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Abstract: Diabetes mellitus is one of the most widely spread disorders affecting millions of people
every year. Uncontrolled or chronic diabetes may lead to diabetes-associated complications.
Conventional therapies often fail to define clear parameters and do not provide early detection of
diabetes and pre-diabetes. Thus, there is a need to find a diagnostic method that can non-invasively help
detect and prevent diabetes and associated complications. To combat this challenge, biomarkers' use
has gained importance in the early detection of pre-diabetes and diabetes-associated complications.
Detailed analyses from research and review articles were performed to elucidate the true potential of
biomarkers in early detection, disease pathogenesis, risk prediction, and therapeutic monitoring in
diabetes and associated complications. This review discusses the type of biomarkers, the progress,
challenges, and short-coming related to biomarkers implications. This review also discusses the future
directions in developing type-1 diabetes biomarkers focusing on genetic, transcriptomic, and proteomic
aspects. From the findings from the available data on research and development carried out in biomarker
research, significant improvements and conclusive studies have been conducted to confirm the
beneficial clinical effect in early detection of diabetes using the biomarkers. The data from these studies
promise novel biomarkers' implication in detecting pre-diabetes, which may help reduce the mortality
and morbidity associated with diabetes and associated complications.
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1. Introduction

Diabetes mellitus is considered one of the most widely spread "lifestyle™ worldwide. It
is a chronic metabolic disorder of the endocrine system affecting millions of people every year.
In this condition, the endocrine system's homeostasis is disrupted due to the pancreas' inability
to produce sufficient insulin. Thus, the body cannot effectively utilize the insulin that is
produced in the human body. Uncontrolled diabetes can lead to metabolic disorders, leading to
acute and chronic complications that may require immediate medical interventions. Some
authors had also described diabetes mellitus as a syndrome of multiple etiologies characterized
by disturbance in the human system of carbohydrates, lipids, and protein metabolism. This
imbalance leads to a defect in insulin secretion, action exerted by insulin, or the combination
of both these responses. As a result, chronic diabetes is associated with disrupting the organ
function involving the eyes, kidneys, cardiac system, and blood vessels. These complications
can lead to morbidity and mortality in diabetic patients. As per the analysis by ICMR (Indian
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Council of Medical Research) and WHO (World Health Organization) [1], the prevalence of
diabetes is more in developing countries like India as compared to other developed countries.
As per epidemiology, the prevalence of diabetes is projected to around 134.3 million by the
year 2045.

Type-1 diabetes (T1D), also known as autoimmune diabetes, is a chronic metabolic
disorder that affects the pancreatic B-cells and targets the human body's endocrine system [2].
This disorder is primarily seen during childhood or adolescence, where insulin deficiency is
characterized by pancreatic B-cell loss [3]. In this autoimmune condition, the body's immune
system attacks [-cell of the pancreas by producing specific antibodies against its own cells.
The absence of B-cells results in hyperglycemia, which is generally managed by exogenously
administering insulin injections. In most of the scenarios of T1D, it has been seen that 80 to
90% of the B-cells are deteriorated or damaged [1]. In this condition, it becomes very difficult
to intrude the disease progression of T1D, which can lead to several micro and macro-vascular
complications [2]. The numbers of cases of diabetes are alarmingly increasing, which accounts
for an average annual increase of 2 to 5% worldwide [3]. The symptoms of T1D usually start
appearing during childhood to adulthood, with the maximum incidence rate at the age of 12 to
14 years. T1D diabetes is also accompanied by micro and macro-vascular complications, which
can be chronic or acute by nature [4-7]. As described by American Diabetes Association (ADA)
2016, the diagnostic criteria for determining diabetes mellitus are based on the signs and
symptoms associated with abnormal glucose metabolism regardless of diabetes type and the
age of onset. Most of the cases of T1D remain undiagnosed, which can cause serious
implications. Thus, it becomes crucial to predict T1D by using diagnostic markers, often called
'biomarkers', which are using a platform of genetic markers, metabolic markers, and islet
autoantibodies (AAD), in the diagnosis at early stages.

2. Need of Biomarkers and their Importance

A biomarker in medicine is a perceptible indicator and is defined as "any substance or
process that is measurable in the body which is capable of influencing or helps in the prediction
of diseased state™ [8-9].
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Figure 1. Applications and importance of biomarkers in therapeutic monitoring of various disorders.

