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Abstract

In the era of metabolomics, especially in the past few years; many novel type 2 diabetes molecular biomarkers have been identified and proved to be very beneficial in
early detection of the disease that is considered one of the most globally distributed and spreading diseases. Some of these biomarker metabolites seem to be pioneers
for developing new global metabolomics’ diagnostic as well as prognostic test(s) that hopefully would soon become crucial for early detection and thus early prevention

of diabetes complication.

Abbreviations: IFG: Impaired Fasting Glucose; IGT: Impaired
Glucose Tolerance; T2D: Type 2 diabetes

Diabetes represents one of the most important global health
problemsand approximately 90% of diabetics have type 2 diabetes
(T2D) which is called the burden of the 21st century and is growing with
an epidemic rate [1,2]. T2D is caused by a complex set of interactions
between genetic and environmental factors as well as involvement
of multiple organ systems dysfunction; a complexity that presents
challenges for a full understanding of the molecular pathways that
contribute to the development of this major disease. Progress in this
area has been aided by the advent of technologies for comprehensive
metabolic analysis; “metabolomics” [3]. Metabolomics is an analytical
approach that aims to detect and quantify small metabolites. Recently,
there has been an increased interest in the application of metabolomics
to the identification of disease biomarkers and to unravel the intricate
relationships between metabolism and progression to diabetes as well
as monitoring of the disease [4]. Obviously, identification of effective
screening markers is critical for early treatment and intervention that
can delay and/or prevent complications associated with this chronic
disease [1].

In 2012, Wang-Sattler and colleagues identified after quantifying
140 metabolites for 4297 fasting serum samples in the population-
based Cooperative Health Research in the Region of Augsburg
(KORA) cohort, three metabolites; (glycine, lysophosphatidylcholine
(C18:2 LPC) and acetylcarnitine) that had significantly altered levels
in impaired glucose tolerance (IGT) individuals as compared to those
with normal glucose tolerance. They’ve also confirmed that lower
levels of glycine and LPC were found to be predictors not only for
IGT but also for T2D, and these three metabolites, among others, were
independently confirmed in the European Prospective Investigation
into Cancer and Nutrition (EPIC)-Potsdam cohort (27,548 adults)
[5,6]. Higher levels of serum glycine and C18:2 LPC were associated
with a decreased risk of T2D whereas many metabolites of diacyl-
phosphatidylcholines among other metabolites were associated with
a higher risk of T2D; these metabolites significantly improved T2D
prediction compared with established risk factors and its alterations
were associated early with a higher risk of T2D [6].
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Interestingly on the same path, Menni and colleagues have
searched for novel molecular markers for T2D and impaired fasting
glucose (IFG) in a large population-based cohort of 2,204 females and
they’ve used a nontargeted metabolomics approach of 447 fasting
plasma metabolites. They’ve confirmed that fourteen metabolites were
found to be associated with IFG. Among the identified metabolites, the
branched-chain keto-acid metabolite 3-methyl-2-oxovalerate was the
strongest predictive biomarker for IFG after glucose. The association
was replicated in an independent population (n = 720) and validated in
189 twins and the research team concluded that the test may be one of
the potential novel targets for clinical prediction [7].

Moreover, Padberg and colleagues have revealed that a metabolic
signature including glyoxylate was associated with T2D as well as
pre-diabetic population, independent of the fasting status and of
occurrence of another major disease. Glyoxylate was found to be
significantly increased up to three years prior to diagnosis of diabetes
in non-fasted subjects as well as in fasted Type 2 diabeticpatients and
this research team concluded that it could represent a new marker for
the detection of medical subgroups of diabetic subjects [8]. Again, high
ferritin, low glycine, and altered hepatic-derived lipid concentrations
in the circulation have beenrecently proven to be associated with total
red meat consumption and, independent of red meat, with diabetes
risk [9].

Animal studies were also very fruitful; in 2007, in a multi species
study, Salek and colleagues have demonstrated profound changes
in the urinary levels of nucleotide metabolism, including that of
N-methylnicotinamide and N-methyl-2-pyridone-5-carboxamide, and
suggested that this may provide unique biomarkers for following type
2 diabetes mellitus progression [10]. Recently, two distinct urinary
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metabolites (2-phenylethanol glucuronide, 2-(4-hydroxy-3-methoxy-
phenyl)acetaldehyde sulfate) have been also identified in male Wistar
rats and proved to be involved in T2D development [2].

Finally, Cobb and colleagues have recently suggested that some
metabolites including glycine but specifically, a-ketobutyric acid
and linoleoylglycerophosphocholine rival fasting blood glucose
in their ability to predict IGT as well as a number of metabolites
that are complementary with and additive to FPG when utilized in
multivariate models for the prediction of IGT. They’ve introduced a
novel all metabolite IGT test that includes a diverse set of metabolites
representing a diverse set of biochemical pathways: a ketone body, a
fatty acid, a branched-chain amino acid catabolite, an essential vitamin,
an amino acid, a lysophosphocholine, and a shunt metabolite from
a-ketobutyric acid (a-HB). They’ve suggested that this test that requires
only a single fasted blood draw is more convenient than the oral glucose
tolerance test [11]. I really think they’re walking in the right path and
I strongly recommend that several other global teams should join and
contribute to develop easier and more specific tests.
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