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H I G H L I G H T S

• Cardiovascular risk in the young/middle-age population is underestimated.

• The urinary proteome reflects changes modulated by CV risk or existing damage.

• Six proteins compose a fingerprint in asymptomatic individuals with CV risk factors.

• This tool would improve the accuracy of CV risk estimation and prevention criteria.
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A B S T R A C T

Background and aims: The predictive value of traditional CV risk calculators is limited. Novel indicators of CVD
progression are needed particularly in the young population. The main aim of this study was the identification of
a molecular profile with added value to classical CV risk estimation.
Methods: Eighty-one subjects (30–50 years) were classified in 3 groups according to their CV risk: healthy
subjects; individuals with CV risk factors; and those who had suffered a previous CV event. The urine proteome
was quantitatively analyzed and significantly altered proteins were identified between patients' groups, either
related to CV risk or established organ damage. Target-MS and ELISA were used for confirmation in independent
patients’ cohorts. Systems Biology Analysis (SBA) was carried out to identify functional categories behind CVD.
Results: 4309 proteins were identified, 75 of them differentially expressed. ADX, ECP, FETUB, GDF15, GUAD and
NOTCH1 compose a fingerprint positively correlating with lifetime risk estimate (LTR QRISK). Best performance ROC
curve was obtained when ECP, GDF15 and GUAD were combined (AUC = 0.96). SBA revealed oxidative stress
response, dilated cardiomyopathy, signaling by Wnt and proteasome, as main functional processes related to CV risk.
Conclusions: A novel urinary protein signature is shown, which correlates with CV risk estimation in young
individuals. Pending further confirmation, this six-protein-panel could help in CV risk assessment.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of premature death
worldwide despite improvements in outcomes. Cardiovascular (CV) risk is
the result of multiple and interacting factors, and different algorithms are
available to estimate CV risk in apparently healthy persons in the short-
medium term (5–10 years), mainly based on age, gender, race, cholesterol
levels, blood pressure, smoking habits and existence of diabetes. The
Systematic Coronary Risk Evaluation (SCORE), recommended by the
European Society of Cardiology (ESC) prevention guidelines [1], estimates
the 10-year risk of a fatal atherosclerotic event, including coronary artery
disease (CAD), stroke and abdominal aortic aneurysm. Therefore, CV risk
of mortality rather than total CV risk (fatal and nonfatal) is assessed. The
ESC guidelines suggest that the risk of total CVD may be calculated from
the risk of CVD mortality using a fixed multiplier (3 × ). Nevertheless, the
use of a fixed multiplier to estimate the 10-year total CVD risk from CVD
mortality risk is controversial [2,3]. On the other hand, American guide-
lines define the 10-year risk as the risk of developing a first atherosclerotic
CV event as nonfatal myocardial infarction or coronary heart disease death
or fatal or nonfatal stroke over a 10-year period [4]. In any case, esti-
mations in the short-medium-term have limitations since the majority of
patients with low CV risk over the next 10 years show high risk at long-
term if the estimation is calculated along their likely remaining lifetime
(Lifetime Risk calculation or LTR QRISK) [5–8]. As age is one of the most
contributing factors in these algorithms, CV risk of young population is
particularly underestimated. As result, few young individuals reach
treatment thresholds for intervention and, consequently, efficient pre-
vention strategies are delayed. This limitation collides with the fact that
the atherosclerotic process begins early in life and optimum prevention
strategies should start in young population. In agreement, the prevalence
and progression of subclinical atherosclerosis in individuals of ≤50 years
with low 10-year CV risk but high LTR is greater than in individuals with
low 10-year and low LTR [9].

