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Abstract

Diabetic peripheral neuropathy (DPN) is a common chronic complication of
diabetes mellitus. One of the most common types is distal symmetric poly-
neuropathy, which begins as bilateral symmetry pain and hyperesthesia and
gradually progresses into hypoesthesia with nerve fibre disorder and is frequently
accompanied by depression and anxiety. Notably, more than half of patients with
DPN can be asymptomatic, which tends to delay early detection. Furthermore, the
study of adverse outcomes showed that DPN is a prominent risk factor for foot
ulceration, gangrene and nontraumatic amputation, which decreases quality of
life. Thus, it is essential to develop convenient diagnostic biomarkers with high
sensitivity for screening and early intervention. It has been reported that there
may be common pathways for microvascular and macrovascular complications of
diabetes. The pathogenesis of both disorders involves vascular endothelial dys-
function. Emerging evidence indicates that traditional and novel cardiovascular-
related biomarkers have the potential to characterize patients by subclinical
disease status and improve risk prediction. Additionally, beyond traditional
cardiovascular-related biomarkers, novel cardiovascular-related biomarkers have
been linked to diabetes and its complications. In this review, we evaluate the
association between major traditional and nontraditional car-diovascular-related
biomarkers of DPN, such as cardiac troponin T, B-type natriuretic peptide, C-
reactive protein, myeloperoxidase, and homocysteine, and assess the evidence for
early risk factor-based management strategies to reduce the incidence and slow
the progression of DPN.

Key Words: Diabetes; Diabetic peripheral neuropathy; Cardiovascular; Microangiopathy;
Prediction; Biomarkers
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Core Tip: Emerging evidence indicates that traditional and novel cardiovascular-related biomarkers have the potential to
characterize patients by subclinical disease status and improve risk prediction. Additionally, beyond traditional
cardiovascular-related biomarkers, novel cardiovascular-related biomarkers have been linked to diabetes and its complic-
ations. In this paper, we review the association between major traditional and nontraditional cardiovascular-related
biomarkers and diabetic peripheral neuropathy (DPN) and assess the evidence for early risk factor-based management
strategies to reduce the incidence and slow the progression of DPN.

Citation: Cheng MK, Guo YY, Kang XN, Zhang L, Wang D, Ren HH, Yuan G. Advances in cardiovascular-related biomarkers to
predict diabetic peripheral neuropathy. World J Diabetes 2023; 14(8): 1226-1233

URL: https://www.wjgnet.com/1948-9358/full/v14/i8/1226.htm

DOI: https://dx.doi.org/10.4239/wjd.v14.i18.1226

INTRODUCTION

Diabetes is one of the most severe and prevalent chronic diseases worldwide. The International Diabetes Federation
estimates that approximately 536.6 million adults worldwide will have diabetes in 2021, and the number is predicted to
increase to 783.2 million by 2045[1]. Diabetic neuropathy is a common chronic complication of diabetes mellitus. More
than 50% of patients with diabetes will develop diabetic neuropathy during their disease course, 30%-40% of whom
experience neuropathic pain symptoms, and the major neuropathy is diabetic peripheral neuropathy (DPN)[2]. A survey
of patients with type 2 diabetes in 14 countries showed that the overall prevalence of DPN was 26.71%, indicating that
more than a quarter of patients with type 2 diabetes in these 14 countries had DPN as a complication[3]. DPN can pro-
duce many symptoms, predominantly sensory impairment, which begins as bilateral symmetry pain and hyperesthesia
and gradually progresses into hypoesthesia with nerve fibre disorder and is frequently accompanied by depression and
anxiety. These symptoms typically start in the toes and feet and spread to the upper limbs. Studies of adverse outcomes
show that DPN is the prominent risk factor for foot ulceration, gangrene and nontraumatic amputation, which diminishes
quality of life[4]. Importantly, more than half of patients with DPN are asymptomatic[5]. Therefore, the early symptoms
of the insidious disease are not easily detectable. Fortunately, early screening and intervention can effectively reduce the
probability of amputation[6]. On the other hand, DPN imposes a physical and mental burden on patients and increases
societal expenditure. According to statistics, the annual cost of treating DPN and its complications in the United States is
estimated to be between 4.6 and 13.7 billion United States dollars, and DPN treatment accounts for 27% of total diabetes
treatment expenditures each year[7]. DPN can suppress the immune function of the body[8], and this damage can also
affect the neurological development of the next generation during pregnancy and induce congenital autism[9]. Therefore,
it is essential to develop convenient diagnostic methods with high sensitivity.

