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ABSTRACT 

Diabetes mellitus is one of the leading metabolic disorders in the last few decades, affecting the larger population of the world in both developed 
and developing countries.  

In diabetes mellitus there is reduced secretion and/or action leading to disturbance in the metabolism of glucose. The prolonged hyperglycemia 
causes several microvascular and macrovascular complications, which are the leading cause of death. Although the prevalence of diabetes is high, 
the majority of the people remain undiagnosed, which leads to complications. The diagnosis of diabetes involves the measurement of blood glucose 
levels. Several biochemical and body components regulate the secretion and action of insulin. Therefore, they serve as biomarkers for the diagnosis 
of diabetes mellitus. The biomarkers like HbA1C, glycated albumin, fructosamine, ferritin, fetuin-A, ceramides, HDL cholesterol, calprotectin, 
Acylcarnitine and micro RNA are some of the important biomarkers for diabetes mellitus. Through this review, we have made an attempt to 
describe the role and significance of biomarkers for diabetes mellitus. 
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INTRODUCTION 

Diabetes mellitus (DM) is one of the largest global health 
emergencies of 21st century and it is a major risk factor for 
cardiovascular diseases. Diabetes mellitus is a metabolic disorder 
characterized by hyperglycemia, hyperlipemia, negative nitrogen 
balance and ketonemia resulting from irregularity in insulin 
secretion, insulin action or both. It is the oldest disease known to 
man. It is also referred as Black Death since 14th century [1]. 

The terms "Diabetes" and “Mellitus” are derived from Greek. 
“Diabetes” denotes "a passer through; a siphon" whereas "Mellitus" 
denotes "sweet". It is thought that the Greeks named it so due to the 
excessive amounts of urine produced by diabetics attracted flies and 
bees. The traditional way of diagnosing diabetes mellitus in ancient 
Chinese was by observing whether ants are attracted to a person's 
urine or not.  

Diabetes Mellitus is a global public burden; the prevalence has been 
increased worldwide. The global prevalence of diabetes in 2017 was 
425 million and expected to rise to 7.7% by 2030 and the number of 
diabetes patients is likely to be raised to another 200 million by 
2040. The chronic hyperglycemia can damage various organ 
systems, leading to impairment of normal physiological process and 
life-threatening micro and macrovascular complications. 

Despite the high prevalence of diagnosed diabetes mellitus, as many 
as half of the people diagnosed with diabetes mellitus is unaware of 
their disease. China, India and USA are the top three countries with 
largest number of people diagnosed with diabetes. The WHO has 
predicted that with the aged people, children and adolescents in 
both the developed and developing countries affected with this 
disease. The incidence of type 2 diabetes is higher in males 
compared to females, which may be due to sex-related differences in 
sensitivity, obesity and excess accumulation of fat and other 
causative factors like raised blood pressure or habits like smoking 
and alcohol consumption. The WHO assumes that diabetes will be 7th 
leading cause of fatality in 2030 [2-7]. 

Based on the etiology and clinical presentations, DM is classified into 
3 types, namely Type I, Type II and Gestational Diabetes. 

Type I diabetes (IDDM-Insulin Dependent DM, Juvenile onset DM) is 
most common in children, accounts 5-10% of the cases, it is an 
autoimmune disorder characterized by auto-destruction of beta cells 
of islets of pancreas, leading to less/no insulin production and 
secretion of insulin from pancreas. It arises due to genetic and 
environmental causes such as viral infection, toxins and dietary 
factors.  

Type II Diabetes (NIDDM-Non Insulin Dependent DM, Maturity onset 
DM)) is the most effective type with a higher degree of 
predisposition than any other type of diabetes, mainly occurs in 
adults and constitutes about 90% of all cases of diabetes, in this type, 
there is there is diminished response to the insulin by the cells 
which is called insulin resistance. Due to insulin resistance, the 
insulin production in the beta cells increases initially to balance the 
glucose level, but over the period, the insulin production decreases 
leading to insulin deficiency. The over secretion of hyperglycemic 
hormones (Ex: glucagon), obesity and hyperlipidemia are the main 
contributors for insulin resistance. 

