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Abstract

Purpose of review.—Diabetes is a common and prevalent medical condition as it affects many 

lives around the globe. Specifically, type-2 Diabetes (T2D) is characterized by chronic systemic 

inflammation alongside hyperglycemia and insulin resistance in the body, which can result in 

atherosclerotic legion formation in the arteries and thus progression of related conditions called 

diabetic vasculopathies. T2D patients are especially at risk for vascular injury; adjunct in many of 

these patients heir cholesterol and triglyceride levels reach dangerously high levels and accumulate 

in the lumen of their vascular system.

Recent findings.—Microvascular and macrovascular vasculopathies as complications of 

diabetes can accentuate the onset of organ illnesses, thus it is imperative that research efforts help 

identify more effective methods for prevention and diagnosis of early vascular injuries. Current 

research into vasculopathy identification/treatment will aid in the amelioration of diabetes-related 

symptoms and thus reduce the large number of deaths that this disease accounts annually.

Summary.—This review aims to showcase the evolution and effects of diabetic vasculopathy 

from development to clinical disease as macrovascular and microvascular complications with a 

concerted reference to sex-specific disease progression as well.
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2. Introduction

According to recent data from the CDC, in the US, over 646,000 deaths per year are directly 

related to cardiovascular disease (CVD) [1]. CVD deaths account for the highest percentage 

of deaths in the US, as 48% of all US adults are currently living with some form of heart 

disease [1]. Cardiovascular disease risk is often accentuated by adjacent conditions such as 

Diabetes, atherosclerosis, and hypertension [1]. From the aforementioned set of diseases, 

Diabetes, uniquely as a worldwide epidemic has taken millions of lives around the world [2]. 

The prevalence of this disease is expected to increase 1.6-fold by 2030 [3]. Diabetes is a 

chronic inflammatory multisystem disease generally characterized by hyperglycemia and 

insulin resistance and can be a consequence of genetic predisposition as well as 

environmental factors [4]. Another common cause are drug-associated conditions, as occurs 

in chronic systemic steroid treatment [4]. There are multiple types of diabetes, type-2 

diabetes (T2D) being the most common in the world (90% in the US) [5, 6]. T2D is a 

chronic inflammatory disease with high incidence in adults with chronic hyperglycemia and 

insulin resistance. T2D shares many pathologic conditions with other chronic degenerative 

diseases. Recent discoveries show there is a strong correlation between atherosclerotic 

disease in T2D patients. The systemic inflammatory state in T2D cause hemodynamic 

disruption via alteration of vascular permeability and increase vascular thrombus formation 

which therefore increases risk for atherosclerosis development [7]. Up to 25% of diabetic 

patients have at least one associated comorbidity [8]. Patients with different 

endocrinopathies often converge in having been diagnosed with Diabetes and therefore share 

commonly associated clinical symptoms. Insulin resistance is observed in around 80% of 

patients with different types of endocrinopathies as well as 40% present with glucose 

intolerance [9]. Diabetic patients have more aggressive forms of vascular disease [10]. 

Diabetes is a significant and modifiable risk factor for atherosclerosis [11]. Atherosclerosis 

is the most commonly observed diabetic vasculopathy, also referred to as diabetic 

atherosclerosis, but other diseases like hypertension and heart failure are also included and 

account for many diabetic complications such as nephropathy, retinopathy, neuropathy, etc. 

[12]. Atherosclerosis is a chronic CVD, adversely influenced by increased serum lipid levels 

of small lipoprotein particles, which accumulate inside the wall of a vessel specifically in the 

sub intimal space [13]. Dysregulation from macrophage IGF1R causes atherosclerotic lesion 

and plaque vulnerability. This results in build-up of plaques that cause serious cardiovascular 

complications [14]. Atherosclerosis is prevalent in all developed nations and the leading 

cause of mortality and disability in the US [15]. Additionally, both diabetes and 

atherosclerosis have a greater likelihood of end-organ ischemia, as well as increased 

morbidity and mortality following vascular interventions [16]. High levels of low-density 

lipoprotein cholesterol in the bloodstream can cause significant cardiac macrovascular 

complications such as myocardial infarction resulting from inadequate blood flow [17]. 

Other aortic vascular diseases can also be present, such as aortic calcification, commonly 

associated to aging and lifestyle risk factors [18]. Aneurisms and diabetes also have a high 

association, also related to atherosclerosis [19]. Aneurisms mostly occur in the abdominal 

aorta, were high matrix metalloproteinase (MMP) activity and elastin loss modifies aortic 

wall integrity and function[12]. Vascular injury is a common pathologic characteristic found 

in almost all patients with diabetic vasculopathy. The definition of vascular injury is 
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described as trauma affecting the vessels that carry blood to a target organ or tissue. Vascular 

injury does not only pertain to mechanical forces in the vasculature, but to the dynamic and 

pathologic mechanisms that inflict such damage. Systemic inflammation is a major 

component of all chronic diseases which present with characteristic vascular injury as a 

pathologic feature [20]. Vascular injury commonly occurs sub clinically and often 

undiagnosed until clinical signs are identified. Therefore, an early sign of disease 

progression is identified as endothelial dysfunction, which we will talk more extensively in 

the following section [21]. Depending on the severity and size of the affected vessels, 

diabetic vasculopathy complications are classified as macro or microvascular in nature [22]. 