Despite the knowledge of main risk factors and the enormous efforts
dedicated to improve prevention, the asymptomatic and silent course of
atherosclerosis hampers an accurate and individualized CV risk evalua-
tion. Additional strategies and novel tools are needed to add further
knowledge of molecular subjacent mechanisms taking place in athero-
sclerosis development. Omics technologies allow the identification of
significant changes in proteins or metabolites abundance in CVD without
pre-selection of molecular targets to be investigated, meaning that no-bias
is introduced in the study [10,11]. Our group previously identified

proteins and metabolites in urine, showing an altered response in acute
coronary syndrome and reflecting patient's recovery [12]. Significant al-
terations directly occurring at arterial tissue were also identified with re-
flection in plasma [13,14]. Specific molecular fingerprints in urine and
plasma were previously identified in hypertensive patients developing
albuminuria as those of higher CV risk [15–21]. In those sense, omics not
only allow identification of novel markers to improve early diagnosis but
also to monitor patient's prognosis [22]. Following these approaches, here
we aimed to identify novel urinary targets linked to CV risk in the young
population (30–50 years), with added value to current estimations based
on LTR. When ordinary CV risk factors are elevated in young people, they
predict a significant increase in cardio-renal damage at later stages in life.
On the other hand, subclinical atherosclerosis is already present in the
middle-age population and, in a small percentage of young people, CV
events or even death can occur [23]. However, in the great majority of this
population, CV risk factors are within normal levels. In this work, we re-
cruited young subjects who were classified in three groups to represente
the general population at that age concerning CV risk.

2. Patients and methods

2.1. Patient selection and urine collection

Urine samples were collected from 81 subjects aged between 30 and
50 years, who were classified according to their CV risk in 3 groups:
“control” group (C) (n = 32) of healthy subjects with no medication;
“factor” group (F) (n = 24), including individuals with glomerular fil-
tration rate < 100 or albuminuria, and at least one of: arterial hy-
pertension or patients treated with anti-hypertensive medications, hy-
perglycaemia (glucose in blood > 110 mg/dL) and/or metabolic
syndrome; and “CV event” group (E) (n = 25), including non-diabetic
individuals who had suffered a nonfatal stroke or acute myocardial
infarction (AMI) in the previous 3 years. All subjects included in the
study were screened with detailed medical history, physical examina-
tion and biochemical profile. Lifetime Risk or LTR QRISK, referred as
LTR in the manuscript, was estimated with the calculator https://qrisk.
org/lifetime/. The study was approved by the Ethics Committee of the
Hospital 12 de Octubre and was conducted according to the principles
of the Declaration of Helsinki. All patients signed written informed
consent before inclusion. Urine samples were collected in sterile con-
tainers, centrifuged at 3000g, 10 min, and stored at −80 °C until ana-
lysis.

Table 1
Baseline clinical data of different cohorts expressed as mean ± S.D. or percentages.

DISCOVERY PHASE SRM
CONFIRMATION

ELISA CONFIRMATION

C F E C F E C F

n 10 8 12 15 16 13 30 24
Age (years) 44 ± 5 44 ± 6 45 ± 5 42 ± 5 44 ± 5 45 ± 4 42 ± 5 44 ± 5
Sex (male), % 60 50 67 13 88 92 53 75
Glycaemia (mg/dl) 79 ± 7 104 ± 45 100 ± 24 80 ± 8 95 ± 22 117 ± 54 80 ± 8 98 ± 32
eGFR (ml/min/1.73m2) 91 ± 8 97 ± 21 98 ± 27 95 ± 11 85 ± 9 98 ± 15 94 ± 10 89 ± 15
Systolic blood pressure (mmHg) 113 ± 10 131 ± 8 122 ± 16 111 ± 8 139 ± 13 122 ± 22 112 ± 9 136 ± 12
Diastolic blood pressure (mmHg) 73 ± 8 84 ± 10 75 ± 10 70 ± 8 90 ± 8 77 ± 14 71 ± 8 88 ± 9
Metabolic syndrome, % 10 13 0 0 81 15 3 54
Total cholesterol (mg/dl) 197 ± 30 207 ± 36 158 ± 36 192 ± 41 208 ± 35 138 ± 41 196 ± 8 208 ± 35
HDL cholesterol (mg/dl) 70 ± 19 53 ± 12 43 ± 10 73 ± 16 38 ± 9 40 ± 11 71 ± 17 43 ± 12
LDL cholesterol (mg/dl) 112 ± 32 131 ± 34 90 ± 33 102 ± 31 135 ± 33 73 ± 40 108 ± 31 134 ± 33
Triglycerides (mg/dl) 88 ± 50 140 ± 121 121 ± 72 80 ± 29 220 ± 72 105 ± 35 85 ± 39 193 ± 99
Uric acid (mg/dl) 5 ± 1.5 5 ± 0.9 6 ± 1.4 4 ± 0.9 7 ± 1.7 6 ± 1.4 5 ± 1.2 6 ± 1.7
Current smoking, % 0 25 50 27 25 69 17 25
Antihypertensives, % 0 25 8 0 50 54 0 42
Lipid-lowering agents, % 0 13 8 0 25 46 0 21
LTR QRISK 24 ± 8 34 ± 8 _ 21 ± 3 47 ± 7 _ 23 ± 6 42 ± 10