Gestational diabetes occurs in pregnancy, also known as 
hyperglycemia in pregnancy. Usually, it affects in the second and 
third trimesters of pregnancy. It complicates about 7% of all 
pregnancies, which accounts for about 2,00,000 cases per annum 
and it is estimated that about 18.9% of the cases are from India. 
There will be an increased risk of developing type 2 diabetes in both 
mother and child. The fetus may have increased weight and 
congenital abnormalities. The complications to the child after birth 
include respiratory syndrome and obesity. The main contributors 
are placental hormones, particularly human placental lactogen, 
progesterone cortisol, growth hormone and prolactin. The risk 
factors of gestational diabetes include obesity, gestational weight 
gain, old age, genetic factors, history of previous children with 
congenital abnormalities and family history of diabetes. 

Double diabetes (DD) 

It is a complex phenomenon exhibiting characteristics of both type 1 
and type 2 diabetes mellitus. The epidemiological studies revealed 
that about 25.5% of the type 1 diabetes patients additionally 
presented metabolic syndrome. The common symptoms of DD 
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includes obesity, insulin resistance, type of latent autoimmune 
disease in youth (LADY) and autoantibodies (GAD56, IA2 an insulin 
autoantibodies). DD is an event in young-onset of diabetes patients 
(usually 11-19 y old) due to weight gain and insulin resistance 
which is caused by the side effect of insulin treatment. DD 
potentiates the risk of micro and macrovascular complications of 
diabetes. As the insulin resistance and weight gain are the main 
clinical features of DD, the treatment regimen would include the 
weight reduction and insulin titration approach to use a proper 
dose of insulin [8-11]. 

Complications of diabetes mellitus 

Most of the complications of Diabetes mellitus are similar 
regardless of the type of diabetes. These complications are 
responsible for the morbidity and mortality associated with both 
type I and type II Diabetes Mellitus. The complications of Diabetes 
increase with the severity of the disease. The diabetic 
complications are categorized broadly into microvascular and 
macrovascular complications. 

Macrovascular complications of diabetes mellitus 

The atherosclerotic changes in the larger blood vessel lead to 
macrovascular complications. The identified macrovascular 
complications associated with are coronary artery disease, cerebral 
and peripheral vascular disease. The mechanism of atherosclerotic 
changes involves chronic inflammation and injury to the arterial wall 
in the peripheral and coronary vascular system resulting in 
accumulation and rupture of oxidized LDL particles in the 
endothelial wall of the arteries.  

Coronary Artery Disease (CAD) is a leading cause of death in 
individuals with type 2 diabetes. It is asymptomatic, usually leads to 
sudden death of the patient. The myocardial infarction is the main 
CAD and it accounts for about 60% of all diabetes-associated 
mortality. Cerebral Vascular Disease arises due to atherosclerotic 
changes in cerebral blood vessels. It involves the formation of 
embolus in vascular system, which blocks the blood flow to the 
cerebral region, which causes transient ischemic attack and stroke. 
Recovery from stroke is difficult in diabetic patients because of high 
blood glucose level. 

Peripheral Vascular Disease is referred as Lower Extremity Arterial 
Disease (LEAD), occurs due to atherosclerosis in larger blood vessels 
of lower extremities of the body such as legs and feet. It is clinically 
identified by the absence of a peripheral pulse in the lower 
extremities. It is responsible for gangrene in diabetic patients. 

Microvascular complications 

These complications arise due to the thickening of the basement 
membrane in the capillaries and arterioles of blood vessels. The 
retinopathy, nephropathy and neuropathy are the main complications. 

In Diabetic retinopathy, friable and poor quality blood capillaries 
developed in the retina as well as macular edema and grown with 
the progression of the disease, which leads to loss of vision or 
blindness. Retinopathy may start to develop as early as 7 y before 
the diagnosis in patients with type 2 diabetes mellitus. It is a leading 
cause of blindness in USA. Diabetic Nephropathy is a leading cause of 
renal failure in diabetes. It is the major cause for kidney failure 
worldwide. The structural abnormalities of nephropathy are, 
hypertrophy of the kidney, increased glomerular basement 
thickness, nodular and diffuse glomerulosclerosis, tubular atrophy 
and intestitial fibrosis that cause increased glomerular filtration rate 
with intraglomerular hypertension, proteinurea and loss of renal 
function.  

