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Diabetes, Retinopathy, OCT, Diabetes Mellitus is a collective term for heterogeneous metabolic
OCTA, TSPO disorders whose main finding is chronic hyperglycemia. It has several
complications that are mainly categorized into microvascular and
macrovascular complications. In this article, we focus mainly on diabetic
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retinopathy, which is a major preventable cause of blindness worldwide.
Screening and early detection modalities are the principal interests of
researchers in order to stop diabetes complications in the eye. However,
most of the known conventional methods are expensive, time-consuming
and require high professional expertise. Convenient, rapid and accurate
modalities in recent studies are clearly discussed.
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1. INTRODUCTION

Diabetes is a chronic, complicated illness that necessitates ongoing medical attention and comprehensive
reduction of risk factors that go beyond controlling blood sugar levels. People must get ongoing diabetes
self-management education and support in order to feel empowered, avoid acute problems, and lower their
chances of developing serious complications [1]. Globally, the prevalence of diabetes has risen at a startling
rate. An estimated 500 million individuals worldwide have diabetes [2]. According to the 2017 International
Diabetes Federation estimate, 451 million adults worldwide had diabetes in 2017, and 693 million people
are predicted to have the disease by 2045. By 2030, the World Health Organization (WHO) predicts that
over 19% of all adults worldwide will have diabetes mellitus [3].
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Types of Diabetes and Pathophysiology

Diabetes is traditionally categorized into several clinical types, which are classified according to
pathophysiology, genetic, metabolic, and other factors. Which are: Type 1 diabetes (including latent
autoimmune diabetes in adults), Type 2 diabetes, Gestational diabetes mellitus, Specific types such as
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monogenic diabetes syndromes, diseases of the exocrine pancreas, and drug- or chemical-induced diabetes

[4].

An autoimmune response in which the body's immune system targets the pancreatic beta cells that produce
insulin is the etiology of type 1 diabetes. The body consequently generates either very little or no insulin.
The autoimmune reaction is brought on by a confluence of genetic predisposition and an additional
environmental trigger, like a viral infection. Additionally, toxins and some nutritional components have
been linked. Although T1DM can strike at any age, it most commonly affects children and adolescents [2].

The pathophysiology of type 2 diabetes is complicated and multifaceted. Although insulin resistance and
decreased insulin production are thought to be the primary pathogenetic pathways, other factors can result
in persistent hyperglycemia: decreased glucagon-like peptide-1 (GLP1) and other incretin effects; decreased
glucagon secretion; and increased renal reabsorption of glucose [5].

Risk factors and complications of diabetes:

Type 2 diabetes risk factors include being over 45, obesity, having a family history of diabetes, physical
inactivity, having a history of impaired glucose tolerance or impaired fasting glucose, presence of
cardiovascular diseases (CVD), polycystic ovarian syndrome, hypertension, dyslipidemia, and gestational
diabetes [5].

Numerous microvascular and macrovascular complications that are caused by type 2 diabetes (T2D) result
in a significant burden of hospitalizations, quality of life reductions, increased mortality, and costs. To stop
the development of these problems, there should be intensive glycemic control combined with risk factor-
controlling drugs (such as statins, aspirin, ACEI, and more recently, SGLT2i, GLP-1RA) that help lessen
cardiovascular and renal consequences is necessary [6].

Retinopathy, peripheral and autonomic neuropathy, erectile dysfunction, and nephropathy (albuminuria,
chronic kidney disease) are among the microvascular complications of diabetes. Heart failure, peripheral
artery disease (PAD, diabetic foot, amputation), cerebrovascular disease (CVD, stroke, transient ischemic
attack), and coronary artery disease (CAD, myocardial infarction, coronary revascularization, angina) are
examples of macrovascular complications [7].

Diabetic retinopathy

About 30 to 40% of people with diabetes develop diabetic retinopathy (DR), the main visual consequence
of diabetes. Over 100 million people worldwide suffer from DR, which is a major cause of blindness and
visual impairment, particularly in working-age adults [8], [9]. The incidence of retinopathy is 90% in
patients with Type 1 DM after 20 years, whereas it is >60% in those with Type 2 DM. Rarely does T1DM
cause retinopathy prior to puberty [10]. Fortunately, a large portion of DR-related vision loss may be
avoided, and over the past few decades, the incidence of both DR and diabetes-related vision loss has
gradually decreased [8].

In addition to the duration of diabetes, chronic hyperglycemia, nephropathy, hypertension, and dyslipidemia
are other risk factors linked to retinopathy [11], [12]. In addition to high BMI, pregnancy, puberty, and
cataract surgery [13].

