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Abstract 
Diabetes mellitus is a complex chronic metabolic disease characterized by hyperglycemia and various complications. According 
to the different pathophysiological mechanisms, these complications can be classified as microvascular or macrovascular 
complications, which have long-term negative effects on vital organs such as the eyes, kidneys, heart, and brain, and lead to 
increased patient mortality. Diabetes mellitus is a major global health issue, and its incidence and prevalence have increased 
significantly in recent years. Moreover, the incidence is expected to continue to rise as more people adopt a Western lifestyle and 
diet. Thus, it is essential to understand the epidemiology, pathogenesis, risk factors, and treatment of vascular complications to 
aid patients in managing the disease effectively. This paper provides a comprehensive review of the literature to clarify the above 
content. Furthermore, this paper also delves into the correlation between novel risk factors, such as long noncoding RNAs, gut 
microbiota, and nonalcoholic fatty liver disease, with diabetic vascular complications.

Abbreviations: ABI = ankle-brachial index, CAD = coronary artery disease, CeVD = cerebrovascular disease, CHD = coronary 
heart disease, CVD = cardiovascular disease, DM = diabetes mellitus, DN = diabetic nephropathy, DR = diabetic retinopathy, GFR 
= glomerular filtration rate, NAFLD = nonalcoholic fatty liver disease, PAD = peripheral arterial disease, PVD = peripheral vascular 
disease, ROS = reactive oxygen species, UAE = urine albumin excretion.
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1. Introduction
Diabetes mellitus (DM) is a well-known metabolic disease char-
acterized by organ dysfunction that arises directly or indirectly 
from the effects of chronic hyperglycemia. It affects a signifi-
cant proportion of the global population. According to the 
International Diabetes Federation, the worldwide prevalence 
of diabetes was estimated to be 9.3% in 2019, with 463 mil-
lion people living with the disease. Furthermore, the prevalence 
of diabetes is projected to increase to 10.2% (578 million) by 
2030 and 10.9% (700 million) by 2045.[1] Moreover, DM is a 
leading cause of mortality and disability worldwide, with vas-
cular complications being a significant contributor, accounting 
for 26.8%.[2] Diabetic vascular complications not only threaten 
the quality of life and longevity of patients with diabetes but 
also impose a significant economic burden on individuals and 
healthcare systems worldwide. Therefore, healthcare providers 
must have a comprehensive understanding of vascular compli-
cations to identify new strategies for early intervention or pre-
vention. This review examines the epidemiology, risk factors 
(Table 1), and mechanisms that contribute to the development 
of various vascular complications in patients with diabetes 
(Fig. 1). Additionally, we provide a brief overview of prevention 
and screening strategies for representative complications.

2. Microvascular complications
With the progress of DM, patients are more likely to develop 
various vascular complications, which are classified as micro-
vascular or macrovascular complications depending on the 
underlying pathophysiology. Microvascular diseases contribute 
to pathologic and functional changes in many tissues, including 
eye, heart, kidney, skin, and neuronal tissues. These changes are 
traditionally known as diabetic retinopathy (DR), nephropathy, 
peripheral neuropathy, and autonomic neuropathy, respectively, 
based on the tissues affected.

Microvascular complications are an important cause of sig-
nificant increases in morbidity and considerable impairment of 
quality of life in patients with diabetes. In the past decades, sev-
eral classical hypotheses have then been proposed to explain 
the process of developing microvascular complications, includ-
ing activation of polyol pathway, generation of reactive oxygen 
species (ROS) and oxidative stress, production of advanced gly-
cation end products, initiation of flux through the hexosamine 
pathway, altered expression and action of growth factors, 
and activation of the diacylglycerol/protein kinase C pathway 
(Fig.  1).[3] In addition, some novel mechanisms of diabetic 
microvascular complications have been proposed recently. For 
instance, the potential mechanisms of long noncoding RNAs in 
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the development of diabetic nephropathy (DN) and DR, which 
relates to the roles of long noncoding RNAs in mesangial cells 
proliferation and fibrosis, inflammatory processes, extracellu-
lar matrix accumulation in the glomeruli and tubular injury, as 
well as the role of abnormal neovascularization and neuronal 
dysfunction.[4,5] nonalcoholic fatty liver disease (NAFLD) was 
viewed both as a driving force and a consequence of the DM.[6] 
Meanwhile, accumulating evidence suggests that the presence of 
microvascular complications (including DR, DN, and peripheral 
neuropathy) was inversely associated with NAFLD among hos-
pitalized patients with type 2 diabetes.[7–9] Thus, NAFLD should 
be used to stratify the risk of diabetic complications and incor-
porated into disease management programs for patients with 
diabetes. Recently, Giovanni Targher et al discuss the putative 
underlying mechanisms by which NAFLD contributes to vas-
cular diseases. It is worth noting that they also proposed that 
altered gut microbiota in patients with diabetes lead to intesti-
nal barrier dysfunction, which might in turn increases the risk 
of vascular complications associated with NAFLD through 
various potential pathways, factors, and processes.[9] However, 
further studies in patients with diabetes are required to better 
characterize the relationship.