Currently, the clinical diagnosis of DPN is based on the existence of signs and indications of peripheral nerve damage
after excluding other causes of neuropathy[10]. Medical history, symptoms and physical examination can help doctors
diagnose patients. When patients have atypical symptoms, electrophysiological examination can be used to assist in the
diagnosis. Nerve conduction studies are the gold standard for the diagnosis of diabetic neuropathy. By measuring tactile
and vibration sensations and proprioception, abnormally myelinated nerve fibres can be evaluated. Typically, this
method is not suitable for small-fibre neuropathy[11]. A diagnosis of small-fibre neuropathy is made by measuring the
intraepidermal nerve fibre density, but this test is invasive and is usually used for research purposes[12]. The other
method used to diagnose small-fibre neuropathy is corneal confocal microscopy (CCM). CCM is used to diagnose DPN
by observing corneal nerve fibres. Research has found that CCM data are related to a change in the severity of
neuropathic pain and quality of life[13]. However, this method will also diagnose patients with other retinopathies.
Moreover, this detection method requires professional personnel and equipment.

As an emerging diagnostic method, studies on biological markers of DPN have developed rapidly. Serum biomarkers
can not only objectively reflect the pathological changes and pathogenesis of tissue cells but are also easy to detect, and
have the capability of early prediction and high reproducibility[14]. Therefore, identifying serological markers for the
early diagnosis of DPN is of great clinical significance. Although both the precise aetiology and pathogenesis of DPN are
complex and not fully understood, DPN is mainly known to be associated with chronic hyperglycaemia, metabolic
disorders (oxidative stress, lipid metabolism, increased end-products of advanced glycation, enhanced polyol and
hexosamine pathways), the inflammatory response, and axonal degeneration[15]. The microvascular and macrovascular
complications of diabetes may share common pathways. The increase in late glycosylation end products is a pathogenic
mechanism of diabetes, which can damage endothelial cells and lead to endothelial dysfunction. Excessive production of
reactive oxygen species (ROS) and NO can exacerbate oxidative stress and endothelial injury. Insulin resistance is a
common phenomenon in diabetic patients that not only reduces the body’s sensitivity to insulin but also inhibits the anti-
inflammatory and antioxidant effects of insulin. All of these factors can induce microangiopathy and cardiovascular
disease[16]. Studies have demonstrated that patients with microvascular disease (MVD) have a higher risk of developing
cardiovascular-related disease than patients without MVD[17], such as those with diabetic polyneuropathy[18]. This
suggests that the development of macrovascular and microvascular lesions in diabetes are closely related. In recent years,
domestic and foreign scholars have explored whether cardiovascular-related biomarkers can predict diabetic microan-
giopathy.
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Finding the delicate and precise biomarkers has been a top priority in order to reduce the negative effects and financial
burden of DPN. Other excellent reviews have summarized markers of DPN. There are numerous biomarkers that can be
utilized to diagnose DPN, such as inflammatory markers[19], nerve tissue damage factors[20], and oxidative stress
markers[21]. Some researchers have used machine learning techniques combined with novel biomarkers to diagnose
DPN, which can effectively improve the efficiency of physicians[22]. However, there is still no single marker that can be
widely used for clinical diagnosis. Therefore, this is the first summary of cardiovascular-related markers that can be used
to diagnose DPN (Table 1), such as cardiac troponin C and B-type natriuretic peptide (BNP)[23], and the underlying
pathological mechanisms are briefly described in the review (Figure 1). We hope to provide a new direction for the
clinical diagnosis of DPN to protect against this common and cruel disease.

