
Diabetes Subphenotypes and Metabolomics:
The Key to Discovering Laboratory Markers

for Personalized Medicine?
Rainer Lehmann1,2,3*

For decades, glucose, hemoglobin A1c, insulin, and C
peptide have been the laboratory tests of choice to de-
tect and monitor diabetes (1 ). However, these tests do
not identify individuals at risk for developing type 2
diabetes (T2Dm)4 (so-called prediabetic individuals
and the subphenotypes therein), which would be a pre-
requisite for individualized prevention. Nor are these
parameters suitable to identify T2Dm subphenotypes,
a prerequisite for individualized therapeutic interven-
tions. The oral glucose tolerance test (oGTT) is still the
only means for the early and reliable identification of
people in the prediabetic phase with impaired glucose
tolerance (IGT). This procedure, however, is very time-
consuming and expensive and is unsuitable as a screen-
ing method in a doctor�s office. Hence, there is an ur-
gent need for innovative laboratory tests to simplify the
early detection of alterations in glucose metabolism.

The search for diabetic risk genes was the first and
most intensively pursued approach for individualized
diabetes prevention and treatment. Over the last 20
years cohorts of tens of thousands of people have been
analyzed, and more than 70 susceptibility loci associ-
ated with T2Dm and related metabolic traits have been
identified (2 ). But despite extensive replication, no
susceptibility loci or combinations of loci have proven
suitable for diagnostic purposes.

Why did the genomic studies fail? One reason
might be that T2Dm is a polygenetic disease, but there
is another more important reason. The large diabetes
cohorts investigated in these studies were very hetero-
geneous, consisting of poorly characterized individuals
who were usually selected because they had an increase
in blood glucose. Subsequently it has become clear that

many different subphenotypes already exist in the pre-
diabetic phase (3, 4 ).

Metabolomics represents a new potential ap-
proach to move the diagnosis of diabetes beyond the
application of the classical diabetic laboratory tests.
This strategy means the profiling of hundreds (targeted
metabolomics) or thousands (nontargeted metabolo-
mics) of metabolites (5 ).

In the current issue of Clinical Chemistry, Liu and
coworkers (6 ) present data on the nontargeted
metabolomic investigation of fasting serum samples of
a T2Dm subtype with IGT as demonstrated by an
oGTT [2-h glucose concentration �200 mg/dL (11.1
mmol/L)] but fasting glucose concentrations within
reference intervals. Following the nomenclature of Liu
and coworkers, this T2Dm subtype will henceforth be
referred to as isolated postchallenge diabetes (IPD). Of
note, IPD remains undetected when only fasting glu-
cose is measured. Fifteen IPD-specific metabolites were
identified. Concentrations of these metabolites were
significantly different not only between healthy con-
trols and patients with IPD, but also between patients
with IPD and individuals with newly diagnosed T2Dm
and impaired fasting glucose. Linoleic acid, oleic acid,
and dehydroepiandrosterone sulfate were the most
powerful markers. In a replication study (n � 400), the
area under the ROC curve when applying a combina-
tion of these 3 metabolites to discriminate between IPD
and non-IPD individuals was 0.849. The identification
by these investigators of a metabolic pattern in fasting
plasma that is capable of identifying IPD, a diagnosis
which currently is only possible after an oGTT, dem-
onstrates the strengths of metabolomics in diabetes re-
search. Their findings together with the results of other
metabolomics studies could represent the first step to-
ward replacing the oGTT. However, there are pitfalls in
current metabolomics approaches to search for diag-
nostic biomarkers, such as failure to validate the diag-
nostic power of a given approach in a sample set that
includes sera from patients with other diseases.

The identification of specific (pre)diabetic metab-
olite patterns is an essential prerequisite for this diag-
nostic application. However, the metabolic profiles ob-
tained are often very complex, and bioinformatics tools
such as feature subset selection approaches are needed
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to find the relevant pattern in the hundreds or thou-
sands of detected metabolite signals (7 ). It is worth
noting that bioinformatically elucidated patterns
found suitable to separate subphenotypes may include
a mixture of metabolites, some of which, when consid-
ered univariately, are not significantly different be-
tween phenotypes, and others which are significantly
different (7 ). The advantage of metabolite patterns
over single parameters can be seen in the ability of a
multivariate pattern to predict future development of
T2Dm by use of fasting plasma concentrations of 5
amino acids (8 ) and by the differentiation of predia-
betic subphenotypes (metabolically benign vs malig-
nant fatty liver) by a pattern of 7 plasma metabolites
(7 ).