Diabetic vasculopathy complications are studied then differently as microvascular and 

macrovascular damage [23]. Research has discovered a strong relationship between insulin 

resistance, inflammation, diabetes and CVD [9].Treatment options for severe atherosclerosis 

include percutaneous balloon angioplasty and stenting, endarterectomy, or bypass grafting 

[24]. Complication-free effective therapeutic modalities are non-existent in the clinical 

setting to prevent restenosis in atherosclerotic disease. Such complications are an alarming 

problem that causes significant morbidity and mortality [25]. Therefore, there is a pressing 

need to develop better ways to treat atherosclerosis and/or prevent restenosis after surgical 

interventions [16, 26]. Diabetic patients have more aggressive forms of vascular diseases, a 

greater need to undergo revascularization procedures [27, 28]. Yet, diabetic patients are more 

prone to therapeutic failure following intervention due to heightened restenosis rates and 

adverse outcomes [11]. Results from the PRESTO trial and NHLBI showed that diabetic 

patients have higher rates of in-stent restenosis [29]. Diabetes predicted a greater need for 

target vessel revascularization and was independently associated with death, undergoing 

percutaneous coronary angioplasty and stenting [30, 31]. This paper will review both macro 

and microvascular injury that occur in diabetic atherosclerosis with a particular reference to 

sex-specific differences in disease progression (Figure 1).

3. Diabetes, atherosclerosis and vascular injury

Most of the pathologic changes that occur in diabetic vasculopathies have an intricate 

relationship between each other [20, 32]. As both diabetes and atherosclerosis are chronic 

diseases, vascular injury occurs in both of these conditions, which initiates the pathologic 

process of injury repair [3, 9]. Most patients present with multiple associated comorbidities 

but regardless, vascular injury is almost always present in diabetic vasculopathy patients [21, 

33]. From the perspective of our review, we will describe endothelial dysfunction, systemic 

inflammation, thrombogenic conditions as well as altered vascular tone/function as the 

common pathologic features of diabetic vasculopathies We will individually review them as 

key components to micro and macrovascular injury and their complications.. We will also 

discuss hormonal dysfunction as an important topic that guides recent attempts to 

understand sex-disparities in diabetic vasculopathies. We will try to illustrate how common 

pathologic findings often occur in both micro and macrovascular vascular injury. We start by 

illustrating the pathobiology of diabetic vasculopathy after development of the diabetic 

phenotype and how it progresses into macro/micro vascular damage in Figure 1.
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Endothelial Dysfunction.

The most commonly found early sign of vascular injury in diabetic vasculopathy is 

endothelial damage that produces marked dysfunction [34]. The impairment of the 

endothelium to maintain and regulate vascular tone is known as endothelial dysfunction. 

Such condition characterized primarily by a prothrombotic and proinflammatory state with 

diminished dilation of the blood vessels [35]. Patients that have been followed longitudinally 

for endothelial dysfunction appear to have increased risk of carotid artery disease (CAD) 

and specifically atherosclerosis-related events [36–38]. Chronic hyperglycemia from T2D 

contributes to vascular injury; vascular endothelial cells are very vulnerable to glucose 

toxicity [39, 40]. Glycolysis end products increase specific glucotoxicity of endothelial cells; 

endothelial dysfunction chronically promotes pro-atherogenic/inflammatory conditions 

within the vascular system [41]. However, it appears that there is much more to just 

hyperglycemic damage because diabetic patients even under glycemic control still fare 

worse in regards to CVD [42]. Together with glucose toxicity, endothelial-derived NO 

alteration disrupts vasodilation and homeostasis [43]. Importantly, oxidative stress has been 

consistently indicative as an endothelial dysfunction trademark [44, 45]. The pathologic 

condition promoted by diabetes and increase accumulation of dense/small LDL oxidated 

particles as occurs in atherosclerosis promotes overexpression of chemotactic proteins [15]. 

Endothelial dysfunction then alters adhesion molecule expression and endothelial cell 

junction altered morphology [46]. Recent findings suggest that endothelial dysfunction can 

be evidenced early in disease progression using promising serum biomarkers like proBNP, 

high sensitive Troponin, and lyso-GB3 as well as exosome release analysis [47, 48]. 

Therefore, the endothelial dysfunction makes a pro-inflammatory scenario that contributes 

to the following subsection in our review.

Systemic inflammation.