Visual loss increases the risk of falls, hip fractures, and mortality by four times. Moreover, Leg amputation
and sight loss caused by diabetic retinopathy are independent predictors of early death among people with
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type 1 diabetes [14]. Therefore, early detection and screening of diabetic eye disease is mandatory to
prevent diabetes complications in the eye.

Diabetic retinopathy screening and follow up
ADA 2025 recommends that patients should have an initial dilated and comprehensive eye examination by
an ophthalmologist or optometrist and recommends the time of eye examination for different types of

diabetes as follows:

o Within 5 years after the diagnosis of diabetes, people with type 1 diabetes should have an initial eye

examination.

e At the time of diagnosis in people with type 2 diabetes

e individuals of childbearing period with preexisting type 1 or type 2 diabetes who are planning
pregnancy or who have become pregnant should be screened before pregnancy or in their first
trimester, and then monitored every trimester and for 1 year postpartum, according to the degree of

retinopathy

e Individuals who develop gestational diabetes Mellitus do not require an eye examination during

pregnancy [11], [13].

If retinopathy is present (14):

e Diagnose retinopathy severity and establish appropriate monitoring intervals (1 year or less)
e Treat sight-threatening retinopathy with laser, pharmacological or surgical therapy

e Review glycemic, BP and lipid control, and adjust therapy to reach targets

e Screen for other diabetes complications

If retinopathy is not present (14):

e Type 1 diabetes: rescreen annually

e Type 2 diabetes: rescreen every 1 to 2 years

e Review glycemic, BP and lipid control, and adjust therapy to reach targets
e Screen for other diabetes complications

Classification of diabetic retinopathy:
American Academy of Ophthalmology (AAQO) 2019 classifies DR as follows:

(TABLE 1) Diabetic Retinopathy Disease Severity Scale and International Clinical Diabetic Retinopathy
Disease Severity Scale (ICDRDSS) as follows:

Disease Severity Level

Findings Observable upon Dilated Ophthalmoscopy

0=No apparent retinopathy

No abnormalities

1=Mild NPDR

Microaneurysms only

2=Moderate NPDR

More than just microaneurysms but less than severe NPDR

3=Severe NPDR
e U.S. definition

e International definition

Any of the following (4-2-1 rule) and no signs of proliferative retinopathy:

* Severe intraretinal hemorrhages and microaneurysms in each of 4 quadrants
* Definite venous beading in 2 or more quadrants

* Moderate IRMA in 1 or more quadrants

Any of the following and no signs of proliferative retinopathy:
* More than 20 intraretinal hemorrhages in each of 4 quadrants
* Definite venous beading in 2 or more quadrants

* Prominent IRMA in 1 or more quadrants
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4=PDR One or both of the following:

+ Neovascularization
* Vitreous/preretinal hemorrhage

IRMA = intraretinal microvascular abnormalities; NPDR = non-proliferative DR; PDR = proliferative DR.
NOTES: Any patient with two or more of the characteristics of severe NPDR is considered to have very
severe NPDR. (15-16)

Conventional techniques for detection of DR:

The crucial step in stopping the advancement of diabetic macular edema, DR and other complications that
could lead to loss of vision is the early diagnosis of retinal abnormalities [17]. Current diabetic retinopathy
screening techniques include retinal fundus imaging and manual evaluation.

Nonetheless, these methods are greatly exhausting and costly, requiring the expertise of highly qualified
professionals for evaluation.

The gold standard imaging technique for detecting diabetic retinopathy is presently stereoscopic color
fundus photography with seven standardized fields of vision. This method can also assist in identifying
DME and mild retinal neovascularization [18]. However, this procedure is laborious and protracted for
patients, since it necessitates the collection of pictures from seven distinct fields [19].

Fluorescein angiography (FA), in addition to fundus imaging, is another often-used technique for screening
for DR and other retinal diseases. FA is an invasive technique that involves giving sodium fluorescein
orally or intravenously and then using rapid sequence photography to assess how well it circulates across
the retina [20]. It helps to identify early alterations in capillary closure, the blood-retinal barrier, and the
development of microaneurysms [20]. Moreover, FA can identify macular ischemia, unlike fundus
photography.

The invasive nature of FA, the time constraints during observation, the requirement for costly equipment,
and side effects like sodium fluorescein allergies are some of its disadvantages [21].