MARKERS OF MYOCARDIAL INJURY

Troponin is a contractile protein present in the fine myofilaments of cardiac cells. It is composed of three subunits: cardiac
troponin C, cardiac troponin I, and cardiac troponin T (cTnT). cInT is found mainly in fine myofilaments. Troponin is a
marker of myocardial injury. In general, patients with myocardial injury may have elevated troponin levels in their
bodies[24]. It has been shown that increased troponin I levels can occur in obese mice with myocardial injury[25]. DPN is
a microangiopathy, and a decrease in neural blood supply can result in the deterioration of axons and Schwann cells in
DPN. Simultaneously, microvascular circulation disorders may partly affect the blood supply to the myocardium, leading
to myocardial damage, and changes in coronary microcirculation can lead to coronary microvascular disfunction,
affecting the levels of troponin in the body[26]. Jende et al[27] indirectly confirmed that microangiopathy contributes to
nerve damage in type 2 diabetes and demonstrated the potential value of troponin as a marker of nerve damage in
diabetic patients. A recent cross-sectional study showed that high-sensitivity cardiac troponin (hs-cTnT) is independently
associated with peripheral neuropathy, regardless of diabetes mellitus diagnosis, and is a biomarker of end-organ injury,
including peripheral neuropathy[28]. Therefore, when using hs-cTnT to screen DPN patients, other diseases that may
cause peripheral neuropathy should be ruled out in advance. In conclusion, these studies showed that troponin could be
a useful indicator for predicting the incidence of DPN, which needs to be confirmed in large-sample studies.

CARDIAC FUNCTION MARKERS

BNP is a natural hormone with biological activity synthesized by myocardial cells that is mainly secreted by the ventricle
but also exists in brain tissue. BNP alters sodium excretion and vasodilation and inhibits sympathetic nerve activity.
When left ventricular diastolic function is impaired, the myocardium rapidly synthesizes BNP and releases it into the
blood to help regulate heart function. It is an essential indicator in the diagnosis of heart failure, patient management, and
risk assessment of clinical events. Low BNP values can exclude the diagnosis of left ventricular heart failure. Multiple
studies have shown that changes in BNP levels are associated with diabetic microvascular complications[29-31]. A cross-
sectional study of patients with type 2 diabetes in China showed that circulating BNP levels were significantly increased
in patients with neuropathy. Researchers found that BNP levels were positively correlated with vibration perception
threshold values, suggesting that high BNP levels are a risk factor for DPN and that monitoring BNP levels can predict
the risk of DPN. The best cut-off value for predicting DPN was a circulating BNP level of 15.18 pg/mL (sensitivity 78.7%,
specificity 48.2%)[32].

N-terminal BNP (NT-proBNP) is the inactive N-terminal fragment of the BNP prohormone (proBNP) and is secreted
mainly when the load of ventricular cells increases before and after division. BNP and NT-proBNP are essential markers
in diagnosing acute and chronic heart failure. Studies have shown that the combination of NT-proBNP and its receptor
can regulate blood pressure, blood volume, sodium balance, and glucose and fat metabolism. Natriuretic peptides bind to
receptors located in adipose tissue to induce lipolysis in adipocytes, regulate fat distribution, and promote the absorption
of more oxygen and glucose by adipose tissue[33,34]. Therefore, NT-proBNP can affect insulin and glucose metabolism in
the body. A German study showed that the level of NT-proBNP is negatively correlated with the risk of type 2 diabetes.
The correlation is more significant in female patients, and the higher the concentration of NT-proBNP is, the higher the
risk of diabetes patients having large vessel and MVD. Therefore, NT-proBNP can be used as a biomarker to predict the
risk of microvascular and macrovascular complications of diabetes[35].

CARDIOVASCULAR INFLAMMATORY MARKERS

C-reactive protein (CRP) is a nonspecific inflammatory marker produced by liver cells when the body is exposed to
inflammatory stimulation, such as microbial infection or tissue damage. It can be used to identify bacterial and viral
infections and assess the severity of infection. In addition, CRP is a marker of early myocardial injury that can be elevated
within hours of the onset of myocardial damage. High-sensitivity CRP (hs-CRP) predicts the risk of cardiac events in
asymptomatic populations and can assess the outcome of patients with acute coronary syndromes[36,37]. Chronic
hyperglycaemia can induce vascular endothelial cell injury and an inflammatory response leading to DPN, while the
inflammatory cytokines tumor necrosis factor-alpha and interleukin-6 can stimulate CRP synthesis in vivo[38]. Studies by
Tang et al[39] showed that hs-CRP levels were significantly positively correlated with the occurrence of diabetic
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Table 1 Biomarkers for diabetic neuropathy mentioned in this review

Biomarker s .
. Sample source Quantitative method  Role in human body Change Ref.

candidate

hs-cTnT Human serum/ plasma ECLI A marker of myocardial injury Increased [27,28]