The pro-inflammatory conditions from T2D are promoted via altered regulation of forkhead 

transcription factor activation capable of eliciting substantial circulating inflammatory 

factors and cellularity [49]. Blood stasis and vascular permeability increase in a pro-

inflammatory state due to vascular injury resulting from endothelial dysfunction [50]. As 

immune cells are activated in the periphery, they migrate-guided by these pro-inflammatory 

conditions to the site of inflammation in the vascular injury of the affected vessel [51]. 

Resident mononuclear cells and specifically macrophages in the intimal and medial layers of 

blood vessels form reactive oxygen species and foam cell formation (lipid-rich 

macrophages) respectively [52]. Cells that are recruited to the site of vascular injury take 

advantage of suitable vascular conditions due to enhanced cell infiltration and transmigration 

due to systemic inflammation [53, 54]. Systemic interplay between inflammation and 

endothelial dysfunction promotes an injury repair imbalance that facilitates progression of 

microvascular and macrovascular complications [55]. There have been multiple theories as 

to how systemic inflammation in T2D patients accelerate vascular disease. Recent findings 

indicate that there is also robust infectious mechanism that proposes an alternative approach 

to characteristic diabetic vasculopathy development [7]. Increased circulating neutrophils 

and monocyte/macrophages means higher reactive oxygen species as well as matrix 

degradation [40, 56]. Oxidative stress, matrix degradation via MMP released from 
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macrophages and necrotic core degradation create the perfect storm: thrombus formation 

[57].

Thrombogenic conditions.

Atherosclerotic plaques are vulnerable sites for rupture mostly because of their lipi-rich 

cores as well as thin fibrous cap formation around the plaque [58]. Diabetic patients have 

systemic inflammation and more severe endothelial dysfunction meaning more platelets and 

increased vascular stasis resulting in a thrombogenic milieu [59]. Buildup of plaque 

progresses rapidly in T2D patients within the vascular system, possessing a high 

thromobogenic risk [15, 60]. Pronounced pro-thrombotic effects due to alteration of vascular 

homeostasis creates a serious risk for disease complications but is mostly seen in chronic 

and advanced stages of vascular injury [20]. Migration of inflammatory cells to the intima as 

well as vascular smooth muscle cell (VSMC) proliferation are important for thrombogenic 

conditions [12]. When foam cells die via apoptosis, they promote a necrotic core in vascular 

atherosclerotic lesions [61]. When a diabetic atherosclerotic lesion develops into a plaque, 

the thromboembolic risk is greatly increased [18]. Such vulnerable plaques for rupture have 

a characteristic thin fibrous cap that ruptures often as thrombus is formed [40].

Hormonal dysfunction.

Hormonal dysfunction has recently been identified as a factor influencing sex disparities in 

diabetic vasculopathies. Although some concepts had already been studied, the recently 

proposed role in hormonal dysfunction goes far beyond the estrogen-associated variation 

that contribute to known differences in diabetic vasculopathy progression as we have 

discussed in the above subsections. Hypothalamus Pituitary Axis (HPA) dysfunction is 

associated with many chronic and degenerative diseases [62, 63]. Disparities due to HPA 

dysfunction appear to have a clear relationship to estrogen and androgen regulation via 

glucocorticoid disruption [64–66]. Not only estrogen dependent effects control this 

alteration but appear to have a clear role in HPA dysfunction. We will illustrate more on the 

sex-specific differences in diabetic vasculopathies in a following section of this review. 

Hormonal dysfunction apparently does not unequivocally promote vascular injury; more 

importantly vascular injury has an important role for HPA disruption and consequent 

alteration of diabetic vasculopathy progression [67, 68]. As well, alteration of the HPA alters 

other pathways in the bradykinin and renin-angiotensin systems that alter vascular function 

as well as vascular wall stiffness and complexity (regulators of vascular tone) [69, 70].

Altered vascular tone and vascular function.

Vascular injury promotes an imbalance in vascular tone regulation via dysregulation of the 

Angiotensin II system, which stimulates reactive oxygen species to cause increased 

vasoconstriction [71–73]. T2D patients have altered liver and kidney function, which 

sequentially disrupts the renin-angiotensin system even further [74]. Endothelial 

dysfunction, thrombogenic conditions and systemic inflammation make the functional 

alteration of the vasculature more pronounced in diabetic vasculopathy but it is often 

observed as a late symptom in diabetic vascular injury [9]. An early promoter of alteration in 

vascular tone is the NO-dependent vasoactive dysregulation that alters oncotic and osmotic 

pressure [16]. Vascular stiffness is normally regulated by VSMC function in homeostatic/
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physiologic conditions [71]. Diabetic patients have increased VSMC proliferation and 

switch to a more synthetic phenotype consistent with vascular dysfunction, which can 

produce medial layer thickening and narrowed lumen of the artery which results in ischemia 

[68]. Altered vascular resistance contributes to blood stasis and also disruption in the venous 

system, promoting vascular tone dysfunction. The relaxation and constriction defects due to 

vascular damage in diabetic patients set such patients in high risk for hypertensive disease 

[75]. Altogether, vascular tone alteration directly affects cardiac function and vascular 

response to stress that contributes to high risk of CAD and heart failure together with 

diabetes and atherosclerosis [57].