These biomarkers can identify patients with the subclinical disease before the disease's
clinical development or symptomatic development. Thus, the use of biomarker can prove an
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asset in early detection and may prove beneficial in treating or mitigating disease. These
biomarkers hold tremendous potential in the ease of identifying and preventing the disease at
the sub-clinical stage, which may have better therapeutic implications in managing various
diseases.

Generally, biomarkers are present in the human body itself, and nowadays, they are
synthesized in laboratory conditions using various chemical and biochemical methods. The
therapeutic implications of biomarkers are being utilized by epidemiologists, physicians, and
health care professionals. Due to various mechanisms involved in disease progression, the
science behind biomarkers' development has to be well understood [10]. The main actions of
biomarkers and their importance are depicted in Figure 1.

3. Biomarkers for T1D

Due to the development of various lifestyle disorders involving multiple cellular and
metabolic pathways, early detection or prognosis of disease has become of utmost importance
today. Biomarkers, known as indicators of normal to abnormal physiological and pathological
functions, serve as a tool for prognosis, clinical diagnosis, and therapeutic monitoring of
various diseases. For generations, the use of various biomarkers involving blood serum has
unleashed the new era of explorations in biomarker research. However, these biomarkers'
development is still not put into practice due to the limited availability of information regarding
the risk involved, which might supersede its benefits. The most promising biomarkers utilized
in the detection of pre-diabetes are 'Serum Biomarkers'. However, the therapeutic implications
of the serum biomarkers for the prediction and management of T1D have to be well understood
[11]. Although the etiology of T1D has already been established, only a few biomarkers such
as glucose, HbAlc, C-peptide, miRNA, and some selective AAD are utilized for early detection
of diabetes. Due to an array of pathways involved in the progression and pathogenesis of T1D,
we still do not have appropriate biomarkers to reflect B-cell functioning or homeostasis of blood
glucose levels in the body. This review paper discusses how biomarkers' utility may prove to
be a foundation stone in the early detection and management of T1D. This review also
highlights some of the novel biomarkers under pipeline research for the therapeutic
management of T1D. It may prove beneficial in the mitigation of diabetes-associated
complications [12].

Due to the high cost involved in the utilization of biomarkers, it is still not
therapeutically used in the early detection of T1D. Various studies are being carried out to
explore novel biomarkers that may prove to be cost-effective and can help in the early detection
of T1D, which will ultimately prove beneficial in preventing diabetes-associated complications
associated with diabetes, which includes diabetic neuropathy in diabetic neuropathy.

4. Prediction of Biomarkers in T1D in Children

T1D is one of the major concerns, especially in children. Since it is an autoimmune
condition, prior diagnosis and timely treatment are of utmost importance. In T1D, the
destruction of insulin-producing B-cells of the pancreas is mainly associated with acute and
chronic complications in children, which require intervention on priority [13,14]. The current
treatment in this group of patients is mainly exogenous insulin, which helps maintain blood
glucose levels in the body. In developed and developing countries, it has become a matter of
great concern in predicting and preventing T1D, ultimately preventing diabetes-associated
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complications. Also, due to the about 3% per year increase in T1D incidence rates, the emphasis
has been put on developing novel methods that may prove beneficial in predicting and thereby
acts as a preventive method in this disorder's pathogenesis [15]. Although sufficient data is
available for the mechanism involved in the pathogeneses of T1D, however, factors responsible
for developing this disorder, especially in children, are still to be well understood. This disease's
progression involves a cascade of cellular, molecular and metabolic factors, which hinders
early detection of this disease. Various traditional biomarkers have already been explored,
which had shown effectiveness against pre-diabetes and diabetes. These traditional biomarkers
include HbA1C, FA, GA, and OGTT. Various clinical and pre-clinical studies had been
conducted over the past few decades to develop novel biomarkers for the early detection of
T1D. However, we still lack data that can help us to establish the benefit-risk profile of these
biomarkers in the early detection of diabetes [16]. The detailed description regarding the risk

assessment of detection of T1D in children is depicted in Figure 2.
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Figure 2. Risk assessment in newborns and children (greater than 3 years age group).
4.1. Prediction of Type 1 diabetes using serum biomarkers.