Diabetic Neuropathy is a life-threatening complication involves both 
peripheral and autonomic nervous systems, affecting nearly half of 
diabetic patients. Chronic hyperglycemia is the primary cause for 
neuropathy in diabetes, as it causes the accumulation of polyols in 
nerves. In hyperglycemic neurons the sensory neuron mitochondria 
are the source of production of reactive oxygen species, which can 
damage their DNA and membranes; impair cell function leading to 
nerve degeneration. In this, the patients complain burning, irritating 
and stimulatory pain [12]. 

Biomarker  

A biomarker has been defined as ‘A biological molecules found in 
blood or other body fluids or other body fluids or tissue which 
represents a sign of the normal or abnormal process of a condition 
or disease. Therefore a biomarker may be used to see how well the 
body responds to a treatment for a disease or condition [13]. The 
biomarkers help to identify the disease at the subclinical stage and 
enable to apply the preventive measures at the subclinical stage and 
to monitor the responses of preventive measures and to decide the 
therapeutic strategy for the disease. The biomarkers also help to 
study the mechanism or pathogenesis of disease and assessment of 
new preventive and therapeutic measures [14].  

The biomarkers may be direct or indirect markers depending on the 
extent of the disease, but usually, they lie outside the casual pathway. 
They ate used to monitor or control the burden of clinical or 
subclinical disease. For example, elevated thyroglobulin levels in 
thyroid cancer cells provide the direct measure of cancer burden [15]. 

In clinics, an ideal biomarker should be easily accessible by using a 
minimally invasive sampling procedure, making routine blood, 
urine, or saliva examination an excellent source of choice [16]. 

Some of the biological agents/biochemical or components of the cell 
because of their role in the maintenance of blood glucose level serve 
as biomarkers for diabetes mellitus and assessment of these 
biomarkers helps to identify, manage and to choose an appropriate 
therapeutic strategy for diabetes mellitus. These biomarkers also 
help to develop new effective and potent anti-diabetic drugs. In this 
paper we have made an attempt to explain some important 
biomarkers used in the management of diabetes and its associated 
complications. 

Glycated haemoglobin (HbA1c) 

It is a form of Haemoglobin that is covalently bound to glucose. 
When Haemoglobin is exposed to glucose in the blood, they are 
bound together through the glycation process. HbA1c is a measure of 
the beta-N-1-deoxy fructosyl component of Haemoglobin [17]. 

It is measured primarily to determine the three-month 
average blood sugar level and can be used as a diagnostic test 
for diabetes mellitus and as an assessment test for glycemic 
control in people with diabetes. The test is limited to a three-month 
average because the average lifespan of a red blood cell is four 
months. Normal levels of glucose produce a normal amount of 
glycated haemoglobin. As the average amount of plasma glucose 
increases, the fraction of glycated haemoglobin increases in a 
predictable way. In diabetes, higher amounts of glycated 
haemoglobin, indicating poorer control of blood glucose levels, have 
been associated with cardiovascular disease, nephropathy, 
neuropathy, and retinopathy [18, 19].  