BNP/NT-proBNP Human serum/ plasma CLIA Exclude the diagnosis of left Increased [29-32,35]
ventricular heart failure

hs-CRP Human serum ELISA/LEITA A nonspecific inflammatory Increased [39-42]
marker that can predict the early
myocardial damage

MPO Human serum ELISA An inflammatory factor in Increased [47]
coronary artery disease

Hcy Human plasma FPIA/CLIA Induction of vascular oxidative Increased [51-53]

stress and endothelial cell damage

hs-cTnT: High-sensitivity cardiac troponin; BNP: B-type natriuretic peptide; NT-proBNP: N-terminal B-type natriuretic peptide; hs-CRP: High-sensitivity
C-reactive protein; MPO: Myeloperoxidase; Hcy: Homocysteine; ECLI: Electrochemiluminescence immunoassay; CLIA: Chemiluminescence analysis;
ELISA: Enzyme-linked immunosorbent assay; LEITA: Latex-enhanced immunonephelometric assay; HPLC: High-performance liquid chromatography;

FPIA: Fluorescence polarization immunoassay.

T2DM
i X Inflammation; Oxidative stress;
Pathogenic mechanism Endothelial dysfunction; Dyslipidaemia
Microvascular complications Macrovascular complications
- Neuropathy e ~  Atherosclerosis
Nerve Essue
damage Myocardial infarction
Vascular complications of diabetes Retinopathy %
Retina Heart failure

damage Heart
N damage

- Nephropathy - Stroke

(L

Kidneys
damage

{

Cardiac troponin T; B-type natriuretic peptide; C-reactive protein;
Myeloperoxidase; Homocysteine

Biomarkers of vascular disease in diabetes

DOI: 10.4239/wjd.v14.i8.1226 Copyright ©The Author(s) 2023.

Figure 1 A brief introduction to vascular-related complications of diabetes and their common diagnostic markers. Common pathogenic
mechanisms for macrovascular and microvascular complications include inflammation, oxidative stress, abnormal lipid metabolism and endothelial dysfunction.
Cardiac troponin T is a marker of impaired microvascular circulation, which can affect myocardial blood supply and vascular endothelial cell function, resulting in the
release of large amounts of troponin in the blood. B-type natriuretic peptide regulates blood pressure, blood volume, sodium balance, and glucose and fat
metabolism. C-reactive protein is a marker of early myocardial injury and nonspecific inflammation. Myeloperoxidase is involved in the regulation of inflammatory
response and oxidative stress in vivo and can induce acute coronary syndrome. Homocysteine is a marker of impaired neurons and vascular endothelial cells that
induces oxidative stress and excessive proliferation of vascular endothelial cells. T2DM: Type 2 diabetes mellitus. Image from FreePik.

nephropathy and can be used to predict and diagnose diabetic nephropathy in the clinic. Chuengsamarn et al[40] found
that hs-CRP levels are correlated with the occurrence of chronic vascular complications of diabetes and can be used to
predict the occurrence of diabetic microangiopathy. Another study found a positive correlation between hs-CRP levels
and urinary albumin excretion, an indicator of diabetic nephropathy[41]. A prospective study has shown that baseline hs-
CRP levels can predict the occurrence and improve the predictive efficacy of microvascular complications in type 2
diabetes[42]. In summary, these studies suggest that hs-CRP levels are associated with diabetic microvascular complic-
ations. In addition, hs-CRP levels have only been shown to be related to the development of diabetic nephropathy and
diabetic retinopathy. However, the mechanisms of microvascular damage in the three diseases are similar, so it is
reasonable to speculate that CRP is associated with the development of DPN. In the future, it is necessary to further
explore the relationship between hs-CRP and DPN and determine whether hs-CRP can be used as a biomarker for
diagnosing DPN.