2.1. Diabetic retinopathy

DR is a common microvascular complication of diabetes, which 
is usually subdivided into the earlier stage of non-proliferative 
DR and the advanced stage of proliferative DR. Moreover, mac-
ular edema can occur at any stage of DR and pose a threat to 
vision. The clinical findings of non-proliferative DR include 

Table 1 

Risk factors of diabetic vascular complications.

Disease Risk factors 

Microvascular 
complications

 

Diabetic 
retinopathy

Duration of diabetes, Hyperglycemia, Hypertension, Genetic 
factors, Nephropathy, Smoking, Dyslipidemia, BMI, Gut 
microbiome, NAFLD, lncRNAs

Diabetic 
nephropathy

Hyperglycemia, Hypertension, Genetic factors, Smoking, 
Dyslipidemia, Gut microbiome, Obesity, Race, Gender, Age, 
NAFLD, lncRNAs

Diabetic 
neuropathy

Duration of diabetes, Hyperglycemia, Hypertension, Genetic 
factors, Smoking, Age, higher levels of total and low-density 
lipoprotein cholesterol and triglycerides, higher body-mass 
index, higher von Willebrand factor levels, UAE rate, NAFLD

Macrovascular 
complications

 

Cardiovascular 
disease

Hyperglycemia, Hypertension, Dyslipidemia Obesity, Diabetic 
nephropathy, Genetic factors, Age, NAFLD

Cerebrovascular 
disease

Hyperglycemia, Hypertension, Genetic factors, Smoking, 
Microbiota, Obesity, High-density lipoprotein cholesterol, 
history of vascular disease, Heart failure, Atrial fibrillation

Peripheral artery 
disease

Hyperglycemia, Obesity, Gender, Age, elevated serum lipopro-
tein levels, Insulin resistance, Elevated serum fibrinogen 
levels, Microalbuminuria, Increased levels of intercellular 
adhesion molecule

BMI = body mass index, LncRNAs = long noncoding RNAs, NAFLD = nonalcoholic fatty liver 
disease, UAE = urine albumin excretion.

Figure 1. The important molecular mechanisms of diabetic vascular complications. Numerous risk factors contribute to the development of diabetic vascular 
complications, such as hyperglycemia, hypertension, dyslipidemia, genetic factors, and smoking. Moreover, recent studies have revealed associations between 
the gut microbiome, nonalcoholic fatty liver disease, long noncoding RNAs, and an elevated incidence of diabetic vascular complications. The mechanisms 
underlying the influence of the aforementioned risk factors on the occurrence of diabetic vascular complications are complex, involving multiple pathways such 
as the activation of the polyol pathway, the generation of reactive oxygen species and oxidative stress, as well as the production of advanced glycation end 
products.
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retinal microaneurysms, cotton wool spots, hemorrhages, and 
exudates, which the patient may not be aware of. While prolif-
erative DR is typically characterized by the formation of patho-
logic preretinal neovascularization that is very fragile and can 
thus rupture and bleed profusely.[10]

A pooled analysis of 35 studies conducted globally between 
1980 and 2008 revealed an overall prevalence of 34.6% (95% 
CI, 34.5–34.8) for any form of DR, which includes non-prolif-
erative DR, proliferative DR, diabetic macular edema, or any 
combination of these conditions. The prevalence of prolifera-
tive DR, diabetic macular edema, and vision-threatening DR 
among people with diabetes was 6.96% (6.87–7.04), 6.81% 
(6.74–6.89), and 10.2% (10.1–10.3), respectively.[11] In contrast 
to the global prevalence, DR affects a slightly lower proportion 
of the diabetic population in the United States, with a preva-
lence of 28.5% and a proportion of 4.4% with threatened loss 
of vision.[12] DR is the primary cause of visual loss in the elderly, 
especially in middle- and high-income countries, responsible 
for an estimated 10,000 new cases of blindness annually.[13,14] 
Moreover, the crude prevalence of visual impairment and blind-
ness caused due to DR increased substantially between 1990 
and 2015, according to the report of the Vision Loss Expert 
Group of the Global Burden of Disease Study,[15] which may be 
related to the increasing prevalence of type 2 diabetes in low- 
and middle-income countries. Conversely, the situation in the 
United States is relatively positive, with the percentage of dia-
betic patients with visual impairment declining from 26% in 
1997 to 19% in 2011, while the overall rate of visual impair-
ment among the general population remained stable at 9.3%.[16] 
This trend may be attributed to improved treatment and care 
measures in the United States.