The mechanism involves that the glycated haemoglobin causes an 
increase in the levels of highly reactive free radicals in the blood 
cells which in turn alter the blood cell membrane properties. This 
causes the aggregation of blood cells and increases the viscosity of 
blood; as a result the blood flow will be impaired. In another way the 
glycated haemoglobin causes inflammation in blood vessels which 
results in the formation of atherosclerotic plaque (atheroma). The 
formation of atheroma is because of free radical formation, which 
promotes the excitation of Fe2+-Hb through Fe3+-Hb into 
abnormal ferryl Hb (Fe4+-Hb). Since, Fe4+is unstable it tries to regain 
its oxidation state, in doing so, it reacts with specific amino acids 
present in haemoglobin. This would result in the cross-linking 
reaction between the haemoglobin molecules to form Hb clumps. 
The Hb clumps promote cell damage and the release of Fe4+-Hb into 
the matrix of innermost layers (subendothelium) of arteries and 
veins. These series of reactions results in increased permeability of 
endothelium and production of monocyte adhesion proteins, which 
promote macrophage accumulation in blood vessels leading to the 
formation of plaques in blood vessels. The glycated Hb also inhibit 
the vasodilator action of Nitric oxide in the endothelium by the 
formation of the complex with it. Nitric oxide is a potent vasodilator 
which prevent the formation of plaque LDLs (i.e. “bad 
cholesterol”) oxidized forms [20, 21]. 
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Principle of diagnosis: The principle is based on the fact that the 
glucose molecule present in the blood attaches to the haemoglobin 
present in the red blood cell. The higher amount of glycated 
haemoglobin reflects that more amount of glucose has been bound o 
the haemoglobin, which indicates the condition of prolonged 
hyperglycemia. Once, the Hb is glycated, build of glycated 
haemoglobin occurs in red cells. Therefore, it reflects the average 
level of glucose to which the cell has been exposed during the life 
span. Measuring glycated Haemoglobin assesses the effectiveness of 
therapy by monitoring long-term serum glucose regulation. 

A1c is a weighted average of blood glucose levels during the life of 
the red blood cells (117 d for men and 106 d in women). Therefore, 
glucose levels on days nearer to the test contribute substantially 
more to the level of A1c than the levels in days further from the test. 

This is also supported by data from clinical practice showing that 
HbA1c levels improved significantly after 20 d from the start or 
intensification of glucose-lowering treatment. 

Measurement: several techniques have been used for the 
measurement of HbA1c, which includes HPLC, immunoassay, 
enzymatic assay, capillary electrophoresis and several affinity 
chromatographic techniques [22-24]. 

The American Diabetes Association, European Association for the 
Study of Diabetes, and International Diabetes Federation have agreed 
that, in the future, HbA1c is to be reported in the International 
Federation of Clinical Chemistry and Laboratory Medicine (IFCC) units. 

Interpretation of Results: Laboratory results may differ depending 
on the analytical technique, the age of the subject, and biological 
variation among individuals.  

Higher levels of HbA1c are found in people with persistently elevated 
blood sugar, as in diabetes mellitus. A diabetic person with good 
glucose control has an HbA1c level that is close to or within the 
reference range. 

Lower-than-expected levels of HbA1c can be seen in people with 
shortened red blood cell lifespans, such as with glucose-6-phosphate 
dehydrogenase deficiency, sickle-cell disease, or any other condition 
causing premature red blood cell death. 

Blood donation will result in rapid replacement of lost RBCs with 
newly formed red blood cells. Since these new RBCs will have only 
existed for a short period of time, their presence will lead HbA1c to 
underestimate the actual average levels. There may also be 
distortions resulting from blood donation, which occurred as long as 
two months before due to an abnormal synchronization of the age of 
the RBCs, resulting in an older than normal average blood cell life 
(resulting in an overestimate of actual average blood glucose levels). 
Conversely, higher-than-expected levels can be seen in people with a 
longer red blood cell lifespan, such as with vitamin 
B12 or folate deficiency. 

Results can be unreliable in many circumstances, for example, after 
blood loss, after surgery, blood transfusions, anemia, or high 
erythrocyte turnover; in the presence of chronic renal or liver 
disease; after administration of high-dose vitamin C; 
or erythropoietin treatment 

Range: Normal: HbA1c below 5.7% 

Prediabetes: HbA1c between 5.7% and 6.4 

Diabetes: HbA1c of 6.5% or higher 

For Diabetics, American Diabetes Association recommends keeping 
HbA1c levels below 7% 

Glycated Haemoglobin test provides several advantages over glucose 
testing as it does not fluctuate significantly and can be performed at 
any time of the day. HBA1 test does not require any pretest 
preparation like fasting [25]. 