Various factors, including genetic and specific environments, are associated with
modifying triggers for the development of T1D. However, still lucid criteria of diagnosis
cannot be established using this approach. The current biomarkers used in the diagnosis of T1D
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depend significantly upon the hyperglycemic indices and their consequences, i.e., levels of high
glucose in the blood or glycated hemoglobin, which in combination aid in the exclusive
diagnosis of T1D and differentiate it from other subtypes of diabetes [17].

The diagnosis of T1D by serum biomarkers includes the combination of glucose and
other glycated molecules, including C-peptides [18]. Due to the short-coming of late
identification of diabetes, where almost more than 90% of B-cells of the pancreas producing
insulin had been damaged, serious considerations for identifying and developing prognostic
biomarkers for timely detecting T1D have to be focused on which can only provide a solution
to this problem.

4.1.1. Glucose-related biomarkers.

An arbitrary measurement of plasma glucose >200 mg/dL can diagnose diabetes in
patients with hyperglycemic symptoms or hyperglycemic crisis episodes. In the latter scenario,
the blood-based testing of glucose includes hemoglobin (Hb1Ac) and oral glucose tolerance
test (OGTT). Both these tests for diagnosis are different, based on their sensitivity,
methodology, and specificity. According to the ADA criterion for the diagnosis of diabetes,
HbA1c levels are mentioned to be less than 6.5%. The fasting plasma glucose (FPG) should be
less than or equal to 126 mg/dL should not be exceeding 200 mg/dL [19].

4.1.2. Autoantibody-based biomarkers.

Nearly 5-10% of all the subtypes of diabetes are classified as T1D. The existence of
specific AAb embarks the differentiation of T1D from T2D and other subtypes. Five frequently
examined types of AAD are used in the diagnosis of T1D [20-22]. In any case, one of the AAb
is present in more than 95% of the T1D affected individual [23]. Although the AAbs have been
validated through highly confident assays, they fail to diagnose all types of T1D sufficiently.
Due to the presence of various patients lacking the subsets of AAbs mentioned above,
indicating the tests' insensitivity or potential of distinct auto-antigen-mediated destruction of
B-cells in T1D patients, there is a need to combat this issue associated with antibody-based
biomarkers.

4.1.3. C-peptide.

Insulin, which was formerly synthesized as pre-proinsulin, is converted to active pro-
insulin after dividing the peptide signals in the cell's endoplasmic reticulum. The synthesized
pro-insulin gets stored in the little vesicles, which further cleaves to form the active insulin
hormone and peptide-C, both releasing in equimolar concentrations from the mature granules
with the simultaneous release of the unchanged pro-insulin [24]. The half-life of insulin
reported is just 3-5 minutes compared against the peptide-C and pro-insulin because of liver
intake and utilization. The serum-C peptide level had been considered a coherent and sensitive
marker for measuring the functioning of p-cells, which easily can differentiate between the
autoimmune types of diabetes with other diabetes subtypes [25]. Combining C-peptides with
other complication factors such as BMI can enhance disease progression interpretation [26].
Measurement of C-peptide is among the most preferred therapy outcomes for clinical studies.
It aims to preserve or improve endogenous insulin secretion in T1D patients; however, it is still
unreliable [27]. The measurement of hyperglycemia and blood glucose markers combined with
AAD testing is the most reliable method to evaluate diabetes in the general population. The
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T1D can be manifested when only 10-20% of the B-cells that produce insulin are functioning
during diagnosis [28].

4.2. Prediction using transcriptomic biomarkers.

The transcriptome is considered the next advanced level individual phenotype similar
to the human genetic expression [29]. Genetic expression is a quantitative trade that is inherited
but is also affected by environmental changes. A transcriptome is a set of RNA molecules used
to reflect cellular machinery's life status [Error! Reference source not found.-Error! Reference
source not found.]. It is considered that transcriptome can respond quickly to environmental
factors, and this implication may be used in the early detection of disease. Various studies have
confirmed that most genome generates a kind of RNA transcript [Error! Reference source not
found.]. The implications of these transcripts have been studied in detail and are considered
potential biomarkers in various pathological conditions, including cancer, an autoimmune
condition, inflammatory disorders, and various cardiometabolic conditions [Error! Reference
source not found.-Error! Reference source not found.]. Various advanced studies on genetic
expression microarray have been conducted, which had shown more than 48,000 transcripts
responsible for most of the protein-coding genes, which were later explained in the RefSeq and
UniGene database [Error! Reference source not found.,Error! Reference source not found.]. These
databases generate gene expression data from the available transcriptomic database and are
further analyzed by RefSeq and UniGene. This helps in predicting biomarkers in the early
detection of various diseases [41-Error! Reference source not found.].