The occurrence and development of DR strongly correlate 
with a longer duration of diabetes and chronic hyperglycemia, 
and hypertension. For instance, a recent study found that diabe-
tes duration is significantly associated with DR with OR = 1.098 
(95% CI, 1.068–1.129) based on regression analysis.[17] Several 
studies have confirmed the association between greater hyper-
glycemia and DR.[18–20] Stratton IM et al found that each 1% 
reduction in updated mean HbA1c was associated with a 37% 
reduction in risk for microvascular complications (mostly reti-
nopathy) (33%–41%, P < .0001).[21] Similarly, ample evidence 
confirms the relationship between hypertension and DR.[20,22,23] 
Additionally, CACNB2 was identified as a susceptibility gene for 
DR, which is abundantly expressed in retinal cells and encodes 
the β2 subunit of the L-type calcium channel, regulating the 
expression of VEGF.[24] In addition to the risk factors described 
above, other factors associated with DR include nephropathy, 
smoking, dyslipidemia, higher body mass index and gut micro-
biome (Table 1).[20,24–26]

Although a significant amount of data has been collected and 
analyzed on diabetes, the development and severity of DR are 
not yet fully explained by known risk factors, and the molecular 
mechanism behind this disease requires further understanding. 
Presently, oxidative stress, inflammation, neovascularization, 
neurodegeneration, and neurovascular unit are known to be 
mechanisms of DR occurrence and development. Elevated 
intracellular glucose in patients with diabetes leads to oxidative 
stress, which causes a rise in intracellular ROS, through trigger 
the polyol pathway and hexokinase pathway, which metabolizes 
glucose. It can lead to pyroptosis, apoptosis, and autophagy, 
promoting inflammation, vascular degeneration, neurodegener-
ation, and neovascularization.[27–30]

Alongside these mechanisms, accumulating studies empha-
sized a reliable connection between gut microbiome and DR 
which is considered to be a “microbiota–gut–retina axis.”[26,31–35] 
The gut microbiota promotes the occurrence and development 
of DR through mechanisms such as inflammation, barrier dys-
function, vascular permeability, and metabolites.[26] Compared 
with healthy individuals, the intestinal microecology of patients 

with diabetes without retinopathy and DR patients is dysreg-
ulated.[34] Dysbiosis of intestinal flora increases intestinal per-
meability, leading to endotoxemia, which allows metabolites to 
freely enter the bloodstream, leading to chronic inflammation 
and immune system imbalance. Subsequently, inflammatory sig-
nals are cascade amplified to promote the occurrence of DR.[26] 
However, direct evidence that gut microbiota cause DR remains 
weak, and further cellular and molecular studies, as well as 
well-controlled human studies, are needed for verification.

2.2. Diabetic nephropathy

DN, also known as diabetic kidney disease, is a common and 
severe complication of diabetes that leads to chronic kidney dis-
ease. Approximately 1 in 5 patients with diabetes are affected. 
The pathology of DN is characterized by pathological levels 
of urine albumin excretion (UAE), diabetic glomerular lesions, 
and loss of glomerular filtration rate (GFR) in patients with 
diabetes.[36] The classic definition of DN involves the pres-
ence of proteinuria >0.5 g/24 hours, while it is now defined 
by increased urinary albumin excretio in the absence of other 
renal diseases.[37] Based on the values of UAE, DN is divided 
into microalbuminuria (UAE >20 μg/min and ≤199 μg/min) and 
macroalbuminuria (UAE ≥200 μg/min) stages.

The incidence of DN varies by ethnicity and level of eco-
nomic development, generally ranging from 20% to 30%. The 
overall pooled prevalence of DN among patients with type 2 
diabetes in China was 21.8% (95% CI: 18.5%–25.4%), and 
the prevalence of DN was also high at 26.1% in the population 
of urban type 2 diabetes patients in South India.[38] However, 
Khalid et al found a lower overall prevalence of DN (10.8%) 
among patients with type 2 diabetes aged ≥25 years from the 
Saudi National Diabetes Registry compared to the Chinese and 
Indian populations.[39] Unfortunately, the prevalence has not 
declined over the past few decades in developing countries,[40] 
while DN in parts of Western and Northern Europe, as well as 
the United States, has decreased.[41,42] Therefore, it can be con-
cluded that DN is more severe in developing countries than in 
developed ones.

The risk factors associated with the development and pro-
gression of DN have been extensively investigated, similar 
to DR. Chronic hyperglycemia, high blood pressure, and 
genetic predisposition are the primary risk factors for DN. 
Additionally, other contributing factors include obesity, smok-
ing, race, dyslipidemia, male gender, and age.[43–45] A study has 
shown that patients with type 1 diabetes who smoke and have 
HbA(1c) >8% are at an increased risk of developing microalbu-
minuria.[46] African Americans, Mexican Americans, and Pima 
Indians are at higher risk for DN due to their racial classifica-
tion.[37] Genetic factors also play a significant role in the onset of 
DN. A large meta-analysis found that 24 genetic variants in 16 
genes were associated with DN.[47] Furthermore, DR presence 
predicts faster DN progression.[48]

DN is a complex multifactorial disease. The pathogenesis of 
DN involves various pathways and mediators, such as cellu-
lar senescence, which plays an important role in the onset and 
development of DN. The mechanisms of cellular senescence 
involve several factors, including telomere attrition, DNA dam-
age, epigenetic changes, mitochondrial dysfunction, Klotho loss, 
activation of the Wnt/β-catenin signaling pathway, persistent 
inflammation, and uremic toxin accumulation.[49] Immune 
inflammation, epithelial-mesenchymal transition, apoptosis and 
mitochondrial damage, epigenetics, and podocyte-endothelial 
communication are also crucial pathways for the development 
and progression of DN.[50] Furthermore, there is significant 
overlap and interaction among these pathways. For exam-
ple, Nicotinamide adenine phosphate dehydrogenase oxidase 
increases TGF-β, and conversely, TGF-β increases ROS through 
activation of nicotinamide adenine phosphate dehydrogenase 
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oxidase. As such, the exact pathogenic mechanism and molecu-
lar incidence of DN remain unclear and the contribution of each 
pathway to the onset of DN is not yet confirmed.[51] Therefore, 
further studies are necessary to identify the mechanisms of DN 
development for effective prevention and treatment against DN.

