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Abstract 

Background:Type 2 diabetes mellitus (DM) is the most common type of diabetes, 

accounting for around 90% of all cases of diabetes.Diabetic nephropathy (DN) is the 

largest single cause of end-stage kidney disease, therefore, there is an urgent need to 

identify more sensitive and specific biomarkers than microalbuminuria for early 

detection of DN. Diabetic nephropathy is one of the most common secondary 

complications of diabetes mellitus and is becoming a major cause of morbidity and 

mortality among diabetic patients .It isa microvascular complication occurring in 

approximately 20-40% of patients with type 2 diabetes mellitus (T2DM), is 

characterized by the progressive impairment of glomerular filtration and the 

development of Kimmelstiel-Wilson lesions leading to end-stage renal disease 

(ESRD).There are many markers that may be more sensitive than urinary albumin, 

(the current gold Standard, in the detection of incipient nephropathy and risk 

Assessment of cardiovascular disease); however, the sensitivity of these markers 

compared with albumin requires further investigation.It is believed that elevated 

circulating concentrations of fetuin-A may be a risk factor for conditions such as type 

2 diabetes mellitus, metabolic syndrome and non-alcoholic fatty liver disease. 

Key words:Diabetes Mellitus (DM), Diabetic Nephropathy (DN), Urinary Fetuin-A. 

 

1.Introduction: 

Diabetes is a true epidemic with 415 million adults with diabetes worldwide. One 

third of these patients develop severe microvascular complications such as diabetic 

kidney disease (DKD), sight threatening diabetic retinopathy (DR), and diabetic 

neuropathy. Furthermore, individuals with diabetes carry an increased risk of 

cardiovascular disease (CVD), a risk that is particularly high in those with DKD. 

Consequently, those that develop end stage renal disease (ESRD) requiring dialysis or 

kidney transplant for survival have 18 times higher premature mortality compared 

with the general population (1). 
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1.1. Macrovascular complications: 

Atherosclerotic cardiovascular disease (ASCVD) defined as coronary heart disease, 

cerebrovascular disease, or peripheral arterial disease presumed to be of 

atherosclerotic origin is the leading cause of morbidity and mortality for individuals 

with diabetes and results in an estimated $37.3 billion cardiovascular-related spending 

per year associated with diabetes (5). 

Diabetes also contributes to earlier mortality from cardiac disease. Age of disease 

onset is important in determining survival in type 1 diabetes: loss of life years is 

increased in those diagnosed under the age of 10 years compared with those 

diagnosed aged 26–30 years (8). 

Common conditions coexisting with type 2 diabetes (e.g., hypertension and 

dyslipidaemia) are clear risk factors for ASCVD, and diabetes itself confers 

independent risk. Numerous studies have shown the efficacy of controlling individual 

cardiovascular risk factors in preventing or slowing ASCVD in people with diabetes. 

Furthermore, large benefits are seen when multiple cardiovascular risk factors are 

addressed simultaneously. Under the current paradigm of aggressive risk factor 

modification in patients with diabetes (3). 

Heart failure is another major cause of morbidity and mortality from cardiovascular 

disease. Recent studies have found that rates of incident heart failure hospitalization 

(adjusted for age and sex) were two-fold higher in patients with diabetes compared 

with those without (5). 

Diabetic ketoacidosis (DKA) is a state of metabolic decompensation in which insulin 

deficiency (relative or absolute) causes both hyperglycemia and excess production of 

ketoacids, resulting in metabolic acidosis (6). 

In patients with diabetes hypoglycaemia is defined as all episodes of an abnormally 

low plasma glucose concentration that expose the patient to potential harm. No single 

threshold value was assigned to define hypoglycaemia since this value may differ 

among patients. An alert value of <70 mg/dL (<3.8 mM/L), however, was chosen to 

draw the attention of patients and caregivers and also for use as a cut off value in the 

classification of hypoglycaemia in diabetes as outlined in Table 1 (1). 