C: control group, E: CV event group, eGFR: estimated glomerular filtration rate, F: CV risk factor group.
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2.2. Quantitative differential analysis by TMT

In a first discovery phase, the urine proteome from 30 subjects (n:
(C) = 10; (F) = 8; (E) = 12, Table 1) was quantitatively analyzed by
isobaric labeling (TMT, Thermo Fisher Scientific) following manufac-
turer's instructions, as previously published [24]. Urine proteins were
subject to tryptic digestion and the resulting peptides were TMT-labeled,
desalted and fractionated by high-pH reverse phase chromatography.
The fractions were analyzed by LC-MS/MS on an Orbitrap Fusion mass
spectrometer (Thermo Fisher). All spectra were analyzed with Proteome
Discoverer (version 2.1.0.81, Thermo Fisher Scientific) using SEQUEST-
HT (Thermo Fisher Scientific). Database searching was performed at the
Uniprot database containing all sequences from human and con-
taminants (May 14th, 2016; 70611 entries). Peptide identification was
performed using the probability ratio method [25], and the false dis-
covery rate (FDR) was calculated using inverted databases and the re-
fined method [26] with an additional filtering for precursor mass toler-
ance of 15 ppm [27]. Identified peptides had a FDR equal or lower than
1% FDR. Only those peptides were used to quantify the relative abun-
dance of each protein from reporter ion intensities, and statistical ana-
lysis of quantitative data was performed using the WSPP statistical model
previously described [28,29]. In this model, protein log2-ratios are ex-
pressed as standardized variables, i.e., in units of standard deviation
according to their estimated variances (Zq values).

Proteins that were identified with at least two peptides and showed
homogeneous Zq values within each group (Student's t-test p < 0.05)
were selected, being eliminated those proteins that showed differences
according to gender. Changes in protein abundances between groups
were calculated by comparing their Zq mean values, considering differ-
entially expressed those proteins with differences of mean Zq ≥│1.5│.

2.3. System biology analysis (SBA)

Functional protein analysis of the whole set of quantified proteins
was performed using the Systems Biology Triangle, a novel algorithm
specifically developed for the analysis of coordinated protein responses
in high-throughput quantitative proteomics experiments [29]. This al-
gorithm correlates the performance of a group of proteins inside a ca-
tegory (biological process) in terms of their quantitative behavior (re-
lative abundance); thus, changes can be detected in functional
biological processes far beyond individual protein responses. As a result
of this coordinated behavior, a Z value is assigned to each category
(Zcat). To identify the significant biological process altered in disease
progressions, F and E groups were compared to the control group ap-
plying Zcat ≥2.9 and FDR < 0.05. Variations in the abundance of
functional categories were visualized by comparing the cumulative
frequency (sigmoid) plots of the standardized variable with that of the
normal distribution as performed previously [28].