The HbA1c test is also a good indicator of lipid profile which shows a 
direct correlation with cholesterol, triglycerides and LDL cholesterol 
and an inverse correlation with HDL cholesterol. Therefore HbA1c 

test can identify the type 2 diabetic patients with increased risk of 
cardiovascular and related complications [26]. 

Glycated Haemoglobin measurement is not appropriate where a 
change in diet or treatment has been made within 6 w. Likewise, the 
test assumes a normal red blood cell aging process and mix of 
Haemoglobin subtypes (predominantly HbA in normal adults). 
Hence, people with recent blood loss, hemolytic anemia, or genetic 
differences in the Haemoglobin molecule (Haemoglobinopathy) such 
as sickle-cell disease and other conditions, as well as those who have 
donated blood recently, are not suitable for this test [27]. 

Fetuin A 

Fetuin A is a phosphoryated glycoprotein primarily produced in the 
liver and secreted to plasma. It is a member of fetuin group which is 
comprised of three O-linked and two N-linked oligosacharides. It 
stimulates the production of inflammatory cytokines from 
adipocytes and macrophages; hence it serves as a biomarker for 
chronic inflammatory diseases. Fetuin A due to physiological actions, 
correlated with increased risk of obesity, fatty liver, type 2 DM and 
associated vascular complications [28-30]. 

Fetuin A when secreted to the plasma, it complex with the minerals 
like calcium and phosphorous in the circulation and prevent the 
sedimentation of these minerals in the serum and hence, it inhibit 
calcium deposition prevent the vascular calcification [31].  

The genetic studies revealed that the single nucleotide polymorphism 
in Fetuin A gene causes type 2 DM. However, the detailed mechanism 
is not clear. Fetuin A inhibits the phophorylation in liver and muscle 
resulting in decreased insulin signaling leading to insulin resistance. 
Therefore, high levels of Fetuin A are associated with insulin resistance 
and the incidence of type 2 DM. Fetuin A also suppresses the auto 
phosphorylation of tyrosine kinase in muscle and liver and insulin 
receptor substrate proteins [32]. 

Fructosamine 

Fructosamines are the compounds that result from a glycation 
reaction between a sugar (glucose or fructose) and a primary amine. 
Biologically fructosamines are recognized as fructosamine-3-kinase, 
which may trigger the degradation of advanced glycation end 
products. Fructosamine can also refer to specific compound 1-
amino-1-deoxy-D-fructose (Isoglucoamine) which was first 
syntheized by Herman Emil Fischer in 1886. 

Fructosamine test refers to a laboratory test for diabetes; it 
determines the fraction of total serum proteins that have undergone 
glycation (Glycated serum proteins). Usually Fructosamine level 
refers to albumin glycation, since albumin is the most abundant 
protein in the blood. The half-life of albumin is 20 d, the plasma 
Fructosamine concentration refers to recent changes in blood 
glucose i. e 1-2 w. Fructosamine test is most useful for diagnosis of 
diabetes in animals like cat and dog. 

Fructosamine test can identify poorly controlled diabetes and helps 
in diabetes control. In diabetic patients with HbA1c values below the 
lower limit of normal, a routine Fructosamine level should be 
performed. 

In patients with hemolytic anemia or sickle cell disease, which 
reduces the life span of red cells, the Hb1c test is misleadingly low 
because of interference caused by abnormal Haemoglobinvariants. 
In these cases Fructosamine test can be used as a marker of blood 
sugar as it measures serum albumin instead of Haemoglobin. 
However, Fructosamine test is clinically not used much because 

a) Diabetic care is rarely changed in short intervals 

b) Fructosamine has higher variability than HbA1c 

c) Interpretation of Fructosamine test result is difficult 

d) Fructosamine test is not well standardized and not used 
universally like HbA1c test 

e) There is no standard reference range is available for this test 
[33-35]. 
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Glycated albumin 

In last few years Glycated albumin (GA) has been gained much 
significance in monitoring in Diabetes Mellitus. GA is one of the 
fructosamines, it is not being influenced by other serum proteins 
and glycation is specific to albumin. Unlike other tests fasting is not 
required for measurement and it reflects short-term glycemia as the 
half life time of the albumin is short, approximately 3 w. It is also not 
affected by the presence of hemolytic processes and abnormal Hb. It 
is a better glycemic marker than A1C, in conditions such as anemia, 
pregnancy, postprandial hyperglycemia and DM using insulin. 