MicroRNA (miRNA) are non-coding, small RNAs that help regulate gene expression
by biding to mRNA sequence, reducing the translation, or even acting by inducing the
degradation of bound mMRNAS [Error! Reference source not found.-Error! Reference source not
found.]. These miRNAs are responsible for recognizing various mRNAs; thus, a single miRNA
may control various developmental or metabolic pathways [Error! Reference source not found.-
Error! Reference source not found.]. The implication of transcriptomic biomarkers in evaluating
gestation diabetes mellitus has always raised a question mark to the scientific domain [Error!
Reference source not found.-Error! Reference source not found.].

4.3. Prediction using proteomic biomarkers.

Proteomic studies are carried out to quantify biological samples, including urine, saliva,
serum or plasma, and cerebrospinal fluids [53]. Proteomics may be considered a future
therapeutic tool to evaluate patients who are more prone to experience side effects due to
medication [Error! Reference source not found.-Error! Reference source not found.]. Each patient
proteome can be used to determine the patient's phenotype, which may or may not respond to
the therapeutic regimen [Error! Reference source not found.]. Thus, this approach may be used
as a baseline risk prediction method to determine medication safety in patients [Error! Reference
source not found.].

The protein levels comprise aberrant genetic and genomic transformations, which
correlate with the cell functioning and affect health scenarios [Error! Reference source not
found.]. Thus, proteins can be vigilantly employed as biomarkers for diabetes diagnosis,
prediction, monitoring, and management [Error! Reference source not found.-Error! Reference
source not found.]. The most commonly used proteomic biomarkers for the disease include islet
AADs present in serum. They can significantly predict disease development. A wide array of
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AAD has been discovered since the 1970s that are employed in T1D [Error! Reference source
not found.-67]. The autoantibody assessment has changed drastically. ZnT8A successfully
improvised the testing technique of disease and enhanced its value. AADbs are tedious to
measure and are not precise and sensitive; thus are poor biomarkers [68,69]. The islet AAbs
have no indulgence in disease pathology but are principal hallmarks recognizing the response
to autoimmune auto-antigens and can be used in research clinical studies and T1D prevention.

4.4, Prediction using serum biomarkers.

Various factors such as environmental triggering, genetics, and other modifying factors
lead to disease progression, but sadly none of them can serve lucid diagnosis criteria. The
hyperglycemic index is the principal diagnostic biomarker still researchers rely upon. Proteins
are the main executioners for all aberrant transformations in genetics and form the basis of
biomarkers for identifying specific diseases. Analysis of expression of protein/peptide
(proteomics), including post-translational modifications (PTMs) levels for T1D, potentiates
noteworthy impacts in the prediction and prognosis of the disease [70]. It is challenging to
analyze the serum proteins based on the vibrant range and complexity of serum proteins and
low levels of the appropriate biomarkers that are disease and tissue cell-specific. The human
and disease heterogeneity are highly variant, thus complicates the analysis of proteomics from
the serum and makes it challenging to analyze significant change [71]. The enormously low
pancreatic B-cell mass compared to total body mass besides the proliferating nature of loss of
B-cells, the research on protein biomarkers present in serum specific to the disease is still in the
budding stage [72].

4.4.1. Post-translational modifications (PTMs).

There is limited information available regarding the pathway associated with immune
tolerance associated with diabetes from the available literature. The cross-talk role of immune
cells and antigen B-cells is highly prominent in the disease etiology. The p-cell and endoplasmic
reticulum oxidative stress is triggered by inflammation, which causes splicing and B-cell
misfolding at post-translational levels, often called PTMs. They are highly different from their
native proteins and lead to tolerance breakdown. From the available data, it can be concluded
that in patients of T1D, some newly discovered "antigens' can act as novel therapeutic agents.
These agents may suppress the autoimmune condition in patients on regeneration therapy or
islet cell replacement therapy. The auto-antibodies against neo-antigens act supplementary to
existing AAb [73]. Thus, utilizing this mechanism may provide futuristic insights for the
utilization of biomarkers in diabetes.