4. The macrovascular injury in diabetic vasculopathy

Diabetic patients very frequently present with localized and systemic vascular complications 

known as diabetic vasculopathies that are accelerated by many comorbidities for example 

hypertension [12]. Studies have shown that the risk of developing CAD, peripheral artery 

disease (PAD), and cerebrovascular disease is increased 2- to 4-fold in patients with diabetes 

[76]. The morbidity and mortality related to vascular disease are also worse in diabetics, 

accounting for the majority of deaths in these patients [31]. The increase in advanced 

glycation products and systemic inflammation make comorbidities commonly associated 

with diabetes more harmful [22]. The hyperglycemic and insulin resistance environment in 

diabetic patients makes it suitable for pro-atherogenic conditions systemically by allowing 

for plaque buildup and subsequent diabetic vasculopathies by alteration of vascular tone and 

permeability making it easier for inflammatory cells to transmigrate and lipids to accumulate 

inside vessel wall via disrupted endothelium (Figure 1). These diabetic vasculopathies can 

be characterized as both micro vascular and macrovascular based on their location and effect 

on the body as in different levels of severity [7]. As well, the likelihood of the end organ to 

produce clinical signs of disease classifies such complications. Most macrovascular events 

take longer to have evident clinical signs but when they are present it is life threatening. This 

highlights the importance of early detection of vascular injury as non-invasively as possible 

but accurately [36, 51]. Tissues like the heart, with elevated contractility get high risk of 

development of macrovascular complications because arteries like the coronaries become 

occluded even from physiologic contractility, this is worst together with pathologic vascular 

occlusion [77]. Table 1 shows the common diagnostic and therapeutic tools available in 

macrovascular complications [78, 79]. The next subsections will describe the common 

macrovascular complications associated with diabetes and associated clinical symptoms that 

serve as a link to macrovascular injury [78].

Coronary Artery disease

More than 60% of all diabetes related deaths are due to cardiovascular disease [60]. One of 

the most common macrovascular diabetic vasculopathy is CAD, characterized by reduced 

blood flow in the coronary arteries [9, 60]. Hyperglycemia, increase in circulating 

inflammatory markers, and elevated cholesterol levels in diabetic patients create a 

progressive environment for CAD [80]. Hyperglycemia in diabetic patients also causes 

increased vascular permeability and blood stasis as we had mentioned due to vascular injury. 

Coronary artery vessel lumen is easily compromised due to atherosclerotic plaque 
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development in diabetic patients [76]. Diabetic patients have high incidence of developing a 

myocardial infarction within the first 10 years of disease presentation [81, 82]. 

Atherosclerotic anatomical plaque buildup in patients normally affects the coronary arteries 

as the second most common place of disease presentation after abdominal aorta in the 

systemic vasculature [81]. Lifestyle modification as treatment for both diabetes and 

atherosclerotic have proven ineffective. T2D There are no stand alone pharmacologic 

interventions able to completely alleviate the associated comorbidities of diabetic 

vasculopathies. CAD is commonly treated with Carotid Endarterectomy (CEA), specifically 

an eversion CEA (ECEA), which involves surgical removal of the material blocking the 

blood flow in the artery [83]. Other alternatives to CAD treatment are balloon angioplasty, 

STENT placement and MICS CABG (Minimally Invasive Cardiac Surgery Coronary Artery 

Bypass Graft) which is a bypass surgery to restore blood flow to an obstructed coronary 

artery [82].

Peripheral Artery Disease

PAD is a macrovascular diabetic vasculopathy characterized by buildup of plaque in the 

peripheral vascular system affecting over 12% of Americans over 60 years old [84]. PAD 

compared to CAD mostly differs due to the anatomic location were events occur (PAD> 

extremities, CAD> coronaries) [10, 11]. Vessels affected that are not supplying the brain or 

the hearts are classified under PAD. Early signs of PAD are seen with claudication, limb 

ischemia, weak peripheral pulses and vascular dermatologic lesions [85–87]. Classifications 

such as the Fontaine make stratification of limb ischemia reliable, it classifies patients 

merely by their clinical symptoms [88]. One of the most common and financially heavy 

clinical presentations of PAD is diabetic foot [89]. It is estimated that billions of dollars are 

designated to treating this high incidence complication in T2D patients [90]. The 

pathognomonic finding in diabetic foot is diabetic ulcers that occur more frequently in the 

lower extremities [91]. Such ulcers are sometimes non-disclosed by patients due to the 

nature of associated peripheral neuropathy associated in T2D patients [92]. Almost 1 in 4 

patients with T2D will have diabetic vasculopathy presenting as diabetic foot [93]. Risk of 

amputation in diabetic patients increased almost 4 times as age of disease progresses and in 

many cases amputation can be evaded by timely and accurate intervention [94].