GA can be measured by ion-exchange high-performance liquid 
chromatography (HPLC), boronate affinity chromatography, 
immunoassays (radioimmunoassay and Enzyme-Linked Immuno 
Sorbent Assay), and colorimetric method with thiobarbituric acid 
and enzymatic methods using proteinase and ketamine oxidase. The 
reference intervals described for GA depend on the method used 
since GA levels may vary according to the glycation sites analyzed by 
the assay employed, and also if the method of analysis considers the 
GA molecule for measurement and not its glycated amino acids. All 
these methods are older and have their own limitations. An 
enzymatic methodology with a shorter operational time and easier 
to perform both manually and automatically was proposed to 
evaluate the GA levels in order to overcome the limitations of the 
previously existing techniques. Despite this difference, all methods 
available agree that the proportion of GA in patients with DM 
increases 2 to 5 fold compared to normoglycemic patients. 

GA test is useful during the pregnancy since the glycation level 
remain the same during the pregnancy, whereas during the last 
months of pregnancy there is an increased demand for iron, which 
directly reflects on changes in the A1C throughout the pregnancy. 

Compared to A1C, GA is more suitable to monitor the beginning of drug 
therapy in DM, and also to control the dose and change of medication 
since its levels diminish faster than A1C in intensive treatment.  

Limitations: The GA values are influenced by the conditions which 
alters the albumin metabolism. Also, the increased protein 
metabolism indicates lower GA levels. In conditions such as 
hyperthyroidism, hypothyroidism, liver cirrhosis, nephrotic 
syndrome with massive proteinuria, or other specific disorders, the 
GA results may be misleading [36-39]. 

Ceramides  

Ceramides are important bioactive lipids belonging to sphingolipid 
family produced from a fatty acid and sphingosine or by 
sphingomylein hydrolysis. Ceramides in biological membrane 
stabilize the cell membrane structure and modulate the distribution 
of receptors and signaling molecules. These regulate the activity of 
many enzymes like kinases or phosphatases and also alter the 
activity of transportation factors. 

Several human studies indicated the relation between Ceramides and 
insulin resistance. The Ceramides antagonizes insulin signaling by 
inhibiting the transmission signals through phosphotidylinositol-3-
kinase (PI3K) and blocking the activation of anabolic enzyme Akt/PKB. 
By these actions, Ceramides interfere with glucose uptake and impair 
the storage of nutrients such as glycogen or triglyceride, active protein 
phosphatase 2A(PP2A) and active proinflammatory cytokines. In 
pancreatic beta cells Ceramides activate multiple stress-related 
pathways to induce apoptosis. Plasma Ceramides are in obese children 
and diabetes adults; ceramides level inversely correlates with insulin 
sensitivity [40, 41].  

HDL cholesterol 

HDL is a major lipoprotein, which promote insulin secretion. The 
studies have been indicated that low level of HDL cholesterol is one 
of the risk factor for type 2 diabetes. Therefore, the increase in 
plasma HDL cholesterol can be a therapeutic strategy to reduce the 
risk of type 2 diabetes. The HDL cholesterol level significantly plays 
a role in the pathogenesis of diabetes mellitus by its direct effect on 
plasma glucose levels and also stimulating the secretion of insulin 
from beta cells of pancreas and modulates the glucose uptake in 
skeletal muscles [42, 43]. 

Micro RNA 

Blood carries hormones, nutrients, proteins and several 
biomolecules secreted by cells which are known for their specific 
biological functions in the body. Recently the circulating nucleic 
acids and miRNA are found to be the biomarkers for the 
identification of various pathological conditions [44, 45]. 