4.4.2. Cytokines.

Chemokines and cytokines are other major types of protein biomarkers known for their
significant role in regulating and stimulating intercellular immune cell signaling, which
mediates -cell destruction. Various cytokines during pre-diabetes get up-regulated, thereby
investigating their role as surrogate serum markers [74-76]. It was postulated that chemokines
and cytokines are highly elevated in patients positive to AAb. The main cytokines are 1L-10
and IL-21. The serum CXCL1 can significantly differentiate T2D from T1D, which plays an
important role in disease differentiation [77]. Cytokines are under investigation to explore their
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protective role in T1D management. It had been evaluated that cytokines are powerful
manifestos of inflammation and elimination of microbes. But they lack therapeutic ventures.
The therapeutic implications are limited due to the lack of organ specificity to the diabetes
disease.

4.4.3. Pro-insulin or C-peptide ratio.

A study published by Diabetes care confirmed that the elevation in the serum ratio of
pro-insulin to peptide-C (PI:C) indicates B-cell dysfunction, thereby reflecting misfolding in
the insulin protein originating the endoplasmic reticulum. The elevated levels of C-peptides
and pro-insulin in serum indicate the B-cell destruction and can be used to identify juvenile
diabetes. In another study by Sims et al., they hypothesized that increased PI:C ratio, a
biomarker of B-cell endoplasmic reticulum function, might be associated with T1D and
concluded that this dysfunction might anticipate in T1D mainly in younger children [78]. This
study concluded that stress-related biomarkers like intrinsic f-cell could become an important
criterion for the early diagnosis of T1D. However, further studies would help to avert PI's use
along with other biomarkers for detecting T1D in the pre-symptomatic phase.

4.5. Prediction using nucleic-acid biomarkers.

In some pre-clinical in-vivo studies and clinical reports, the involvement of stress
pathways elemental to the B-cell for the development of T1D has been elucidated [79]. Also,
in several studies, various assays have been developed that help quantify circulating
unmethylated insulin DNA producing in the body due to apoptosis and necrosis, which may
carry a variety of genetic alterations that can be related to disease development and progression.
This is because certain cytosine-guanine sites are present in insulin genes that are often
methylated in B-pancreatic cells; however, it is found as methylated in other tissues [80]. In
T1D progression, this methylated insulin DNA is present in systemic circulation and thus
become detectable. Thus, it can be concluded that measurement of this and methylated insulin
DNA may reflect B-cell apoptosis or B-cell death [81].

Another milestone in the research of nucleic acid biomarker is laid by the development
of transcriptomic fingerprint. This biomarker has been found in various blood-derived
immunocyte cells, which include WBC, peripheral blood mononuclear cells, and even whole-
blood. In recent research, it has been found out that certain miRNA present in the bloodstream
can quantitatively reverse the action of transcription PCR. A genome-wide transcriptomics
analysis in a study revealed that interferons (IFN) related to transcriptomics signatures were
present in children with a high risk of T1D diabetes [82].

Another class of nucleic acid biomarker included MicroRNA, also called miRNAs,
which are small non-coding RNAs responsible for regulating gene expression through mRNA.
In a recent study, miRNA's role has been elucidated in regulating B-cell function and, therefore,
prognosis associated with T1D [83]. Thus, it can be concluded that these nucleic-acid
biomarkers withhold immense potential to be used to diagnose diabetes.

4.6. Prediction using metabolic biomarkers.

It has been well postulated that glucose is one of the elementary and pragmatic
metabolic biomarkers used in the diagnosis of T1D. However, the use of glucose as a metabolic
biomarker is not specific to T1D alone. Recent studies have concluded that certain amino acids
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along with some lipid metabolites are associated with T1D. Some scientists also believed that
sphingolipids hold utmost importance in inflammation and insulin signaling pathway, which
holds tremendous potential to be used as a biomarker [84]. Also, in a study executed by Torre
et al., they concluded that phospholipids were found in scarce levels in the blood of patients
with T1D during birth, prior to the diagnosis of T1D [85]. The previous study results concluded
that extremely low levels of phospholipids are associated with accentuated risk of TID.

5. Biomarkers Currently in Use for T1D

The mechanism of action of some recently utilized biomarkers and their
pharmacological activity has been summarized in Table 1 [46,86,87].

Table 1. Mechanism of action and pharmacological activity of biomarkers.