Most patients with PAD require invasive interventions at the time of presentation if lifestyle 

intervention is not effective, diabetic patients have worst outcome following vascular 

interventions [7].Smoking, hypertension and other risks also play an important role, but 

appear not to accelerate disease progression as fast as diabetes does, especially T2D [15]. 

For those with severe PAD, the patency depends on the nature and location of the disease 

(PAD is significantly worse below the kneecap) [14, 84]. PAD affects mostly the abdominal 

aorta due to atherosclerotic disease along with the iliac and femoral arteries, most of the 

vascular bypass interventions are therefore ileo-femoral and femoral-popliteal. T2D patients 

with severe cases of PAD that undergo surgical revascularization of arteries to re-establish 

adequate lumen blood flow typically present with worsened outcomes which can lead to the 

possibility of amputation [84]. Besides the already mentioned treatment options for CAD in 

the subsection above, bypass grafting, cryoplasty, laser atherectomy and angiogenesis-based 

MultiGeneAngio are alternatives [10, 95].
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Cerebrovascular events

Blood flow to the central nervous system is affected mostly due to atherosclerotic vascular 

disease and more specifically thromboembolic events associated with diabetic 

atherosclerotic plaque buildup [96, 97]. Carotid disease due to carotid atherosclerotic plaque 

rupture is an important complication of diabetic vasculopathies leading to the risk of stroke 

due to thromboembolic events [98]. Upstream blood flow to the brain from the carotid 

arteries and in the Willis circle compromises important areas in the central nervous system 

that cause severe debilitating complications [99]. T2D patients have increased risk of 

cerebrovascular events and worst outcomes following such events [100]. The combination of 

diabetes, atherosclerosis along with hypertension also lead to many non-thromboembolic 

cerebrovascular events as in aneurism rupture and hemorrhagic events [101]. The increasing 

likelihood of developing obesity alongside diabetes induced an environment of 

hyperglycemia, hypertension and dyslipidemia, which cause pathological changes to blood 

vessels and can lead to a stroke [102].

The scope of this review relies on vascular injury, so we will not surpass into anatomic-

specific clinical symptoms of cerebrovascular events. In this particular case, the anatomical 

affection of vascular disease vary greatly on the affected location. Hemiplegia, hemiparesia, 

headache are some examples of clinical signs of cerebrovascular events [103, 104]. The aim 

in cerebrovascular events is to prevent and timely diagnose them because reversals of 

neurologic complications are many times non-viable [105, 106]. Although most of this 

subsection reviews the macrovascular injury that occurs in diabetic vasculopathy, there are 

also some findings illustrating microvascular injury in the brain [107]. For example, 

Cilostazol protects against microvascular brain injury in a rat model of type-2 diabetes 

[108].

5. The microvascular injury in diabetic vasculopathy

Microvascular diabetic injury complications include a field of conditions that cause 

significant damage at what could be considered a slow and steady pace [22, 32]. The 

pathobiological characteristic of microvascular damage is basement membrane thickening in 

different systems mostly but not limited to the eyeball, kidney disease and mostly peripheral 

neuropathy [78, 109]. Basement membrane thickening creates a hypoxic condition due to 

altered vascular diffusion, homeostatic alteration and maintained glucotoxicity in small 

vessels and capillaries [110, 111]. From these systems, clinical symptoms such as renal 

failure, blindness, amputations, and predict future cardiovascular issues [77, 111]. 

Understanding early clinical symptoms has the potential to significantly reduce the number 

of deaths by cardiovascular events by promoting early treatment [32]. Furthermore, given 

the severity of atherosclerosis in diabetes, these patients have a greater likelihood of end-

organ ischemia [112]. Table 1 shows the common diagnostic and therapeutic tools available 

in microvascular complications. The next subsections will describe the common 

microvascular complications associated with diabetes with associated clinical symptoms as 

well as the link to microvascular injury.
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Hepatic damage, altered homeostasis

Pathognomonic features of diabetic liver vasculopathy damage belong to a plethora of 

pathologies known as non-alcoholic fatty liver disease [113, 114]. Different metabolic 

pathways are included, but steatosis and necroinflammation are common findings in diabetic 

microvascular liver injury [32, 115]. Insulin resistance that occurs in diabetes affects the 

liver greatly, as well as preexisting hypertension and altered liver function [116]. 