 

1.2. Microvascular complications: 

Diabetic retinopathy is characterized by microaneurysms, retinal haemorrhages, 

cotton wool spots (from ischaemia and microinfarction), hard exudates (from protein 

and lipid leakage), intraretinal microvascular abnormalities and venular dilation and 

tortuosity (2). 

Diabetes affects the retina, peripheral nerves and renal glomeruli leading to 

microvascular complicationof diabetes. The cells in these structures are unable to 

downregulate glucose uptake leading to an overproduction of superoxide by the 

mitochondrial electron transport chain and resultant oxidative stress. Microvascular 

complications are specific to diabetes, while macrovascular complications are not; 

however, people with diabetes are at a higher risk than the general population(3). 

Diabetic neuropathies cover a range of symptoms and can be divided into diabetic 

peripheral neuropathies including painful neuropathy, and autonomic neuropathy (4). 
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Diabetic neuropathy can involve the somatic and autonomic nervous systems. The 

most common type is diabetic sensorimotor polyneuropathy, also referred to as 

peripheral neuropathy. (5). 

 

2.Classification of diabetic neuropathy: 

Generalized symmetric polyneuropathies: acute sensory, chronic sensorimotor and 

autonomic. 

Focal and multifocal neuropathies: Cranial, Truncal, Focal limb, Proximal motor 

(amyotrophy) and Coexisting chronic inflammatory disseminated poly neuropathy 

(CIDP) (6). 

Acute sensory neuropathy, is rare, tends to follow periods of poor metabolic control 

(e.g. ketoacidosis) or sudden change in glycemic control (e.g., “insulin neuritis”) and 

is characterized by the acute onset of severe sensory symptoms with marked nocturnal 

exacerbation but few neurologic signs on examination of the legs (7). 

Chronic sensorimotor DPN. This is the most common presentation of neuropathy in 

diabetes, and up to 50% of patients may experience symptoms, most frequently 

burning pain, electrical or stabbing sensations, paresthesia, hyperesthesia, and deep 

aching pain. Neuropathic pain is typically worse at night, and the symptoms are most 

experienced in the feet and lower limbs (7). 

The diagnosis of DPN can only be made after a careful clinical examination, and all 

patients with diabetes should be screened annually for DPN by examining pinprick, 

temperature, and vibration perception, pressure sensation at the distal halluces, and 

ankle reflexes (7). 

 

Focal and multifocal neuropathies: 

Mononeuropathies may have a sudden onset and can occur as a result of involvement 

of the median (5.8% of all diabetic neuropathies), ulnar (2.1%), radial (0.6%), and 

common peroneal nerves (8). 

Cranial neuropathies are extremely rare (0.05%); involve primarily cranial nerves III, 

IV, VI, and VII and are thought to occur due to a microvascular “infarct,” which, in 

the majority, resolves spontaneously over several months. Electrophysiological 

studies show a reduction in both nerve conduction and amplitude suggestive of 

underlying demyelination and axonal degeneration (8). 

In contrast, up to one third of patients with diabetes have an entrapment, Common 

nerves involved are the ulnar, median, peroneal, and medial plantar nerves. Spinal 

stenosis is also common in people with diabetes and needs to be distinguished from 

the proximal neuropathies and amyotrophy (8). 

Diabetic amyotrophy typically occurs in older patients with type2 diabetes, and in 

some cases, an immune-mediated epineurial micro-vasculitis has been demonstrated 

in nerve biopsies. Clinical features of amyotrophy include severe neuropathic pain 

and unilateral or bilateral muscle weakness and atrophy in the proximal thigh muscles 

(9). 
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Diabetic autonomic neuropathy (DAN) results in significant morbidity and may lead 

to mortality in some patients with diabetes. Autonomic neuropathy may involve the 

cardiovascular, gastrointestinal, genitourinary systems and the sweat glands(11). 