Myeloperoxidase (MPO) is a haem protease secreted mainly by activated neutrophils and macrophages. Changes in
MPO levels in vivo can reflect the activity and functional status of neutrophils. MPO not only kills microorganisms that
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are phagocytosed by cells but also participates in regulating inflammatory responses. It is also an inflammatory factor in
coronary artery disease, and a study showed that elevated plasma MPO levels are associated with inflammatory status in
patients who suffer from acute heart attacks[43]. MPO can promote the formation of lesions in acute coronary syndrome
and affect the stability of atherosclerotic plaques[44]. Additionally, it can be used to predict the risk of recent myocardial
infarction in patients with coronary heart disease[45]. Moreover, MPO can catalyse hydrogen peroxide to produce ROS.
When the balance of oxidants and antioxidants in the body is disrupted, oxidative stress can occur. Inflammation and
oxidative stress are involved in the occurrence and development of DPN. Long-term hyperglycaemia can lead to
increased nonenzymatic glycosylation end products and produce a large number of oxygen free radicals, thus
aggravating oxidative stress and inflammation[46]. A prospective cohort study in Germany showed that a higher level of
MPO was independently associated with DPN, suggesting that MPO may be involved in the occurrence of DPN and can
be used as a biomarker[47]. However, the mechanism underlying MPO and its role in the development of DPN still needs
further study. In addition, the specificity and sensitivity of MPO to diagnose DPN needs to be verified in more extensive
cohort studies.

MARKERS OF CARDIOVASCULAR ENDOTHELIAL INJURY

Homocysteine (Hcy) is a sulfur-containing amino acid in the human body and an essential intermediate product in
methionine and cysteine metabolism. Hcy content increases when metabolic disorders occur in the body, which makes it
an important indicator to measure the health status of patients. Hcy has toxic effects on neurons and vascular endothelial
cells. The underlying mechanism may be that Hcy can produce a large amount of oxygen free radicals, thus causing
endothelial cell damage. Studies have shown that increased Hcy can induce vascular oxidative stress and mediate arterial
inflammation and atherosclerosis[48]. Hcy can also interfere with glutathione synthesis by inhibiting the activity of
glutathione peroxidase, disrupting the redox balance in the body and leading to excessive proliferation of vascular
endothelial cells. In recent years, people have begun to explore the relationship between increased homocysteinemia and
diabetic microangiopathy. The potential mechanism involved increased Hey-induced oxidative stress and vascular
endothelial growth factor (VEGF)[49,50]. Hcy can inhibit VEGF-induced vascular endothelial cell proliferation and
migration. A Canadian study showed that diabetic patients with higher Hcy levels were more likely to develop diabetic
neuropathy than those with lower Hcy levels. However, the potential influence of diet and lifestyle needs to be further
clarified[51]. A cross-sectional study of patients with type 2 diabetes in China showed that plasma Hcy concentration was
independently associated with the development of DPN and found that the threshold for distinguishing neuropathies by
Hcy was lower than average[52]. Gonzélez et al[53] found that plasma Hcy content was significantly correlated with the
presence and degree of DPN and that the risk of DPN increased by 23% for every 1 pmol increase in plasma Hcy. In
conclusion, several studies have shown that Hcy may be a promising biomarker for DPN. However, the elevation of Hcy
can also occur in older adults with poor nutrition. Therefore, future studies need to verify the predictive value of Hey and
explore the best diagnostic thresholds in different age groups.

CONCLUSION

DPN can not only reduce the quality of life of patients but also cause disability and death in severe cases. Therefore, more
sensitive diagnostic methods are needed. In recent years, many studies on DPN markers have emerged, and many DPN-
related molecules have been found. In this review, biomarkers of cardiovascular-related DPN have been summarized,
including ¢cTnT, BNP, CRP, MPO, and Hcy. These results encourage further studies to identify the value of these
biomarkers, thus improving the diagnostic efficacy of markers, achieving the goal of early diagnosis and early treatment,
and improving patient prognosis. At present, although no single marker can be used for the accurate diagnosis and
disease assessment of DPN, abnormalities in known markers in combination with traditional diagnostic methods for DPN
can still direct clinicians to pay attention to high-risk groups as early as possible to achieve early diagnosis and early
intervention. Computer simulation technology is widely used in medical research[54], not only to improve the efficiency
of researchers but also to reduce costs. In recent years, many researchers have conducted preliminary studies using
computer simulation techniques before conducting in vivo investigations[55]. Future studies will use machine learning
technology to screen biomarkers in combination with artificial intelligence[56]. Currently, the treatment of DPN is limited
to symptomatic treatment, and there is a lack of effective prevention and treatment measures. Exploring DPN-related
markers can not only be used for the accurate diagnosis of DPN but also provide new ideas for treating DPN. Studying
the pathogenesis of DPN and discovering related biomarkers will provide a new direction for diagnosing and treating
DPN in the future.
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