Several metabolite classes or candidate biomarkers
have emerged from metabolomic (pre)diabetes stud-
ies. The metabolites most consistently found are amino
acids, in particular, branched-chain amino acids (8, 9 ),
lyso-phosphatidylcholines (6, 7, 10, 11 ), fatty acids,
and acyl carnitines (6, 7, 9 ). In this context, it is impor-
tant to note that these diabetes-associated markers do
not preclude the utility of other metabolic biomarkers.
The current dominance of these biomarkers is partially
attributable to the application of targeted metabolo-
mics as the most frequently used strategy, which covers
a limited number of selected 100 –200 metabolites.
Other relevant aspects include the metabolite plasma
concentration and the performance and selectivity of
the analytical platform. For example, in liquid chroma-
tography– electrospray ionization–mass spectrometry
approaches, most of the metabolites mentioned above
are among the favored ions dominating the metabolite
ion pattern. All these aspects lead to the selection of
distinct groups of metabolites and, consequently, cer-
tain markers dominate the current reports in the
literature.

An important issue to be considered when select-
ing a targeted approach or interpreting the data is
whether the study has been designed to focus on path-
ways relevant in the (pre)diabetic context. The use of
such a strategy can lead to the detection of an impres-
sive number of significantly altered metabolite concen-
trations, as recently shown by the group of Robert E.
Gerszten, who found the concentrations of 91 of 110
analyzed metabolites to be significantly increased or
decreased following an oGTT (12 ). The often-used al-
ternative is that the targeted metabolites are not di-
rectly related to the studied context, but are based
rather on already existing analytical platforms with dif-
ferent foci. Consequently, missing data, from the tri-
carboxylic acid cycle for example, may lead to difficulty
in interpreting the results.

Furthermore, the quality of the samples used is an
underestimated pitfall. The success of metabolomic in-

vestigations depends highly on the integrity of the clin-
ical samples (13 ). Important preanalytical require-
ments (13 ) may not always be fulfilled by samples
obtained from biobanks, particularly when samples are
collected in large multicenter diabetes cohort studies.

With respect to the validation of new laboratory
diagnostics, all (pre)diabetes metabolomics markers or
patterns detected to date have been carefully evaluated.
They have been replicated in independent and large
studies. It should be stressed, however, that these vali-
dations always have been performed in the “diabetes
environment,” i.e., by comparing selected healthy con-
trols with (pre)diabetic individuals. To my knowledge,
no validations of these diabetes markers have been per-
formed by inclusion of samples from patients with
other diseases.

It is important to note that even when metabolite
patterns fail in these diagnostic tests, the detected me-
tabolites are still valuable from the mechanistic point of
view. They should be specified as functional biomark-
ers. Metabolomics can essentially contribute to a better
understanding of the pathophysiology of this complex
disease. However, many of the metabolomics reports in
the diabetes field have been disappointing, because
they are only descriptive. They have failed for the most
part to provide experimentally proven functional in-
sights into the pathogenesis of T2Dm. Although such
knowledge is not essential for the discovery of diagnos-
tics, it can be invaluable for identifying new targets for
individual interventions; functional metabolomics
provides optimal possibilities, particularly when
stable-isotope-assisted metabolomics or lipidomics
approaches are applied (14 ). Sophisticated functional
metabolomics studies may give important impetus to
translational diabetes research, particularly when they
are combined with data from proteomics and/or tran-
scriptomics investigations (14, 15 ).

Metabolomics research is full of promise and pit-
falls. Diabetes research groups are exploring its utility.
The fear is that if an increasing number of scientists fail
to reach their intended goals owing to poor sample
quality or inappropriate selected cohorts, they may
abandon this approach. To prevent such a scenario,
lessons should be learned from the disappointing re-
sults of the genomics studies in diabetes. One option
would be to start the metabolomic project by comple-
mentary targeted and nontargeted investigation of a
small group of deeply phenotyped individuals in a very
carefully selected subphenotype (n �50), e.g., predia-
betic individuals who do not benefit from lifestyle in-
tervention. Individuals in the latter phenotype need to
be identified as early as possible for the initiation of
alternative therapeutic interventions. Such individuals
could benefit from the availability of a well-developed
metabolomic profile for their early identification.
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In conclusion, applying metabolomics means
picking up the biochemical trails of our scientific fore-
fathers from the pregenomic era and discovering new
causal metabolic relations. It can be foreseen that the
application of sophisticated metabolomics and bioin-
formatics approaches for the investigation of (pre)dia-
betes subphenotypes may open new perspectives by
the discovery of unexpected targets for interventions
(functional biomarkers) and novel laboratory diagnos-
tics (diagnostic biomarkers). Without question, the use
of metabolomics for identification and differentiation
of (pre)diabetic subphenotypes would facilitate per-
sonalized medicine in the form of individualized pre-
vention and treatment for one of the most burdensome
diseases of the 21st century.
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