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Diabetes is the cause of several macrovascular and microvascular complications. Macrovascular complications

associated with diabetes include atherosclerosis and stroke; and microvascular complications include diabetic

retinopathy, nephropathy, and neuropathy. Due to the progressive nature of diabetes, diabetes vascular

complications causes the majority of the burden of diabetes with intense consequences on the anatomy, structure,

and function of several cells, tissues, and organs, and consequently on the patient’s well-being.
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1. Diabetic Retinopathy (DR)

DR is the most common microvascular complication of diabetes that can affect the retinal metabolism, physiology,

and microvasculature of the eyes, it is also determined recently as the prominent cause of blindness in the working

population . The impact of DR on normal vision varies broadly depending on the stage of DR and the earliest

stage of DR may be asymptomatic . General symptoms of DR which usually develop gradually could

include temporarily blurred vision, floaters, and flashes of light or blind spots in the field of vision, and gradual or

sudden loss of vision .

Generally, DR is classically categorized into two major classes: non-proliferative DR (NPDR) and proliferative DR

(PDR). NPDR symptoms are defects of the retinal vasculature including hemorrhages such as dot hemorrhages

and blot hemorrhages , hard exudation , cotton wool spots , microaneurysms , and

vascular leakage . The major PDR hallmarks are related to pathological retinal angiogenesis which involves

the growth of new abnormal blood vessels from the pre-existing vascular network, and pathological retinal

neovascularization which encompasses the development of new blood vessels by de novo formation

(vasculogenesis) and angiogenesis . The progression from NPDR to PDR is characterized by

ischemia, hypoxia, and the increased expression of proangiogenic growth factors including vascular endothelial

growth factor (VEGF), fibroblast growth factor-2 (FGF-2), platelet-derived growth factor (PDGF), and angiopoietin-2

(Ang-2) which activate the growth of aberrant retina blood vessels which can protrude into the preretinal space 

.
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Apart from the clinical features already discussed, other hallmark pathological changes in DR include pericyte loss,

microglial activation, modifications to macroglial functions (Müller cells and astrocytes), thickening of the basement

membrane, retinal leukocyte adhesion, blood–retinal barrier (BRB) breakdown, leukostasis, capillary nonperfusion,

and capillary endothelial cell injury and death ; and degeneration of retinal neurons .

Prevailing recommended treatments for DR are laser pan-retinal photocoagulation (PRP) , vitreoretinal

surgery , and anti-VEGF intravitreal injections . Although the aforesaid treatments may slow down the

progression of DR towards blindness, they are not effective in tackling every instance of the disease and have

significant side effects ; therefore, it becomes imperative to find exigent alternatives or adjuvant

therapeutic options to prevent DR or slow down its progression towards blindness.

2. Diabetic Peripheral Neuropathy (DPN)

DPN is a microvascular diabetic complication that is characterized by peripheral nerve dysfunction. DPN is a

significant cause of morbidity in diabetic patients and about half of all diabetic individuals suffer from this

complication . In the clinic, the manifestations of DPN include painful neuropathic sensations and insensitivity,

the latter significantly increases the risk of unintentional injuries, burns, and foot ulcers, which potentially leads to

non-traumatic amputation and a significant reduction in the health status of patients . Once DPN initiates, it

would be irreversible, but progression can be slowed down .

The Toronto Diabetic Neuropathy Expert group categorized DPN into three major classes: (I) possible DPN,

wherein any of the following signs or symptoms may be present: symptoms–decreased sensation, positive

neuropathic sensory symptoms (e.g., “asleep numbness”, prickling or stabbing, burning or aching pain) that

predominantly occur in the toes, feet, or legs, signs—a symmetric decrease in distal sensation or unequivocally

decreased or absent ankle reflexes; (II) probable DPN, wherein two or more of the following signs and symptoms

of neuropathy are present: neuropathic symptoms, decreased distal sensation, or unequivocally decreased or

absent ankle reflexes; and (III) confirmed DPN, wherein nerve conduction is anomalous and a sign or symptom of

neuropathy is present .

DPN is currently managed by tight glycemic control focusing on reducing HbA1c, however, for many patients, it is

challenging to accomplish glycemic control . The pain symptoms of DPN are managed with pharmacological

agents including anticonvulsants (e.g., pregabalin and gabapentin) as the first-line pain therapy, serotonin–

norepinephrine reuptake inhibitors (e.g., duloxetine and venlafaxine), secondary amine tricyclic antidepressants

(e.g., nortriptyline and desipramine) and opioid agonists (e.g., oxycodone and methadone) .

3. Diabetic Nephropathy (DN)

DN is another microvascular diabetic complication that is the global leading cause of end-stage renal disease

(ESRD) and dialysis, constituting about 40% of total patients who need renal replacement therapy . The

mortality rate is about 30 times higher in DN patients compared with other diabetic patients without DN .