2.3. Diabetic neuropathy

Diabetic neuropathy is a clinical syndrome characterized by 
pain due to somatosensory nervous system lesions. Based on 
the affected neurons in the brain, diabetic neuropathy can be 
classified into peripheral, autonomic, proximal, and focal types, 
each presenting with various symptoms such as numbness, 
stomach issues, and cardiac problems.[52] Peripheral diabetic 
sensory neuropathy is the most common presentation of micro-
vascular complication and affects up to 50% of individuals with 
long-standing diabetes.[53,54] According to a study conducted 
on the Dutch polyneuropathy population, diabetes accounted 
for 32%, and the frequency of diabetic neuropathy increased 
with age.[55] In addition, the incidence of diabetic neuropathy is 
directly related to the duration of diabetes. Another study found 
that the prevalence of diabetic neuropathy among newly diag-
nosed patients with non-insulin-dependent DM was 8.3% at 
baseline and increased to 41.9% after 10 years.[56] Like DR and 
DN, HbA(1c) levels are also risk factors for diabetic neuropa-
thy. Furthermore, metabolic risk factors such as higher levels of 
total and low-density lipoprotein cholesterol and triglycerides, 
higher body-mass index, higher von Willebrand factor levels, 
UAE rate, hypertension, and smoking have all been closely asso-
ciated with the cumulative incidence of neuropathy.[57,58] Genetic 
studies have identified several genes linked to diabetic neuropa-
thy; however, more verification in larger populations, especially 
with cohort studies, is needed.[59]

Several mechanisms for the development of diabetic neuropa-
thy have emerged from recent studies. Rashmi Pathak et al pro-
posed that the polyol pathway, advanced glycation end products 
pathway, inflammation, hexosamine pathway, protein kinase C 
pathway, Poly (ADP-ribose) polymerase pathway, and oxidative 
stress may be involved in the pathological processes leading 
to diabetic neuropathy.[60] Hyperglycemia activates the polyol 
pathway. Non-enzymatic glycation and oxidative damage may 
act together or independently, directly affecting nerve tissue or 
nourishing vascular tissue, causing diabetic neuropathy.[61,62]

3. Macrovascular complications
Macrovascular diseases affect large blood vessels such as arter-
ies and veins, including cardiovascular disease (CVD), cerebro-
vascular disease (CeVD), and peripheral arterial disease (PAD) 
lesions.[63] These complications occur in approximately 20% to 
30% of patients with diabetes, contributing significantly to the 
morbidity and mortality rate of type 2 diabetes.[64–66]

In recent years, there has been a significant decline in the risk 
of CVD among patients with diabetes due to better recogni-
tion of the negative impact of diabetes and the availability of 
novel pharmacological reagents. For instance, modifiable CVD 
risks among diabetic patients decreased from 37.7% in 2003 to 
19.1% in 2008 in the Swedish population, and a similar trend 
was observed in other 2 studies.[67–69] From 1999 to 2000, the 
estimated 10-year risk for CVD among patients with diabetes in 
the UK prospective diabetes study algorithms was 21.1%; how-
ever, it decreased to 16.4% in 2007 to 2008.[69] Similar to CVD, 
the prevalence of diabetes combined with CeVD also showed a 
downward trend in enrolled patients with diabetes, while the 
prevalence of PAD in patients with diabetes is increasing.[66]

The key pathological mechanism of macrovascular com-
plications is assumed to be an injury to the vascular endothe-
lium. Furthermore, impaired platelet function may lead to an 
increased risk of thrombosis and atherosclerosis progression, 

which is related to the development and progression of diabetic 
macrovascular complications.[70] Hyperglycemia, obesity, insu-
lin resistance, and other factors increase the generation of ROS 
through different pathogenetic pathways, which lower the activ-
ity of NO by their NO-inactivating effect. NO is a key molecule 
in maintaining endothelial cell function; thus, insulin resistance 
and obesity lead to endothelial dysfunction and subsequent ath-
erosclerotic changes due to reduced NO activity.[71]

Furthermore, several studies have found that the increased 
risk of macrovascular complications, especially coronary 
artery disease (CAD), is also closely related to NAFLD.[72–74] 
Mechanisms explaining this relationship include the regula-
tion of insulin resistance by hepatic lipid accumulation, the 
release of pro-inflammatory, pro-oxidative, and pro-coagulant 
factors and profibrotic mediators in the bloodstream, oxida-
tive stress and hypertension, which can promote myocardial  
remodeling and dysfunction, thereby inducing the occurrence of 
various cardiac complications.[73,75]

