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Metabolomic signatures in atherosclerotic disease:
what is the potential use?
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In recent years, the development of human
genetics and the new ‘omics’ techniques

have shed new light on the patterns of
risk markers of cardiometabolic disease and
its associated phenotypes. If the discovery
of new biomarkers leads to the elucidation
of causal mechanisms of pathophysiological
importance, the results may enable the
identification of potential new drug targets
that may be used, for example, in the
prevention of atherosclerosis and its clinical
consequences.1 Among the new ‘omics’, one
of the most innovative methods of identifying
novel causes of disease is metabolomics,
for example, liquid chromatography/mass
spectrometry. Metabolomics allows the
acquisition of high-throughput profiles of
the metabolic status of entire organisms,
allowing for comprehensive assessment of
molecules that are substrates and/or products
of metabolic pathways.
For example, in a recent clinical

case-control study from Estonia, the metabo-
lomic signature of arterial stiffness has been
investigated in a group of 42 men with
peripheral artery disease (PAD) compared
with 46 healthy male controls.2 The measure-
ments and metabolomic analyses seem to
have been properly performed, and the
statistical analysis appears to have been
adequate. The importance of the results of
this study should be put in perspective.
The general findings of this observational

study2 are that aortic pulse wave velocity

(aPWV), a marker of arterial stiffness, as well
as the serum levels of lactate, free carnitine
and 11 different amino acids, including
tyrosine, were all higher among patients with
PAD. In contrast, the serum levels of pyr-
uvate, citrate, alpha-ketoglutarate, aconitate
and cysteine were higher in control subjects.
In multiple regression analysis models, aPWV
was independently determined by log-
tyrosine and log-oxidized low density lipo-
protein (log-oxLDL) in the PAD patients, and
by age, log-pyruvate and log-oxLDL in the
controls. Thus, the study has described
significant differences in the metabolomic
signatures of patients with advanced athero-
sclerosis compared with clinically healthy
male controls. The authors have concluded
that measurement of low-molecular-weight
metabolites, which are related to changes in
vascular phenotypes, may lead to the identi-
fication of novel vascular risk markers.
Despite these new data from Estonia, a

major limitation of this study is its cross-
sectional nature because it suggests differ-
ences related only to the phenotype analyzed
and does not allow disease prediction because
no time axis of observations is available,
which is particularly obvious in the com-
menting of other studies using metabolomics
with a longitudinal approach for event risk
prediction. Thus, another limitation results
from differences in study design, which may
preclude studies from replicating the findings
of similar works. For example, this study was
not performed to identify predictive risk
biomarkers, as has been done in a study by
Tang et al.,3 in which the phenotype analysis
was much more informative regarding the
status of cardiovascular disease (CVD) with
respect to what can be inferred from arterial
stiffness. Furthermore, the larger number of

patients provided a stronger statistical power
for the analysis.
Carnitine has been linked to CVD via the

biomarker trimethylamine N-oxide in another
recent study,4 thus suggesting that differences
in dietary intake may exist in PAD subjects
compared with controls. This finding may
explain some of the findings of Zagura
M et al.2 and also represent another of its
limitations.
The study by Zagura M et al.2 describes

differences in the metabolomic signatures of
patients with advanced atherosclerosis
compared with clinically healthy controls.
The main finding of this study is that aPWV
is independently associated with serum levels
of tyrosine and oxLDL in patients with
PAD and is related to pyruvate and oxLDL
levels in control subjects. These findings are
interesting because earlier studies have also
reported that increased levels of branched,
chained and aromatic amino acids (for
example, tyrosine, phenylalanine and
isoleucine) are significantly associated with
an increased risk of future diabetes.5

However, the authors have failed to report
that the same metabolic signature (a score of
tyrosine, phenylalanine and isoleucine) has
been shown to be significantly associated with
an increased risk of atherosclerosis, as well as
incident cardiovascular disease, in Sweden.6

In addition, Shah et al.7 have published
prospective data accounting for a principal
component analysis-derived pattern of several
branched-chain amino acids (valine, leucine,
methionine, tyrosine, isoleucine and pheny-
lalanine) that are significantly associated with
a lower hazard ratio for mortality. Because
these authors have previously shown that
oxLDL adds power to discriminate survival
time in PAD patients,8 it may be interesting
to examine the results of the inclusion of
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oxLDL in a multivariate analysis (in addition
to body mass index (BMI), ankle brachial
pulse index (ABPI), cholesterol, triglycerides,
high sensitive C-reactive protein (hs-CRP),
estimated glomerular filtration rate (eGFR),
glucose and heart rate) examining the
relationship between atherosclerosis and
low-molecular-weight metabolites (for exam-
ple, tyrosine).
In summary, the new fields of omics and

metabolomics can increase knowledge
through the discovery of new pathways asso-
ciated with hypertension9,10 and cardiometa-
bolic disease.11 Because differences may exist
among study populations regarding age, sex
and comorbidities, as well as geographical
distribution, ethnicity and lifestyle (diet),
more comparative studies are needed. Ideally,
such studies should not only have case-
control design but also incorporate cohort
follow-up design to predict real clinical
events. In addition, intervention studies are
needed, for example, to evaluate the effects of
smoking cessation on oxidative stress and
improvements in endothelial function.12

When metabolic patterns are found to be
associated with disease phenotypes, the next
step should be to use modern genetics to
dissect causality on the basis of Mendelian
randomization methodology. Ultimately, new
drug targets based on causal pathways of

disease may be identified and further
developed in clinical intervention studies.
This is a good example of translational research
ultimately aimed at clinical applications.
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