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Hypertensive patients exhibit an altered
metabolism. A specific metabolite signature in
urine is able to predict albuminuria progression
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Hypertension (HTN) is increasing in prevalence, and albuminuria is a strong indicator
of cardiovascular risk and renal damageprogression. Despite blood pressure control
with chronic treatment, a relevant subgroup of patients develop albuminuria. How-
ever, the biological factors responsible for albuminuria development and progres-
sion are underexplored. We aimed to identify key metabolic targets and biological
pathways involved in the negative progression of cardiovascular and renal damage
in hypertensives undergoing chronic treatment. A series of 1533 patients were fol-
lowed for 5 years to investigate the evolution of albuminuria. Patients were classified
as: (1) patients with persistent normoalbuminuria; (2) patients developing de novo
albuminuria; and (3) patients with maintained albuminuria. At the end of follow-up,
urine from 30 nonhypertensive subjects (control group) and a representative cohort
of 118 patients was collected for metabolomic analysis. Metabolic patterns of inter-
est were identified in a first discovery phase by nuclear magnetic resonance and
further confirmed by liquid chromatography-mass spectrometry. Metabolites corre-
sponding to HTN or albuminuria were measured in a prospective study carried out in
35 individuals still in normoalbuminuria, to evaluate their potential as predictors of
albuminuria development. Nine metabolites were significantly altered, linking
b-alaninemetabolism, arginineandprolinemetabolism, and tricarboxylic acid cycle.
The prospective study revealed a panel composed of guanidinoacetate, glutamate,
and pantothenate, which was able to predict development of albuminuria. These
metabolic signatures open new possibilities in hypertensive therapy and cardiovas-
cular risk control, providing prompt and more efficient intervention, particularly in
patients with worse cardiovascular prognosis. (Translational Research 2016;-:1–13)
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Abbreviations: ACEi ¼ angiotensin converting enzyme inhibitors; ACR ¼ albumin to creatinine
ratio; ARB ¼ angiotensin receptor blockers; AUC ¼ area under the curve; BMI ¼ body mass in-
dex; BP ¼ blood pressure; dnA ¼ de novo albuminuria; eGFR ¼ estimated glomerular filtration
rate; HDL ¼ high-density lipoprotein cholesterol; HMDB ¼ human metabolome database; HTN
¼ hypertension; LC-MS/MS ¼ liquid chromatography-mass spectrometry in tandem; LDL ¼
low-density lipoprotein cholesterol; MHA ¼ maintained albuminuria; N ¼ normoalbuminuria;
NMR ¼ nuclear magnetic resonance; RAS ¼ renin-angiotensin system; ROC ¼ receiver oper-
ating characteristic; sCr¼ serum creatinine; SRM¼ selected reaction monitoring; TSP¼ sodium
trimethylsilyl propionate

INTRODUCTION

Hypertension (HTN) is a multifactorial disease of
increasing prevalence and a major risk factor for cardio-
vascular mortality, even in the presence of apparently
adequate treatment.1 Albuminuria has been clearly
demonstrated to be a marker of cardiovascular dam-
age.2,3 Chronic suppression of the renin–angiotensin
system (RAS) has been shown to facilitate blood
pressure (BP) control, prevent the development of new-
onset albuminuria, and diminish the amount of urinary
albumin in patients with persistent high or very high
albuminuria.3 However, high albuminuria has been
observed in a relevant subgroup of patients undergoing
chronic RAS suppression, either as maintained (MHA)
or as de novo–developed albuminuria (dnA).3 These
patients are likely at the highest risk of progression of

cardiovascular and renal disease. The discovery of pre-
dictors of progression or development of albuminuria
during chronic RAS suppression would provide a helpful
tool to detect where pharmacological therapy must be
intensified and also where new drugs should be tested.
We recently published a study reporting the existence

of specific plasma and urinary-protein alterations able
to predict albuminuria development in chronically
RAS-suppressed patients.4,5 In this project, we have
hypothesized that, during chronic suppression of RAS,
HTN is reflected in urinary metabolome and that this
reflection may be influenced by the presence and
progression of albuminuria. The metabolome is made
up of the low-molecular-weight end-products of meta-
bolism, representing the ultimate response of the body
to a certain condition (eg disease). Metabolomic studies
thus nicely complement genetic and protein studies.
Urine is a rich resource with which to investigate molec-
ular alterations associated with renal physiology and
kidney diseases. The metabolomewas previously inves-
tigated in cardiovascular6-8 and kidney diseases9,10 by
our group and others. However, very few studies have
been carried out in the context of HTN, and
publications dealing with human samples are
particularly scarce and focused on kidney-disease pro-
gression in diabetic individuals.11-13

We present an in-depth metabolic study aimed at iden-
tifying novel metabolite targets and biological pathways
involved in the negative progression of hypertensives
under chronic RAS suppression. First, variable meta-
bolic response to HTN and albuminuria was investi-
gated. Second, the capacity of metabolites identified as
predicting development albuminuria was evaluated in a
prospective study carried out in normoalbuminuric indi-
viduals.

MATERIAL AND METHODS

Patient classification and selection. Patient selection
was based on a previous study showing the development
of de novo albuminuria in patients during chronic RAS
suppression.14 Briefly, the study tracked the evolution
of 1533 patients from the Hospital 12 de Octubre
Hypertension Unit who had been under chronic RAS
suppression for at least 5 years (2 before arrival to the
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Background

Hypertension is one of the main risk factors for

cardiovascular disease. A relevant group of hyper-

tensives develops albuminuria despite of being un-

der chronic treatment, and albuminuria is a strong

indicator of cardiovascular and renal damage pro-

gression. Currently, there are no clinical markers

that are able to predict albuminuria development

and increased cardiovascular risk. We identified

metabolic alterations in urine in response to hyper-

tension and albuminuria. Specifically, a metabolic

signature composed by 3 metabolites was revealed

to predict future albuminuria development in hy-

pertensives with normal levels.

Translational Significance

These metabolic signatures open a new way to face

hypertensive therapy and cardiovascular risk con-

trol, addressed toward a prompt and more efficient

intervention particularly in patients with worse

cardiovascular prognosis.
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