Additionally, bilirubin has recently been associated as a predictor of diabetic vasculopathy 

[117]. The NASH study correlates diabetic predisposition as well as being a male to liver 

fibrosis. In diabetic rats with liver disease compared to control and diabetic rats not treated 

with curcumin, it appears to reverse liver damage giving high importance to liver redox 

imbalance in pre-clinical models of diabetes [118, 119]. Importantly, a relationship has been 

established between diabetic rats and liver mitochondrial dysfunction [120]. In regards to 

liver damage, ethanolic extract of M. cocanensis nimmo leaves (EEMCNL) ameliorates 

symptoms of hepatic damage in diabetic patients [121]. Animals with induced diabetes were 

compared to control animals and results showed that inadequate levels of protein, urea, 

creatinine, and uric acid all returned to their normal levels in diabetic animals treated with 

EEMCNL [121]. Inhibition of Notch signaling using Sunitinib controls hepatocyte 

morphology as well as vascular liver damage in a model of type 1 diabetes in streptozotocin-

induced diabetic mice [122]. Nrf2 activation via HDAC3 inhibition potentiates the role of 

redox balance in liver damage of diabetic rats [119]. The relationship between diabetic 

vasculopathy in the liver and redox imbalance is very promising, as it elevates the interest in 

studying models of liver damage to aim towards diabetic atherosclerotic disease, which is 

limited.

Nephropathy: Micro albuminuria and the road to macro albuminuria

Chronic hyperglycemia and lipid accumulation in the basement membrane, as well as renal 

artery constriction are the primary issues in diabetic vasculopathy patients that contribute to 

diabetic nephropathy [123]. Chronic kidney failure is the most common diabetic 

vasculopathy in the US [124, 125]. In regards to nephropathy, only macro albuminuria is 

considered as true nephropathy because micro albuminuria is commonly associated as an 

incidental finding [126]. Patients with diabetes commonly present with microvascular 

kidney damage, which can result in many long-term complications [127]. Comorbidities 

associated with diabetes as we have mentioned extensively in this review, atherosclerosis 

and hypertension worsen disease progression [128, 129]. Diabetic nephropathy is very 

commonly associated with primary hypertension [130]. Capillaries around the glomeruli are 

damaged and such injury causes progressives and marked albuminuria [126]. Histologically, 

the pathognomonic feature in the kidney is associated with Kimmelstiel Wilson nodular 

glomerulosclerosis due to obvious sclerosis (elevated TNF beta and protein kinase C) [131] 

and basement membrane thickening (increase in vascular permeability). Such histologic 

findings are also associated with hyperglycemia which causes glycosylation of proteins in 

the mesangium [132]. In the clinic, the classification for micro albuminuria in diabetic 

vasculopathy progresses goes from minimally detected to gross albumin in the urine 

(>300mg/day) as stratified in current guidelines [126, 133]. First line of treatment goes into 

dialysis via the peritoneum or in its case hemodialysis [74, 134]. Severe cases with 

associated low glomerular filtration rate and severe high creatinine are treated with renal 
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transplantation, which has historical bad prognosis mostly when associated with other 

comorbidities, but is still a common occurrence [135].

Retinopathy

Diabetic retinopathy (DR) is the most frequent microvascular complication of diabetes with 

a rate percentage of up to 30% in all-diabetic patients [136]. It is the number one cause of 

blindness in the US. Micro aneurisms due to neoangiogenesis in the retina are the most 

commonly observed pathologic finding that causes blindness and intermittent blurry vision 

[136]. Diabetic retinopathy is very closely associated with the endothelin system in vascular 

injury and chronic damage [109]. Macular damage, macular edema, cataracts and glaucoma 

are some of the common diseases associated with microvascular retinopathy in diabetic 

vasculopathy [28]. Diagnostic tools for DR often used beside accurate prevention rely on 

angiograms with fluorescence advances but in many instances the damage is extensive by 

the time they are accurately assessed [137].

Peripheral Neuropathy.

Diabetic peripheral neuropathy is the second common microvascular vasculopathy that 

causes neuropathic complications on the entire peripheral neuron and can present in many 

forms [138]. Most of the mechanisms that guide neuropathic damage due to diabetic 

vasculopathy like glucotoxicity and basement membrane lipid accumulation are key factors 

for peripheral neuropathy because they cause demyelination but it is the chronic microscopic 

damage that affects motor and sensitivity neurons in the periphery the most. The exact 

mechanisms that guide peripheral damage are not well understood. The microvascular 

complications affect the neurons peripherally in what is described as a stocking-glove 

anatomical distribution pattern and attribute characteristic neurologic symptomatology 

[139]. Clinical signs include loss of function, sensitivity loss (vibration, pain, temperature) 

with deep tendon reflexes often seen as an initial sign [138]. Gastroparesias and dyskinesias 

are some of the most representative clinical symptoms, although many times present late in 

the disease [140]. Most of these are hard to treat and are a very common complains between 

diabetic patients. Neurological examination is a key part of the peripheral neuropathy 

assessment as it considers a wide range of tests with selective sensitivity and interpretation 

[28, 52, 141]. Clinical signs are very important to accurately and timely assess neuropathy, 

but most of the clinical signs are subclinical and not as abruptly presented as compared to 

cerebrovascular events [131]. A few of these neurological examinations include 

electromyography, which is a common study done to perform nerve conduction function and 

assess damage of diabetic neuropathy [138]. Dermatologic examination is another 

examination associated with neuropathy analysis because loss of sensor nerve function 

denies patients of correct self-assessment of wounds and lesions that often end up in limb 

ischemia as well as extremity amputations [27].