Patients with generalized autonomic neuropathies may report ataxia, gait instability, 

or near syncope/syncope. In addition, autonomic neuropathies have further symptoms 

that relate to the anatomic site of nerve damage, gastrointestinal, cardiovascular, 

bladder, or sudomotor (10) 

Cardiovascular autonomic neuropathy may produce persistent sinus tachycardia (≥100 

bpm), Orthostatic hypotension (fall in systolic blood pressure ≥ 20 mmHg upon 

standing), Sinus arrhythmia, Decreased heart variability in response to deep breathing 

and Near syncope upon changing positions from recumbent to standing (11).  

Bladder neuropathy (which must be differentiated from prostate or spine disorders) 

may produce poor urinary stream, feeling of incomplete bladder emptying and 

straining to void (11).  

 

Cognitive decline: Diabetic individuals are more likely to have brain atrophy than 

cerebrovascular lesions with patterns resembling those of preclinical Alzheimer 

disease (12). 

Type2 diabetes was associated with hippocampal atrophy; temporal, frontal, and 

limbic gray-matter atrophy and to a lesser extent, frontal and temporal white-matter 

atrophy (12). 

Patients with type 2 diabetes were more likely to have gray-matter atrophy in several 

bilateral regions of the cortices, especially in the left hemisphere, like the distribution 

of cortical atrophy described in early Alzheimer disease (12) 

The foot should be inspected, pulses palpated and proprioceptive, vibratory and 

monofilament sensation should be assessed. Peripheral neuropathy may also be 

assessed using the self-administered questionnaire Michigan Neuropathy Screening 

Instrument (5). 

 

Diabetic nephropathy is one of the most common secondary complications of diabetes 

mellitus and is becoming a major cause of morbidity and mortality among diabetic 

patients (13). 

Diabetic nephropathy can be defined by: 

 increased urine albumin excretion (>300mg/day),  

 decreased glomerular filtration rate (GFR),  

 diabetic glomerular lesions  

 and raised arterial blood pressure (14). 

Diabetic nephropathy has been described as a glomerular disorder with the following 

phases: glomerular hyperfiltration, incipient nephropathy, microalbuminuria, overt 

proteinuria and end-stage renal disorder (15). 

Chronic kidney disease (CKD) is a major public health concern worldwide, affecting 

11 to 13% of global population, and it is associated with adverse clinical events such 
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as cardiovascular disease (CVD) and progression to end-stage renal disease (ESRD) 

(16).  

Diabetic nephropathy is the major cause of end stage renal disease. Renal 

involvement usually occurs more than 10 years after the onset of diabetes, but studies 

have shown that it starts even in the early stages of diabetes. Renal tubulo-interstitial 

damage has an important role in the pathogenesis of early diabetic nephropathy (17). 

Diabetic kidney disease occurs in 20–40% of patients with diabetes (18). 

 

The first step in screening for DN is to measure albumin in an isolated urine sample. 

The results of albuminuria in an isolated sample can be expressed as albumin 

concentration (mg/l) or as albumin/creatinine ratio (mg/gm). Although albumin 

concentration may be influenced by urine dilution/concentration, this measure appears 

to be the best choice, considering its cost and accuracy. Every abnormal albuminuria 

test should be confirmed in two of three samples collected at a three to six-months 

interval, due to the daily variability of UAE (19). 

Although the Kidney Disease Outcomes Quality Initiative (KDOQI) and Kidney 

Disease: Improving Global Outcomes guidelines recommend assessing micro 

albuminuria for DKD screening, they also underscore the insufficient sensitivity of 

this test. The intra individual variability in urinary albumin excretion depends on 

numerous factors, including coexisting diseases, exertion, body mass, and 

temperature, making this type of screening potentially unreliable. Although diabetic 

retinopathy (DR) in the presence of micro albuminuria according to the KDOQI 

guidelines on DKD is considered an equivalent marker of DN (overt albuminuria) 

(20). 

Intensive diabetes management and early institution of anti-proteinuric therapy have 

been shown to slow the progression of nephropathy and improve micro and macro-

vascular complications of diabetes leading to decreased morbidity and mortality (21). 