3.1. Cardiovascular disease

CVD is the primary cause of death among type 2 diabetes 
patients, accounting for over 70% of fatalities.[76] For decades, 
it has been established that diabetes increases the risk of devel-
oping CVD. After controlling for traditional CVD risk factors 
such as age, obesity, tobacco smoking, dyslipidemia, and hyper-
tension, individuals with diabetes have a 4-fold greater chance 
of experiencing a CVD episode than those without diabetes.[77,78]

CAD, also known as ischemic heart disease, coronary heart 
disease (CHD), atherosclerotic heart disease, and atherosclerotic 
CVD, is a form of CVD that manifests as stable angina pectoris, 
unstable angina pectoris, myocardial infarction (also referred 
to as a heart attack), and sudden cardiac death.[79] Globally, 
CHD affects approximately 32.2% of all individuals with type 
2 diabetes.[80] Additionally, DM is strongly associated with an 
elevated risk of CAD, such that patients with diabetes have a 
considerably higher 7-year risk of myocardial infarction than 
those without diabetes, regardless of the presence of prior myo-
cardial infarction history.[81,82] In contrast, a meta-analysis con-
sisting of 13 studies with a total of 45,108 patients suggested 
that patients with diabetes without prior myocardial infarction 
had a 43% lower risk of developing total CHD events com-
pared with those without diabetes but with a history of myo-
cardial infarction.[83] Although the difference in risks between 
the 2 studies may be related to the different thresholds defined 
for patients with diabetes,[16] there is no doubt that diabetes 
increases the risk of future myocardial infarction, particularly 
for women.[84] Moreover, diabetes can intensify the adverse con-
sequences of myocardial infarction. In the TIMI-50 trial that 
evaluated the efficacy of vorapaxar in patients with and without 
diabetes, patients with diabetes had a more frequent incidence 
of cardiovascular death, myocardial infarction, or stroke than 
those without diabetes.[85] In addition, recent genome-wide stud-
ies have unveiled genetic variation and epigenetic alterations as 
risk factors for CAD complications in patients with diabetes.[86] 
Jeanette Erdmann et al summarized 163 CAD risk loci based on 
10 years of genome-wide association studies.[65] These loci may 
be useful for improved prediction of CAD risk and for encour-
aging preventive measures. The other risk factors for CAD are 
show in Table 1.[87]

3.2. Cerebrovascular disease

The CeVD affects 20% to 40% of individuals with type 2 
diabetes and is a leading cause of mortality and severe mor-
bidity worldwide.[86] CeVD encompasses a range of medical 
conditions affecting the cerebral vessels and cerebral circulation 
and is characterized by stroke as a significant manifestation. It 
can be classified into ischemic or hemorrhagic CeVD. In 2019, 
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stroke caused 6.6 million deaths globally, of which half were 
due to ischemic stroke, 44% (2.9 million) from intracerebral 
hemorrhage, and 6% (0.4 million) from subarachnoid hemor-
rhage.[88] Furthermore, though the overall number of stroke-re-
lated deaths has been rising, there has been a 14.7% decrease in 
the age-standardized death rate for the 9-year period from 2010 
to 2019.[88,89]

DM is associated with an elevated risk of stroke. According 
to a meta-analysis of 102 prospective studies involving 698,782 
individuals, the adjusted hazard ratio was 2.27 (95% CI, 1.95–
2.65) for ischemic stroke among those with type 2 diabetes 
compared to those without.[81] Additionally, a study has demon-
strated that female patients with type 2 diabetes are significantly 
more vulnerable to stroke than their male counterparts.[90] Age, 
smoking, obesity, hypertension, high-density lipoprotein cho-
lesterol, HbA1c, history of vascular disease, heart failure, and 
atrial fibrillation are known to be associated with CeVD based 
on multiple studies.[91,92] A. Rocco et al conducted a review of 
microalbuminuria in relation to CeVD and found that it may 
be predictive of stroke, although further studies are necessary.[93] 
Recent evidence has shown that the microbiota plays a critical 
role in the onset of stroke.[88] Moreover, an increasing body of 
research has examined the influence of genetic variations and 
epigenetic alterations in the onset of CeVD.[94,95] For example, 
PITX2 and ZFHX3, which are associated with atrial fibrillation, 
have been identified as contributors to the susceptibility to isch-
emic stroke among Caucasians.[96,97] The advent of genome-wide 
association studies enabled the identification of more novel 
genetic variants associated with the risk of CeVD.