[8][9][10] [18][19]

[20][21]

[10] [22][23]

[21][24][25][26][27][28]

[29]

[30][31]

[32]

[30]

[31]

[31][32]

[33][34]

[35]



Diabetic Complications | Encyclopedia.pub

https://encyclopedia.pub/entry/40091 3/8

Glomerular basement membrane (GBM) thickening, mesangial matrix expansion, proteinuria (classically

manifested as albuminuria), the development of characteristic Kimmelstiel–Wilson nodules, and progressive

regression in glomerular filtration rate (GFR) are characteristic features of DN .

DN is classically categorized into five stages based on urinary albumin excretion (UAE), GFR, and blood pressure

(BP) : (1) glomerular hyperfiltration wherein, GFR is normal “>90 mL/min/1.73 m ” or increased, UAE value is

<30 mg/day and blood pressure (BP) is normotensive; (2) silent stage, wherein, GFR is normal. UAE rate is <30

mg/day and BP is ±hypertensive along with thickened basement membrane; (3) incipient nephropathy with GFR of

<60 mL/min/1.73 m , microalbuminuria (UAE of 30–300 mg/day; the earliest clinically detectable sign), and BP of

±hypertensive; (4) overt nephropathy, wherein, GFR is <30 mL/min/1.73 m , macroalbuminuria (UAE of >300

mg/day) and hypertensive BP are present; and ultimately, (5) ESRD, wherein, GFR value is <15 mL/min/1.73 m ,

with conditions of hypertensive BP and macroalbuminuria in which usually dialysis or transplantation is required

.

Currently, tight glycemic and BP control, and the inhibition of the renin–angiotensin-aldosterone system (RAAS) via

angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers are the central approaches of DN

therapy . However, these management approaches have limitations in preventing DN progression towards

ESRD, hence, effective therapies are urgently needed .

4. Diabetes-Induced Cardiovascular and Cerebrovascular
Diseases

Diabetics are at a greater risk of both cardiovascular and cerebrovascular diseases including atherosclerosis,

cardiomyopathy, and stroke, which significantly increase morbidity and mortality in these patients .

Atherosclerosis is a macrovascular disease that is the primary cause of various heart diseases and stroke;

diabetes-induced atherosclerosis is a significant cause of morbidity amongst diabetics . It manifests as intimal

thickening, inflammation, and narrowing of arteries by the build-up of plaques . The Insulin Resistance

Atherosclerosis (IRAS) study  has shown that compared with non-diabetics, diabetics have an increased rate of

progression of carotid atherosclerosis, with diabetics having twice the mean progression of intimal-medial thickness

in both the common carotid artery and the internal carotid artery.

Diabetic cardiomyopathy is the diabetes-induced functional and structural change of the myocardium in the

absence of other risk factors including hypertension, coronary artery disease, and significant valvular disease .

The lack of specific standardized guidelines governing both the diagnosis and treatment of diabetic

cardiomyopathy makes a definitive diagnosis, and treatment problematic . Clinical pathological changes include

cardiac remodeling, diastolic dysfunction, myocardial fibrosis, cardiac stiffness, impaired calcium handling,

increased atrial filling, enlargement, and increased left ventricular end-diastolic pressure .
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Stroke (or cerebrovascular accident) emerges due to the combination of extracranial carotid artery disease and

intracranial vessel diseases . The risk of stroke is increased by 36% in diabetics compared with non-diabetics

 and one-third of all stroke patients are diabetics . There are two main forms of stroke that may feature in

diabetes, ischemic and hemorrhagic stroke, with both having the potential of significantly increasing morbidity and

mortality amongst diabetics ; and in the clinic, stroke is manifested as asymptomatic carotid artery occlusion or

cerebral small vessel disease to transitory ischemic attack .

Strict glycemic and lipid control as well as management of hypertension are essential for managing both diabetes-

induced cardiovascular and cerebrovascular diseases; furthermore, pharmacological interventions for diabetes-

induced cardiovascular diseases including glucagon-like peptide 1 (GLP-1) receptor agonists, agonists of

peroxisome proliferator-activated receptor gamma-γ (PPAR-γ) (e.g., pioglitazone), and the pharmacological

inhibition of sodium-glucose cotransporter type 2 (SGLT2) and RAAS (e.g., by an angiotensin-converting enzyme

(ACE) inhibitor or an angiotensin-receptor blocker) have shown clinical benefits . Pharmacological

interventions that can prevent stroke in diabetics include pioglitazone and anti-platelet drugs, such as, clopidogrel

and aspirin; however, to reduce the combined risk of ischemic stroke, myocardial infarction or vascular death,

clopidogrel may be more effective than aspirin . Although these pharmacological interventions are

available, they are inadequate for most diabetics and novel alternative adjuvant treatment options are needed.
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