2.4. Targeted protein analysis

Confirmation of protein variations in response to CV risk was done
by either mass spectrometry using Selected Reaction Monitoring (SRM)
(n: (C) = 15; (F) = 16; (E) = 13) or by ELISA (n: (C) = 30; (F) = 24) in
independent cohorts of subjects compared to those used in the dis-
covery phase (Table 1).

2.4.1. SRM analysis
Targeted SRM analysis was performed as previously described

[12,14,15,18,30]. Briefly, urine proteins were digested and proteotypic
peptides were analyzed on a 6460QQQ MS connected to ChipCube-

Fig. 1. Urine proteins showing significantly altered levels in subjects with CV risk factors compared to healthy controls: a link to CV risk.
(A) Proteins with significant variation in F with respect to C. Differences in abundance between groups are represented in Zq average by color code: decreased (blue,
from −4 to 0), increased (red, from 0 to +4). (B) Variation of these proteins, showing a recovery towards the “healthy” status in most cases. C: control group, E: CV
event group, F: CV risk factor group.

P.J. Martínez et al. Atherosclerosis 282 (2019) 67–74

69



nanoLC (Agilent Technologies). SRM transitions were manually in-
spected and analysis conditions were set-up for each transition. The
fragmentor was set to 130 V, dwell time to 20 ms and delta EMV to
600 V (Supplementary Table 1). Peak areas were used for inter-group
comparison and statistical analyses were performed by GraphPad Prism
6 (version 6.01). The ROUT method was applied to detect outliers based
on the FDR, setting Q value to 5%. Mann-Whitney non-parametric test
(95% confidence level) was performed. Univariate and multivariate
ROC curves were calculated with Metabolanalyst software using ROC
curve based model evaluation (Tester) and Random forest algorithm.

2.4.2. ELISA analysis
Confirmation by ELISA was performed in urine from individual

samples (Table 1), following manufacturer's instructions of human
GDF-15 ELISA Kit (Abcam), human RNASE3/ECP ELISA Kit
(Elabscience) and human GDA ELISA Kit (Elabscience). Standard curves
can be found in Supplementary Fig. 1. Statistical analysis was per-
formed with GraphPad Prism 6 (version 6.01) applying Mann-Whitney
non-parametric test (95% confidence level).

2.4.3. Data statement
Datasets are in the process of being deposited.

3. Results

Characteristics of the study population are listed in Table 1, corre-
sponding to the 81 recruited subjects classified as control (C), CV risk factor
group (F) or those who had suffered a CV acute event (E). All subjects were
aged between 30 and 50 years. As expected, the main differences observed
between groups are those resulting from their CV risk status, e.g. hy-
pertension, glycaemia, lipid profile or pharmacological treatment.

3.1. The urine proteome varies with CV risk and established damage after
an acute event

A total of 4309 proteins were identified by mass spectrometry in urine
(Supplementary Table 2), from which 75 proteins showed statistically
significant abundance changes (Supplementary Table 3). Sixteen proteins
showed differences in abundance between risk factors group (F) and
control group (C): 7 increased and 9 decreased in F (Fig. 1A). Analysis of

Fig. 2. Urine proteins showing altered levels in individuals recovered from an acute event compared to subjects with CV risk factors: a link to established organ
damage.
(A) Proteins with significant variation in E with respect to F. Differences in abundance between groups are represented in Zq average by color code: decreased (blue,
from −4 to 0), increased (red, from 0 to +4). (B) Protein variation, showing protein responses to established CV damage despite full recovery after a CV event. C:
control group, E: CV event group, F: CV risk factor group.
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the changes of these proteins along the three populations (Fig. 1B) re-
vealed that most proteins levels tend to recover (towards control values) in
those individuals who had suffered an acute event (E). When looking for
proteins altered in the event group (E) compared to the factor group (F),
29 proteins significantly varied in abundance: 8 increased and 21 de-
creased in E (Fig. 2A). These 29 proteins showed minor differences be-
tween C and F groups (Fig. 2B), thus mainly reflecting established damage
for these patients once recovered from the acute event. Forty-four proteins
showed significant alteration between groups E and C (7 increased and 37
decreased in E) (Supplementary Table 3).

