effectiveness of early inter-
ventions and reducing the global burden of 
these interrelated eye diseases (Aldarrab; Al 
Jarallah; Al Balawi, 2023).

The projected increase in cases of these di-
seases in the coming decades, coupled with 
late diagnosis and underreporting, justifies the 
need for studies that integrate the understan-
ding of these pathologies. Identifying and ad-
dressing shared risk factors can optimize clini-
cal management strategies and prevent serious 
complications, especially in vulnerable popula-
tions (Aldarrab; Al Jarallah; Al Balawi, 2023).

The aim of this review is to explore the 
association between DM and primary open-
-angle glaucoma (POAG), focusing on shared 
pathophysiological mechanisms, risk factors 
and clinical implications. In addition, it seeks 
to identify opportunities for integrating early 
detection of POAG into screening programs 
for DR, optimizing resources and increasing 
the prevention of serious visual complications.

METHODOLOGY
This study is a literature review based on 

the PVO strategy, which includes the following 
elements: population or research problem, va-
riables and outcome. This strategy was used 
to formulate the research question: “How does 
diabetes mellitus influence the risk of developing 
glaucoma, and what are the pathophysiological 
mechanisms, prevalence, most effective diagnos-
tic methods and recommended treatment strate-
gies for diabetic patients with glaucoma?”.

The searches were carried out in the Pub-
Med - MEDLINE (Medical Literature Analysis 
and Retrieval System Online) database, using 
search terms combined by Boolean operators 
“AND” and “OR”. The search strategy applied 
was: (“diabetes mellitus”[MeSH Terms] OR 
(“diabetes”[All Fields] AND “mellitus”[All 
Fields]) OR “diabetes mellitus”[All Fields]) 
AND (“glaucoma”[MeSH Terms] OR “glau-
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coma”[All Fields] OR “glaucomas”[All Fields] 
OR “glaucoma s”[All Fields]). From this initial 
search, 605 articles were found and submitted 
to selection criteria.

The inclusion criteria involved articles in 
English, published between 2019 and 2024, 
which addressed the proposed themes, inclu-
ding randomized studies, meta-analyses, sys-
tematic reviews and integrative reviews. The 
exclusion criteria included duplicate articles, 
articles available only as abstracts and articles 
that did not directly address the study propo-
sal. After rigorously applying these criteria, 13 
articles were selected from the PubMed data-
base to make up the collection of this review.

DISCUSSION

PATHOPHYSIOLOGICAL 
MECHANISMS AND RISK FACTORS 
ASSOCIATED WITH DIABETES 
MELLITUS AND GLAUCOMA
DM has been widely linked to pathophy-

siological changes that can contribute to the 
development of glaucoma. According to Su et 
al. (2023), DM acts as a risk factor for increa-
sed IOP by interfering with the function of the 
trabecular meshwork. This effect is amplified 
by chronic hyperglycemia, which, associated 
with the process of ischemia and reperfusion 
in the retina, generates retinal hypoxia. These 
events induce the production of pro-neovas-
cularization factors, unbalancing the proces-
ses of pro-angiogenesis and anti-angiogenesis, 
which can lead to structural and functional al-
terations in the ocular system.

Tang, Shi and Fan (2023) reinforce that 
chronic hyperglycemia can cause loss of pe-
ricytes, apoptosis of endothelial cells, thi-
ckening of the basement membrane and im-
pairment of cell adhesion, culminating in the 
breakdown of the blood-retinal barrier. These 
structural processes favor the propagation of 
pro-angiogenic and inflammatory factors, ag-

gravating vascular dysfunction. These mecha-
nisms are critical in the progression of ocular 
diseases, including glaucoma, and highlight 
the complex interaction between metabolic 
alterations and inflammation in ocular patho-
physiology.

Maestroni et al. (2023) highlight the ad-
ditional complexity of the role of IOP in the 
pathogenesis of glaucoma. Despite being fre-
quently associated with the disease, high IOP 
is not a pathognomonic feature, considering 
that up to 40% of patients develop glaucoma 
with normal IOP. These findings indicate that, 
in addition to intraocular pressure, other fac-
tors, such as chronic inflammation and vas-
cular dysfunction, play significant roles in 
glaucomatous optic neuropathy, especially in 
diabetic patients.

Additionally, Lee, Jeon, Kang and Kim 
(2024) suggest that, in addition to the im-
pact of DM, neuroretinal hypertension can 
exacerbate the pathogenesis of glaucomatous 
optic neuropathy. These authors identified ad-
vanced age as one of the main risk factors for 
glaucoma. On the other hand, although they 
found subtle variations related to gender, the-
se differences were not clinically significant, 
suggesting that the impact of metabolic and 
vascular factors is predominant.

According to George, Asokan and Vijaya 
(2021), diabetic individuals have, on avera-
ge, higher IOP than non-diabetic individuals, 
with an average difference of 1.85 mmHg. Al-
terations such as greater corneal rigidity and 
hysteresis have been identified as potential 
contributors to increased IOP in diabetics, 
reinforcing the relationship between DM and 
glaucoma. However, these authors empha-
size that, despite these correlations, diabetes 
should not be considered in isolation as the 
main risk factor, as other factors, such as ad-
vanced age and ocular hypertension, also play 
critical roles.
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THERAPEUTIC AND 
NEUROPROTECTIVE EFFECTS OF 
METFORMIN AND INSULIN IN THE 
CONTEXT OF GLAUCOMA
Insulin has been studied for its potential 

neuroprotective effects in the context of glau-
coma. According to Hou, Moghimi, Baxter 
and Weinreb (2021), insulin plays a crucial 
role in the survival of retinal ganglion cells 
(RGCs), contributing to the reduction of oxi-
dative stress and the maintenance of mito-
chondrial homeostasis. These effects are com-
plemented by anti-inflammatory properties, 
which may mitigate the damage associated 
with the pathophysiology of glaucoma. Howe-
ver, Maestroni et al. (2023) point out that the 
loss of RGCs in diabetic patients is compara-
ble to that observed in glaucoma, suggesting 
that insulin, although promising, may not be 
sufficient as an isolated neuroprotection stra-
tegy in cases of patients with both conditions.