Micro RNA are small endogenous RNAs found in serum, plasma, 
urine, saliva and breast milk, which regulate the gene expression 
post-transcriptionally [46]. Under some conditions, the cells release 
miRNAs as free or microvesicles which can be taken up by other cell 
types. Thus released miRNAs are mediators of cell to cell 
communication and coordinate several biological functions 
including angiogenesis, tumour cell invasion and immune response. 
Under the stress conditions, the miRNAs are released from islets, 
which have been identified by several techniques [47, 48]. 

There are several types of miRNA with diverse biological functions, 
the altered levels of miR-9, mir-29A, mir 30d, mir 124a, mir 34a, mir 
146a and mir375 play a significant role in beta-cell function. These 
miRNAs negatively regulate insulin expression, production and 
secretion [49]. 

The circulating levels of miR-126 are decreased in type 2 diabetes, 
miR-126 levels are increased with diet and exercise. The miR-15a 
levels are also significantly reduced in type 2 diabetes as miR-15a is 
involved in the regulation and promotion of insulin biosynthesis by 
inhibiting the endogenous uncoupling protein 2 gene expressions 
and stimulating the insulin secretion [50-52].  

Phospholipase A2 

Phospholipase A2 is the group of enzymes which hydrolyzes the 
phospholipids at SN2 position to form fatty acid and 
lysophospholipid products. Phospholipase A2 is of high 
pharmacological significance because of its role in the release of 
arachidonic acid from the membranes, followed by its action in the 
conversion of fatty acids to leucotrienes and prostaglandins, which 
are the main mediators of inflammation [53]. 

So far, several isoenzymes of Phospholipase A2 have been identified 
in mammals which are classified into 12 major groups and several 
subgroups. The two major types are high molecular weight cytosolic 
Phospholipase A2 and low molecular weight secretory 
Phospholipase A2. The cytosolic phospholipase A2 migrates from 
cytosol to perinuclear membraneand other intracellular 
compartments of the stimulated cell. The secretory phospholipase 
A2 are calcium-dependent, stored in cytoplasmic granules and 
releases as inflammatory mediators in the extracellular 
compartment upon stimulation and activation of the cell [54, 55]. 

The studies show that cytosolic phospholipase A2 plays a role in 
insulin secretion and in the maintenance of dense cored secretary 
vesicles. However, the detailed mechanism is yet to be established to 
use it as a biomarker for diabetes [56]. 

Calprotectin 

Calprotectin is a stable mammalian heterodimer belonging to S100 
protein family composed of two calcium-binding cytoplasmic 
calgranulins, which are expressed in activated human granulocyte 
and macrophages in inflammatory condition [57]. Calprotectin is 
capable of sequestering with transition metals such as iron, 
manganese and zinc to form a stable complex, which is known for 
antimicrobial activity. Calprotectin is the only antimicrobial agent 
that acts through manganese sequestration [58, 59]. The 
calprotectin is secreted during inflammation; the mechanism of 
secretion is still unknown. Fecal calprotectin is an important 
biomarker for inflammatory bowel disease and rheumatoid arthritis 
[60, 61]. 

Tabur S and coworkers investigated the role of calprotectin as a 
biomarker of neuroinflammation in diabetic peripheral neuropathy. 
In the study, the serum calprotectin level was estimated in 29 
patients with diabetic neuropathy and 30 diabetic patients without 
neuropathy and 40 healthy controls. The result indicates that the 
serum calprotectin levels were significantly higher in patients with 
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and without neuropathy than healthy controls. In fact, the higher 
serum calprotectin level was observed in neuropathy patients 
compared to diabetic patients without neuropathy. The calprotectin 
as reported to be an inflammatory marker, plays a role in the 
pathogenesis of neuroinflammation and thereby causing the 
destruction of nerves in diabetic patients. The authors also found 
that there was a positive correlation between Calprotectin and 
HBA1c. The serum calprotectin levels affect the glucose or glycation 
products and the increased serum calprotectin level is observed in 
diabetic neuropathy [62]. In another study, the results exhibited that 
the high circulating and urinary calprotectin are linked to low grade 
chronic inflammation and insulin resistance [63]. 