 

3.Pathophysiology of diabetic nephropathy: 
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Figure 1 | Renal changes in type 1 diabetes mellitus. Type 2 diabetes mellitus may 

not follow this time course. DN, diabetic nephropathy; ESRD, end-stage renal 

disease; GBM, glomerular basement membrane; GFR, glomerular filtration rate; BP, 

blood pressure. 

4.Pathophysiology:The transformation in nature of the glomerular basement 

membrane (GBM) from its normal collagen chains, α 1(IV) and α 2(IV) to more 

restricted collagen chains, α 3(IV) and α 4(IV) results in the accumulation of type IV 

collagen in the lamina rara interna of the GBM (22). 

Research suggests that increased vascular resistance in renal interlobar arteries can 

damage glomerular and non-glomerular nephron structures and contribute to the onset 

and progression of non-proteinuric DN (23).  

As the disease progresses, more layers of the GBM are filled with these extracellular 

matrix components, which further expand the GBM by approximately twice the 

normal size. This affects the compositional quality and function of the GBM leading 

to proteinuria or macromolecular leakiness (24). 

 

Histopathological changes: Three major histological changes occur in the glomeruli 

of persons with diabetic nephropathy. First, mesangial expansion is directly induced 

by hyperglycaemia, perhaps via increased matrix production or glycosylation of 

matrix proteins. Second, thickening of GBM occurs. Third, glomerular sclerosis is 

caused by intraglomerular hypertension (induced by renal vasodilatation or from 

ischemic injury induced by hyaline narrowing of the vessels supplying the glomeruli). 

These different histologic patterns appear to have similar prognostic significance (25). 

Diabetic nephropathy begins with glomerular hyperperfusion and renal hyperfiltration 

and then progresses to microalbuminuria and a lowered glomerular filtration rate 

(GFR). guidelines define DN using main criteria: a decline in renal function, 

proteinuria, and a reduction in GFR (26). 

Chronic kidney disease (CKD) is diagnosed by the persistent presence of elevated 

urinary albumin excretion (albuminuria), low estimated glomerular filtration 

rate(eGFR), or other manifestations of kidney damage (27). 

Microalbuminuria is the earliest non-invasive marker of diabetic nephropathy (DN) 

that occurs because of diabetes-induced glomerular damage. Role of tubulo-

interstitium has also been increasingly appreciated in progression of DN (28). 

Persistent albuminuria in the range of 30–299 mg/24 h has been shown to be an early 

stage of DN in type 1 diabetes and a marker for development of DN in type 2 diabetes 

(28). 

Microalbuminuria is being used as the gold standard for the detection of early diabetic 

nephropathy. Albuminuria is a marker of glomerular damage. However, a Japanese 

study has shown that typical histopathologic changes of diabetic nephropathy may 

occur in patients without albuminuria. Hence, urinary albumin may not be enough to 

identify patients with early diabetic nephropathy. (28). 

With advanced cases of DN, the kidney biopsy shows mesangial hypercellularity and 

expansion, thickening of the basement membranes, arteriolar hyalinosis, and 

interstitial fibrosis. In some cases, Kimmelstiel-Wilson lesion seen in DN kidney 
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biopsies correlate with an increased risk of worsening renal function and retinopathy 

(28). 

Diabetic nephropathy is viewed as a spectrum of presentations with many authorities 

arguing for expanding the current pathological classification of DN to improve 

treatment strategies and outcomes (29). 

 

Compared with patients with type II diabetes and DN, patients with type 1 diabetes 

and DN with normo-albuminuria had more of glomerular lesions, such as increased 

glomerular basement membrane thickness and more Kimmelstiel-Wilson nodules, and 

more frequent progression of DN (21). 

DN can progress to low GFR without evidence of microalbuminuria (21).  

Ultrasound technology is one alternative which has provided opportunities for 

diagnosing and monitoring the progression of DN. Unlike renal biopsies, ultrasound 

represents an inexpensive and non-invasive method for examining and grading the 

progression of DN and other related renal pathologies, such as renal cysts or stones 

(30). 