Metformin, widely used in the manage-
ment of type 2 diabetes mellitus, has also been 
associated with potential neuroprotective 
benefits in glaucoma. Hou, Moghimi, Baxter 
and Weinreb (2021) reported that the use of 
metformin significantly reduces the risk of 
developing GPAA in a dose-dependent man-
ner. However, Virtanen, Haukka, Loukovaara 
and Harju (2023) reinforced these findings by 
observing that diabetic patients treated with 
metformin had a lower incidence of GPAA. 
This effect suggests that metformin may mi-
tigate the risks related to the vascular patho-
physiology of diabetes mellitus.

On the other hand, studies carried out in 
specific populations, such as in southern In-
dia, found no significant association between 
the use of metformin and a reduction in the 
risk of POAG. George, Asokan and Vijaya 
(2021) evaluated diabetic patients using me-
tformin and found no significant impact on 
IOP reduction or the prevention of primary 
open-angle glaucoma. These conflicting re-

sults highlight the need for greater methodo-
logical standardization and analysis of con-
founding factors to clarify the therapeutic and 
neuroprotective effects of metformin in diffe-
rent populations.

MULTIDIMENSIONAL 
THERAPEUTIC APPROACHES 
AND CLINICAL MANAGEMENT OF 
NEOVASCULAR GLAUCOMA
Neovascular glaucoma (NVG) is an aggres-

sively progressive condition often associated 
with proliferative diabetic retinopathy (PDR), 
central retinal vein obstruction (CRVO) and 
ocular ischemic syndrome (OIS). Tang, Shi 
and Fan (2023) point out that the combina-
tion of panretinal photocoagulation and in-
travitreal injections of anti-VEGF agents is 
key to controlling neovascularization in the 
early stages of the disease. These treatments 
help to reduce IOP and prevent irreversible 
damage to vision. However, their effectiveness 
decreases in advanced stages, which often re-
sults in high rates of surgical failure, as obser-
ved in trabeculectomy procedures.

Senthil et al. (2021) reinforce the relevance 
of panretinal photocoagulation and anti-VE-
GF agents in the management of neovascular 
glaucoma, pointing out that these interven-
tions are particularly effective in reducing 
IOP in early cases of neovascularization. In a 
study of 100 eyes undergoing trabeculectomy, 
the authors identified PDR as the most preva-
lent cause of NVG (59%), followed by CRVO 
(25%) and OIS (16%). These findings highli-
ght the importance of a multidimensional 
approach, taking into account the stage of the 
disease and underlying conditions.

Complementary approaches, such as Acu-
-TENS and yoga exercises, have also shown be-
nefits in the management of glaucoma. Ismail 
and El-Azeim (2021) reported a significant re-
duction in IOP in patients with primary open-
-angle glaucoma after applying these alternative 
therapies. However, the authors point out that 
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the beneficial effects were only observed in the 
short term, and the lack of prolonged follow-up 
limits the application of these methods as iso-
lated interventions. These results point to the 
need for further studies to assess the feasibility 
of these strategies in the integrated manage-
ment of neovascular glaucoma.

Furthermore, Su et al. (2023) emphasize 
that strict glycemic control should be integra-
ted into therapeutic strategies in the treatment 
of neovascular glaucoma. Population studies 
indicate that patients with type 2 diabetes 
mellitus are more likely to develop angle-clo-
sure glaucoma, the progression of which can 
be aggravated by differences in iris volume. 
These pathophysiological factors should be 
considered when establishing clinical mana-
gement plans.

Finally, Chang et al. (2022) point out that 
the correlation between type 2 diabetes melli-
tus and primary open-angle glaucoma should 
be considered in the context of the therapeu-
tic management of NVG. Multivariate analy-
ses of clinical data suggest that diabetes is in-
dependently associated with a higher risk of 
developing glaucoma, reinforcing the need for 
management strategies that address both the 
underlying conditions and the specific mani-
festations of neovascular glaucoma.

FINAL CONSIDERATIONS 
The relationship between diabetes melli-

tus DM and GPAA has been highlighted, 
highlighting shared pathophysiological me-
chanisms such as microvascular alterations 
and retinal neurodegeneration, as well as the 
impact of strict glycemic control and specific 
therapies in the prevention and management 
of these diseases. However, methodological 
limitations, controversies over the efficacy of 
certain drugs and the scarcity of robust longi-
tudinal data make it difficult to draw definiti-
ve conclusions. Integrating screening for dia-
betic retinopathy with the early detection of 
glaucoma has emerged as a promising strate-
gy, allowing for the optimization of resources 
and more effective interventions. In addition, 
the improvement of preventive approaches, 
the implementation of early interventions and 
the use of neuroprotective therapies have the 
potential to significantly reduce the burden of 
these diseases on global eye health. Further 
studies, with robust methodologies and repre-
sentative samples, are needed to strengthen 
this evidence and contribute to the develop-
ment of integrated and personalized clinical 
strategies.
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