Optical coherence tomography angiography (OCTA)

A new non-invasive, non-contact method called OCTA can produce high-resolution pictures of the
choroidal and retinal arteries. An important part of DR assessment is identifying areas with or without flow,
which is accomplished by OCTA by producing three-dimensional depth-resolved pictures of the retinal and
choroidal vascular system. OCTA offers significant benefits over fluorescein angiogram (FA), though its
inability to detect arterial leakage. Above all, OCTA is noninvasive and can give comprehensive details
regarding the retinal microvasculature in DR without requiring an intravenous contrast material [22].

In the meantime, OCTA image and data acquisition is quicker and easier than FA. Additionally, in contrast
to conventional dye-based angiography, OCTA offers depth-resolved images and can enable distinct
visualization of the superficial, middle, and deep retinal capillary plexuses, potentially providing more
pathological information [23].

Optical coherence tomography (OCT):
OCT is a new optical imaging method that has become an established standard for retinal tomographic
imaging and high-resolution measurements. OCT produces noninvasive, noncontact, high-resolution cross-
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sectional images of the retina. Because it does not rely on pupillary dilation or dye injection, as other
methods do, it lowers the possibility of allergic reactions that could be fatal. OCT images are in the form of
2D or 3D data sets, representing optical reflection or scattering in a cross-sectional plane [24].

OCT makes it possible to quantify retinal thickness more precisely and to image the retina more effectively.
Numerous studies have demonstrated that the incidence of diabetes has varying effects on the inner retinal
layers, making accurate measurement of retinal thickness one of the most significant biomarkers retrieved
from OCT npictures. Therefore, it is preferable to precisely measure and quantify each retinal layer's
properties independently, especially each layer's thickness [21].

OCT enables the effective segmentation of all intraretinal layers and quantitative and qualitative measures
of retinal properties, as well as the detection of minor changes in retinal thickness as diabetes progresses.
Therefore, it may be able to identify early retinal abnormalities in patients with diabetes, which could then
postpone any more complications, identify the likelihood of developing DR, and be used for preventive
treatment before the illness worsens [25].

Serum biomarkers:

DR pathophysiology is multifactorial and has different mechanisms such as proinflammatory mediators,
increased levels of oxidative stress and VEGF secretion. It also causes impairment of neurotransmitters and
neuroprotective factors throughout the retina. In addition to the rupture of endothelial junctions, the
formation of pericyte ghosts, thickening of the basement membrane, and further neovascularization occur
[26].

The inflammatory reactions that occur locally in the retina are mediated by activated microglia which are
present in the plexiform layers of the retina, that become overly reactive and secretes pro-inflammatory
mediators such as cytokines and chemokines. Hence, microglia present a critical target for therapeutic
intervention in the prevention and treatment of neurodegenerative diseases in the retina [27].

Translocator protein (TSPO)

Translocator protein (TSPO; 18 kDa) is a highly structurally conserved hydrophobic protein located on the
outer mitochondrial membrane (OMM). It is responsible for normal physiological cell function,
mitochondrial transport, and mitochondrial homeostasis maintenance [28].

It is distributed in steroidogenic tissues, and one important function is translocating cholesterol from the
cytoplasm into mitochondria, which is the rate-limiting step in the synthesis of neurosteroids and other
steroids. TSPO expression has been detected in the human retina and the Retinal pigment epithelium (RPE)
[29], [30].

It was reported that TSPO was decreased in the early stage of DR in the retina of DR rat models [31].

DR includes mitochondrial dysfunction and oxidative stress damage, both of which accelerate retinal
neuronal apoptosis. Correspondingly, TSPO has been suggested to play a role in the regulation of glucose
metabolism and relieves diabetic neuropathy by reportedly raising neuroactive steroid levels. Thus, TSPO
has been identified as a potential target for diabetes management [32].

[33] reported significantly higher expression levels of TSPO in the peripheral blood of patients with
diabetes than in the controls, and a higher TSPO level n the active proliferative DR subgroup than in the

711



ElHini, et.al, 2025 Fa yi xue za zhi

inactive proliferative DR subgroup.

Notably, several studies have demonstrated that modulation of microglia can improve disease outcomes in
murine DR models. Thus, targeting TSPO to modulate microglia-mediated inflammation could represent a
potential therapeutic approach during the early disease phase [34].

Conclusion

Serum biomarkers consider new trends in the early detection and monitoring of DR in addition to the
detection of the effectiveness of different treatment modalities. They have the privilege of not being
invasive and don’t require expensive equipment. Moreover, human experience doesn’t interfere with their
results.
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