Specifically, an increase in the Renal Resistive Index (RRI), which measures renal 

vascular resistance, has been shown to reliably detect and monitor the progression of 

DN and NP-DN (31). 

Ultrasound sonography provides an effective method to screen, identify, and monitor 

hemodynamic and morphologic changes in DN patients (32). 

 

Biomarkers for early detection of DN: 

For type 2 diabetic nephropathy, it is reported that urinary cystatin C and NAP (non-

albumin protein) could reflect the progression of type 2 diabetic nephropathy (33). 

Urinary biomarkers like neutrophil gelatinase associated lipocalin (NGAL) and 

cystatin-C can help in the detection of renal tubular damage that has been found to 

occur in the early stages of diabetic nephropathy (34). 

Cystatin C, a cysteine protease inhibitor, is a low-molecular-weight protein produced 

by all nucleated human cells is regarded as a marker of glomerular as well as tubular 

damage. It is freely filtered by the glomerulus and reabsorbed primarily by proximal 

tubular cells. Its levels are not influenced by renal factors, inflammation, infections, 

liver diseases, dietary factors or constitutional factors that could influence the 

production rate (35). 

Studies have found that urine Cystatin C and NGAL levels increase with progression 

of DN and are positively correlated to UACR and negatively correlated to GFR (33). 

NGAL is a ubiquitous glycoprotein (25kd) produced by neutrophils and epithelial 

cells including kidney tubular cells. It is considered as a marker of renal tubular 

injury. Synthesis and urinary excretion of NGAL increase in many pathological 

conditions, such as ischemia, infections, inflammation, intoxication, cancer, cardiac 

surgery and renal injury (34). 

Urinary transferrin and retinol-binding protein (RBP) were discovered as potential 

biomarkers with excellent diagnostic accuracy. Transferrin is an iron-binding 

glycoprotein that regulates iron levels and is responsible for iron transport in serum. 
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Urinary transferrin increases gradually as patients progress through the stages of DN 

(35). 

 

5.Fetuin-A 

Several studies showed that hepatokines, liver-derived hormones, can regulate 

systemic energy metabolism and insulin sensitivity through integrated organ crosstalk 

(36). 

5.1. Structure:   

Fetuin-A is a glycoprotein structured molecule which weighs 60kDa and has a serum 

concentration ranging between 0.5 and 1.0g/L (37). 

Fetuin-A includes a N-terminal heavy chain of 321 amino acid residues, which is 

bound by disulphide bonds to the C-terminal light chain of 127 amino acids. About 

20% of the circulating HFA is phosphorylated at serine-120 and serine-130 (38). 

Synthesis: 

Among hepatokines, fetuin-A is a circulating plasma glycoprotein, which secretes 

mainly from liver and to lesser extent from other organs such as tongue, placenta, and 

adipose tissue (39). 

Fetuin-A, also known as a 2 -Heremans–Schmid glycoprotein (AHSG), is a 

systemically acting inhibitor of ectopic calcification (40). 

It is believed that elevated circulating concentrations of fetuin-A may be a risk factor 

for conditions such as type 2 diabetes mellitus, metabolic syndrome and non-alcoholic 

fatty liver disease (41). 

In human studies, fetuin-A is associated with various metabolic dysregulations. Serum 

fetuin-A concentrations correlate positively with liver fat in nondiabetic individuals, 

and high fetuin-A concentrations are associated with subjects with metabolic 

syndrome, insulin resistance, impaired glucose tolerance, and diabetes (42). 

The dual physiological functions of fetuin-A in inhibiting vascular calcification and 

insulin signalling may be critically important to cardiovascular outcomes. In the 

general population, fetuin-A is strongly associated with increased risk of myocardial 

infarction and ischemic stroke independent of standard risk factors (43) 

In addition to its effect on insulin sensitivity, fetuin-A is also an important inhibitor of 

ectopic calcification acting on the systemic concentration. It increases the blood 

solubility of calcium and phosphorus and prevents spontaneous mineral precipitation 

in the vasculature (44). 