3.2. Systems biology analysis revealed altered biological processes linked to
CV risk estimate

SBA of the whole set of 4309 proteins enabled to identify functional
categories with significant alteration in young individuals with CV risk. A
functional category involves a group of proteins with coordinated behavior

and may arise as significant even if the proteins are not significantly al-
tered individually. As such, this analysis provided added value to the in-
dividual protein analysis previously described. Oxidative stress response,
dilated cardiomyopathy, chronic kidney disease, cell death of cardio-
myocytes, signaling by Wnt and several categories related to protein bio-
synthesis, proteasome and cytoskeleton, were significantly increased in CV
risk factors group (F) with respect to control group (C) (Supplementary
Fig. 2 and Supplementary Table 4A). Functional categories related to
coagulation, extracellular matrix, calcium flux, hemostasis and vascular
system were significantly decreased in F group (Supplementary Fig. 2 and
Supplementary Table 4B).

3.3. A urinary fingerprint composed by six proteins varies with CV risk in
the young population

Our last goal was to identify molecular indicators associated with CV
risk estimate in the young population. Thus, we focused on those proteins

Fig. 3. Confirmation by target mass spectrometry and evaluation of clinical sensitivity and specificity.
(A) Target analysis by selected reaction monitoring (SRM) of proteins associated with CV risk. (B) Multivariate receiver operating curve (ROC) and (C) predicted class
graph for the CV risk proteins ECP, GDF15 and GUAD. AUC, area under the curve; CI, confidence interval; ADX, adrenodoxin; ECP, eosinophil cationic protein;
FETUB, fetuin B; GDF15, growth differentiation factor 15; GUAD, guanine deaminase; NOTCH1, neurogenic locus notch homolog protein 1. Mann-Whitney non-
parametric test (95% confidence level) was performed. *p < 0.05, **p< 0.01, ***p < 0.001, ****p < 0.0001.
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significantly increased in urine from individuals with CV risk factors (F)
with respect to healthy controls (C) (Fig. 1A, Supplementary Table 3).
Adrenodoxin (ADX), eosinophil cationic protein (ECP), fetuin B (FETUB),
growth differentiation factor 15 (GDF15), guanine deaminase (GUAD)
and neurogenic locus notch homolog protein 1 (NOTCH1) proteins were
analyzed for confirmation using a different technical approach (SRM),
and in a different group of individual samples (Table 1). Increased
abundance in the CV risk group (F) was confirmed for the 6 proteins
(Fig. 3A). Area under the curve (AUC) values from individual and mul-
tivariate ROC curves showed the best performance when ECP, GDF15
and GUAD are combined, resulting in AUC = 0.96 (Fig. 3B). Predicted
class probabilities graph also shows good separation between patients
groups (Fig. 3C). By ELISA, significant variation was found for these
three proteins in the risk factors group (F) versus control group (C), thus
confirming again previous data in a different cohort of subjects (Fig. 4).
Supplementary Table 5 shows the correlations of the identified proteins
with parameters used to estimate CV risk.

3.4. The urinary biomarker panel correlates with lifetime risk

Correlation between proteins abundance and LTR was investigated.
Significant correlation was found for the 6 proteins as shown in
Supplementary Fig. 3 (Spearman correlation values: ADX r = 0.4889
p < 0.0001; ECP r = 0.6221 p < 0.0001; FETUB r = 0.4762 p <
0.0001; GDF15 r = 0.5570 p < 0.0001; GUAD r = 0.5549 p < 0.0001;
and NOTCH1 r = 0.6493 p < 0.0001), showing a positive correlation in
all cases. It means that both the LTR and the values of these 6 proteins in
the urine of patients increase while increasing their CV risk estimate,
showing a pattern represented by the correlation coefficient that could be
considered as adequate in any biological background.