6. Sex-specific differences in diabetic vasculopathy

Diabetes and atherosclerosis affect specific populations differently [67]. Increased risk to 

diabetic vasculopathies is non-modifiable associated to genetic predisposition, aging and 

importantly sex [142]. Although all of the aforementioned are important, it appears that the 
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less variable and straightforward to asses biological risk factor is sex [143]. Sex-specific 

metabolic characteristics have major implications in physiological versus pathological 

cardiovascular changes. Men are more prone to earlier diabetic phenotype development than 

women; more men become pre diabetic earlier than women [144]. Premenopausal women 

have less risk of CVD compared to males during adulthood [67]. The estrogen-dependent 

protective role is reversed in postmenopausal women when the risk for CAD is increased 

and matches risk in males [67]. Diabetic females lose pre-menopausal cardio-protection for 

high risk of fatal CVD as well as occurs in the physiologic post menopausal phase [145]. 

Moreover, diabetes also disproportionately affects racial/ethnic minorities with major sex-

specific differences as occur in the hispanic community [146]. Recently identified sex-

specific genes, such as ASXL1 and ASXL2 appear to have a big role in normal 

cardiovascular development and maybe in CVD risk [147]. In sex-specific disease 

progression, males have worst age-associated diabetic disease complications as in 

nephropathy [144]. Related to diabetic associated diseases, EPHA4 polymorphism increases 

VSMC contractility in females increasing the risk to hypertension [68]. It is also implicated 

that genes with evidenced sex-specific differences serve as early predictors of the pathologic 

and physiologic disparities in male versus female CVD risk stratification [148]. In 

relationship to research, in a recent sex-specific study, pups from high fat diet fed females 

transferred to foster mothers induced higher risk of sex-specific obesity, diabetes and 

adiposity [149, 150]. Even in the intrauterine period, insulin related proteins: Insulin-Like 

Growth Factor-1 (IGF1) and the IGF1 receptor (IGF1R) appear to have a sex-specific 

regulation [151, 152]. Both of these proteins appear to have an important role in regulating 

macrophage atherogenic activity [13, 153] and cardiac contractility [154]. Dysregulation 

from macrophage IGF1R causes atherosclerotic lesion and plaque vulnerability worsening in 

apoE KO mice [155]. In medium caliber vessels, IGF binding proteins in humans appear to 

regulate VSMC function [156]. In clinical settings, there are marked sex-related differences 

for vulnerable atherosclerotic disease and CAD [157]. The PROMISE study assessed how 

many interacting factors from high-risk atherosclerotic plaque and specific population 

predictors can have promising implications. Their approach helps clinicians assess 

atherosclerotic conditions with follow up within such high-risk populations in mind [158]. 

Exogenous hormone use has been recently identified as a biomarker for diabetic 

vasculopathy injury [61]. Such biomarkers were surprisingly associated mostly to 

cardiovascular risk but not myocardial infarction risk [61]. For cardiac diseases associated 

with diabetic microvascular injury such as atrial fibrillation, females have increased 

associated miRNAs levels as well as associated pathologic aortic changes [18]. In animal 

models, female diabetic Wistar rats after a induced stroke injury have increased 

neurodegeneration compared to males [141]. Estrogen is a sex-dependent factor with the 

strongest evidence effect on CVD [66, 159]. Estrogen vascular receptor is deterministic in 

disease progression, but particularly in premenopausal females under hormonal therapy [65]. 

Polymorphisms in the estrogen receptor alpha in young girls with type-1 diabetes appear to 

not be useful in prognosis of vascular complications [160]. Estrogen receptors outside of the 

nucleus appear to have an important role in T2D via regulation of beta islet cell regulation 

[161]. Female abdominal circumference and visceral adiposity predispose females for 

nephropathy due to increased vascular stiffness compared to males [143]. The physiologic 

and pathologic involvement of estrogen precursors from the liver has a role systemically in 
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vascular function regulation [162]. In contrast to estrogen effects, growth hormone-deficient 

children have increased risk of atherosclerosis [163].