Biomarker Mechanism of action Effects and pharmacological activity

Adiponectin | Derived from adipose tissue in the It acts via:
human body, it exhibits multiple anti- | e  Decreased level of adiponectin increases insulin resistance
inflammatory, insulin-sensitizing, and and obesity.
anti-atherogenic effects. e Itisinversely proportional to the risk of pre-diabetes.

e Itisdirectly proportional to insulin sensitivity and
inversely to insulin secretion

FetA It is a hepatic secretory glycol-protein | e It is shown to exhibit activity in the development of Type
that promotes lipid-induced insulin 2 DM and its associated complications
resistance
a-HB It is an organic byproduct of a- e Elevated a-HB level in the body has seen to affect insulin
ketobutyrate resistance, oxidative stress, and lipid oxidation
High-density | One of the major lipoprotein e  Low HDL proportional to the progression from pre-
lipoprotein diabetes to diabetes
(HDL) e In patients with pre-diabetes B-cell dysfunction and
reduced insulin secretion is seen
L-GPC Metabolite synthesized by e  This is a negative predictor of Type 2 diabetes mellitus
phospholipase A2 in the liver progression
THBS1 Responsible for cellular modulation It is positively associated with:
phenotype, including stimulation of e Increased insulin resistance
vascular smooth muscles e Metabolic dysregulation in obesity
GPLD1 It is an insulin-mimicking signaling It is positively associated with:
pathway of e  T2DM and pre-diabetes
glycosylphosphatidylinositol e  HDL in serum (blood)
compounds

6. Discussion and Future Prospective

In today's modern world, the treatment of diabetes has become of utmost importance.
It has been estimated that approximately 5 million people of the 18 million people with diabetes
are not aware of suffering from this disease. According to the International Diabetes Federation
survey, the number of cases with diabetes will substantially rise by 2035. Also, in India, the
situation is critical as recent epidemiological studies have concluded that nearly half of the total
people with diabetes remain undetected, resulting in chronic complications. ICMR-India
Diabetes has estimated that the level of undiagnosed cases with diabetes is more in the rural
region than in urban. This leads to macro-vascular development (coronary artery disease,
cerebrovascular diseases, and peripheral nerve disease) and micro-vascular disorders
(neuropathy, nephropathy, and retinopathy).

Thus, early detection and timely treatment are important to reduce the risk of serious
complications associated with diabetes. By doing this, we can prevent complications of
cardiovascular disorder, blindness, renal failure, and amputation of limbs. It has been seen that
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patient with type 2 diabetes has no sign in symptoms in early stages. Also, in the case of T1D,
this is generally detected earlier than T2DM due to its immediate symptoms that required
immediate medical attention. Thus, early diagnosis of diabetes, especially pre-diabetes, is very
important to curb and manage this disease at early stages, which has prevented chronic
complications associated with diabetes.

In the past few decades, increasing efforts have been seen to develop novel T1D
biomarkers. Unfortunately, due to the increased price and scarce information regarding the
safety, efficacy, and therapeutic outcomes, biomarkers have not been put into use. To overcome
these issues, scientists are exploring new strategies and novel methods to identify and
characterize diabetes easily. Currently, diagnosis and diabetes progression rely mainly on
glycemic indices. Novel biomarkers have the capability of identifying involving underlying
pathology and etiology of dysglycemia. The discovery of these biomarkers can identify various
lead pathways in the progression and management of diabetes. Also, the use of these
biomarkers can effectively manage diabetes-related complications, which include diabetic
neuropathy and diabetic nephropathy. In the Human Proteomics Organization (2004) meeting
held in Beijing, Nobel Laureate Lee Hartwell mentioned that the evolution of biomarkers for
the early detection and diagnosis of various diseases could revolutionize the pharmaceutical
industry. This holds tremendous potential in identifying and thereby treating various life-
threatening conditions, including cancer, AIDS, diabetes, and various cardio-respiratory
disorders.

7. Conclusions

With the increasing prevalence of T1D, greater avenues and opportunities for disease
prevention and interventions are increasing at an alarming rate. With the advancement in the
development of immunological measurements, T1D owing to its varied genotyping and
presence of multiple antibodies, still provides a challenging environment for the development
of specific biomarkers to predict T1D. However, considerable progress has been made in
applying these biomarkers in the early detection of T1D. From the analysis made in this review,
it can be concluded that novel biomarkers may overcome this hurdle and will help to combat
this disorder by early detection and prognosis.
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