The mechanisms by which the risk factors mentioned above 
influence the occurrence of CeVD are different and not fully 
understood. However, the common point is that these fac-
tors are able to reduce the onset time of overt atherosclerosis 
through promote endothelial dysfunction.[98,99] Atherosclerosis 
is the main cause of CeVD development, and its related patho-
genesis of CeVD is complex and multifactorial. Of these factors, 
oxidative stress and inflammatory pathways have been exten-
sively investigated as key players.[100–102]

3.3. Peripheral artery disease

In addition to CAD and CeVD, another common macrovascular 
complication in patients with diabetes is PAD. PAD, also known 
as peripheral vascular disease (PVD), is characterized by ath-
erosclerotic occlusion in the lower extremities. The most com-
mon symptom of PAD is claudication, which is characterized 
by cramping, pain, or pain in the lower leg, thigh, or buttock 
with exertion, which relives with rest.[103] The ankle-brachial 
index (ABI) is used to diagnose and grade the severity of PAD, 
with a cutoff value of 0.9 indicating arterial occlusion. However, 
ABI has limited sensitivity in patients with diabetes compared 
to non-diabetic patients. High ABI levels may indicate arterial 
occlusion in patients with diabetes, leading to the underdiagno-
sis of PAD in this population.[104,105]

PVD has emerged as a global health concern, affecting over 
200 million individuals worldwide. In the United States, esti-
mates suggest that more than 8 million patients aged 40 years 
and above have low ABI levels (<0.9), with a quarter of these 
patients experiencing severe PAD (ABI <0.7).[106] PAD is signifi-
cantly associated with increased mortality rates, higher risk of 
lower extremity amputations, and elevated rates of cardiovas-
cular events.[103,107]

DM is associated with a higher risk of PAD, with a 2 to 4-fold 
increase compared to the risk of CAD or stroke.[16,108,109] Several 
risk factors have been identified for the development of PVD in 
individuals with diabetes, including smoking, obesity, hyperten-
sion, hypercholesterolemia, and dyslipidemia.[110,111] A cross-sec-
tional study of 271 patients with diabetes found a significant 

association between PVD and smoking, hypertension, hypercho-
lesterolemia, and obesity.[112] Other factors that have been linked 
to an increased risk of PVD in individuals with diabetes include 
the duration of diabetes, degree of hyperglycemia, increasing 
age, male gender, elevated serum lipoprotein levels, insulin resis-
tance, elevated serum fibrinogen levels, microalbuminuria, and 
increased levels of intercellular adhesion molecules.[111]

The mechanism of PAD development and progression in dia-
betes is similar to that of other macrovascular complications, 
including derangements in the vessel wall through the promo-
tion of vascular inflammation, endothelial cell dysfunction, 
abnormalities in blood cells, and factors affecting hemosta-
sis.[113] Of note, there is a significant interplay between differ-
ent mechanisms: for example, impaired NO production can 
affect inflammation, endothelial function, and arteriogenesis, 
whereas increased ROS can lead to platelet and endothelial 
dysfunction.[107]

4. Management of diabetes complications
The prevalence of diabetes is on the rise, and its associated com-
plications are widespread. Therefore, it is crucial to provide spe-
cific recommendations for diabetes screening and management, 
as early intervention can effectively delay the disease progres-
sion and improve outcomes. For example, timely detection and 
treatment can prevent as much as 98% of diabetes-related visual 
impairments.[114]

Early detection of diabetes is imperative in preventing and 
managing its severe and irreversible complications, as many 
patients with diabetes remain unaware of their ailment. This 
is because diabetes often begins with few or no significant 
signs or symptoms. Consequently, these undiagnosed patients 
suffer from delayed diagnoses (4–7 years) and the disease 
serious consequences and complications.[115,116] Presently, sev-
eral methods and strategies are employed to conduct diabetes 
screening programs focused on high-risk groups (e.g., older 
adults or those with defined risk factors such as overweight 
or positive family history) to enhance screening program 
efficacy and affordability. And the tests of population-based 
screening for diabetes included capillary fasting blood glu-
cose, venous plasma glucose, and HbA1c.[117,118] However, 
these tests have their own limitations, so it is necessary to 
choose according to the specific situation. In addition, due to 
the high heterogeneity of diabetes,[119] accurate classification 
of patients with diabetes and identification of high-risk groups 
with different complications are also of great significance for 
the management of diabetic patients. For example, 1 study 
identified 3 distinct subgroups of type 2 diabetes from topol-
ogy-based patient-patient networks. Subtype 1 was charac-
terized by DN and DR; subtype 2 was enriched for cancer 
malignancy and CAD; and subtype 3 was associated most 
strongly with CAD, and neurological diseases.[120] Similarly, 
Emma Ahlqvist et al performed a data-driven cluster analysis 
in patients with newly diagnosed diabetes (n = 8980) based 
on 6 variables (glutamic acid decarboxylase antibodies, age 
at diagnosis, body mass index, HbA1c, and homoeostatic 
model assessment 2 estimates of β-cell function and insulin 
resistance) and correlated with prospective data from patient 
records on occurrence of complications and prescription of 
medication. Subsequently, the study identified 5 reproducible 
populations of diabetic patients with significantly different 
patient characteristics and risks of diabetic complications. 
Patients in cluster 3 (who are most resistant to insulin) have 
a significantly higher risk of DN than those in groups 4 and 
5, despite they receive similar diabetes treatment.[121] Precise 
stratification to identify individuals with increased risk of 
complications at diagnosis could provide a powerful tool for 
individualized treatment planning.
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4.1. Lifestyle modification