Low fetuin-A concentrations predict greater risk for CVD mortality in non-diabetic 

subjects, but reduced risk of CVD death in those with diabetes. Furthermore, fetuin-A 

concentrations are also associated with various markers of subclinical CVD. Previous 

studies have indicated that fetuin-A concentrations are positively associated with 

carotid intima-media thickness (IMT), but negatively related to coronary arterial 

calcification severity (45). 

Human Fetuin-A plays an anti-inflammatory role by counteracting the production of 

proinflammatory cytokines. Apart from inhibition of calcification, fetuin-A can also 

attenuate inflammatory response and inhibit neutrophil stimulation by hydroxyapatite 

crystal (46). 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 5728 - 5743 

Received 25 April 2021; Accepted 08 May 2021.  

 

5736 

 
http://annalsofrscb.ro 

Fetuin-A and Insulin resistance: 

Fetuin-A inhibits insulin receptor tyrosine kinase in the muscles and liver resulting in 

decreased insulin signalling and insulin resistance (47). 

Posted records suggest that most novel biomarkers do not enhance hazard prediction 

while brought to fashions based totally on traditional hazard scores. Yet, associations 

of novel biomarkers such as fetuin-A with metabolic markers or complications do 

assist to understand their position within the pathophysiology of the vascular disease 

(48). 

Fetuin-A may decrease insulin sensitivity by suppressing adiponectin production in 

adipose tissue (49). 

In mediating insulin resistance, Fetuin-A inhibits the transmembrane tyrosine kinase 

activity of the insulin receptor. The interaction of HFA with the insulin receptor‟s 

ectodomain 95-kDa b-subunit reversibly inhibits the insulin-stimulated insulin 

receptor‟s auto phosphorylation, which plays a role in insulin resistance (50).  

Fetuin-A is known to bind to the tandem fibronectin type 3 domains present in the 

extracellular portion of the transmembrane β -subunit of the insulin receptor, further 

away from the high-affinity pocket between the two α -subunits which comprise the 

binding site of insulin (51) 

 Higher fetuin-A and lower adiponectin levels may contribute the development of 

insulin resistance, diabetes and subsequent obesity-related CKD and diabetic 

nephropathy (44). 

Fetuin-A can be synthesized in the kidneys, choroid plexus and all major organs 

during fetal development as well as liver tissue (45). 

 

 
 

Figure 2 | Insulin signalling. (A), activation of the insulin receptor by binding of 

insulin to the α-subunits of its receptor, initiates autophosphorylation of the 

intracellular portion of the β-subunits, resulting in the recruitment and 

phosphorylation or receptor substrates such as IRS-1, IRS2, IRS3, and IRS4 Shc 

proteins. Shc activates Ras-MAP pathway, culminating in proliferation. IRS proteins 

activate the PI3-AKT pathway, the signal of which is transmitted to promote 
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translocation of GLUT4 and glucose transport into the cell. (B), the binding of fetuin-

A to the extracellular portion of beta subunit attenuates tyrosine kinase signalling, 

resulting in reduced glucose transport and hence a possible source for insulin 

resistance. 

Increased secretion of fetuin-A in adipose tissue engages toll-like receptors (TLRs), 

contributing to pro-inflammatory state leading to insulin resistance and metabolic 

syndrome (46). 

 

 
 

Figure 3 | Fetuin-A-mediated insulin resistance in the pancreas. High glucose initiates 

insulin secretion by the islet cells. Free fatty acids such as palmitate initiate their 

signals in the infiltrating adipocytes via TLR4, resulting in upregulation of cytokine 

synthesis, culminating in the apoptosis of islets cells and reduced insulin secretion. 

Fetuin-A has been principally studied as an inhibitor for ectopic calcium deposition in 

the renal field and it is also an important promoter for insulin resistance. Fetuin-A has 

been shown that it acts as carrier of free fatty acids (FFAs) and they are the intrinsic 

ligands for Toll-like receptor 4 (TLR4), which induces adipose tissue inflammation 

and insulin resistance (47). 