7. Recent findings in diabetic vasculopathies diagnosis and treatment

Continual research on complications due to diabetic vascular injury lends itself to new 

discoveries regarding treatments and diagnostic techniques [77]. Effective ways to identify 

disease characteristics before they progress into more serious or fatal conditions is 

fundamental. Macrovascular vasculopathy diagnosis techniques have undergone several 

improvements in the past few years [78, 79]. Table 1 shows current diagnostic and 

therapeutic tools available in macro/micro diabetic vasculopathy complications. Aims 

towards diabetic vasculopathy can detect arterial wall thickening and decreased blood flow 

[57]. Current diagnosis/treatment for PAD includes: resting ankle-brachial index (ABI) test, 

lifestyle modifications (exercise and smoking cessation), antiplatelet therapy, ACE 

inhibitors, and statins [84]. Cilostazol is the only FDA approved drug for PAD as it improves 

PAD symptoms [164] but does not improve overall CVD mortality [165]. In regards to lipid 

lowering therapies, recent research has shown that pro-protein convertase subtilisin/kexin 

type 9 (PCSK9) inhibitors function as excellent therapeutic agents for lowering LDL-C with 

concomitant statin usage which could reduce lipid buildup and thus CAD [17]. Alirocumab 

and Evolocumab are two drugs functioning as PCSK9 inhibitors that have been approved by 

the FDA and reduce LDL levels by up to 60% and reduce ASCVD events with statin usage 

[17]. Recent research also concludes that glucagon-like peptide-1 protects against cardiac 

microvascular injury in diabetes via a cAMP/PKA/Rho-dependent mechanism [75]. 

Research in surgical approaches has shown a modified ECEA treatment for carotid disease is 

known as a Q-modified ECEA, modifies the surgical approach of the technique [83]. Results 

concluded much lower levels of swelling, scar length, and numbness post-surgery in QCEA 

patients compared to ECEA patients [83]. When talking about retinopathy findings, recent 

findings suggest a new form of fluorescein angiography with OCT (OCTA) provide efficient 

forms of diagnosis/identification for DR [136] Treatment for DR revolves around 

hypertensive and glycemic control, Fenofibrate for dyslipidemic diabetic patients as well as 

anti-VEGF agents such as Aflibercept does also present a notable decline in DR progression 

[136]. Recent studies on diabetic neuropathy and S100B/S100P (calcium-modulated) 

confirm them as significant indicators of peripheral neuropathy in diabetic patients [166]. 

Some recent studies also suggest that dietary non-hemoglobin iron supplements can help to 

restrict progression or development of peripheral diabetic neuropathy [52]. A recent study on 

4-O-methylhonokiol (MH) revealed that this ingredient, when induced with a gavage on 

mice with insulin resistance, significantly prevented renal lipid accumulation and increased 

levels of proteinuria along with final fibrosis [127]. This may potentially be related to the 

NRF2/SOD2 anti-oxidative stress cycle and could act as a future treatment for patients with 

nephropathy [127]. Exosome treatment from urine-derived stem cells (current treatment for 

nephropathy) and adipose-derived stem cells (experimental treatment for nephropathy) has 

recently been proven useful for chronic renal disease [167]. Insulin-producing pancreatic 

cell therapies using stem cells as well as their multi/pluripotent properties are a novel and 

very interesting approach to diabetic vasculopathy treatment. For the most current diabetic 

treatments, different approaches to stem cell discoveries give promise to target therapeutics 
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[168]. Adipose-derived stem cells significantly decreased symptoms of diabetic 

nephropathy: serum creatinine levels, cell apoptosis, and podocyte injury [167]. Inhibition of 

the Smad1/mTOR signaling pathway in the podocyte has potential for use as a nephropathy 

treatment in the future [167].

8. Conclusion and future perspectives

There is still a big gap in clinical practice to accurately diagnose and triage patients that will 

most likely develop diabetic vasculopathies. Our efforts in modern medicine take us in a 

path of direct estimation of disease progression but we still fall short to timely and accurate 

diagnose them. This review tries to evidence the importance and close relationship from 

vascular injury in diabetic vasculopathy. The main pathobiological component in diabetic 

vasculopathies is vascular injury. Many efforts are currently directed to point of care testing 

of early vascular injury in order to eradicate the high incidence of such as atherosclerosis, 

hypertension and T2D and any associated comorbidities. And although many chronic 

diseases present with characteristics of vascular injury such as endothelial dysfunction, 

altered vascular tone and inflammation there is a strong correlation of lower complications 

with early diagnosis from current clinical testing. It is important to conclude that 

macrovascular and microvascular injuries are pathologic forces that synergize in the 

development of diabetic vasculopathy as well as other important entities, as occurs in 

metabolic syndrome. In this review, we also illustrated the sex-specific differences in the 

role of diabetic vasculopathies in vascular injury. Such differences can guide meaningful 

efforts to find alternative therapeutic targets evidenced from sex-protective pathways.
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Figure 1. 
Diagram of the progression of macro/microvascular diabetic vasculopathy complications
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