Risk factors, such as hypertension, obesity, and hyperglycemia, 
are closely associated with the development and progression 
of diabetic vascular complications. Lifestyle modification and 
professional medical prevention targeting these risk factors will 
yield positive outcomes. Lifestyle modification involves reducing 
the intake of sugar-sweetened beverages, engaging in moderate 
exercise, and quitting smoking. A meta-analysis study revealed 
that increased consumption of sugar- and artificially-sweetened 
beverages is linked to the risk of type 2 diabetes, CVDs, and 
all-cause mortality.[122] Therefore, reducing the intake of sug-
ar-sweetened beverages may be a viable option to lower the 
risk of diabetic complications. Another study demonstrated that 
patients who do not exercise have relatively poor control of 
vascular complications in type 2 diabetes and are more likely 
to develop vascular complications. Therefore, exercise may 
help patients with diabetes prevent vascular complications.[123] 
Furthermore, growing evidence highlights the impact of smok-
ing on diabetic complications,[124,125] and suggests that smoking 
cessation is crucial not only to prevent macrovascular compli-
cations in diabetes but also to limit microvascular disease.[126,127]

4.2. Blood glucose, lipids, and pressure control

Epidemiological studies have consistently shown that lower lev-
els of blood glucose, blood pressure, and cholesterol are asso-
ciated with reduced risk of microvascular and macrovascular 
complications in individuals with diabetes.[21,128,129] In an attempt 
to confirm these relationships, clinical trials have targeted each 
individual risk factor or used multiple interventions to lower all 
3 parameters simultaneously.[130–133] For instance, the UK pro-
spective diabetes study demonstrated that treating hypertension 
reduces macrovascular disease in individuals with type 2 diabe-
tes.[134] Moreover, lipid-lowering agents, especially statins, have 
been shown to reduce macrovascular disease in individuals with 
diabetes in numerous studies. The Steno-2 clinical trial unequiv-
ocally demonstrated the benefits of aggressive control of all 3 
parameters on vascular outcomes in individuals with diabetes. 
In this study, 160 patients with type 2 diabetes and microalbu-
minuria were enrolled and randomly assigned to either conven-
tional treatment or intensive treatment, which included behavior 
modification and pharmacologic therapy targeting hyperglyce-
mia, hypertension, dyslipidemia, and microalbuminuria, along 
with secondary prevention of CVD with aspirin. After a mean 
follow-up of 7.8 years, the intensive-treatment group had signifi-
cantly greater reductions in glycated hemoglobin values, blood 
pressure, serum cholesterol and triglyceride levels, and urinary 
albumin excretion rate than the conventional-treatment group, 
resulting in a 50% reduction in the risk of cardiovascular and 
microvascular events.[130] However, intensive therapy targeting 
only blood glucose is associated with a significantly increased 
risk of hypoglycemia, including those requiring pharmacologic 
intervention for recovery. The ADVANCE, ACCORD, and 
VADT trials all showed no significant difference in the incidence 
of macrovascular complications, cardiovascular mortality, and 
overall mortality between intensive glucose control and stan-
dard treatment control groups, but a higher incidence of severe 
hypoglycemia in the intensive glucose control group.[132,135,136] 
Similarly, lowering systolic blood pressure below 120 mm Hg 
in individuals at high cardiovascular risk with diabetes is asso-
ciated with significant excess adverse events, which would limit 
the utility of such an intervention.[137]

4.3. Screening and treatment of specific microvascular 
complications

4.3.1. Diabetic retinopathy. Vascular complications in patients 
with diabetes require prompt diagnosis and timely intervention 

to prevent or delay the onset of end-stage diseases such as 
blindness, renal replacement therapy, or amputation. To screen 
for DR, visual acuity should be assessed and retinopathy 
evaluated.[138] Various screening methods are available, including 
direct ophthalmoscopy, dilated slit lamp bio-microscopy with a 
hand-held lens, tele-retinal screening, mydriatic or non-mydriatic 
retinal photography, and retinal video recording. Retinal still 
photography, both mydriatic and non-mydriatic, has been 
identified as a cost-effective DR screening strategy.[138,139] The 
International Council of Ophthalmology Guidelines recommend 
that examiners evaluate patients’ best-corrected visual acuity 
and obtain a comprehensive history of diabetes, including 
HbA1c, blood pressure profile, lipid profile, smoking status, and 
other diabetes-related complications, to make a more accurate 
assessment of the patient condition.[23] Currently, anti-vascular 
endothelial growth factors (e.g., aflibercept, ranibizumab, or 
bevacizumab) are the primary treatment to improve vision in 
diabetic macular edema.[140] Therefore, researchers have tried 
to explore alternative novel therapeutics for DR. For instance, 
Yue Cai et al proposed that modulating the gut microbiota 
may prevent and treat DR as novel strategies based on the 
relationship between gut microbiota and DR.[26]