4. Discussion

The need to overcome current limitations of CV risk available esti-
mations, particularly in the young population, prompts the identification
of novel indicators with added value to existing algorithms. In this sense,
the ultimate goal to reduce CVD mortality is to introduce novel and
easily quantifiable molecular targets in the clinic, which can serve to
monitor the general population at early stages of atherosclerosis devel-
opment [23]. The actual proteomic strategies offer the possibility to
identify thousands of proteins in a biological context while identifying
the most relevant variations linked to a certain pathological status, not
only in individual proteins but also in biological processes [29].

4.1. The urinary proteome correlates with CV risk estimate

This study shows how the urinary proteome reflects specific protein
changes, which are modulated by the status of CV risk or existing da-
mage. Different sub-sets of proteins were identified with altered urine
levels either in subjects with CV risk factors, or in those who had

suffered an acute CV event despite being fully recovered, as recently
reported by our group in plasma [24]. Following quantitative analysis
of the whole urinary proteome by different technical approaches and in
different patients’ cohorts, we highlight six proteins with significantly
increased urinary levels in individuals with CV risk factors compared to
healthy subjects: ADX, ECP, FETUB, GDF15, GUAD and NOTCH1. It was
found a significant and positive correlation between the 6 proteins and
LTR. The variation in these proteins decreases after an acute nonfatal
event, showing their association with CV risk more than organ damage.
With regard to the latter, their reduced levels in the event group could
be attributed to the fact that these patients have been accordingly
managed following the event and have a better lifestyle, thus reducing
their CV risk. Interestingly, we developed a novel target mass spectro-
metry assay based on SRM methodology. SRM high throughput and
automation capacity allow a significant shortening of the analysis time
compared to non-mass spectrometry-based approaches, thus improving
the cost-effectiveness compared to conventional procedures.

4.2. Oxidative stress, inflammation and CV risk

In line with previous findings from our group in hypertensive patients
who develop albuminuria [19,21,30], SBA showed oxidative stress re-
sponse as a significantly increased functional category in individuals
with CV risk factors with respect to healthy controls. Oxidative stress is
known to be involved in the pathogenesis of CVD as myocardial infarc-
tion, atherosclerosis, cardiac hypertrophy or congestive heart failure
[31,32]. GUAD is an aminohydrolase enzyme that converts guanine to
xanthine in the uric acid cycle, in which also participates xanthine oxi-
dase, one of the major sources of ROS in the human heart, since it pro-
duces O2 ̄ and H2O2 while catalyzing the conversion of hypoxanthine to
xanthine and xanthine to uric acid [33]. Hyperuricemia has been con-
sidered a key risk factor for the development of gout, renal dysfunction,
hypertension, hyperlipidemia, diabetes and obesity [33,34]. An increase
in GUAD gene expression was associated with the development of hy-
pertensive cardiac hypertrophy or diastolic heart failure, in a study with
spontaneously hypertensive rats [35]. Moreover, uric acid levels, even
below the clinical threshold for hyperuricemia, are associated with in-
creased CV risk by increasing oxidative stress, promoting endothelial
dysfunction and enhancing inflammation [36]. GDF15 is expressed and
secreted by macrophages, cardiomyocytes, vascular smooth muscle cells,
adipocytes and endothelial cells, in response to inflammation, oxidative
stress, hypoxia or mechanical stress [37,38]. GDF15 has a CV protective
function, since it regulates signaling pathways essential for cardiopro-
tection [39]. It has been shown to be strongly associated with future CV
events and complements established risk predictors in CVD progression
and prognosis [40–42].