 

 
Figure 4| Biological features of Fetuin-A, Fetuin-A undertakes important biological 

functions in diseases such as calcification, cardiovascular diseases, tumour 

progression, diabetes, obesity, and fatty liver disease 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 5728 - 5743 

Received 25 April 2021; Accepted 08 May 2021.  

 

5738 

 
http://annalsofrscb.ro 

Fetuin-A and Vascular Calcification: 

 fetuin-A accounts for up to one-half of the in vitro capacity of the serum to 

prevent the precipitation of calcium and phosphorus. It is now recognized that fetuin-

A can actively regulate the cell-mediated process of osteogenesis in the vessel wall. In 

the presence of calcium, fetuin-A binds to cell surface proteins, annexins II and VI 

(48). 

 Intracellular fetuin-A inhibits apoptosis of vascular smooth muscle cells. It is 

also incorporated into the secreted matrix vesicles and apoptotic bodies and therein 

inhibits mineralization in a concentration-dependent manner. Furthermore, it enhances 

the phagocytosis of apoptotic bodies by viable vascular smooth muscle cells, limiting 

their ability to nucleate calcium phosphate (49) 

Fetuin-A antagonizes the action of bone morphogenetic protein-2, an important 

osteogenic protein that stimulates the first step in VC the trans differentiation of 

calcifying vascular cells (50). 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 l Possible mechanisms for inhibition of vascular calcification by fetuin-A. 

Fetuin-A can locally inhibit calcifications in the walls of the blood vessels. it is 

internalized by vascular smooth muscle cells (VSMCs) and incorporated into the 

matrix vesicles from apoptotic and viable VSMCs, which results in inhibition of 

mineral nucleation (51). 

Fetuin-A and Diabetic nephropathy:  

The association between lower fetuin-A levels and poor prognosis in CKD patients 

could be explained by several possible mechanisms. First, Fetuin-A can inhibit the 

deposition of calcium phosphate by forming soluble mineral complexes, which can be 

called as fetuin-mineral complex (49). 

Low fetuin-A levels may weaken the phagocytosis of apoptotic cells and 

macropinocytosis by human macrophages, which led to infection or inflammation. 

Persistent inflammation not only itself acts as a risk factor, but also it is seen as a 

promoter in development of CKD (53). 

Fetuin-A can be considered as a biomarker of nutritional status, and malnutrition is a 

common complication and associated with increased mortality in CKD patients (54). 
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Fetuin-A deficiency has been directly associated with uremic vascular calcification.

 Fetuin-A is a marker of the inflammatory nutritional state and acts as a 

protective agent because it solubilizes the calcium phosphate salt (55). 

In CKD patients, serum level of fetuin-A is significantly lower than in healthy control 

subjects (56). 

In a patient with chronic kidney disease (CKD) the level of fetuin-A is low, and it is 

associated with arterial calcification. Fetuin-A forms „calciparticles‟ by binding with 

the calcium and phosphate (57). 

 

In the setting of chronic kidney disease (CKD), Vascular Calcification (VC) is more 

severe and prevalent in both the intima and the media of the blood vessels (58). 

Higher excretion of fetuin-A into urine has been reported to reflect the insulin 

resistance and inflammatory responses in obesity and type 2 diabetes and it may 

reflect the increase in the serum levels of fetuin-A and alterations in the changes in 

the permeability of glomerular capillaries (59). 

Fetuin-A may enter proximal tubule cells by reabsorption from the tubule lumen after 

passing from plasma through the glomerular slit diaphragm (59). 

Higher urinary fetuin-A excretion demonstrated a higher risk for the development of 

microalbuminuria and reduction of renal function (59). 

Urinary concentration of fetuin-A may be depending on the hepatic production, 

permeability variations through glomerular basement membrane by capillary 

damages, and changes in tubular re-absorption. Fetuin-A is reported to pass through 

the slit diaphragm and re-introduced to proximal tubular cells by megalin-mediated 

endocytosis (59). 
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