Acyl carnitine 

Acyl carnitine is an acetylated form of L-Carnitine, which is naturally 
produced in the body and can also be taken through diet as dietary 
supplement. In the process of carnitine shuttle, L-carnitine 
undergoes acetylation to form acylcarnitine which is an 
intermediate in the fatty acid oxidation, for the transfer of long chain 
fatty acids from cytosol to mitochondria [64]. The several studies on 
the effect of lipid accumulation on insulin resistance found that 
through multiple mechanisms, the accumulation of intracellular 
lipids and their metabolites in ectopic tissues (lipotoxicity), the 
oversupply of dietary fats leads to insulin resistance, which is the 
main cause of diabetes [65]. Particularly accumulation of fatty acyl 
co A or its metabolites in muscle, inhibits both insulin signaling and 
glucose oxidation [66]. As the exact mechanism of acylcarnitine 
causing insulin resistance is unknown, several theories have been 
postulated to explain the same. One of the most popular theory 
states that lipid oversupply leads to the accumulation of lipid 
metabolites such as diacylglycerol and fatty acyl coA, which activates 
a serine/threonine kinase cascade leading to defects in insulin 
signaling through serine/threonine phosphorylation of insulin 
receptor substrate [67]. From the several studies reported, it can be 
concluded that the plasma acylcarnitine level is a potential 
biomarker of insulin resistance; alteration of serum acylcarnitine 
level is associated with type 2 diabetes and prediabetes [68-70]. 

Adiponectin  

Adiponectin (also referred as GBP-28, apM1, AdipoQ and Acrp30) is 
a protein hormone and adipokine produced primarily in adipose 
tissue and secrete to the bloodstream, it is also found in muscle and 
brain. It is involved in the regulation of glucose level and fatty acid 
oxidation [71-73].  

Adiponectin accounts for around 0.01% of all plasma proteins at 
around 5-10µg/ml. The plasma conc, is higher in males compare to 
females. Adiponectin is an adipocyte-specific protein, plays a role in 
the development of insulin resistance. Decreased levels of 
adiponectin levels play a significant role in the development of type 
2 diabetes, obesity and cardiovascular diseases [74, 75].  

Ferritin  

Ferritin is an intracellular protein which stores the iron and release 
the iron in a controlled manner. It is found in most tissues as 
cytosolic protein, but some amount is also secreted to serum, 
thereby acting as an iron carrier. It acts as a buffer for iron 
deficiency and iron overload. The plasma ferritin is an indirect 
marker of iron storage in the body; therefore, estimation of serum 
ferritin is a diagnostic test for iron deficiency anemia [76].  

Elevated serum ferritin and transferring levels is associated with an 
increased risk of diabetes. The iron of ferritin produces the highly 
reactive radical formation, which damages the DNA and cell 
membrane integrity of beta cells of the pancreas and high oxidative 
stress; as a result the insulin secretion capacity of beta cell reduces. 
Also, it causes the insulin resistance. The reactive oxidative species 
may lead to beta-cell apoptosis which suppresses insulin secretion 
[77-79]. 

CONCLUSION 

Diabetes mellitus is one of the most prevalent causes for the 
development of several micro and macrovascular complication in 
larger group of population in the world. There are several studies 

reported to indicate the role of diabetes mellitus in chronic 
disorders. Though the drug treatment and modification in lifestyle is 
recommended for the treatment of diabetes mellitus, the diagnosis 
of diabetes is a challenging task, as the research indicates that the 
most of the people are not diagnosed with the diabetes mellitus. The 
reason being the lack of knowledge about the bio chemicals and 
genetic factors involved in the regulation of blood glucose levela. 
However, through the studies several biomarkers have been 
identified which plays a significant role in regulation of blood 
glucose level. The glycated Haemoglobin, glycated albumin, fetuin, 
ferritn, ceramides, HDL cholesterol, adiponectin, calprotectin, 
acylcarnitine, phospholipase A2 and microRNA are some of the 
important biomarkers identified. Each one has its own applications 
and limitations as described above. Further studies on the 
biomarkers to understand the mechanism of action is recommended 
which would help the health care professionals for accurate and 
precise estimation of blood glucose level and thereby helping the 
physician to determine the nature of treatment for diabetes mellitus. 
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