In the inflammatory context of CVD, macrophages increase the ex-
pression of CCL5/RANTES chemokine, which could attract activated
eosinophils through its CCR3 receptor. Several studies have shown an
association between eosinophils and CVD [43,44]. ECP is a marker of

Fig. 4. ELISA analysis of proteins associated with CV risk.
Mann-Whitney non-parametric test (95% confidence level) was performed. *p < 0.05. ECP, eosinophil cationic protein; GDF15, growth differentiation factor 15;
GUAD, guanine deaminase.
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eosinophil activity and degranulation, which has been proposed as
biomarker of coronary atherosclerosis [45] and risk marker for is-
chemic stroke [46]. A protective role of ECP under oxidative stress has
been described, as it inhibits ROS-induced apoptosis in cardiomyocytes
via PI3K-Akt pathway [47].

Related to FETUB, serum levels were significantly higher in patients
with CAD when compared to healthy controls, being proposed as a
potential biomarker for CAD [48]. Besides, expression level of FETUB
was significantly increased in patients with AMI compared with stable
angina subjects, suggesting that serum FETUB is involved in the de-
velopment of AMI by influencing atherosclerotic plaque rupture [49].
Our data are in alignment with these observations, as FETUB increases
in young individuals with CV risk factors. With the same trend, we
identified NOTCH1. Endothelial NOTCH1 acts as an antagonist of en-
dothelial cell activation preventing inflammation in the aorta, and
circulating lipids were shown to decrease NOTCH1 expression and
signaling in human aortic endothelial cells [50]. With this evidence, a
reduction of endothelial NOTCH1 has been proposed as a predisposing
factor of initiation of atherosclerosis. However, expression and activa-
tion of NOTCH1 in podocytes, which is mostly silenced in the glomeruli
of normal mature human kidney, has been correlated with development
of proteinuria, glomerulosclerosis and kidney dysfunction [51–54].

4.3. Cardio-renal damage and urinary pattern

The cross-talk between the heart and the kidneys is clearly evi-
denced [55]. Observational and clinical data showed that acute/chronic
worsening of kidney function directly contributes to acute/chronic
cardiac disease and viceversa, deriving in the simultaneous presence of
the cardio-renal damage [56]. In early stages, chronic kidney disease
(CKD) develops silently and asymptomatic, which enormously compli-
cates early diagnosis and intervention. Surprisingly, although none of
our patients showed albuminuria, systems biology analysis detected an
alteration in the behavior of CKD-related proteins, arising as a category
significantly increased in the CV risk factor group compared to healthy
controls. Interestingly, this pattern is not coincidental with the one that
we described in hypertensive subjects chronically RAS suppressed
[15,22,30]. This indicates that the proteomic urinary pattern changes
during long-term evolution of cardio-renal damage. Sustained activa-
tion of Notch and Wnt signaling in podocytes was shown to be causally
related to albuminuria development in genetically modified animal
models, being albuminuria a strong and independent indicator of in-
creased CV risk and supporting our findings shown here in a young
population [57]. Wnt signaling was also identified in individuals with
CV risk, in agreement with an upregulation of Wnt signaling described
in atherosclerosis and cardiometabolic diseases [58–60].

4.4. Limitations

The study fulfilled the requirements of an omics study in terms of
group size and technical workflow [61]. Protein variations identified in
a first discovery stage were confirmed by different technical approaches
and in different patients’ cohorts. The main limitation could be the
relatively low number of patients from a clinical point of view and prior
to translation to clinical practice, further studies (e.g. multicentric,
wider cohorts) should follow. However, the strength of the correlations
found in this trial enhances the possibility that the required larger
multicenter cohorts to further confirm their potential use in CV risk
stratification could simply confirm our data. Future prospective trials
with clinical CV endpoints would be needed to address if the proteins
here shown are risk markers up and above traditional risk estimates,
reflecting risks factors, organ damage or response to organ damage. The
role of these proteins may be different in primary and secondary pre-
vention.

4.5. Conclusions

We have identified ADX, ECP, FETUB, GDF15, GUAD and NOTCH1,
as urinary proteins linked to CV risk estimate in young individuals with
traditional CV risk factors. This finding correlates with LTR being a
potential tool to improve the accuracy of CV risk estimation in the
young population.
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