4.3.2. Diabetic nephropathy. Microalbuminuria is often the 
first sign of DN.[141] Therefore, screening and diagnosis of DN rely 
on assessing albuminuria in a spot urine sample. Patients with 
type 2 diabetes have a higher prevalence of microalbuminuria 
compared to those with type 1 diabetes. As a result, the 
American Diabetes Association recommends initiating screening 
for DN at the time of diagnosis for type 2 diabetes patients 
since about 7% of them already have microalbuminuria.[142] 
For type 1 diabetes patients, the first screening is recommended 
5 years after diagnosis.[142] However, microalbuminuria is not 
uncommon in type 1 diabetes patients before 5 years, with a 
prevalence of 18%, particularly in those with poor glycemic 
and lipid control and high normal blood pressure levels.[143] 
Therefore, screening for microalbuminuria in type 1 diabetes 
patients is recommended 1 year after diagnosis.[37] The screening 
must be repeated annually for both type 1 and type 2 diabetic 
patients.[142] Accurate measurement of kidney function is critical 
in screening for kidney disease, which is mainly achieved 
by assessing the GFR. Some patients with diabetes may have 
decreased GFR even in the presence of normal urinary albumin 
excretion.[144,145] While direct measurement of GFR through 
clearance of exogenous filtration markers such as iohexol or 
inulin is accurate, its application outside clinical research is 
limited due to time-consuming and cumbersome limitations.[146] 
In contrast, GFR is mainly measured indirectly by assessing 
the clearance of endogenous filtration markers such as serum 
creatinine or cystatin C.[147] In addition to albuminuria and GFR, 
the kidney biopsy may be performed for specific indications, 
such as significant and persistent proteinuria and a family 
history of non-diabetic forms of kidney disease.[36] However, the 
biopsy should be performed with careful consideration of the 
risks and benefits of the procedure.

The management of DN primarily aims to prevent renal 
injury, reduce the risk of end-stage kidney disease, and lower 
the chances of CVD and mortality. Non-pharmacological inter-
ventions such as weight loss, increased physical activity, reduced 
dietary sodium intake, and smoking cessation are crucial com-
ponents of any strategy to improve outcomes in patients with 
DN.[148,149] While the standard therapy for DN focuses on con-
trolling glucose and blood pressure, with the goal of reducing 
albuminuria and halting DN progression, this approach can 
only slow down the rate of development and cannot stop or 
reverse the disease.[150] Therefore, novel therapeutic strategies 
are necessary. Currently, new drugs targeting oxidative stress 
and inflammation, such as mineralocorticoid receptor antago-
nists and endothelin receptor antagonists, have garnered signif-
icant attention.[36]
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4.3.3. Diabetic neuropathy. Amputation due to diabetic 
neuropathy has a devastating effect on the quality of life and is 
associated with an alarmingly low life expectancy. Therefore, it 
is particularly important to reduce the incidence and delay the 
progression of diabetic neuropathy through screening and early 
intervention. Screening for diabetic neuropathy is recommended 
for all patients with type 2 diabetes at diagnosis and for 
those with type 1 diabetes starting 5 years after diagnosis. 
After the initial screening, screening was performed annually 
thereafter.[151] Common screening methods for peripheral 
neuropathy include tests of peripheral sensation by pinprick 
of the foot, ankle reflexes, vibration sensation via tuning fork, 
and examination of proprioception, or awareness of body 
positioning. And, Screening for cardiac autonomic neuropathy 
is more complex than tests of peripheral neuropathy and may 
include measures of heart-rate variability and quantification 
of the QT interval via electrocardiography.[152] About 50% of 
diabetic patients are affected by diabetic peripheral neuropathy. 
To date, treatments have not been shown to successfully repair 
the nerve damage that underlies diabetic neuropathy. For 
instance, several approved agents for the relief of pain caused by 
diabetic neuropathy, but do not affect the pathologic process.[153] 
Similarly, good glycemic control can slow the progression of 
diabetic peripheral neuropathy, and only in type 1 diabetic 
patients.[154] Therefore, there is an urgent need to develop novel 
drugs that can effectively treat nerve injury.

5. Conclusions
This manuscript provides a brief review of the epidemiology, 
risk factors, pathogenesis, and management of microvascu-
lar and macrovascular complications associated with diabetes. 
Microvascular complications are a significant cause of increased 
morbidity and reduced quality of life in patients with diabetes. 
While macrovascular diseases significantly increase the mortal-
ity rate of patients with diabetes, especially those with type 2 
diabetes. Common risk factors for diabetes and its associated 
macrovascular and microvascular complications include hyper-
glycemia, hypertension, hyperlipidemia, duration of diabetes, 
overweight, and smoking. Therefore, managing diabetic vascular 
complications requires intensive control of glucose, blood pres-
sure, and lipid levels, early screening and diagnosis of diabetes, 
appropriate exercise, and smoking cessation. Furthermore, accu-
rate risk stratification of patients with diabetic vascular com-
plications and specific screening for different complications are 
essential for early intervention to delay progression and improve 
outcomes. Finally, the genetics of vascular complications asso-
ciated with diabetes have gained broad attention, and recent 
advances in genome-wide technologies will help contribute to 
improving the risk prediction and prevention of complications.
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